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ABSTRACT

The computer programs which implement the mathematical analyses
and models developed in Votume I are described., The programs are
developed in Fortran IV language. Extensive use of subroutines is made
to provide programming flexibility when considering alternate airframe/
dynamics/control points/ measurement system combinations and their
effect on weapon-delivery performance. A demonstration example is in-
cluded in Volume III to illustrate how these programs are used and how
the important error contributors to weapon-delivery performance are

identified,
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SECTION 1
INTRODUCTION

Computer programs for the precision weapon delivery system models
and performance optimization algorithms reported in Volume I are docu-
mented in this volume.

The computer programs. are developed in Fortran IV language. The
overall program is called ADAPS -~ Armament Delivery Analysis Program-
ming System. The system's greatest asset is its flexibility, obtained by
extensive use of subroutines.

Each section is written with the user in mind. Enough detail is given so
that basic Fortran knowledge is sufficient to understand fhe majority of the pro-
grams. In the documentation of each program, first input/output information
is given. Subsequently flow charts, and source program listings are pre-
sented. In addition, a table of symbols is provided for many programs.

Section II provides a brief description of the overall organization of
ADAPS. Section III documents ADAP 1 -~ Main Program for Nonlinear Sim-
ulation and Linearization, and Section IV documents ADAP 2 -- Main Pro-
gram for discrete optimization of Nonstationary systems. This is followed
by the documentation of ADAP 3 -- Main Program for Nonstationary Per-
formance Evaluation of Weapons in Section V. Section VI summarizes the
programming and documentation work and lists recommendations for addi-
tional areas of programming and extensions to weapon systems study by
ADAPS. '

The documentation of table-input-lookup-and interpolation processes is
given in Appendix I. The documentation of DIAK -- Program for Optimization
of Stationary Systems -- is given in Appendix II.

A demonstration example is included in Volume I fo illustrate how these
programs are used and how the important error contributors to weapon
delivery performance are identified.



SECTION II
OVERALL ORGANIZATION OF ADAPS

This section is a brief discussion of the overall structure of the Arma-
ment Delivery Analysis Programming System (ADAPS).

The various subroutines implementing the precision weapon delivery
models and optimization algorithms provide the capability to analyse weapon
delivery as a general linear time-varying, stochastic process or to analyze
it as a much simplified process that is stationary during all of its phases,
The one extreme offers fidelity to the physical situation, the other offers low
computing costs and the possibility of many analysis iterations, By using the
program organization shown in Figure 1, both extremes (as well a5 the many
possibilities in between) are readily attainable. In this organization, ADAPS
is divided into three groups:

e ADAP 1 -- Simulator and Linearizer

e ADAP 2 -- Optimizer

e ADAP 3 -- Performance Evaluator

The individual subroutines within each group are accessible from a main
program with which they share common memory, They communicate with
each other within the groups indicated, Optional inputs are provided to cover
various analysis objectives.

A typical analysis proceeds as follows:

e Linear Data Generation - This procedure requires the following
steps:

1. Read input data for attack maneuver, read nonlinear
aircraft aerodynamics.

2. Trim aircraft, and fly it to obtain nominal trajectory
up to nominal release altitude.

3. Linearize the aircraft equations of motion numerically
at specified time points during flight. Write on tape,

4. Read input data for nonlinear weapon aerodynamics,

5. Using the release conditions, generate free-fall tra-
jectory by the nonlinear weapon model,

6. Linearize the weapon equations of motion numerically
at specified time points along the free-fall trajectory,
write on tape,
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Figure 2 is the input/output block diagram of the linear data
generation by ADAP 1, Options are also available within the
program (aircraft only, weapon only, simulation only, etc.).

e Optimization - This procedure requires the following steps:

1. Generate the propagation weighting matrix using linear
weapon data.

2, Input control points, measurement points, measurement
variances.

3. Choose the type of optimization, and obtain controller
gains, estimator gains, total system covariance at
release,

To obtain the weighting matrix, first the initial covariance

of free aircraft is propagated to the release point by ADAP 2,
The input/output block diagram for this is shown in Figure 3,
Subsequently, the release covariance is propagated to impact
by ADAP 3, and the weighting matrix is computed. The input/
output block diagram for this is shown in Figure 4.

These data are used in the second run up of ADAP 2 to produce
optimal controller and estimator gains as well as release co-
variance for the optimal system. Again here various options
are available (controller only, estimator only, etc.). Figure 5
is the input/output block diagram of the nonstationary optimi-
zation phase.

e Performance Evaluation - This procedure requiresthe following steps:

1. Propagate the release covariance to impact using
performance evaluator.

2.  Compute impact covariance matrix, CEP performance
measire and the variance contribution matrix,

Figure 6 is the input/output block diagram of the performance
evaluation procedure,.

The above defines one complete cycle of a typical use of ADAPS. Each
part can be used independent of the other for different needs, The main pro-
grams are largely at the discretion of the user, to be organized as best suits
a particular analysis problem.

For a twentieth-order system, the total computing time per program
cycle is approximately 15 minutes using a CDC-6600 processor (Table I),
and each main program requires less than 32 K of memory,
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SECTION IIt
ADAP 1 -- SIMULATOR AND LINEARIZER

ADAP 1 is a six-degree-of-freedom nonlinear simulation and lineariza-
tion program. It is based on the THRUST program developed by Honeywell
(1, 2]. The set of linear data generated by ADAP 1 is used in optimal con-
troller and estimator design (ADAP 2), as well as in weapons delivery per-
formance evaluation (ADAP 3). Figure 7 shows the information flow in
ADAP 1 during a simulation.

Briefly, prescribed attack trajectories are flown by simulating an air-
craft model using a trim profile input. During the six-degree-of-freedom
simulation, the perturbation equations are obtained at specific time intervals
by a numerical partial differentiation technique. This process continues until
the weapon-release condition is reached. Then free-fall trajectories are
generated by simulating a weapon model, During the six-degree-of-freedom
weapon simulation, the perturbation equations are obtained at specified time
intervals in the same way. This continues until impact occurs.

During the flight from target acquisition to weapon impact, all internal
variables of aircraft and weapon and the corresponding linear data are printed
out at specified time points. The linear data are also stored in the permanent
disk files for subsequent use.

In the balance of this section, input/output information is provided first;
then the main program and its subroutines are described.

ADAP 1 INPUT/OUTPUT

A-ARRAY MAP

A1l information to be transferred between subroutines in ADAP 1, or
that is to be available for input and output, is stored in an array. To the
computer, an array is a block of storage locations, the first of which is
referred to as the base location and identified by some variable name. In
the ADAP 1 this name has been designated as A; hence, the term "A-array".
A1l other locations in the array are identified by placing a subscript on A,
For example, A(79) represents the 79th location in the A array [2‘]). There
are 1000 entries in the A-array, and they are shared by all ADAP 1 sub-
routines through the statement

COMMON/ADAP/A(1000)

It is important to record each A-array assignment, and this is done in the A-
array map. Table Il shows A-array assignments in ADAP 1. The locations
with no entry signify their availability for future use.
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In the A-Array Map Form (Table II), the value column is auxiliary and
can be used to record the input values of a particular simulation run., For
programming convenience, A-array locations are equivalenced to mnemonic
names. For example, if the variable o is to be assigned to location 26 in the
A-array, then either a statement

EQUIVALENCE (ALPHA, A(026))
is used at the beginning of a subroutine or a statement

ALPHA = A(26)
is used within the subroutine. Each subroutine begins with an equivalence
block. The equivalence block is divided into three parts. The '"parameter
inputs'' are those inputs to the subroutine which are provided through ADAP's
main input. The '""variable inputs' are those inputs which are computed in

some other subroutine in the ADAP system. The "variable outputs'' are those
quantities which are computed in the subroutine.

INPUT DESCRIPTION

Input for the ADAP 1 is in the form of punched cards. It is divided into two
groups:

] Common card data input

e Table card data input

Both groups are read in during the first call (Mode = -1) of subroutine EXEK.

Common Card Data Input

The common input is the input that appears after the data control card behind
the program deck. This input consists of:
Input comment cards
A-array input cards

A-array output specification cards

Program control cards

Input Comment Cards -- Any number of comment cards may be used in the
common input deck. Although these are not required, they are useful in
defining each simulation and linearization case. Fach comment card must
have a C in Column 1 as shown in Figure 8. Columns 2-80 of each card are
printed on the first page of output.
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Figure 8. Input Comment Cards

A-Array Input Cards ~-- It is possible to assign a value to any location in the
A-array through input cards. This is done by a control card PCC starting in
column 1, followed by a set of cards containing the array numbers and cor-
responding A-array values (Figure 9). From one to five A-array locations
can be input by a single card.

The format for this card is shown in Table III.

Figure 9 shows five values punched on a single card, This method
should be used for large amounts of input data, A single card may also be
used for each A-array value input. This method is satisfactory when the
number of inputs are small, since it simplifies correcting and/or modifying
an input card. There is no limit on the number of input cards that can be
used,

If a format data mismatch occurs while reading an A-array input card,
then a message, ""CARD ERROR'' will be printed, followed by a printout of
the card in error. The program will stop on a format data mismatch.

A-Array Qutiput Specification Cards -- The A-array locations that must be
printed out during a run are specified by a control card PRINT starting
column 1, followed by a set of cards listing the indices of the A-arrays that
will be printed (Figure 10). These numbers are right justified in Ig fields on
a print card. The format for this card is illustrated in Table IV.
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Table III.

A-Array Input Card Format

Columns

Description

5-15

16 - 19

20 - 30

31 - 34

35 - 45

46 - 49

50 - 60

61 - 64

65 - 75

Value of A(I 1 )

Value of A(l5)

Value of A(I3)

Value of A(Ig)

Value of A(ls)

A-array index Il

A-array index Iy

A-array index I3

A-array index I4

A-array index Iy
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Figure 9,

INPUT CONTROL CARD
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QUTPUT DATA CARD
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Figure 10, A-Array Output Cards

Table IV. A-Array Output Card Format

Columns Description

1- 5
6 -10
11 - 15
16 - 20
21 - 25
26 - 30
31 - 35

2? : ig Indices of A-arrays

to be printed out
46 - 50 4 : )
51 - 55 during a simulation

56 - 60
61 - 65
66 - 70
71 - 75
76 - 80
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All blank fields are ignored. Any number of cards may be used, but the
number of A-array locations specified for printing must be less than 100.

If a format data mismatch occurs while reading a print index card then
a message, 'PRINT SPEC ERROR, " will be printed, followed by a printout
of the card in error. The program will stop on a format data mismatch.

Program Control Cards -- Two program control cards are used in the input:

RUN
e STOP
Each of these control words must start in column 1 {Figure 11), The RUN

card signifies the end of common input for one case. When the program
reads the RUN card, it will begin to execute.

The STOP card is the last card in a data deck. It commands the program
to stop.
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Figure 11. Program Control Cards

Rules for Common Card Data Input -- The following rules apply to common
card data input::

Comment cards must have a C in column 1.
Any number of comment cards may be used, including zero.

The PRINT and PCC sections can appear in any order.

All integers must be right-justified in their input fields.
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Table Card Data Input

The table card data are placed after the RUN card in the input data deck.
The input cards required to specify a function table are:
Function header card
Variable-value cards

Function value cards

End function card

These cards are shown in Figure 12,
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Figure 12, Table Input Cards: (a) Function Header Card; {(b) Variable -Value
Cards; (¢) Function Value Cards; (d} End Function Card

Function Header Card ~- The following information is contained on a function
header card:

® Number of variables in the table

® The integers assigned to the functions variables

® The integers assigned to variable-value sets used in the table
¢ The integer assigned to the function

e The integer assigned to a function which has exactly the same

table of function values as the function at hand (provided such
a function exists)
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The format for this card is shown in Table V.

Table V. Function Header Card Format

Columns Description

1- 5 Number of variables

6~ 9 (First variable value set
10 - 11 First variable
12 - 15 Second variable value set
16 - 17 Integer |Second variable
18 - 21 ass’igned< Third variable value set
22 - 23 Third variable
24 - 27 Function
28 - 31 \Function with same table

All entries on this card are integers and must be right-jusitfied; i. e.,
the least significant digit must be in the right-most column of the field
(Figure 12).

Variable-Value Cards -- A variable-value set is a set of numbers that a
variable takes on in a function table. In other words, these numbers are the
variable values at which function values are given in the table.

The variable values in a set are specified in the input immediately after
the function header card (Figure 12). The set number associated with the
entries on a card must be specified in columns 1-4. From one to nine values
of a variable can be gpecified on one card. Beginning in column 9, a new
field starts every eight columns. The format for these cards is shown in
Table VI.

I1f more than one card is used to enter a set, then each card must be
identified by the appropriate set number. Blank variable-value fields will
be ignored; therefore, a zero value must be explicitly denoted as 0.0. The
first time a variable-value set is referenced on a function header card, the
values in that set must be specified immediately after the function header
card. However, on subsequent references to the set, it is only necessary to
write the set number on the header card. It is not necessary to specify the
numbers in the set again. Any sets that are specified must be specified in
the same order as they appear on the function header card.
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Table VI. Variable-Value Card Format

Columns Description
1- 4 Variable-value set number
9-16 Ist \

17 - 24 Z2nd

25 - 32 3rd

33 - 40 4th

41 - 48 5th >Value of variable in the set

49 - 56 6th

57 - 64 7th

65 - 72 8th

73 - 80 9th J

Function Value Cards -- Function values are specified under the same format

as the variable values except the set number field; i. e., columns 1-4 are
blank. Any card after the function header card which has no entry in columns
1-4 will be considered a function value card by the program. Function value
cards must appear after the variable value cards (Figure 12). Blank entries
will be ignored and zeros must be specified explicitly., The format for these
cards is shown in Table VII,

Table VII. Function Value Card Format

Columns Description
9-16 lst
17 - 24 2nd
25 - 32 3rd
33 - 40 4th
41 - 48 bth fValue of function in table
49 - 56 6th
57 -~ 64
65 - 72 .
73 - 80 .
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The order in which the function values are specified must correspond to
the order in which the variables are specified. The function values are to be
given with the last variable specified on the function header card varying
fastest and the first varying slowest.

As an example consider the aerodynamic lift coefficient Cy, (Ma, h, a%,)
{Table VIII). The look-up representation of this table in ADAP 1 is Fl(l 2 3)
{see Subroutine AERK). This means that the function number is 1, the flI‘S‘t
variable number is 1, the second variable number is 2 and the third variable
number is 3. The first variable-value set in the table is M; = 0.5 and My=0. 9.
The assigned set number is 1. The second variable value set in the table is
hy =0.0, and hy =20,000.0. The assigned set number is 2. The third vari-
able value set in the table isay; =-4.0, ap=8.0, ag3=16.0 and oy =20.0. The
assigned set value is 3.

The function values are input as shown in Table VIII with the format given
in Table VII. Figure 12(c) shows the first function value card in the deck.

Table VIII. Ci,(M, h, ) Function Values

Function
Variable Values a,==4.0lao,=8.0la,=16.0fa,=20.0 Value
1 2 3 4
Cards
h, =0.0 -0.22 1 0.44 0.78 0. 80 1gt
_ 1
M1 =0,5
h2 =20,000.04-0.22 | 0.47 0. 82 0. 85 2nd
U
h1 =0.0 -0.25] 0.46 0.74 0. 80 3rd
M2 =0,9
h2 =20,000.0)-0.271] 0.51 0.82 0. 89 4th

End Function Card -- The last data card for each function must be a -1 in
columns 3 and 4. An extra end function card must be placed behind the last
function in a deck. In other words, the last two cards in a function table data
deck are -1's in columns 3 and 4.

General -- When choosing points on a curve that will be used to represent it
in the program, there are several things to remember:

e The program interpolates linearly between stored points.
) The program does not extrapolate beyond stored points.

. Execution time is nearly independent of the number of points
stored.
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The entire ADAP 1 input data package is shown in Figure 13,

TOP (CONTROL CARD lﬁJD FUNCTION CARD

«——— LAST TABLE CARD

END FUNCTION CARD

FUNCTION VALUE 3
CARDS

VARIABLE VALUE
CARDS

TAB INP
(a} AIRCRAFT AND WEAPON DECK LE 2 INPUT

FUNCTION HEADER
CARD ’

END FUNCTION CARD

FUNCTION VALLUE
CARDS

VARIABLE VALUE
TABLE 1 INPUT CARDS

FUNCTION HEADER
CARD

RUN (CONTROL CARD)

A-ARRAY QUPUT
INDEX CARDS

PRINT (A-ARRAY OUT-
PUT CONTROL CARD}

A-ARRAY INPUT
CARDS

1 » COMMON INPUT
PCC (A-ARRAY INPUT
CONTROL CARD}

C COMMENT CARDS

J

{t) COMPOSITION OF A DECK

Figure 13. ADAP 1 Input Data Package
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OUTPUT DESCRIPTION

The forms of output supplied with ADAP 1 are:
Printed output of the input data deck
Specified A-arrays printout

Printed output of A-array dumps

Linear data printout

Linear data output to permanent disc file

Printed Output of Input Data Deck

Complete image of the input data deck is printed out at the beginning of
each simulation and linearization run.

Specified A-Arrays Printout

The printed output of specified A-arrays is not used in the present pro-
gram., The interval between output points is specified by DTOUT in A(134).

A-Array Dump

The term ""A-array dump' means that the value of all 999 locationg in the
A-array are printed. (Only nonzero values are printed.) The interval
between dump points is specified by DTOUT in A(134). This form of output is
very useful for debugging and is used in ADAP 1. The value of time in
seconds is always contained in A(1). The array location is printed first,
followed by the value in that location.

Linear Data Prin{;out

The matrices obtained in the linearizer are printed out by matrix print
subroutine MP. Each matrix as well as its rows are identified. The docu-
mentation for MP is given in Section IV. The linear data generated during
aircraft dive are F, G1, G2, HP, FW, GW and HW matrices. The linear
data generated during weapon fall are F, G1, G2, FW, GW and HW matrices.

Linear Data Output to Permanent Disc Files

The linear data for aircraft and wind systems are augmented and output
to a permanent disc file as the matrices FF, GG1, GG2, GG3, H2 and VW,
The linear data output for aircraft occurs in subroutines LINK and SLINK.
The linear data for weapon and wind systems are augmented and output to
another permanent disc file as the matrices F and G3. This is done in sub-
routine WLINK.
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ADAP 1 PROGRAM DESCRIPTION

ADAPY 1 MAIN PROGRAM

All programs in ADAPS are written as subroutines., The main program
ADAP 1 is used to tie these subroutines into a simulation and linearization,
The main program flow diagram is shown in Figure 14 and the program list-
ing in Figure 15,

The usage of the main program is self-explanatory from the figure. Be-
cause of its importance however a brief description is given below,

The main program can be divided into two sections -- initialization and
simulation. In the initialization section, the A-Array is first cleared, the
mode flag is set to -1, and subroutine EXEK is called. In this call, all input
cards for one run are read by subroutines PREAD, PRINT and FLOOK. Then
the aircraft simulation flag SAC is tested, If SAC = 0, control is transferred
to the weapon simulation (WS) part of the program. Otherwise all aircraft
subroutines are called with MODE = -1 for their nominal parameter settings.
Then the mode flag is incremented and a second call (MODE = 0) is made to
the subroutines for their initialization. The mode switch is incremented
again (MODE = 1) which corresponds to simulation. If linearization is not
wanted during simulation SAC is set to 1, and call to subroutine LINK is by-
passed. Otherwise LINK is called, and linearization is carried out at the
beginning time point of the simulation. Then the number of integration steps
NN between the simulation outputs is set, and the high-frequency computation
loop (DO 400) is entered.

There are three exits from this loop. After each normal exit, that is
after each ATsimulation time interval, linear data is obtained by calling sub-
routine LINK, and a new simulation segment is started. The second type of
exit occurs when the altitude variable h reaches the pull-up altitude hp. The
third type of exit occurs when total simulation time exceeds the specified
maximum simulation time tmax.

In either of the first two types of exits, the program tests if weapon simu-
lation is wanted. This is the normal case here (SW # 0). The program saves
the values of the state x and its derivative x, to initialize the weapon run,
From this point on, similar information flow takes place for the weapon. At
the end, control returns to the beginning of the program, and it expects to read
a third run data. If it encounters a STOP card during input, it stops the pro-
gram,

The subroutines used in the main program are listed in Table IX. For
these subroutines which implement mathematical models, a reference is made
to Volume I showing the page numbers of the pertinent analysis and modeling
work,
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. 4

i SETRN=0 —l ( TESTIFh=-hp<0 NO

w YES
L SET RND = 1.23 I

|
I
|
|
|
|
|
I ¥
!
|
|
I
I

I SET LIN=0 ]

YES
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CALL AERK
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TESTIFSAC=1 ) B2
by -c—l CONTINUE
[ CALL LINK J L___..._..... _.__..__.__I

| 109 e (resTIFsAC-1 Jm
CONTINUE

¥ CALL LINK
| mobE=mopE+1 |
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CALL EXEK GOTO0410
CALL AERK
CALL THRUSK 450

CALL DYNK(LIN)
T L CALL DDUMP (LW) [o—

£ SET MODE = MODE + 1] TEST IF SAC- 1
TESTIF SAC=1 }-YES [ I
CALL LINK

I CALL LINK l ; LE
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o

[ SET NN = A(131) ] No =®

Figure 14. ADAP 1 Main Program Flow Diagram

———— —— —
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I SAVE X, X LTEI
¥
l PRINT X X N

¥
L ZERO A‘ARRAY |
4010
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¥ —-i| DO 4020 |= 1, NN

L STORE SAVED x,>'<1 I I d
$ 4000 I CALL WAERK

CALL DYNK (LIN)
@——bl CONTINUE l CALL BXEK

YES
oo ]
v

[ SET LIN=0 J L SET h= 20 I
¥ x

CALL WAERK [ serew-1 |
CALL DYNK (LIN

G — '
|
l

4020
CONTINUVE ]le

BV S U ——

[ CALL WLINK j L

¥ 4001
[ continue

L

L CONTINUE l"—
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CALL EXEK
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v
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L CONTINUE | =
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Figure 14. ADAP 1 Main Program Flow Diagram (concluded)
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PROGRAM ADAP { INPUT »OUTPUT » TAPES=INPUT » TAPES=0UTPUT»TAPEG» TAPET)
ADAP  NON-LINEAR A/C AND WFAPON MAIN PROGRAM

aNalal

COMMON/ADAP /MODEsA(1000)

DIMENSION X(12)+XDOT(12)

EQUIVALENCE (SAC +A(995))»(SWsA(996)}
LW=9

ZERO A ARRAY

aWaNal

1 DO 2 I=1+1000
2 Al11=0,
MODE==1
C
C CALL EXFK IN MODE=-1,THIS CALL TO EXEK READS IN PARAMLTER CHANGE
C CARDS AND TABLE DATA FOR SUBROUTINE FLOOK
CALL EXEX
RND=20.
RN=0e
LIN=D
IF{SAC.EQsQe} GOTO 4000
CALL AERK
CALL THRUSK
CALL DYNK(LIN)
IF({SAC.EQsle) GOTO 10
CALL LINK
10 CONTINUE
MODE=MODE+1
C
C CALL SUBROUTINES WITH MODE=D
C
CALL EXEK
CALL AFERK
CALL THRUSK
CALL DYNK{LIN]
MODFaMODE+1
IF{SACLEQele} GOTO 600
CALL LINK
600 CONTINUE
NN=A(131})
410 LIN=Q
C HIGH RATE LOOP FOR A/C NN ITEGRATION STEPS PER SFECe
NO 400 I=1sNN
CALL THRUSK
CALL PILOTIRN}
CALL AERK
CALL DYNKI(LIN)
CALL EXEX
IFCALODL=A(2T41)1TO29T024703
702 CONTINUE
RND=1,23
7n3 CONTINUE
IF{RNDJNELQW) GOTO 450

Figure 15. ADAP 1 Main Program Input/Output Listing
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C

[aNaNe!

C
C
C
C
C

IF{A{00]1)4GE«A(283)) GOTO 450
400 CONTINUE
IFISACLEQels} GOTO 750
CALL LINK
750 GOTO 410
450 CALL DDUMP(L W)
IF{SAC.EQele) GOTO 753
CALL LINK
751 CONTINUE

TEST FOR WEAPON SIMULATION FOLLOWING A/C SIMULATION

SAVE X AND XDOT OF A/C
IFISWLFEQe0a) GOTO 1
DO 760 I=1,3
Il=1+6
12=1441
I3=1+30
T4+
IlID=1+16
12D=1444
I13D=1+38
I4D=1+12
X{Iy=A(11)
X{14+43)=A(I2)
X{1+46)=A(13)
X{1+9¥=Al14)
XDOTIIY  =ACI1D)
XDOT{TI+3)=A(12D)
XDOT(I+6I=A{ 13D}
XDOT{I+9)=mA{ I 4D)

760 CONTINUE

PRINT TERMINAL A/C STATE AND DERIVATIVE

WRITE(LWs763)
763 FORMAT(1H1/7Xs21H A/C STATE AT RELEASE/)
WRITE(LWeT64) (X{1)eInls12)
764 FORMATI/4H U =E15,8e4H V EE15eB894H W ZE15,8/4H P =E154844H Q =F15.

18s4H R SE1548/7TH THETASE15,8+7H PHI =F1548s7H PS1 =2F15,8/6H XE
2=E154895H YE =E15.845H HE =F15.8)

WRITE(LWsT65) {XDOT{I)sI=1+12)

765 FORMAT(//5H UD =E15.8s5H VD =£1548)5H WD =E15,8/5H PD =£15,8,5H (+1h]
1 =E154895H RD =E1548/8H THETAD=E15,.8»8H PHIC =f15,848H PSID =F15
2¢8/6H XED mE15,8+6H YED =E15.86H HED =E£15.8)

DO 761 I=1+1000

761 A{1)=0,

MODEn«]

READ IN WEAPON DATA
CALL EXEK

S5TORE SAVED A/C STATE

Figure 15. ADAP 1 Main Program Input/Output Listing {continued)
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nO 762 1=1s3
I1=1+6
12=1+41
I3=1+30
T41+1
ALTIYy=X(T)
ALIZ2y=X{1+3)
ACT)=X(1+46)
AlTa)=xX{1+9)
762 CONTINUE
4000 CONTINUE
RMD =0,
LIN=D
CALL WAERK
CALL DYNKILIN)
IF(SWaFQele ) GOTO 4001
CALL WLIRK
#0001 CONTINUE
MODF=MODE+1
CALL EXEK
CALL WAERK
CALL DYMNK(LIN)
MODF=MODE+]
IF(SWeEQelel) GOTO 4002
CALL WLINK
4002 CONTINUE
NN=A(131}
4010 LIN=D
C
C HIGH RATE LOOP FOR WEAPON NN INTEGRATION STEPS PER SECOND
c
DO 4020 I=1.NN
CALL WAERK
CALL DYNK{LIM)
CALL EXEK
IF(A(ODL) oGT «0a) GOTO 4020
A{ORG =20,
RND=1,
GOTO 4025
4020 CONTINUE
4025 CONTINDE
IF(SWeFQels) GOTO 40131
CALL WLIKRK
4031 CONTIMUE
IF{RNDEGeDe) HROTO 4010
A{OOL)Y=0.
CALL DHUMPILW?Y
GOTn 1
END

Figure 15. ADAP 1 Main Program Input/Output Listing (concluded)
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Table IX. ADAP 1 Subroutine Summary

Subroutine

Description

ADAP 1
(Main Program)

DYNK
AERK
WAERK
THRUSK
WINDK

SENK
PILOT
NOMK
RELK ¥
LINK

SLINK
WLINK

EXEK
FLOOK
PREAD
PRINT
DDUME

Nonlinear simulation and linearization of
aircraft and weapon

Aircraft and weapon dynamice for amix
degrees of freedom

Aerodynamic forces and moments for
aircraft in body axes

Aerodynamic forces and moments for
bomb

Thrust forces and moments for aircraft
in body axes

Wind velocities for aircraft and weapon
in body axes

Sensor kinematics of aircraft
Trimming with autopilot

Nominal parameters by algebraic trim
Nominal weapon release

Linearization of aircraft dynamics for
six degrees of freedom

Linearization of aircraft sensor kine-
matics

Linearization of weapon dynamics for
six degrees of freedom

Executive

Table input look-up and interpolation
A-array parameter input

A-array print

A-array data dump

Flow Program List of
Diagram _ Listing Symbols
{Figure No. }| (Figure No, ) | (Table No.}

e ——————.

14 15 ---
17 18 X

18 20 XII
21 22 X
23 24 XV
25 26 XVi
27 28 ---
29 30 .-
31 --- ---
32 --- “es
33 34 Xvll
35 36 -—-
_— 37 .
38 39 et
40 41 Xvin
42 43 ---
44 45 -
46 47 “e-

Val, 1
Reference

Sections I-VII
pp. 21-41
pp. 42-49
.pp. 49-52
Pp. 52-57
pp..58=T71

Pp. 72-B7
p. 124

pp. 111-123
pp. 180-18§

pp. 88-104
p. 12-13

'pp. §8-110

*Not implemented in this study.
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ADAP 1 SUBROUTINE STRUCTURE

Every subroutine used in ADAP 1 has the structure shown in Figure 16.

EQUIVALENCE
BLOCK

TEST MODE

% —> l Figure 16. Subroutine Structure
INPUTTING BY INITIAL VALUE RUNNING
THE MAIN COMPUTATIONS ONE STEP
PROGRAM AND
PARAMETER
SETTING

!

RETURN

The mode flag is initially set by the main program. The mode flag starts
at -1 and is incremented in the main program by one on each pass through the
subroutine until it reaches 1. It stays at 1 until the end conditions are reached,
at which time it is set to -2,

ADAP 1 BASIC SUBROUTINES

Subroutine DYNK

Subroutine DYNK implements the model developed in Section III of
Volume I. It combines the externally applied forces and moments with the
aircraft kinematics and integrates the resulting differential equations of
motion. The external forces and moments consist of components due to
gravity, engine, steady-state and gusting wind, and aerodynamics. The
kinematics include all cross products of inertia, which means the aircraft
can be asymmetric about any axis, The subroutine assumes that aircraft
body axes are used, This means that forces, moments and distance supplied
as input are alongaircraftbody axes and likewise the outputs are with respect
to body axes.

The subroutine DYNK flow diagram is shown in Figure 17 and the pro-
gram listing in Figure 18. Symbols are listed and defined in Table X.

41



&

-

4
L 4

-

SET 7,
COMPUTE
CONVERSION
FACTORS

COMPUTE INITIAL
QUATERNION (o)

SCALE X{o)

COMPUTE INITIAL
TRANSFORMATICN
MATRIX E (o)

'S

SET
At = At/4
&2 = M/2

i

550
TEST IF FLAG=0
NO

SET FLG =0

COMPUTE INVERSE
INERTIA MATRIX D

TESTIF LIN=1

SAVE STATE DERIVATIVE
R, =k

1
‘ - GO TO 550

500
D

COMPUTE (501
BODY ACCELERATIONS
AND TOTAL MOMENTS

TESTIF LIN=0D

[ compute e é4, ¥ |
¥

COMPUTE 600}

STATE DERIVATIVE -k (1}

TEST IF MODE =0
NO
SCALE

COMPUTE E 1)

COMPUTE g, ¢,¥

INTEGRATE THE
REMAINING STATES

COMPUTE
Yelgs Vau W Bys Gty Y,

MACH , o, B, & B

v

COMPUTE IN UNIT DEGREES.
eV rnapab ¥ ab,

Beq,r
| RETURN l

Figure 17. Subroutine DYNK Flow Diagram




aNaRs!

SURBROUTINF DYMKALIN)
COMMOMZADAP/MODESA(1000}

*%¥ VARTABLE INPUTS #a¥x

FQUIVALENCE (505 sAL006EY Y {FX WALOTL) ) e
1 (FY sA{OTR Y)Y s (FZ sA(NTIN 8L sALDTTHY s
2 { M PA(OTBY ) s (N vALOTI Y 1X sA{3B3) )
3 {1y rALOBG)) 9 (12 s ALDBS) ) s L IXY sALGREY )
4 {1vz »A(O0BT)Y s IX2Z »A(DBBIIS(DELT  4+ALOBS)Y )
5 {G 2AL090) ), {MASS »yAL0911) s
& (FLG sAL094)) 4 LUG sAL1011) s
7 (VG sALI02)1) (UG +A(1031 )4 (RLT sALB00Y )
8 { RMT yA{601)) s {RNT sALKRO2)Y )

9 {XT pAC111)) 20YT sAL1131) 4027 sA0112))
A » (PG 22010411 1QG yAL105) )4 (RG 2ALLUBYY
nux® VARIABLE QUTPUTS ##x#

EQUIVALENCE (X sAL002)1) 2 (Y sAL003)) s (H sALCOLY )
1 (MACH »A{005))slU sA{Q0T7) ) s lV sALD08) )y
2 (W 2AL0071) s fUA sA{OL0) Y (VA sA(CILY ) .
3 (wWa sALO12)1 0 IXDOT  »A{QLI3) )+ (YDOT  HA(U14) )y
4 (HDOT  »A{015) )+ (VEL sAL016) 14 (UDOT  »ALO1T) )
5 {VDOT  sA{01B1)s(9DOT  »A{OYF) )} (ACGX sAL02D) )
6 LACGY »A{021))1{ACGZ  +AL022))»(GAM sALD2E81 )
7 { AL 2A{029)) s {BET pAL030)) 51 TH 2AL031))
8 (PHI #A(032) ), (P5] 2vAL033)) 3 (GAMDOT L A(U3E ) Ty
9 [ALDOT »A{0371)+(BETDOT+A{038)) (P sALGA2Y)
A (¥e] sA(043)1) (R s AL044Y) 2y (PDOT  SAL0L5Y )
R (QDOT  #A(046) )+ (RDOT  +AL04T)Y)o{STH sALDGBYY
c ICTH sAL04G 1Y 2 ISPHT s A(QB0) )4 (CPHT  SA(T513)s
[ (SPSY]  sA(O052) 12 (CPST  »AL0S53))»(F1L sAL0546) )
E (E21 214(0556)),1(E23] sA(056))s(E12 sALUSTY )
F {F22 sAL0881),5(F32 sA{059)},(F13 sALSE0Y )
G {F23 sAl061)1)+(E33 sAL062)Y) s (CHI sA(UBE) Y,
H { THD 2ALTO0) Yo (PHID »AL{TOLY} s (PSID +A(TO2)) s
I (GAMD  sALT7031)+{RDOTD »A(T04) ) (QDOTD +ALTUS))
EQUIVALENCE (ALD sALTOB) I (BETD  sA{TUT)I) s (GAMDTDWALTUB)Y ) »
1 {ALDOTDSALTO9)1 )+ (BETDRTD»AL{TLIO) ) o (PD sALT11) )
2 tap sALTI2) )9 (RD sAITIZN) S (CHIND  »A{T141)

3 s {PDOTD »A(T15))
4 s (Wl AL161)1)» (W2 sA(162) e lW3 Al163)1)
5 » (WG AL164) 12 (WIDOT sA{165))19{W2D0T +AL166})
& s {W3IDOT »A(16T) 1o (WaDOT »A(168))s{THDOT »AL039))
7 s (PHIDOT»AL040) 1o {PSIDOT s AID4YY 1 (ELIN  sA{259))
8 » [HDOT1 sA{108))»{PA 2y ALOBNY) S (QA »ALGBY))
9 s (RA PA(OB2Y )1+ (DELTS »A(265)1 )9 ({DHDLT sA(266))
REAL LoMaNsTXoIYs1ZsIXYsIYZ s IXZsMASSs IMOMaMACH s MT oL T eNT
1F (MODE} 100,200:500
100 IF (MODEJLE.=2}) RFTURN
P1=3,141562653589793

Figure 18.

Subroutine DYNK Program Listing
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200

550

PIC=P]/180.0

PICIN=1.0/PIC
RETURM

FLG = 1.0

GAMZ = GAM

IMOM = De0

SPHI=SIN(PKI)
CPHI=COS(PHI)

STH2
CTH2
SPH2
CPH?
SPs?
CPS2
w1
W2
W3
Wa
Wilwz
Wlw3
Wivwsg
W2w3
Wawa
W3iWs
wisa
W25Q
W35Q
WasqQ
FNORM
Wl
we
W3
Wa
Ell
Elr2
€13
E21}
E22
EZ23
E31
£32
€33
DELTa
DHOLT

lllllIIIIII!lllllll.llIl(lllhﬂll"lllltlll

SIN(DS5%TH?}

COS{0454TH}

SIN{Q+5*PHI}

COS{0.5%PHI)

SIN{OW5#P51)

COS(0a5%P5]

CPS2%¥CTH2#CPH?2 + SPS2%STHIP#SPH?
CPS2#CTH2%#SPH? = SPS2#5TH2#CPH?2
CPS2¥STHZRCPH? + SPS2HCTHI#*SPH?
~CPS2RSTH2%5PH? + SPS2#CTH2#CPH?
Wlewz

Wiaw3s

Wisws

W2ewW1a

W2aW4

WINW&

wWiewl

W2%W2

W3*W3

Wo*hl g

1.0/50RTIWISQ + W25Q + W35Q + W4sSQ)
W1%*FNORM

W2Z#*#F NORM

W3*FNORM

W4 #FNORM

(W15Q + W25Q - W3I50 - wW4s5Q}
(WZW3 + WIW4)*2,0

(W2Wa WIW3)#2,0

{W2W3 = WiWg)#2,0

(W15Q = W?25Q + W35Q ~ W4sQ@)
(W3W4 + WIW2)%2,0

(W2W4 + WiW3)#2,0

(WIWL = WIWD)¥D2,0

(W15Q = W25Q - W35Q + W4sSQ)
DELT/4.0

D« 5%DELT

IF{FLG.EQsD«0) GOTO 501

FLG
TMP 4
TMPS5
TMP&
DK

1
DAP1
DAP 2
DAP3

L3 2 ]

Figure

0«0

1eG/7(IX%IY)

1.0/(1Y%12)

laO/{IX%12)

1eO =~ IXYRIXY®TMP4 — IYZ#]YZ®TMPS — [XZ®IXZ¥TMP6& -
200%IXYRIYZRIXZETMPL /12

{leQ = IYZHIYZHTMPS)/(1X%#DK)

LIXY & 1YZ®RIXZ/1Z)#TMP4/DK

{IXZ + IXYRIYZ/IY)IRTMP&/DK

18. Subroutine DYNK Program Listing (continued)
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S00

502
501

600

1

1

DAQ1 = DAP2

DAQ?2 = {1e0 — IXZ®IXZ#TMPK)/(]IYH*DK)
DAGQ3 = [(IYZ + IXZRIXY/TIX)#TMPS/DK
DAR1 = DAP3

DAR2 = DAQ3

DAR3 u {1e0 « IXYRIXYRTMP4)/(IZ%#DK)
IFILINSEQel} GOTO S50O1

PDCT1 = PDOT

anoTl = QpOT

RDOT1 = RDOT
upoT! = UDOT
vDOT1 = VDOT
WDOT! = WDOT
WiDOTY = WIDOT
W2DOT1 = wW2nOT
W3DOT1 = W3apoT
W4DOT1 = WabOT

XDOT1 = XDOT

YDOTl = ¥YDOT

HDOT1 = HDOT

GOTO 5%0

ELTN=O,

ACGX = {XT+FX)/MASS
ACGYw(YT+FY) /MASS
ACGZ=a{ZT+F2) /MASS

LT=aRLT+L

MTeRMT4+M

NT=RNT+N

IF(LINEQ.O} GOTO 600
STHeSINITH)

CTH=COSITH)

SPHI=SIN(PHI}

CPHI=COS{PHI}

SPSInSINIPST)

CPSI=COS{PSY)

Ell=CTH®RCPS1

E12=CTH®SPST

El13=n=STH
E21=~CPHIRSPSI+SPHI*®STH®CPSI

E22= CPHI#CPSI4+SPHI#STH#SPSI
E23= SPHI®CTH

E31= SPHI®SPSI+CPHI®STH®CPS]

E322=-SPHIRCPSI+CPHI*STH®SPS]

£33= CPHI®CTH

SECTH = 1,/CTH

TANTH STH/CTH

THDOT CPHI®*Q=SPHI#*R

PHIDOY P+SPHINTANTH®Q+CPHI*TANTH*R

PSIDOTY SPHI*SECTH#*Q+CPHI#SECTH*R

DAL = =uLT + Q¥R¥(1Y = 1Z) = IYZ¥(R®R = Q#Q} + P*(IXZ*QG — IXY¥*R)

DA2 - = MT + R#*(P#{1Z2 - IX) « IMOM) - IXZ*(P*P - R¥R) +
Qe IXY%R - 1YZ#P)

DA3 =NT + QN{P*(IX = IY) + IMOM} — IXY®(Q*Q -~ P*P) +
RE(IYZ¥P =~ I1XZ28Q)

Figure 18. Subroutine DYNK Program Listing (continued)
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aNaXal

[aNaKal

aNala!l

[aNala’

1000

COMPUTATION OF BODY AXFES VELOCITIES AND ANGULAR ACCELERATIONS

upoT = ACGX + G¥E13 =~ wW*Q + V*R
vDOT = ACGY 4+ G#*E23 = U#R + Wep
WDOT = ACGZ + G*E33 — V#P + U*Q
POOT = DAL*DAP1 + DAZ¥DAP2 + DA3*DAP3
QooT = DAI*DAQL + DAZ*DAQ2 + DA3*DAGS

RDOT = DA1#DAR1 + DA2#*DARZ + DA3%DAR3
At661)=U/1,69

COMPUTE A/C VELOCITIES WeReT+ EARTH IN EARTH COCRDINATES

xXDoT = E11*ULE21%Y+F3 1 %W
YOOT = E12¥U+E22%VHEI 2Ny
HDOT 2=E13#|mE238V—F 334y
IF(LINEQe1l) 5CTO 2000

WIDOT = ~P*W2 - Q¥%wW3 — R#*u4
H2DOT = PHW] + R#W3 — Q*W4
W3DOT = Q#*WI — R*WP + P¥W4
WaDOT = R#W] + Q#Wp — P#y3a
IF(MODE«EG.} RETURN

COMPUTE EULER SYMMETRICAL PARAMETERS

Wl = W1l + DELTA*(3.0#9W1IDOT =~ “11D0TY)

w2 = W2 + DELT4%(3,0#W200T - w2D0T1)

W3 = W3 + DELT4*{3,0%WaD0OT - w3aDOT1)

W = Wa + DELTA4¥{3.0%44D0T = wWaDOT1)
COMPUTE EARTH TO DODY ROTATION MATRIX (E)

Wiwp = WIeW?

W1lwW3 = WleW3

Wlka = WlsWg

WaW3 o W2H4W3

Y2Ya = W2EW4

W3Wg = W3ixwa

wisgo = WiHW]

w25Q = W2¥W2Z

w350 = W3W3

Wasn = WoanWy

FNORM = 1,0/S5QRT{W1SQ + W250Q + W3sG + W45Q)

Wl = WI*FNORM

W2 = W2#FNORM

W3 = W3RFNORM

W4 = WAXFNORM

£l = (W1SQ + W250 = W3s%Q -~ W4so)

Fl2 B (W2W3 + WiWa)#2,0

F13 = {(WIW4 - Wikig)#2,0

F21 = (W2W3 = WlkWg)*2,0

F22 = {W150 - WZ250Q + W350 -~ W&50)

E23 = (WAWSL + WIW2)*2,0

F31 2 (W2W4 4+ WIW3)1#2,0

Figure 18. Subroutine DYNK Program Listing (continued)
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aRala]

32 (W3W4 = W1WPI1%240
E33 {W1S5Q — U250 = VW3IS0 + 4/4s0)
IF{ARSIEL3).GTela} GOTO 20G15
ARG?a SQRT(1.-F13#F13)
TH==ATANZ2{E13sARG2)
GOTO 2016
2015 F13=ARS{E13)/F12
2016 CONTINUE
PHI = ATANZ(E23,E33)
IF (PHI«GT+34141593) PHI = PHI =~ 6£.283166
SPHI = SIN(PHI)
CPHIT = COS(PHI)
PST = ATAN2(E12+E11)
IF (PS1eGT4a34141593) PSI = PSI - £.2B3186

INTEGRATE A0DY VELOCITIES AKND ANGULATY ACCELERATIONS

AXaEn)

b = U + DHDLT#{3.0%UuDOT ~ uUDOT1)

v = V 4+ DHDLT*#(3.0%VDOT = VDOT1)

W = W + DHDLT#{3.,0%wDOT - WDOTL)

P = P + DHDLT#(3.0%#PDOT -~ PDOTL)

Q = 0 + DHDLT#(3,0%0D0T - QDOT1)

R = R + DHDLT#(3,0%RDCT - RDOTI)
INTEGRATE FARTH VELOCITIES

X = X 4+ DHDLT*{3.0%XDOT = XDOT1)

Y = Y 4+ DHDLT*{3,0#YDDT —~ YLOTL)

H A H + DHDLT#(3,0#HDOT - HDOTL)

CHI = ATANZ{YDCT+XDOT)

IF {CHT«GTe3e141593) CH] = CHI = 6£,283186

GAM = ATAN (HDOT/SOQRTIXDOT#XDOT + YDOT#YNOT))
INCORPORATE WIND COMPONENTS

UA * U - UG

VA = V = VG

WA = W = WG

PA=pP=Pg

QA= Q=G

RA=R=RG

TMP1 = JAXUA + WARWA

T™MP?2 = SQRT{TMP1)

TMP3 2 TMP]l + VAsVA

VEL = SQRT{TMP3)

MACH = VEL /505

AL = ATAN{WA/UA)

RET = ATAN(VA/TMP2)

ALDOT = {(UA#WDOT — WAUDOT)/TMPL

BETDOT = {(TMP1#VDOT -~ VA#({UA¥UDOT + WA#WDOT})/{TMP2Z*TMP3)

THD = TH#PICIN

PHID = PHI*PICIN
PSID = PSI*PICIN
GAMD = GAMXPICIN

Figure 18, Subroutine DYNK Program Listing (continued)
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BDOTH = RDOT*PICIN
QnoOTN = QDOT*PICIN
PDOTD = PDOTH*PICIN
ALD = AL®PICIN
RETN = BETH*PICIN
GAMDTD = GAMDOT#PICIN
ALDOTD = ALDOT*PICIN
RETRTD = BETNOT#PICIN
Pr: = PRPICIN
On = Q¥PICIN
RD = R*PICIN
CHID = CHI*PICIN
RETURN

2000 CONTIMUE
RETURN
END

Figure 18. Subroutine DYNK Program Listing (concluded)
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Subroutine AERK

Subroutine AERK implements the model developed in Section IV of
Volume I, It is used to generate aircraft nonlinear aerodynamics, i.e., aero-
dynamics which are a function of empirical curves, A general-purpose sub-
routine to perform this function is impossible because there is no standard
form for specifying nonlinear aerodynamics. However, this problem is re-
duced to its simplest form in ADAPS. The user just encodes his particular
form of aerodynamic equations into subroutine AERK and sets up his aero-
dynamic data in function look-up form (Appendix I),

Aircraft coefficients and their look-up representations are listed in

Table XI. The subroutine AERK flow diagram is shown in Figure 19 and the
program listing in Figure 20. Symbols are defined in Table XII.

Subroutine WAERK

Subroutine WAERK implements the model developed in Section IV of
Volume I, It is used to generate weapon nonlinear aerodynamics. In general,
the user must encode his particular form of weapon aerodynamic equations
into subroutine WAERK and must set up his weapon aerodynamic data in
function look-up form (Appendix I).

Bomb aerodynamic coefficients and their look-up representations are

listed in Table XIII. The subroutine WAERK flow diagram is shown in Fig-
ure 21 and the program listing in Figure 22. Symbols are listed in Table XIV.

Subroutine THRUSK

Subroutine THRUSK implements the model developed in Section IV of
Volume I. It generates total forces and moments along aircraft body axes
produced by the thrusters on the aircraft. In addition to two main jet engines,
three thrust points are provided in the subroutine for simulating the vernier
thrusting in high-performance aircraft.

The subroutine THRUSK flow diagram is shown in Figure 23 and the pro-
gram listing in Figure 24, Symbols are listed in Table XV,
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Table XI. Representation of Aircraft Coefficients in Stability Axes

. . Look-Up . .
Coefficient Representation Mnemonic Units
0
CL(Ma, h, o w) F1(1,2,3) CL
C, (h, M) F2(2,1) CZQ per radian
q
Cz- (h, Ma) F3(2,1) CZALDT per radian
o
o (h,e® , M) F4(2,3,1) CLDS per degree
W’ a
Og
C‘L (h, Ma) F5(2,1) CLDSP per degree
)
Sp
C;. (h, M_) F6(2,1) CLDA per degree
a
04
. (@° M,) F7(3,1) CLDSB per degree
C‘sB
0
C‘L5 (o w' F8(3) CLDLG
LG
CD(Pow,MaC‘L) F9(4,1,5) CD
o
CD((S SR’ C‘L, M) F10(6,5, 1) CDDSB
CD (CL) F11(5) CDDLG
g7
o
Cmca(Ma,h,af ) F12(1,2,3) CMCA
Cmq(h, Ma) F13(2,1) CMQ per radian
C'm' (h, Ma) F14(2,1) CMALDT per radian
o
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Table XI, Representation of Aircraft Coefficients
in Stability Axes (continued)
s Look-Up . .
Coefficient Representation Mnemonic Units
c_ (h, a® . M,) F15(2,3, 1) CMDS per degree
6S
C, (@® ., h,M,) F16(3,2,1) CMDSP per degree
6sp
C. (@ .b,M,) F17(3, 2, 1) CMDA per degree
68.
Con (M, aow) F18(3,1) CMDSB per degree
6sB
c = @) F19(3) CMDLG
SLa
cy (@ ,h,M,) F20(3,2,1) CYBET per degree
B
Cy @®_,h, M,) F21(3,2,1) CYR per radian
r
C_ (h,a , M) F22(2,3,1) CYP per radian
yp w a
Cy M) F23(1) CYDSP per degree
T
C (Ma) F24(1) CYDA per degree
yﬁa
C (h’Ma) F25(2,1) CYDR per degree
yﬁr
C ° ,h,M) F26(3,2,1) CNBET per degree
HB W a
Cn (Ma, h, a® ) F27(3,2,1) CNR per radian
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Table XTI,

Representation of Aircraft Coefficients
in Stability Axes (continued)

Look-Up

Coefficient Representation Mnemonic Units
o] .
C‘rl (h, & w’ Ma) F28(2,3,1) CNP per radian
p
[8)
Cn5 (o W’ Ma) F29(3, 1) CNDSP per degree
sp
c. (aow,h, M, ) ¥30(3,2, 1) CNDA per degree
53.
Cn (h, Ma) F31(2,1) CNDR per radian
61"
c, («®_, h, M,) F32(3,2,1) CLLBET per degree
B
c, @°_,h, M,) F33(3,2,1) CLLR per radian
r
Cc, (aow,h, M,) F34(3,2, 1) CLLP per radian
P
C, (° h, M) F35(3,2, 1) CLLDSP per degree
bsp
C, @° ,h, M,) F36(3,2, 1) CLILDA per degree
5, '
C, (° ,h, M,) F37(3,2, 1) CLLDR per degree
5
r
X, g (Y, ., Wt) F45(10, 15) XCG inches
Ze. g Yppme W) F46(10, 15) ZCG inches
2
Ix(Ytrm, wt) F47(10, 15) IX slug/ft
2
Iy(Ytrm, wt) F48(10, 15) IY slug/ft
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Table XI. Representation of Aircraft Coeificients
in Stability Axes (concluded)

. L.ook-Up . .
Coefficient Representation Mnemonic Units
2
Iz(Ytrm’WT) F49(10, 15) 1Z slug/ ft
2
o(h) F53(2) RHO 1bs/ it
a(h) F54(2) SOS ft/ sec
Look-Up . .
Argument Representation Mnemonic Units
M V(1) Mach
h Vi(2) H feet
aow V(3) ATH+1° degree
Power V{4) POWER per unit
CL V(5) CL
N V(6} YDSB degree
g V(7) YDS degree
wt V(15) wWT pounds
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v

SET POWER [s00}

L

LOOK-UP
p th), a (h)

L
LOOK-UP
COMPUTE XCGWT), ZCGWT)
_1_, i8¢ '
1807 KERODYNAMIC
c/2, b/2 CENTER VECTOR
[ serrnom-o0 | | sermertas |
¥
LSET MACH, VEL I
P

COMPUTE VELOCITIES
MASS

w, r TO AIR
RETURN ;e

COMPUTE INERTIAL
VELOCITIES

O

Figure 19. Subroutine AERK Flow Diagram
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()
R
COMPUTE

Ua: Vaa War
Par 9z¢ T3

COMPUTE u,,, o, o3 B, B V,, M, &

LOOK-UP
C M, hal)

¥

SETC . yg

LOOK-UP
Czq(h, Ma)‘ Cz&(h, Ma), CLO th, a‘w, MaJ, (.‘.L‘5 th, Ma)
) sp
CL.5 th, Ma), CLO (nr’w, Ma), CLﬁ\ (q‘w), CD(pow, Ma' CL)
a sB fg
CD(ﬁsb, CL' Ma), cDﬁ| (CL), cmca(Ma‘ h, a"w), Cmq(h, Ma)
9
Cm_ 01; Ma)a Cmﬁ ﬂ'l, ﬂ‘wl Ma]’ cm (d’wa hn Ma)l cmb (d‘w: h: Ma)
& 5 sp a
Cm (Ma, u“w), Cm6 u'w), Cya(a"w, h, Ma), Cyr(a"w, h, Ma)
sh lg
Cy th, a°w. Ma)' Cy (Ma), Cy (Ma), Cy (s, Ma), Cn ("ow' h, Ma)
p 6sp %, 5 B
Cnr(Ma’ h, a“w), Cnp(h, a"w, Ma). Cnﬁ (a'w, Ma)’ Cna (a‘w, h, Ma)
sp a
C"b thy Ma)’ Clﬁ(a"w. by Ma)‘ Clr(u"w, h, Ma)' °1n‘°'°w' h, Ma)
r
Clﬁ (a“w, h, Ma)’ Clﬁ 1 ! hy Ma). C:I_.:s
sp a '

le® e e M a)

gOM PUTE as,

as, Yas, fas

v

COMPUTE TOTAL FORCE AND

MOWENT COEFFICIENTS
by

ECp, 2Cy ZCp

v

COMPUTE FORCES IN ]
STABILITY AXES TRANSFORM
TO BODY AXES

!

COMPUTE MOMENTS IN
STABILITY AXES TRANSFORM
TO BODY AXES

RETURN

Figure 19, Subroutine AERK Flow Diagram (concluded)
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[aNala!

[aNa T

T2 AW N

[alevip s e JENTOIS BE RV RIS Ny N

o< JI Ro NN I TS I I

SURPCOUTINE AFERK
DIMFMSION XT(2}

COMMONZADAP /HODESA(L1000)
PDIMENSION V{20)sFI80)
*#ne PARAMETFR TNPUTS #x#sx

FQUIVALENCE (505
{RHO
{s

{XCa

*¥4x% YVARIABLE

FQUIVALENCE (H
(AL

(RA
(YDR

(GETD
s (VG

(RG

(W

(R

{WpoT

2ALO06) (G
sAf114))00(8
sA(117))
sAIBT9) )2 LYCA

»{ YTRM

sA{004) ) s (MACH
sAL029) )9 (RET
(PA
sALDR21)1+(YDS
sACL25) )1 2LYSP
{YLG

(XT(1}

sALTOT7) ) UG
sACL02) )4 PC
sAL106)) s U
rAL{C02) )P
sA{044) )y (UDOT
»A(D19))

s ALD9GY Y s (MASS  +AL091Y )

yA(1165)Y )9 {C sAl116) )y

s (WT 2ALT1EN

sAlS58UY s (ZCA sALBR1))
sAL(651) )

IMPUTS *a%%

s A(O0S ) s (VEL tA(D16) )y
sATO301 Y {ALDT  $2(03T71 )
»A(N801 ) QA sALORL ) )
sA(121)1 ) (YDA TIBVEIRE
sA(nas Y ) LYSR sALBELS Y)Y

sA{648) )

2A(B59 1 (ALY yALT U6 )y
sALICLIY (VG sAl1u3))
sAL104)},{QG sAL105) )y
sALOO0T) I (VSIDE +ALUUBY )
sAL042))H (0 PACUA3Y )y
sADLIT )

#xnxk VARTIABLF OUTPUTS ##*s

EQUIVALENCE {(UA
{QBAR
(FZ
(N
(1z
t1X2

sAL01G) )Y s (WA
sA(OTDY Yo lFX
sALOT3) )L
PALOTIIY o (IX
sAL085) ) {IXY
2A(088)) s {XCG

sA(012)1),

s ALOT1) s (FY sALOT2) )
sALOTT e (M sALOUT8Y )
sA{0B3) )2 IY 2ALLUBG)Y Yy

2A{0861 ) L1IY2 yALORTY ) »
sALB111 )9 {2CG yALB12))

s {IDXCASATOD5)1 19 (DYCA»ALUT6) )2 (DLZCALALCIT) Y

(FX5
(s

#xk% FUNCTIONS #x¥%

EQUIVALENCE (CL
(CLDS
(CLDSB
(Cpbse
(CMQ
{CMDSP
{CMDLG
{cype
{CYDR
(CNP
( CNDR

vA{148))s(FYS
+A(151)) (M5

PF 0111 (C20

sF(04))s (CLDSP
FIOT11 s ({CLDLG
sFE101 ) » (CDDLG

sAL149)15(F2S +AL150) )
yAL152) )9 (NS sAL153)})

oFIC21)Y s (CZALDToF{03 1))
sFLOB 2 {CLDA  »F{UB) )
»FLOB) Y (CD +FLOGY) s
2FL11))e(CMCA  sF(12))

sFL13 ) o (ICMALDToF L1411 »(CMDS  sF{15) )

sF{16) ) (CMDA
sF{19))+(CYBET
sF(22) ) LCYDSP
sF{25) ) » (CNBET
sF{281 ) {CNDSP

pFLLTI) L {CMDSE »F(18) )y
+FL201) s (CYR sFL2101)s
sF{231) 2 LCYDA  +F(24) 7
2»FL261)1 9 (CNR oF (2710
sF{29)) 2 {CNDA  »F (3010

sFU311 s ICLLAETHF (3211 {CLLR +F(33))»

Figure 20. Subroutine AERK Program Listing
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B {CLLP  sF (34 1) s {CLLDSP»F(35))» {CLLDA sF{361)1)s
< ({CLLDR sF (37
RFEAL LoMoNsLSeMONS o IXo IV oI Zo I XY IV v IXZaMASSMACH
IF{MODE 100 200+500
100 IF({MODE«LE+~2) RETURN
PI=3,141592653589793
PIC=PI/180.
PICIM=14/PIC
CN2aC#,5
PD2=R#,5
RMDM=0,
RFTURN
700 CONTIMIE
500 CONTINUE
SUMXTeXT (1)14XT(2)
IF{SUMXTaGTe100e) OTO 510
POWFR=(.
GOTO 520
510 POWFR=1l.
520 CONTINUE

PERFORM LOOXUPR

[N

V(2)=H
C WETGHTS AND MOMENT OF INFRTIA

CALL FLOOK(VsF353+54)

RHO=F (53)

S0S=F{54)

MASS=WT /G

VI10)=YTRM

VIilsreyT

IF{RNDMI G009 5502600
S50 CALL FLOOK(VsF445450)

XCG=F1(45)

2CG=F{a6)

2CAs~7CG

C
C POSITION VECTOR OF A4Ce

C
DXCA =(XCG + XCA)/12,.

NDYCA = YCA/12Z.

NZCA ={ZCG + ZCAY/YZ2.

IX aF (47}

1Y =F{4R)

12 =F(49)

IXZ2=F (50}

IF {(MACH LEQae 0a0) MACH = VEL / 505
IF (VEL «EQe 0.0) VEL = MACH # 505
VA=VSIDE=-VG

UAS=SQRTIVEL®*VFL=VA*VA)
UA=UJAS*COS{AL)

UASUASHSTN(AL)Y

tl=UA+UG

Figure 20. Subroutine AERK Program Listing (continued)
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[aNals!

VSINEsVA+VEG
WeWA+WG
RNDM=1,

600 CONTINUE
A=U=1G
VA=VSIDE=VG
WA= -WG
PAZP=PG
DA=Q~QG
RA=R=RG
UASaSQRT (UARUA+WARWA)
AL=ATANZ (WA UAY
ALD=AL*PICIN
RET=ATANZ (VA SUAS)
BETD=BETRPICIN
VELaSQRT{UANUAFVARVALITARIWA)
MACHeVEL /505
ALDT= {UAMWDOT=-WARUDOT ) / (UASHUAS)
VI{1j)=aMACH
VI3)1=ALD+]1,
CALL FLOOK{VsFslsl)
V{4)=POWER
V{5)=CL
V{ie)y=YSB
CALL FLOOK(VsF 92437}

DO 525 I=1+37

525 A(BOO+I)=F(I)
QRAR =, SHRHO®VEL*VFL
QBARS=QBAR#S

COMPUTE TOTAL AERODYNAMIC COEFFICIENTS

CAL=COSIAL)
SAL=SINCAL)}
UAS = CAL®UA+SAL*WA
PAS a CAL#PA+SAL*RA

QAS = QA

RAS ==SAL*PA+CAL*RA
CK1l = BDZ/UAS

CK2Z » CD2/UAS

CAD = CKZ»ALDT

CBD = CX1#B3ETD

CP = CK1#PAS

CQ = CK2%0QAS

CR = CK1#RAS

AYSP= ABS(YSP)
AYDA= ABS(YDA)

SUMCD = CD + CDDSB + CDDLG*YLG

SUMCY = CYBET®BETD + CYP®CP + CYR#CR + CYDA®YDA + CYDR*YDR + CYDSP
1%YSp

Figure 20. Subrountine AERK Program Listing (continued)
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[aNala! [aZaln! [a¥aka!

A NaNa]

SUMCL = CL =~ CZALDT¥*CAD -~ CZO*CQ + CLDA*AYDA + CLOS¥YDS + CLDSP*AY
1SP + CLDSB#YSB + CLDLG*YLG

SUMCLL= CLLBET*BETD + CLLP#CP + CLLR*¥CR + CLLDA®YDA + CLLDR*YDR +
1CLLDSP*YSP

SUMCMCA® CMCA + CMALDT®*CAD + CMO®CQ + CMDA#YDA + CMDS*YDS + CMDSP#
1YSP + CMDSBRYSBE + CMDLG#*YLG

SUMCN = CNBETHBETD + CNP#CP + CNR®¥CR + CNDA#YDA + CHMDR*YDR + CNDSP
1®Ys5p

FORCES IN STABILITY AXES:

FX5 = ~OBARS¥SUMCD

FYS = QBARS#SUMCY

FZS = =QRARS*SUMCL
TRANSFORM TO BODY AXES

FX = FXS*¥CAL-FZS#*SAL
FY = FYS5
FZ = FXS#SAL+FZS*CAL

MOMENTS IN STARILITY AXES AT AlC.

LS = QBARS¥8%®SUMCLL

MS = QRARS#C%®SUMCMCA

NS = QBARS#B¥SUMCN
MOMENTS IN BODY AXES AT CaeGe
L = LS*CAL=NSH*SAL~DZCA¥FY+DYCA*FZ
M = MS4DZCARFX~DYCA%FZ
N = LS*#SAL+MERCAL-DYCARFX+DXCA%FY
R

CTURN
END

Figure 20. Subroutine AERK Program Listing (concluded)
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Table XIII. Representation of Bomb Aerodynamic
Coefficients in Cross-Velocity Axes
. Look-Up . .
Coefficient Representation Mnemeonic Units
~0
C‘N(a ‘Ma) F75(3,1) CN
Cy (c';o,M ) F76(3,1) CNDEL per degree
5 a
CA(Ma) F77(1) CA
"o
Cm(a , Ma) F78(3,1) CM
C, @, M,) F79(3, 1) CMQ per degree
g
C._ @°, M) F80(3, 1) CMDEL per degree
m, a
Look-Up . .
Argument Representation Mnemonic Units
M V(1) MACH
h V{2) H feet
7° V(3) ALFH degrees
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INITIAL SETTING
AND COMPUTA-
TIONS

COMPUTE
Ua, Va’ Wa, Vca:
& pyr 950 050 0

Va

LOOK-UP
pra

COMPUTE MACH, g

LOOK-UP
CN(cr, M), Cmq(a, M), Cnb(a, M)

€, gfers M, C o M3, CoIM)

v

STORE TABLE VALUES IN
A-ARRAYS

¥

COMPUTE £y, 5Cy. Z €, l

¥

COMPUTE ECL' ZC, . IC,

v

COMPUTE AERODYNAMIC
FORCES X, Y, 2

+

COMPUTE AERODYNAMIC
MOMENTS L, M, N

| RETURN I

Figure 21. Subroutine WAERK Flow Diagram



SURROUTINE WAERK
COMMON/ADAP /MODESAL2000)
DIMENSION VST{20)sF(8B0)

EQUIVALENCE {U sALO0T) 1 iV rAL00B) Y2 (W 2A{C09) )}y

A {uG sA{101)) (VG sAL102) )20 WG sA{1U3) )y
1 {q sA{043)Y)eiR sALULG4) )
2 (BMBD  sA{294)) 2 (DELTAZ»A(263) )9 {DELTAY sA(264) )
3 (H sAL004) ) s (RHO sA(114)) s IMACH  SALCO05) )
4 (S03 sA{006) )19 (QRAR »ALQTO) ) (L sALCTT) )
5 (M pALOTR)) o (N 2 A{OTO) ) o X 2ALOT1) )y

6 iy sA(DT2)) 412 sALDT3))

REAL LsMeNsMACH
IF{MODE) 1002005200

100 IF{MONFa.LE,~=2)RETURN
PI=3,1415926535897932
PIC=P1/180,.
PICIN=1./PIC
BS=P I *RMBDABMBD#,25
Q=4 0000001
RETURN

200 CONTINUE
UA=U~UG
VAaV=VG
VA=Y =UG
VCA=SQRT IVARVASWARWA)
DELTAH=SQRT(DELTAZ#DELTAZ4+DFLTAY®DELTAY)
VTA=SORT{VCA#VCA+UARUAY
ALFH =ATANZ2(VCA»UA}
PHTI=ATANZ2 (VA s WA)
CPHI=COS(PHI )
SPHI=SIN{PHITY)
PHIZ=ATAN2(=-R Q)
CPHIZ2=COS{PHIZ)
SPHI2=SIN(PHIZ2)
QC=SORTIQ#R +R*R)
ALFHD=ALFH#PICIN
XYZ=BMBD#QCH* . 5/VTA
VETI2)=H
CALL FLOOKIVSTF»53954)
RHO=F (%3)
505=F(54%)
MACH=aVTA/S0OS
QBRAR®m ,S*RHO*VTA*VTA
VST{1)=MACH

C TAKE OUT

S5IGN=],
IF(ALFHD LT 404} S1GN==1,
JF{ALFHDeLTa~4,4) ALFHDER=4,
V5T (3 1=ABSLALFHD)
CALL FLOOK{VSTsFs75+80)
CN=SIGN®*F(75)
CMO=F (79}
CNDFL=SIGNRF (76)
CMDEL=SIGN®F (BO)

Figure 22. Subroutine WAERK Program Listing
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CM=SIGN¥F(78)
C TAKE QUT
CA =F{77)
A{BT5)=CN
A{B7Y6)=CNDFL
A(BTT ) =CA
ALBTRYI=CM
AlBT79)=CMQ
Al8801=CMDEL
AlBB1)=PHI2
A(882)=PHI
SUMCX=~CA
SUMCYaSPHI# { ~CN=CNOEL#DELTAH)
SUMCZ=CPHI*(~CN=CNDEL#*DELTAH)
SUMCL =0+
SUMCM=CPHI* ( CM+CMDEL®DELTAH ) +CPHI2Z#CMORXYZ
SUMCNs=SPHI# ( CM+CMDEL#DELTAH)=SPHI 2% CMO¥XYZ
OBARS=OBAR®RS
QRARSN=QBARS #AMBN
X=QRARS*SUMC X
Y=QRARS*SUMCY
Z=QBARS*SUMCZ
L=QBARSD®*SUMCL
M=QBARSD*SUMCM
N=QBARSD#SUMCN
RETURN
END

Figure 22. Subroutine WAERK Program Listing (concluded)

81



SIXE®-X Inoqe juswow Sul[[oy X qr-3r L2 T 1
8o jo epnyyy X i ¥ H

SIXE Z jnoqe a(due jue dul g b dap £9¢ ZV.L1HJ No
: £

sixe £ noqe o18ur Jued Ul X dep ¥9% AVLIIHA Q

918ue jueo }sa1f Jo apnuufe P gep HVY.L1dd Q
Ul pajued 03 INp oZ

99.J0F TEWLIOU JO JUR101JJ30)) X dop aad 9.8 THAND D

JUBID1IIB0D 3IJOJ [ BUIJIO N X GL8 ND ZU _

sixe 14 jnoqe GE

B0 1Ir900 Juawow Juidurey X 208 /3ap Jad 6.8 OND 0
uly pajued jo Qu

1US10131900 judwow FUlI0}SIY X dop aad 088 THAND o)
s1xXe Iz £3100184 sS0I0 TROQE -

JUS1D1IIB00 JUIWOW SULI0)SIY X 8L8 WD D

sixe tx A110079A SS0a0

Juote JUS101IF0D 90J0F [BIXY pe LL8 Vo V4

B3JB UO11098~55.100 qUIOE < Nﬁ sqg o_m

JI9jouwrelp quiog X L3 ¥6¢ adgind o_v

mef jo apnjufey pe 8op dHATV o ®

mef 10 apnyudely pe pea HATVY o

Xopul
uondiaosa(g Indingp ndug siun Reiry-y OTUOWIDUA Luendy

MUAVM dULNoIqng 1oy stoquidg Jo 11T CAIX @Iqe,L

82



punos jo paadg X 208 [y] g SOS B
a1qel Jjo
sduea ay] SUlpualxa JOJ J03}0€ < NDIS
ANsusp a1y b mu..:mn: FI1 OHY d
Z JNOge 3)eJ MEL < 08s [3ep ¥E g J
2£ s1xe 5)
ulds-ss0J0 Moqe }ed Yodg be 09s [dep ofv) b
JUS1O1II200 JUSUWION X sqI-4 asyvdao psb
sanssaad srwreud (] e L /5a1 0L Hvdo b
£ moqge ajea yog e oas [8ap P o b
X NIDId L/081
S3UB}SUOCD X old 081 /4
X Id u
g 0} 7
£ woJj s1xXe X inoge uoljejoy b4 ped 188 @
| Iz o
Z WIOJ] S1X® X Jnoqe uoljejoy X [reda 288 IHd ¢
S1Xe-Z INOoqe juswowr JurMex X qi-13 6L N N
Jaquinu yaen X S HOVIN
sixe-£ moqe juewowr Sulyolld X qr-4 8L W W
uolldiaosag mdmo indug sun hmwwwﬂﬂw JTUOUWISUTA Lyuendy

(P3NUTIUOD) THYH VM dUtinoaqng I0J sjoquidg Jo IS17]  "AIX o[qel

83



sixe £ uoie

A1100194 3snd jo jusuoduwro)) X 098 1} Z0T DA m>
£310019A §504D) b 298 [ VDA B3,
sixe £ Juole ssew
Jle jam A310079A JO juauoduro)) X SEENEY! VA %A
s1xe X Juole £}10072A [el}Jau] X 298 [) 9 A A
S1Xe X guoje 3
A3100124 3803 jo jusuodwo) X 098 ] 101 DN n
S1Xe X Suo[e sseul
Jie jam £31001924 Jo juauodwior) X 098 (13 VN ®n
sixe X duoie
wauodwod £110079A Tel1}I9U] h'e 298 [i] L n n
S1Xe Z
JuoTe Jua1d1JJo0d 32.I0] 1830, X ZOWNS Nom
sixe £ £
Suole JuS101JJ202 32J0F [BIOL X ADNNS 0 1T¢
SIXE X
Juole Ju2121}J200 800§ (810 X XDINs MO,N
S1Xe Z JNoQe Juald
133900 juswow Jurmedk (rjoJ, X NDINNS ZUN
sixe £ fnoqe juald w
-17J909 juswowr Julyojld 1ejor, X DNNS o2
51Xe X jnoqe
1U9101JJ200 juauwiowl Jul[jod [e}o L X TOWNS AO,N
uotidiadsaqg mdinQ mdug s11uUn hmw.me.ﬂw J1UCWBUA Apuendy

(PoNUIIU0D) MUHVM SULIN0IqNG J0F STOqWIAS 3O I1S1T  *AIX 9[de],

84



sixe z guore jusuodwiod 30JI0 X sqr ) A VA
sixe K guole jusuodurod 90JI0,] b sq1 Z22 X X
sixe x 3uoie jusuodwIod adJI0J b4 sqT T X X
s1xe z Jduore 3
£310010A 3513 Jo jusuoduwion) X 098 /13 0t DM R
g1xe z Juole ssew e
J1' }JM K)100713A JO juauoduxo)) X 098 11 VM M
sixe z guole £]11007194 [B1}JI2UT b 098 [i1 6 M M
SEBW JIB }JM
80 yo £1100794 Jo apn pufep b 098 f3] VLA
o1gelaea dn3yool 9[qe L X (I)1SA
uotjdiaasa(g mding indug sjun hmhuwm%m% J1UOWAU N Anjuend)

(PopnIoU0D) YH M SUINoIqng 107 S[oquIg JO

ISTT "AIX SiqE.L

85



THRUST EXIT
POSITION VECTORS
Ar (j}

COMPUTE (200

TEST NTD
0

SET AZIMUTH AND
ELEVATION DEFLEC-
TION STATES TO
ZERO

Xag = O %eq = 0

P

300

COMPUTE CD(h)

20
TEST Xy~ Xy

l SET kp =ﬂ l SETkn = ZJ

}L____I

COMPUTE
Cl(kp, M), Cz(kp, M)

COMPUTE EFFECTIVE L=1C)
THRUST OUTPUT

YO « ko o M)

TEST NTD

n = 314.

rc= x /180

S 50

e, - (0.25)107

3

4

COMPUTE AZIMUTH 00
AND ELEVATION DEFLEC-
TION OUTPUT

COMPUTE ORIENTATION
FUNCTIONS

¥

COMPUTE THRUST FORCING

MATRIX B =(b b, |- - - B0}

v

COMPUTE THRUST MOMENT

MATRIX B 6. .. 5 )

COMPUTE TOTAL THRUST
FORCES AND MOMENTS

fr = Byyy my=Byy,

v

Figure 23.
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Yy MO

[alala!

[aNaXa]

100

200

210

220
300

302

303
3ns

SUBROUTINE THRUSK
COMMON7ADAP/MODE s AL 10000)

DIMENSION XEX!S):YEX(5)pZEX(Sl-DXEX(Si;DYEX(S)’DZEX{SS'XTHIS)D
IXAD(SJ,XEDISi-YTH(S)oYAD{5}pYED(5!oYAB(S)-YEB(5!-YTBI2’5)oCTH(?oS)
23E3(2+5)9E202+5)9BI3+5)9BH(35)

#%% PARAMETER INPUTS ###

EQUIVALENCE (XEX(1) »sA(S01))e(YEX(1} 4A(S506))s{ZEX(]) tAL511))

1 r IXCG 2AL611} )9 LICG sAL612)15 (ANTD +AL516))
2 » {ANEX PALS1ITII o (YTB(191)sAL518)) 3 {CTH(1s1)+A(528))
3 v(EI(121)eAlS38))»{E2(1+2)2AL548))(FO »A{558))
& r{YABUL1)sALOB2119(YEB(1) 2A(S8T))
#ER VARTARLE INPUTS ##»
EQUIVALENCE (H *AL004) ) » { MACH PALO05 )14 EXTHIL) »A(559))
4 ${XAD{1) »A(B64))¢(XED(1) »A(589))
8% VARTABLE QUTPUTS #ux
EQUIVALENCE ({XT vA(111)0e(2T sA(112)) 0 (YT »AL1131})
1 »{LY pALE00) Lo IMT sA(601) 9 (NT 1AL602))
F4 *IYTHI1)sA(S5T4))

REAL LTeMYTsNT eMACH
1F{MODE) 100+ 2004300
IF(MODESLE.~2) RETURN
PI=3,1415926%53%89703
PICwPI /180,

KTO-SO.

EQ =400002%

NTOSANTD

NEXsANEX

RETURN

DO 210 J=lNEX
DXEX{JIn{XCG+XEXIIY) /12,
DYEX{J)sIYEX{J) /12
DZEXIJ)n{ZCG*2EXTIIY) 212,
Al092)1=mDXEX(1}

A(D93 )=aDZEX( 1)
IF{NTOLNELO) RETURN

DO 220 JmlNEX

XAD{JY=0,

XED{J)w0,

GOTO 1000

COn ) G +EO®NH

DO 310 JwlsNEX
IFIXTH{JI=XTO 13023039303
KPul

GOTO 304

KP=2

Clel +FEY{KPs JIRMACH
C2u)4E2{KPyJIMMALH

Figure 24. Subroutine THRUSK Program Listing
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410 YTH({J)=COR(CI*YTB{KP»J)+C2RCTHIKPy H¥{XTH(J)=XTO})
YTHE1IY = A(141)
YTH(2) = A({l42)
IFINTDLEQ.Q) GOTO 200D
1000 DO 1010 J=1+NFEX
YAD(J)=YAR{JI+XAD(J)
YED{JI=YER{J)Y+XEDL I}
RAD=mYAD(J}#PTC
RFDaYED(JI#PIC
CYANR=COS({RAD)
SYAN=SIN(RAD}
CYED=COS(RED}
SYEN=SIN{RED)
BllesimCYADRCYED
B{2sJ)uS5YAD
1010 i3, J)==CYAD®SYED
DO 1020 J=1sNFEX
AHL1 s JIEDYEX{JI*#S(39J)=DZEX{JII#B(2,J)
BH{ 29 J)1=DZEX( J1%R (1) =DXEX(JI#A1 34 J)
1020 BH{32JI=DXEX () *R( 22 J)=DYEX(JI*D{1,4J])
AL5931eB(1s1)
£{504)=B(3,1)
ALS05)=RH(Zs 1)

A{596) = Bils2)
AT59T7) = B(3+2)
Al598) = BH(2.2)

YTHt1Y=A{141)

YTH(2)=A(147)

IF{MODELEQ.0) RETURN
2000 XT=0, ‘

YT’O.

2720

LT=0N,

MT=z0,

NT=0.

NO 2010 JalsNEX

XT=XT+B (L JI#YTH( I

YT=YT+RB(2,JYRYTH( )

ZT=ZT+BI34 JY¥YTH( )

LT=LT+BH(1sJ)#YTH{ )

MT=MT+RH{2sJ) *YTH{ })
2010 NT=NT+BH{3,J)%YTH(J)

RETURN

FND

Figure 24. Subroutine THRUSK Program Listing (concluded)
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§pbroutine WINDK

Subroutine WINDK implements the model developed in Section IV of
Volume I. It generates the mean-wind and the wind-gust velocities along the

aircraft and weapon body axes,

The subroutine WINDK flow diagram is shown in Figure 25 and the pro-
gram listing in Figure 26, Symbols are listed in Table XVI,

Subroutine SENK

Subroutine SENK implements the model developed in Section V of Vol-
ume I, It generates the sensed-output signals at various points on the air-
craft in terms of aircraft states and their derivatives.

The subroutine SENK flow diagram is shown in Figure 27 and the pro-
gram listing in Figure 28,

Subroutine PILOT

Subroutine PILOT implements the model developed in Section VII of
Volume I, It generates the stabilator (i.e., elevator) signal to keep the air-
craft along a dive and/or pull-up path,

The subroutine PILOT flow diagram is shown in Figure 29 and the pro-
gram listing in Figure 30.

Subroutine NOMK

Subroutine NOMK is assigned to generate the nominal (trim) parameters
by algebraic approach developed in Section VI of Volume I, It has not been
programmed in this work (trimming is done by PILOT). This subroutine
when programmed should provide more accurate values for the nominal tra-
jectory and the trim profile, The subroutine NOMK flow diagram is shown
in Figure 31.

Subroutine RELK

Subroutine RELK generates the nominal release time of the weapon for
the dive and pull-up maneuver as described in Appendix II of Volume 1.
Since the weapon release model depends heavily on the fire control system
used in the aircraft, it must be written separately by the user. The sub-
routine RELK flow diagram is shown in Figure 32,

92



200

Y (tesTiFacws =0 )&L
> >

INITIAL SETTINGS SET BB= B SET BB= BMBD
CLEAR COMPUTE
FW' GW’ HW V= VD (hr)O’ZS

YES
(restiEn= 1750

w» NO
(TESTIFh= 100

n
o

r.r.rr
< 5
1t

—

COMPUTE WIND
FILTER COEFFICIENTS

¥
CONSTRUCT
Fo s G s Hy

¥

WRITE TIME,
Fuy» Gup H
[ RETURN I

Figure 25, Subroutine WINDK Flow Diagram




100

102
103

101

200

204
205

SUBROUTINE WIMDK{FWsGWaHY)

COMMOI{/ADAP /MODESA(1000)

DIMENSION FW{B+8)sGW{Bs4 ) st (698)

EQUIVALENCE (U sAL00T) )V sALGUBY o LY
(PSIB  »A{290))) 9 (THETABSA(291) )9 (H
CHNAUT »8(2921) s {VBNAUT+A(293))4(511
(E21 2AL055) ) (E31 sAL056) 10 (E12
(E22 »A[058)),(E32 yA{059))4(E13
(E23 *A{D51})) 0 I(F33 s Al062)1) s (R
(BMBD  +A(294))

FQUIVALENCE {(UuR +A1295)1 (VB sAL296) )9 (WA

(o JG BE RN A RS I

1 (UBA *AL298)19{VBA 2A1299) ) s {WRA
2 (VBARA »A(3011)+(SIGU  +A(302)),(5IGY
3 {SIGW sA(304)) (AU rAL305) ) LAY

4 (AW sAL30T))» LAP 2 AL308) )4 (AQ

5 { AR sA(310)) s (VELBLAL2E8))

REAL LwWsLUsLV
IF{MODEI100+200+200
IF{MODELLEe~2) RETURN
P1=3,14159265

LWR=9

DO 101 I=1.8

DO 102 J=1.8

FW{lsJ}=0e

DO 103 Jele4

GY{Ted)=0,4

DO 101 J=1+6

HA(Je1)=0,

EX3214/3s

RETURN

IF{A{998)+FQaD.) GOTO 204
RB=p

GOTO 205

RB=RMBL

HR=H/HNAUT
VELB=VBNAUT® (MR ) *i#,25
CPB=COS{PSIR)
SPRaSINIPSIR
CTB=COS{THETAR}
STR=SIN(THETAB)
Cl=CTR#CPR#VELR
C2=CTR#SPR¥VELR
C3==STR#VELR
UB=F11#C14E) 2¥#C2+F13#C2
VRz=F21#C14EP2RE24FE23%¢C3
WR=F31#Cl+E32#C24F33#C3
LRA=~IR

VRAwY=YB

WRAzW=WHB
VBARA=SQRT{UBAXUBA+VRA¥VRALUBARWBAY}
HL=H

[F(HeGE«1T504) GOTO 201
IF{HsGE«1004) GOTO 210
HL=100.

Figure 26. Subroutine WINDK Program Listing
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sAL{009) ),
sALUCL ) )y
sAlLUSBLY )y
sA{UST) )
+A(060) Yy
pAL{115) )

2AL29T) )y
2A{30GY)
»AL303)) s
sA{30UB)Y Y
sAL3U9) )y



210

201

202

Li=piL

LU= )4B % (HL) #%EX2
L=y

GOTG 202

HL=1750

LWeHL

LU=mHL,

LV=pL

COMTINUE
SIGW=10.25—1oZS*ALOGIOIHL)
SIGU=SQRTILU/LW)I*STGW
SIGV=SORTILV/LY)I*STIGW
AU=YBRARA /LU
AVEVRARA /LY
AW=VRARA /Ll
AP:VHARA*PI/(BB*&.)
AQ=AP
AR=VHARA*PI/(HR*3-)
BU=STGU#*SQRT (2 ,*AU/PT )
RZV:SIGV*SORT(AV*3./PI)
BIV=AV*BZV/SQRT(3.)
AlV=AV*AY

AZVel npay
REW:SIGW*SQRT(AW*S./PI)
BlbeAWR2W/SQRT(2,)
AlWe ALWEAW

A2Wa2 %AW
XYZ:(PI*LWI(BB*A.))**FXB
XYZ=SQRT{,B*XY7)%AP
ﬂP=FIGW*SQRT(I.I(LH*VBARA)J*XYZ
DQ=AN/VRARA

RQR=AD#DO

DR==AR/VBARA

BR=AR®DR

FU(lsl)s=pAy
FH{2y2)nwp2y
FWlZedy=1,
Fi¥(3e3)mmpzw
Fu{ay5)=1,
Fl4e2)mmply
FW{593)m=pnyny
FUl{ 698 ) zwmpp
FW{Te7)1mapq
FUlgy8)mepR

FW(743)n0

FelB8s2)=RR

GW(1s1)=By

G {2s2)1=n2v
GWi{3e3)aAlW
GWlay2)mBlY
GW{5s3)=RB1W

GW{6e4)=np

HW(Bs3)xnN

HW{&s2)aDR

H (oY)l

3p2
300

301

HW(242)=1,

HW{3s3)m],

Hw{‘l-tﬁ,‘ln

HW(547)=1,

HW{648)=1,

FORMAT(//)

WRITE (LWRs300)AI1)
FORMAT({1HYI/TX s6H TIME=F1245/)
WRITE(LWR,301)

FORMAT{/18H MATRICES FWeGWeHW/ /)
CALL MP(BsBs8y8sFWsLlWR)
WRITE{LWRs302)

CALL MP({Bs&eBabsGWeLWR)
WRITE(LWR,302}

CALL MP{6sBs6e8sHWLWR )
RETURN

FND

Figure 26. Subroutine WINDK Program Listing {concluded)
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3

COMPUTE
R1 = -(DRR) - (E)(X4)

COMPUTE
R1 = (W(K 2))DRA) COMPUTE
XYZ <[R1(L)] 2R 1(2))
COMPUTE -
R1=R1 + (WOX2)(X1) YT
v YRPS(L) =¥ (X¥2)2+ (R 13N 2
R I DRA YRPS(2) = ATANR1(2)/R1(1)
- YRSP(3) = ATANRL(3)/XYZ)
GQWELTE v
<RI+ WO(2hR2
R COMPUTE
== e Sy
COMPUTE -
b SPSIR = SIN(YPRS(2))
Y150 f*‘"“l’ CPSIR = COSCYPRS(2))
COMPUTE L)
Y25D = (EOMEGD }X 20} COMPUTE
v {CTHRXCPSIR} | (CTHRNSPSIR) |-STHR
COMPUTE ER-|T ) 0.
R1 = (WX 2DRV) TCTHR)
¥ 3
COMPUTE
P COMPUTE
Yis (;:vmm R1=X1 + WX 2)DRR
COMPUTE -
Y25 = (EOMEGIX2) COMPUTE
T R2 = (ERXRL)
COMPUTE -
¥35 = (ECOMEGNX3) YRUS(1) = -R2(1}
YRUS(2) = -R2(2)/YRPS(1)
L | ] Rik5 I aamRes

v

Figure 27. Subroutine SENK Flow Diagram
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SURROUTIME SENK

COMMONM ZADAP /1MODE»A(1000)

DIMENSION EA(3oSloEV(S-B?-ECOMEG!S;Bl'EOMEG{3s31'EOMEGD(B-B)gDRA(B
livDRV(3)ODRR(Si$Y15(31;Y25(3!vY3S(3):YlSD(EIyY250(3ivYRPS(3);YRVS(
23)9X1(3)rX2(3),X3I3)’X4(3)|XID(3IpXZD(3)9R1(3)oR2(3)oE(B’S)tER(3o3

21 .

EQUIVALENCE (EAllollaA(3911l-(EV(I;II-A(QOUI}-GECOMEG(le)-A(GOQ))
(EOMEG!IvI!vA(hZ?}ll(EOMEGD(lsI)oA(hlBI!,
(DRA(I}!A(436))t(DRV(l)tA(439)lv(DRR(l)QAikhE!lv
(YIS(I)GA(BIII),(YZS(I!vA(314)1:(Y3S(IIgA(3lTI}o
(YlSD(ll’A(BZO))'(YZSD(I)pA(323)Iu(YRPS(l];A(BZG))o
!YRVS(I)’A(329}1’1X1(11sA(OO?})s(XZ(l!vA(O#?l).
(X3(1)vA(031)!9(X4(1)vA(ODZ)l:IXlDI1)9A!017))o
{X?D(1)9A(0651 ) (E(1r1)9AL054))

IF(MODF)100+300+300
100 RETURN
300 CONTINUE

O R U e

C

¢ COMPUTFE Y1SDOT

C
R1(1)=XID{1}+(~X20(3)*DRAI2)+X2D{2)*DRA(3I)
R1(2)=X1D(2}+( X2D(3)#DRAL1)=X2D(1 )1 ¥DRA{3))
R1(3)=XID(3)+(-XZD(2}*DRA(1)+X20(1)*DRA(2)}
Rl(1i=R1(1)+(-X2(3)*Xl(?}+X2(2)*Xl(3))
R1{21=R1(2)+( X2(31%X1(1)=X2{1)*X1(3)}}
R1‘3)=R1(3)+1—X2(2)*X1(13+X2(1)*X1(21!
RZ(1)=(~XZI3]*0RA(2)+X2(2!*DRAl31I
R2(21=( X2{3)#DRA(1)=X2{1)*DRA(2))
R2(3)=(=X2{2)%DRA(11+X2{1)*NRA(2)}
Rl(1)=R1(1)+(—X2(3)*R2(?)+X2(2)*R2(3)!
R1{21=R1{2}+! X2(3)%R2(1)=X2{1)1*R2(Z 1))
R1(3}=R1(31+(—X2(2)*R2G1)+X2(1)*R2(21)
"0 1 T=193
Y150(11=0.
PO 1 J=1.3

1 YISD(IieY1SDUII+EA(L»JI*R1(D)

C

¢ COMPUTE Y2SPDOY

cC

no 7 Irle3d
Y250t l¥=0.

PO 2 Jsls3
5 Y25D(II=Y2SD(TI+EOMEGD( 19 J) %#X2D(J)

C

¢ COMPUTE Y15

C
Rl(1}=X1(1)+f—X2(3)*DRV(2)+X2(2)*DRV(3})
R1({21=X1(2})+t X2 {31 %DRV {11 =XZ{1)1%DRV(3))
R1(3,=X1(3)+(-X2(71*DRV(1)+X2{1)*ORV(2)1
RO 3 I=1+3
Y151 )1=0,
NO 3 J=1»3

3 YISUT)aYlS(I)+EVIIN#R11D)

Figure 28. Subroutine SENK Program Listing
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C COMPUTE Y2s
C

DO & I=)43
Y25(1)=0.
DO 4 Jmwle3
4 Y2S5(1)aY2S5L1)+EOMEGIT s J)#X2(J)
C
C COMPUTE Y3s
d
DO B Twled
¥Y35{11a0,
DO 5 Jmled
5 Y3S{I)mY3S({I)+ECOMEG{I+J}®*X2{ )
C
C COMPUTE YRPS
C
DO 6 I=1s3
R1{1)a=DRR{1}
DO 6 Jul,sd
& RI(I)=RI(II=E(Tsd)nXgt Ny
XYZ=SQRTIRI(1)4RI{1)4RYI(Z2}#R1(2})
YRPS(1)=SQRT (XYZ#XYZ+R1(3)#¥R1(3))
YRPS(Z2)=ATANZ(R1{2)sR1(1})
YRPS{3)}wATAN2(R1{3)eXYZ})
STHRuSINIYRPS{3))
CTHR«COS(YRPS(3))
SPSIR=SINIYRPS(2))
CPSIR=COS{YRPSI(2)}
C
C COMPUTE YRVS
C
ER(1s1)mCTHR*CPSIR
FR{122)sCTHR®*SPSIR
ER(1+3)m=5STHR
ER{2¢1)==SPSIR
ER{2:2)mCPSIR
ER{2+3)=0,
ER{3s1)sSTHR*CPSIR
ER(242)=5THR*SPSIR
ER(3+3)=CTHR
Rl(1)'X1ll}+(—x2(3)*0RR(2)+X2(2]*DRR!3)i
RIC21=X1(2)+( XZ(2)*pRR(1}-X2(1}*DRR(2))
R1(3)=X1(3|+(-X2(2i*DRR{1l+X2(1)*DRR(2}F
DO 8 I=143
R2(1}=0.
DO 8 Jmls3
8 R2{1V=R2{II+ER(T»JI*RILDY
YRVS{1)==R2(1}
YRVS(2)=2—R2(2)/YRPS(1)
YRVS(3)1=R2(3) /YRPS5{ 1)
RETURN
END

Figure 28, Subroutine SENK Program Listing (concluded)
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TESTIF
A(155)=0

COMPUTE STABILATOR INCREMENT
dbgly )= K (v, - ¥y ))
+ Ki(y (tk))
* Kq(qpu -q (tk})

+ Kq (g (tk))
900 CONTINUE
TESTIF
RN > 0
TEST IF

k =h

SET RN=1.0
A = Alg,y

919 CONTINUE

Figure 29. Subroutine PILOT Flow Diagram
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919

Figure 30.

SURROUTINFE PILOTI{RM)
COMIMON/ZADAP/MODEALL1000Y
IF(A(185).EQa0.) GOTO 90N
Al122)=A1259)%{A{260)=A(D?RY))
Al1221=A(122)+A12581%A(038)
Al122)1=A0122)+A (28T IR (A(PT0)~A(0413))
AlL122)12A {122 )+A(?5R)I*A(04G)
CONTINUE

IF{RN«GTe0a) GOTD 919
IF{A{O04)1aGTA(156)) GOTO Y1V
RN=1e

A{122)=A{15T)

CONTINUE

A{121)=A11211+A(127)

RETURN

EMND
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TEST MCDE

-2 1
o 0
I i
SET COMPUTE
- €y €4 €
SN 10 R
b= 0.1 le.
Tid0 ———X
&= U COMPUTE
65= 0.0 Ab= fo.A-r
5, = 0.0
8= 0.0 ——i _ o
COMPUTE NUMERICALLY RESTORE
THE PARTIALS re-Ar
(afl of2 y=y=Ar
g |5 1
' NO F 1 SET
(TEST IF DET(A)- 2> 0 Ar = 0.547
v
SOLVE
Ady = Ab
COMPUTE
i
4 yIyiy [ PrINT No sOLUTION |-
g=v+g
* by
COMPUTE COMPUTE
Hardyryrd Ao, Ag, Th

TEST IF fp|<es
TESTIFr=0

Figure 31. Subroutine NOMK Flow Diagram
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COMPUTE NOMINAL

L
v
COMPUTE NOMINAL

*1, gm f°' b, N

¥
_.[ DOk=1,N J

COMPUTE F(g)

COMPUTE DET {(F)

TEST DET {F)
#0
COMPUTE ADJ (F)

COMPUTE
e=r-F Lo

CONTINUE

COMPUTE PREDICTED
TIME iN PULL-UP
v+ 4§

AL
pu g

v

COMPUTE CORRECTED
TIME IN PULL-UP

ba ™ kc"'pu + Ate

Figure 32. Subroutine RELK Flow Diagram



Subroutine LINK

Subroutine LINK implements the analysis developed in Section VI of
Volume I, It generates the linearized equations of motion of the aircraft for
8ix degrees of freedom, It develops the time-varying linear wind filter
coefficients by calling subroutine WINDK at the linearization time points.

It outputs the linear data for equations of motion, wind filters, and the
linearized measurement matrix in the printed form, It also stores these
data in a permanent disc file, The subroutine LINK flow diagram is shown
in Figure 33 and the program listing in Figure 34, Symbols are listed in
Table XVII,

Subroutine SLINK

Subroutine SLINK generates the linear measurement matrix using the
nonlinear output from subroutine SENK, Its programming logic is the same
as subroutine LINK,

The subroutine SLINK flow diagram is shown in Figure 35 and the pro-
gram listing in Figure 36,

Subroutine WLINK

Subroutine WLINK generates the linear data for the weapon, Its program
logic is the same as subroutine LINK, The linear data is output in print
form., The data are also stored in a separate permanent disc file, The sub-
routine WLINK program listing is shown in Figure 37,

ADAP 1 AUXILIARY SUBROUTINES

Subroutine EXEK

Subroutine EXEK handles the card input for ADAP 1 plus the following
bookkeeping functions:
. Keeps track of simulation time,

° Determines integration step size with parameters supplied
by the user,

Prints all data input cards for one run,
Dumps the A-array contents at the specified time points.
Stops the simulation.
Subroutine EXEK makes use of the subroutines PRINT, PREAD, and

FLOOK, Its flow diagram is shown in Figure 38 and its program listing in
Figure 39,
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SIGN = 1 conTinve |2]
ITAPE= 7 T
LW=9
FLOAT NX, NU, NW [ SET LIN- 1 l
T ¥
500, 902
[ SAVE LTE“_"‘
SET INDICES FOR ¥
STATE COMPONENT 9} 120012003
1 CLEARG, G F
f ’
01 -
SET INDICES FOR 12005 2008
CONTROL CEMPONENTS CLEAR GG, GG 66, FF
oz X
SET INDICES FOR 2010, 2012
DISTURBANGE CLEAR Hy Hop FM
COMPONENTS i :
¥ 2015
INITIALIZE CLEAR YW
WINDK, SLINK I
COMPUTE NOMINAL
DERIVATIVE X |

®

Figure 33. Subroutine LINK Flow Diagram
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TEST IF NU » 0
VES
———>{ D0 100 J=2. NX | —[ D02003-1,n0 |
v v
SET A-ARRAY INDEX OF SET A ARRAY INDEX FOR
STATE CONTROL
JJ = JUX) JJ = HULS
y ¥
| SET L10] SET 110
SIGN = (- 1XSIGN) F’ SIGN = {-1) (SIGN)
v v
SET PERTURBATION SET PERTURBATION
PERT = (SIGNXDXL)) PERT = (SIGNXDU))
COMPUTE PERTURBED COMPUTE PERTURBED
STATE CONTROL
=X + PERT u=u+PERT
v
EB Y
COMPUTE NEW % COMPUTE NEW X
|_RESTORE x To NOMINAL | | _resTore u To nowiaL |
504 505
STORE X AND STORE % AND
RESTORE X TG NOMINAL RESTORE & TO NOMINAL
+
TEST SIGN TEST SIGN
. . [20,30 120, 130
STORE X, =X STORE X, =%
60 10 10 - G0 T0 110
GOMPUTE [a0] COMPUTE [140]
Fim& =X 8% G1;= & -X32n Ay
¥ -
( TEsTIFIF)<s ( TESTIFIGyl<x
e——— conrmue T100] CONTINUE | 200
WRITE F MATRIX WRITE G1

Figure 33. Subroutine LINK Flow Diagram (continued)
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TEST IF NW > 0
YES
—'[ DO 300J =1, NW J RESTORE E, x
COMPUTE

SET A ARRAY m%’(‘ﬁ‘

FOR DISTURBANCE FW, GW, HW

3J'= W) T

—— _L___l CONSTRUCT |2001, 3006

{F G2Hw]
FF= —f—— ,
0 fFw
G G
- 1 -[ 2] . GG3 =[E]
0 G,

COM PUTE HP

CONSTRUCT

COMPUTE 6,

(LOGIC 1S SAME
AS CONTROL)

WRITE ON iTAPE
FF, GG]_ HZ HZD W
I RETURN I

I
|
| |
| |
| |
| |
| {
| I
| |
| |
| l
| |

| I T 1
“—] commue‘ (300 ]

WRITE G, W
I

Figure 33. Subroutine LINK Flow Diagram (concluded)
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aNaka!

i Nalal

aNaNal

SURROUTINE LINK

COMMON/ADAP /14ODE+A(1000)

COMMON TIX(12)»1TU(8) oW (A YsTIXN[12)

COMMON XDOT(12)eXDOT1{12)9F{12912)9G1(125¢)+02(17+6)

COMMON E(9)+X5(121eXDOTN(12)

DIMENSION DX{12)eDULBIaDNIG)}sAL{4D)

DIMENSION FF(ZO-ZO)’GGI(ZODB)o662€2006}vGGBt?Ooh}bH?(Zlol?iOVW13}

DIMFNSION Fui8eB)oGWIBaa) sHNIEIR) s HADIZ2156) sFM(2141R)
AR DARAMITER INPUTS ##aw

EQUIVALENCE  (DX(1) »A(201))0{DUT1)0AL221) 10 (0M0Y) sAL231) 0
1 (ANX  sACIT0) 10 (ANU  sACITIIIR(ANY  4AL1T2))s
2 {AT{1) sA(O01)) '

IFIMODEY192y2
1 IF{MODF 4LE4=2} RFTURN

SIGN=],

SET INDEX ARRAYS

NX=ANX
NU=ANU
NW= ANW
LiW=9
ITAPE=?
N0 500 [wl.NX
IIX(1) =AY(1}
1Tel4NX
500 IIxXntIy=AI(Ll)
183=2#NX+1
IEm IRENY =]
D0 501 I=tHyIF
Jal=2#NY
501 TTU(J)Y=aATL])
1B=1F+]
IE=IB+NW=]
DO 502 l=I0s1F
Jel=2#NX=NU
502 1IW(JimAlIL])
CALL WINDE({FWyGWaHI)
CALL SLINK(FM)
RETURN
PARTIALS WeRaTy STATF
2 COMTINUE
LIN=]

SAVE E

DO 202 l=lynX
ITIwPIXD{L)
502 XS{lmpAllD)
N0 900 1=14+9
JKES34]
900 F{l)=A(JK)

Figure 34. Subroutine LINK Program Listing
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2002
2003
2001

7006
2007
2008

2005

2011
2017
2010

2015

S80
1o

g0l

504
20
20
40

lo0

700

Figure 34.

N 2001 Ielsl2
NG 2002 Jelab
G2({led)m0,

NG 2003 Ju=lsB
GlilsJ)im0,

PO 2001 J=lyl?
Flladinlle

50 200% I=1420
RO 2006 Jul.8
GGlIT9J) =0

nO 2007 Jmsleb
GH2(TsJ) w0,

PO 2008 Jeled
GG3{T»J) =0

DO 2005 Jmle20
FE{ToeJd)ImDy

0O 2010 I=1,21
DO 2011 J=lel2
H2({1sJ)m0,

nNO 2012 Jalsb
HZD(IsJ) B0

nO 2010 J=lylB
FMIToJim0,

RO 2018 1ale3
YT Ym0

CALL AERK

CALL DYNKALIMN)
DO 980 ImlaNX
IlmaIIXDIT)
XDOTN(T)mA(TI])
N0 100 JmlyNX
JJmIIX{d)
SIGMm=] ¢ #SIGN
PFRT=SIGHN#DX D)
AlJJI=ALIJ)I+PFRT
CALL AERK
CALL MYNK(LIN)
AlJJYsALIIY=PFRT
N0 506 I=lsiiX
I1=11XD(1)
XDOTtisA(IT)
ATT1=XDOTNE D)

IFISIGN)I20920 40

DO A0 I=leNX

XNOT1(T)=XDOT (1)
GOTO 10

PO 100 I=1.NX
F(I’JIH(XDOT(],-XDOTI‘I,,/‘?O*DK(J,,
IF(ARSIF(IsJ) JobkTaelE=8) F(loJ}=l,
CONTINUE

WRITFILWeT0Q)

CALL MP({12312sNXsNXsF sl
FORMAT(1R1/TX»10H F MATRIX //)
IF{MU)Y201+2014105

Subroutine LINK Program Listing (continued)
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C PARTIALS WeReTe STATF
105 DO 200 J=1sNU
JI=TIULT)
110 SIGHm=1,%#SIGN
PERT=SIGN#DU( J)
ALJN =A(II)+PFRT
And4 CALL AERK
CALL NYNKILIN)
ALI NV =ALISY~-PERT
DO 505 I=m1eNX
IT=YTIXDIIY
XDOTEI)=A(II)
505 A{11)1=XDOTNI(I)
IF(SIGN) 1204120140
120 NO 130 I=1.NX
130 XDOT1(1)=XDOTI(1)
GOTOD 110
140 DO 200 TwlsNX
GI(I s )=miXDOT (L I=XROTI{I ) /(2% U(N))
IF{ARSIGL{TaJ} el ToelE=6) G1{{sJ)uD.
200 CONTINUE
WRITE(LWsT01)
701 FORMAT({1HL1/7Xs10H G1 MATRIX//)
CALL MP{12+BeNXeNUsGIsLY)
201 IF{MY)I301+3014205
C PARTIALS WeReTe NISTURBAMNCF PARAMFTERS
20% DO 300 J=1sNV
SI=T11W )
210 SIGM=~].%*5IGN
PERT=SIGN*DWL J)
AlJIY=A(JLV+PFRT
207 CALL AERK
CALL DYNK(LIN)
A{JIY=A(JJ)=PERT
NO 506 T=misNX
I1=11XR2{1)
XDOT{TI)=A(L]}
506 A(I1¥=XDOTN(I]}
IFISIGMNI22092209240
220 DO 230 I=1,MX
730 XDOTI{I)=XDOTILY)
GOTO 210
240 ™0 3n0 I=]14NX
G2(ToJ)=(XDOT{I)=XDOTI(I))/(2e#DW{ J})
IF(ARSIG2{TsJ} ) atToulF=8) G2{1 4 )nDe
300 COMTINUE
WRITEA(LW»T02)
702 FORMAT(IH1/T7X»10H G2 MATRIX//)
CALL MP(1236 s NXsNWsG2sbl W)
301 CONTINUE

RFSTORF F

AN

Figure 34. Subroutine LINK Program Listing (continued)
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N0 901 I=1,.9
JK=53+]1

901 A{JKI=FEL(D)
NG 903 I=1sNX
11=11XD(1Y

g9p3 ALIT)=XS5(1)
CALL WINDK{FWsGWeHW)
no 3001 Iwlsl?
DO 3002 Jml.12

3002 FF{T»Ji=F(TsJ]
nO 3001 Jxls b

3001 GG2{I+J)=G2( 140}
NO 3003 Iul,8
[i=1+12
PO 3003 J=1ls5
JJ=J+12

3003 FFITTIsJJ)uFW (T
nO 3004 I=1,8
11=1+12
no 3004 J=ls4

3004 GGACTIT+JI=CH{T+J)
nO 3005 I=21.17
DO 3005 J=1»8

3005 GGLI1»J1=GLl{TsJ)
nO 3006 I=1.12
DO 3004 JxleB
JJ=J+12
NO 3006 KeleNW

3006 FF(IoJIV=FF{I s Jd)+G2(1ax ) HHu{FJ)
CALL SLINK{FM)
no 3007 I=1,21
NG 2008 J=1.17

2008 HZ{Ts)=FMIT o J)
O 3007 J=lyb
JI=J+12

3007 H2D(1sJ)=FMLT v JJ)
ViH(1)1=A(298)
VHI(2)1=A1299)

_ v {3)1=2A0300)

C WRITF( ON DISK
WRITE{ITAPEYFF
WRITE(ITAPEIGH]
WRITE{ITAPEIGG?
WRITF({ITAPE)GG3
WRITE(ITAPFH?

C WRITF{ITAPEIHZD
WRITFLITAPEY VW
RETURN
END

Figure 34. Subroutine LINK Program Listing (concluded)
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CONTINUE

00 100 J=1,18

SET A~ARRAY INDEX

X
OF [,

SET SIGN=1

SET INDICES L500)
FOR X

3

COMPUTE HP, = (YYD-YYD1)/
@

(LOGIC 15 SAME AS LINK)

SETLW= 9

.

RESTORE YARIABLES
IN SENK

v

WRITE HP MATRIX \

)

Figure 35. Subroutine SLINK Flow Diagram
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SURROUTINE SLINK{HP)
COMMON/ADAP/MODES AL 1INO0)
DIMENSION HP{21918)sYYDI21)sDXXDI1B8)sYYDLI(21 ) TIXXDIL18)»AT1(18)
FQUIVALENCE (DXXDCI)sAC201)3s(YYD(ILI)oA{311) )2 (AT{1)A(901Y)
IF (MODE}1+292
1 IF{MODFeLFe~2) RETURN
SIGN=1,
N0 500 I=1,18
500 TIXXD(T)=AI(!)
Lw=a
RETURN
2 CONTINUE
N0 100 J=1.18
JJ31IXXD D)
10 SIGN==1.%351GN
PERT=SIGN®#DXXD{ J}
ALJJY=A{JIY+PERT
CALL SFNK
AlLJIY=ALJI)=PERT
IF(SIGN}20+20440
20 DO 504 [=1,21
504 YYDLII)=YYD(ID)
GO TO 10
40 DO 100 Is=l,21
IF(ABS(HP[19J))eLTaelE~6) HPIIs))u00e
HPIT )= (YYDIT)=YYDLI(I) )/ (2.%DXXL{J))
100 CONTINUE
CALL SFNK
WRITE (LWs700}
700 FORMAT(1H1/TX#15H HP MATRIX/ /)
CALL MP(21+184+21s1RsHP s W)
RETURN
END

Figure 36. Subroutine SLINK Program Listing
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SURROUTINE WLEINK

COMMONZADAP /MODELAL1000)

COMMON XDOT(20)eXDOTL(201oF (2002019012020 )4G2420010)
COMMON TIX{12)olTULB) Wi IIXDI12)

DIMENSION DX{12)DUIBYoDUIA )AL (40}

DIMENSION E(9)eXS{20)

DIMENSION FWIReBYoGW(BrE Y sHIIBIR) 2533(2004)

c #R#% DARAMETER [HMPUTS #¥%s

FQUIVALENCE  (DX{1) oA(20111e{DU1vAL223 )i (1) 9AL231) )
1 (ANX rALITOY o LANU s AT1TL) ) o{ ANW vA(1T72 )
2 (ATCL1) »A(901))
IF{MODE)1le2»2
1 IFIMODEoLEe=2) RFTURN
SIGNwl,

SFT INDEX ARRAYS

NN

NX=ANX
MU =AML
Mid e A MY
LiWag
ITAPE=S
DO 500 FwleNX
TIX(1) wAL(L)
Tlale+NX
500 TIXD(I)=mAT(I] Y
IR #NY+]
IF=IR+MNUi=]
NO 501 I=liyIF
JET=#NX
501 ITUCNI=AT(TY
INelF+]
IE= IN+N=]
DO 502 IsIBIfF
NERE L LD LY
502 TIWiJ)wAI(])
CALL WINODK(FWoGWeHY)
RETURNM
C PARTTALS WeReT, STATF
2 CONTINUE
DO 1001 I=1s20
PO- 1002 J=1,20
1002 F{lsJ)imO,
DO 1001 J=lylo
Glils+J1m0,
1001 GZ2(1sJ)m0,
o
T OSAVE €
C
NO 902 [=1yMX
IT=1tXn({

Figure 37. Subroutine WLINK Program Listing
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902 XS{11=AlIl)
PO 900 I=1,9
JKa53+]

900 FlIymA{JK)
LINm]

PO 100 JallNX
JJeIIX(J}

10 SIGMu=1,#5IGN
PERTaSIGN#DX ( J)
ALJDN)I=ALJI)+PERT

801 CALL WAERK
CALL DYMNX{LIN)
AlJIY=AlJI)=PERT
N S04 TaleNX
It=1IXD(]1)

504 XDOT(IY=A(II)
IF{SIGMNI20920340

20 DO 30 IalyNX

30 XDOTLLTII=XDOT(L)

GOTD 10

40 DO 100 I=lyNX
FIleJ)a{XDOT (I =XDOTY(I1)/(2e#DX(J))
IFIARSIFILsd) ) ol Tee0000001) F(I4J)mDe

100 CONTINUE
WRITE(LWLT00)

CALL MP(20+20sMNXsNXoFslt)

700 FORMATLIHYL/TX»10H & MATRIX /7))
IFINUIZ2012201510%

C PARTIALS WeReTs STATE

105 DO 200 J=]l,NU
JJ=TTULI)

110 SIGMm=] 4 #SIGN
PERT=SIGN*DU( J)
ALJIYsA(JSY+PERT

804 CALL WAERK
CALL DYMK(LIM)
AlJJrmA{JI)=PERT
NO 5065 TwleNX
II=11XD(E)

505 XDOT(IY=A{II)
IF{S5IGN)I12091204140

120 DO 130 I=]sNX
130 XDOTL(I)I=XDOTI(I)
" GOTO 110
140 DO 200 I=1.NX
GL{ToJ}m{XDOT(1)=XDOTI(1 )/ (24%DUIJ})
IFCABS(GI{IsJ))elT4o0000001) GL{1l4J)aly
200 CONTINUE
WRITE(LWs701)
701 FORMAT(IH1/7X»10H G1 MATRIX//)
CALL MPI20+s10sNXsNUSGLoLYW)
201 TF{MNW1I301,301,205
C PARTIALS WeReTs DISTURRANCE PARAMFTERS
205 DO 300 J=)lsNW

Figure 37. Subroutine WLINK Program Listing (continued)
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JI=1IW (D)
710 SIGN=m=].#SIGN
PERT=SIGN#DW ( J)
A(JII =ALJJI+PFRT
807 CALL WAERK
CALL DYNK{LIN)
AtJJ)=A(JIY=PFRT
PO 506 I=leNX
IT=11XD(I)
506 XDOT(1I1=A(II}
IF{SIGN1220+2200240
220 DO 230 I=laNX
230 XDOT1(I)=XDOT(I)
GOTO 210
240 DO 300 I=1sNX
20T ) XRDOT(II=XDOTI M) /(2400 (J))
IFCARSIG2{T s J ) alTaen0GON01Y G2(14Jdimn,
300 CONTINUE
WRITE{LWs707 )
702 FORMAT(IH1/TX»10M G2 MATRIX//)
CALL MP(200210sNXoMNueG2s] ')
301 CONTIMUE

RESTORE E

[sEakalal

NO 901 T=1.9
JK=R3+1
201 AlJKYI=F(I)
NO 903 IelyNX
TI=TIXN{1)
903 A(IT)I=XS(I)
CALL WINDK(FW W eHY)
PO 1010 I=1.8
IT=NX+1
DO 1010 J=1,8
JJsNX+
1010 F{ITaJdJ)mFW{]l )
ND 1011 1=1s20
N0 1011 J=ls4
1011 G3{1+J)=0,
NO 1012 Ielsd
TI=nMX+T
DO 1012 J=le b
1012 GA(I1eJi=GUIT D)
N0 1013 I=1sNX
N0 1013 J=1,8
JIzNX+J
DO 1013 K=lpNW
1013 FlledJd¥=F{lsJdI+G2 (14K} RHY (K J)
YRITFCITAPE)F
WRITE(ITAPFIG3
RFTHRN
30!

Figure 37. Subroutine WLINK Program Listing (concluded)
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TEST MODE

TEST IF
RNDM = 1.2345

SET
RNDM = 1.2345
RUN=0O

»

[ CALL PRINT |

'
INCREMENT RURZZ]

v

WRITE RUN NUMBER
WRITE RUN

I CALL PREAD |

TEST iF
RUNR = 2.0

SET
ISTRT = C
IEND = 0

| CALL FLOOK l

v
[ SET»- o
v
COMPUTE
VoSS v W
u, =u - Hg
v

=V =V
W= w - W

a
a 9
a q

*

L=t+AL

tgyr =t dtgyt

-2 o —
-1d o ]
r
SET LW-9 [ CONTINUE L200 L conTinuE H300
NI=1 -
N2 - 1000 VES
At=AT/N ESTIF tOUT:-HO.OOOl

tout = tout " Loyt

v

I CALL DDUMP ]

[

v
:L+Ar_lm+—

Figure 38. Subroutine EXEK Flow Diagram
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laBaka

100

131

132

133

200

SURROUTINE EXFH

COMMON/ZADAP /HMODEWA(LLO00)

DIMFNSION VST(20},FUN(BO)

EQUIVALENCE (TM rA{Q0L 1) s (DELT
( GAM #A{028 1)) o (GAMN

IF(MODE) 1002000300

IF{MODEWLFEe=~2 )RETURN

LWmg

LR=5%

AllaB)rml,

Al1465)»1000.

WRITE(LWe131)

FORMATILIHL+50X 1 4HANAP/ /Y

IF{RNDMeEQel92348) GOTO 132

RMDMu] 42345

RUN=(.

CALL PRINT

RUNaRUN+1,

A(138)=RUN

WRITE(LW»133IRUN

FORMAT(43Xs1 OHRUN NUMBERWFH42//)

CALL PREAD{RUMRyLRLW)

IF(RUNRGEQsZe} STOP 77

ISTRT={

TFND =0

CALL FLOOK(VSToFUM»ISTRTHIEHND)

GAMaGAMN

pAL0BOI I HINTOUT »A(134) )
vAL26U))

ALT25)aS5QRTLA(TIRALITIHA(BI*ALBISA(9)I*AL9Y)

ALLO)=sA{T)=A(10)])
A{11)mA(8)=A(102)
A(12)=A(9)=A(103)
RETURN

CONTINUE

COMPUTE DT AND INITIALIZF PFRIODIC PRINY

AlB9)1=A(132)/74(131)
TOUTwTMSDTOUT

TMa TM4DELT

RETURN

300 CONTINUE

TEST FOR PERIODIC OUuUTPUT

IF{TOUT+GTTM+.0001) GOTD 4450
TOUTaTOUT+DTOLIT
CALL DDUMP{LW)

UPDATE TIME

450 TMeTM4DELT

RETURN
FND

Figure 39. Subroutine EXEK Program Listing
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Subroutine F1.OOK

Subroutine FLOOK implements the development given in Appendix I of
this volume, It reads the card input data for tables in the first call., In sub-
sequent calls, it looks up tables and interpolates to find the value of a function
at a given argument seti.

The subroutine flow diagram is shown in Figure 40 and the program list-
ing in Figure 41, Symbols are listed in Table XVIII,

Subroutine PREAD

Subroutine PREAD reads the common input cards in ADAP 1 and writes
the contents of input cards, It exits either in reading the control card RUN
which signifies the end of common card inputs, -or in reading the control card
STOP which signifies the end of the computer run., It calls subroutine PRINT
to read the A-array parameter output specification cards,

The subroutine flow diagram is shown in Figure 42 and the program list-
ing in Figure 43.

Subroutine PRINT

Subroutine PRINT reads A-array output specification cards and prints
out the specified A-array contents at the given time points, The subroutine
filow diagram is shown in Figure 44 and the program listing in Figure 45,

Subroutine DDUMP

Subroutine DDUMP prints the nonzero elements of the A-array at speci-
fied time points., The subroutine flow diagram is shown in Figure 46 and the
program listing in Figure 47,
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ENTER

TEST MCDE

TEST IF TABRDZ0
(estor RNDM=123453Y—ESD®

- 5510
RNDM = 123456
SET Lo |

MKKV = 100, MNFUL = 2500, LW = 9
MNFV = 150, MNVVL = 5060, IVREAD =5
MNF =80, MNUV=20

SET [17]
ITMP1 = 0, NVWWL = 0, NFV = 1

IVCT = 0, NF =0 BLANK = 10H
NFVL =0 TRASH = 9999995,

19,20 I 95
CLEAR IMS ARRAY

YES

I ((xkvid= 0 )= ERROR 5TOP )
l”®_'[ SETiTMP2 = 0 22 NO

L

READ
KNV, KKVI1)KVILLKKV(2),KV(2)
KKV{3),KV{3),KFN,KFNS

TEST KNV <0

ii = KKV(i)

IMS(i)=10?

5O
YES
KNV = 3 ERROR STOP _
( }—DL ) “ | iMsti = NFY JTMRL i',
0 IFETNEV - MCT+ 1 1 IFSTINFV) - iF ST
YES - -
e MNF )3 ERROR STOP ) ILSTINFV) = ILST¢)
$No [
i=1
NF= NF +1 Lunmr:w = IFSTINFV) ]

L
Ga o &

Figure 40. Subroutine FLOOK Flow Diagram
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NO
ITMP2 =07

YES

READ -
KNV(L), R(L), ey RS ITMPZ = §

L— 40

KNV 1-KKV(i)

NO ITMPL =0

=07
TMPL=10? ITMP2 - 1

KV(d =0
YES
= 9999999.9
(r2v-99 ) KV} < MNUW
¥ YES
J11=241+1

J12=J11+; 1NL (NFV) = (KNV} * 100 +KV(E*

YES
NFV = NPV <

YES
(ERROR STOP J—{NVVL = MNVVL)
¢ NO
ILSTINFV} = ILSTCNFV) + 1

NVVL=NVVL +1
VINVVL) = RUL)

ERROR MESSAGE

IVCT = ILST (NFV)

Figure 40. Subroutine FLOOK Flow Diagram (continued)
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®

(xFns MNF)N—ODGRROR sT0P )
< YES

l NFIC(NF) = KFN —l

0>
(Error s1or Je( KkFns )
lz 0

[ ieveem = weve e

v Y
IFN(KFN) = IENKKFNS)

READ
KNV1, R(1}, ..., R(D

>0
(CERROR STOP J—( KNV1 D

BLANK YES

(ERROR 5TOP Y4~ NFVL = MNFVL) A
< NO

NFVL = NFVL +}
F(NFVL) = RJ1)

[ves

Figure 40. Subroutine FLOOK Flow Diagram (continued)
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(510

SET
J1=1,2=ISTRT

YES
TESTIF12<0 SETI12=1

FO——m —

TEST IF 12 > [END}—YES

Figure 40,

TEST IF 12> MNF YES
SET
I = NFIDU2)
TESTIF <0 YES
-300 o
100 <<200
?——TZOU
L ]
ISTP=i+2 ISTP=i+1 ISTP =i
NV = 300 NV = 200 NV - 100
YES

ISTP > NFV

Subroutine FLLOOK Flow Diagram (continued)

ERROR STOP
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Le70

i= NLG)Y - NV
¥
( st }——b(s S(ZRRoR STOP )

>0

<
690
I = LiDtE)

695 e

TEST IF NO
VST (j} = VM)

| YES TEST IF NO IsET
¢ IM < IFSTR iM=1M -1
TEST IF YES
VST »ViIM + 1)
NO ERROR 5TOP

SET 750
LIDG) = IM

‘ ERROR STOP ' COMPUTE

DLT(L) = YT VM)

IM=IM+1

IMzILST() ~ 1

Figure 40. Subroutine FLOOK Flow Diagram {continued)
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= 100
= 300 ¢ o +(o )-j
t 200
o P
{3 VARIABLE FUNCTION)
780 |
NX = iLSTG) - IF5TG) + 1
i =i-1
MX = ELSTG) - IFSTGi) + 1
ITMPL = MX * NX
L1 = NX *(LIDGID - IFSTGi) + MX(LID(-2) -
IFSTCG=20)  + LID() - IFSTG) + IFNG2)
L2 =Ll +TMP1
L3 =L1+NX
L4 = L3 +i{TMP1
LS =L3+1
Lé =14+1
L7 =Ll1+1
L8 =L2+1

TMP1 =F(L2)- F(L1)

TMP2 = F(L4) - F(L3)

TMP3 =1.0-DLT(j1-1)

TMP4 = DLT(j1-1)

TMP5 - DLT(j1 - 2)

FUN{i2) = (L(F{L8) -~ F(L7)- TMP1)* TMP5
+F(L7) - F(L1) * TMP3 + ((F{L&) -
- FIL5) - TMP2} * TMPS + F(L5) -
= FIL3) * TMP4) * DLT(j1)

®

Figure 40. Subroutine FLOOK Flow Diagram (continued)
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785

FUN{i2) = FUNG2) + TMP3 »* (TMP1 * TMP3 + F(L1))
+TMP * (TMP2 * TMP5 + F(L3)

{ cotosw0 )
BI-VARIABLE FUNCTION
MX = ILSTG} - IFST() + 1 758

L1 = LIDG) - iFSTG) + MX * (LIDG - 1)
~IFSTG - 1) + IFNG2)

L2 =L1+MX

L3 =Ll1+1

L4 =L3 +MX

TMP1 = F{L2) - FiL1)

TMP2 = F{L4) - FIL3)

TMP3 =1.0 - DLT{D)

TMP4 = DL7(1}

FUN{i 2 = 0.0

TMP5 =DLT(1 - 1)

{ GO TO 785 )
SINGLE VARIABLE FUNCTION é
800 Q

L1 = LiDG) + IFNG2) - IFSTR)
L2=L1+1
FUNG2) = F(L1) +(F(L2) - F(LIN * DLT(1)

¥

SET
i2=12+1,j1=1

®

810

Figure 40. Subroutine FLOOK Flow Diagram (concluded)
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aNaNaRataRa!

AN Na R

5510

10

17

19
20
30

60

6%

70
80
20

95
100
110

SUBROUTINE FLOOKIVSTsFUNISTRTeIENL)

COMMONZADAP £{ODE AL INODY

EQUIVALENCE (MFNNF) o LTARRDOA(OG9T ) )

DIMENSTON IFSTIIB0)»ILSTIIBNISIENIADIFL2%00)LINILIBOY VIS0
DIMENSION VSTI20) o NLI1SO)sDLTIZ)eNFICIROY »IMS{100) »XKV ) 4KV (2}
DIMENSION RI9)osFUNITBR) o XT{3)sRALF(2U)

INTEGER BLANKyRALF

IFIMONE e FQe=1 e ANDGTALRD 4ME 4 0e) GOTO 50510

IF(RMDMEN123456,) 070 510

RNDM=123456,

THE ARRAYS SHOULD RE DIMENSIONED A5 FOLLOWS

DIMENSION A{200)} o IFSTIMNFVIoILSTUMNFV I o IFEN{MMF ) oF CANEVL s LINDIMNFV )y
VIMNVVL) s VST (MNUY s NLUENFVY sDLT (3 9 NFIDCHNF ) 9 THS{IMKKV )
KEVI3)aKVI3)aRTY Y9 FUMIMNF Yo XF (31 4RALF(20)

WHERFE

MKKV = 100
MNFV = 150
MNF =50

MNFVL 22500
MNVVL 2500
MNUY s 20
LW = 9
IVREAD = 5

AND TF ANY OF THESH VALUFS ARE CHANGEDs THF DINERSIONS OF THE
ARPROPRIATE ARRAYS MUST RE CHANGFD,

ITMP1 = 0
IVCT = 0
NFVL = 0
NFV = 1
MYVYE = 0
MF s 0

QLANK=10H

TRASH = 9987990 .0

DO 20 1 = 1sMKKY

IMS(1) = O

ITMP? = O

READ (IVREAD$60) KNVsXKVII) oKV IL) KRV I oKV {2 o KKVIA) AV {T) sKFN,

1KFNS
WRITF(9+60) KNVeRKYIT) s KVIII s XKV 2o RV I s KEVIZ KV ) s XFH,

1KFNE

FORMAT (151490129 02125140120 6401%)
IF (KNV) 5003500465

IF (KFNeLEWQ) GO TO 444

IF {(KFNJGT<MNF)Y GO TD 444
NFIN{KFN) = NFV

IF { KNV = 3 } BosB0s44s

IF { NF = MNF )y 90s4449 444

I =1

NF = NF + 1

IF [ KKVII) ) 464434449100

IF { KKVII) = MKKV } 110,1100444
Il = KKVI{I}

Figure 41. Subroutine FLOOK Program Listing
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IF { IMS(II} ) 12041309120
120 ITMP1 = 1
K = IMSUID)
IFSTINFV) = IFST(K)
ILSTINFV) = ILST(K)
GO TO 140
1320 IMS({II) = NFV
IFSTINFV) = IVCT 4+ 1
TLSTUINFV) = IVCT
140 LID(NFV) = TFSTINFV)
IF { ITMP2 ) 150+1609150
150 1TMP2 = 0
GO0 10O 180
160 REAC{IVREADs 1651 {RALF(J1)»J1=198B)
165 FORMAT(BALO)
WRITE(Z9165) (RALF(J1)sJImle8)
DECODE{BO+1TO»RALFIKNVISIR{JIL)I»J]l = 199)
170 FORMAT ([44+4X99E8W1)

180 IF { KMV1 = REKVII} ) 26021904260
190 IF ( ITMPY ) 16072002160
200 J1l = 1

205 IF(R{J1IVYGTLTRASH) GO TO 230
IF({J1.LEe5) GOTC 46
Jd=J1=1
Jil=J1
GOTO 47
46 Jd=J1
Jll=Jdl+l
47 CONTINUE
GOTOU130931532+33934930931932933)9J1
30 EHNCODE(S»40s NAMEIRALF(JUI»RALF(JI1)
40 FORMAT(R24+A6)
GOTO 4@
31 ENCODFE(8sa41sNAMEIRALF (JJ)eRALFLJLL)
41 FORMATIR4sAL)
GOTO 49
32 ENCODE(8»42sNAMEIRALF(JL) »RALF( U1
42 FORMAT{ROA?)
GOTO 49
33 ENCODE(8»43 s NAMEYRALF(JU)
43 FORMAT(RS}
GOTO 49
34 ENCODEL{BsLbNAMEIRALF(JJ)
44 FORMAT(ASY
49 COMTINUE
IF(NAMF «EQs"LANK)Y GOTO 230
210 IF (VWL « MNVWVLY 2208449404
220 ILSTINFV) = TLST{NFV) + 1
NVVL = NvwylL + 1
VINVYLY = R{JI)
230 IF ( J1 = 9 ) 240250250
240 Jl1 = J1 + 1
GO TO 205
250 IVCT = ILST{NFV)

Figure 41. Subroutine FLOOK Program Listing (continued)
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GO TO 150
260 1TMP2 w
ITMP1 w O
IF t KV{T) )} 48404444270
270 IF { KVII) = MNUV ) 2802280444
280 NLINFV) = KNV®*100 + Kv(1)
NFY = NFV & 1
IF [ 1 = KNV ) 290310310
290 IF { NFV = MNFV } A002 4440844
300 I =1 + 1
GO TO 9%
310 IF (KFNS) 444,33%,338
335 IFN(KFN) = NFVL + 1
GO TO 480
336 IF { KFNS = MNF ) 13743373644
337 IFN(KFN) w IFN{KFNS)
GO TO 50
340 READ(IVREAD:165)lRALF(Jl)!JI'loB}
WRITE(9+16%) (RALFIJ1)»J1mw]18}
DECODE{BO+YTOWRALFIKNVIS(R{JL)sJl = 159)
350 IF { KNV1 Y 5043609444
360 J1 = 1

345 IF{R{J1)«GT+ TRASH) GO TO 385

IFtJleLE«S) GOTO 26
JI=Jl=1
Jll=J1
GOTO 27

26 JJ=J1
JileJied

27 CONTINUE :
GOTO(21o22$23O2ﬁ42!l21l22123!20)lJl

21 ENCODE(8:400NAME)RALFfJJloRALF(JIll
GOTO 29

22 ENCODE(BO&I.NAME)RALF(JJ)|RALF(J11)
GOTO 29

23 ENCODE(Bvh?oNAME}RALF(JJIvRALF(Jll’
GOTO 29

24 ENCODE({Bs439NAME)IRALF(J )
GOTO 29

25 FNCODE{(8+44 s NAMEIRALF(JU}

29 CONTINUE"
IFINAMELEQsRLANK) GOTO 1385

370 IF { NFVL = MNFVL ) 3804444044

380 NFVL = NFvL + 1
FINFVL) = R{J1)

385 IF ( J1 =~ 9 ) 39043409340

390 J1 = J1 + 1

GO TO 365
444 WRITE (LWe445) KFN!KNV'KV‘IJ’KVf?}!KV(3’IKKV(1)'KKV(Z,!KKV(B’!
1 ' NVVLvMNVVL'NFVrMNFVvNFVL!MNFVLiNFsMNF;KNVIvKKV(1):
2 KKVI2)eKrV(3)
445 FORMAT (26H FUNCTION TARLF DATA ERROR/18H FUNCTION NUMBER =15/
1 22H NUMBER OF VARIARLECS =15/5H V1 =13 /5K V2 =13/5H V3 =13
2 /TH SETY =14/7H SET2 =14/7H SET3 *14/TH NVVL =144 3Hmm=]4/

Figure 41. Subroutine FLOOK Program Listing (continued)
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500
510

610

620

630
640

650

660
470

680
690
£95
700
710

715
720
730
740

745

750

75%
760

770
780

3 TH NFV  slép3Hemalt/TH NFYL ®14y3iimmeldi/TH NF
14/7H KNV sl4pigH==={12)plHsl2s1H»1241H)

STOP

RETURN

J1 = 1

12 = 1STRT

IF {12.LEs0) 12 » 1

IF (12.GTeIFNDLORSIZ4GTMFNY GO TO 830

I = NFID(I2)

IF (l+LEeD) GO TO B1l0D

IF { NL{1) = 300 ) 63022229620
15Tp = ! + 2

NV = 300

60 TO 660

IF ( NLII) = 200 ) £50:22222+5640
ISTP a1 41

NV = 200

GO TO 660

ISTP = I

MY w» 100

IF { ISTP = NEV ) &T0s67092222
J = NL{I) = NV *

IF ( J ) 2222422224680

1IF ¢ J = MNUV ) 650469092222

IM = LIDI(I)

IF (VST = VIIMIITO0 720,720
IF (IM = TFST{I)) 22229715710
IMa M =1

G0 TO 695

LID(IY) = IM

PLTIJL) = 0.0

GO TO 755

IF (VSTLJ) = VIIM + 1)1750,750730
IF (1M = ILSTII) + 1) Ta0eT74592222
IM = IM + 1

GO TO 720

LID(I) w M

DLT(J1) = 1a0

GO TO 755

LIB(YI) = IM

DLT(J1) = (VST(J) = viIMNIZ(VIIMeL1) = VIIM))

IF (I = ISTP) 7602770770

J1 o= Ul + 1

I = 1 41

GO TO 670

IF INV = 200} AB00+T79N+T780

NX = ILST(I) = IFSTI(I) + 1
Il m | = 1

MX =& TLST(IIY = IFSTIII} + 1
ITMP1 = MY%¥NX

Ll = NX®{LID{II) = IFSTIII) + MX¥{LIL{]I=2])

1 LID(IY = IFST(I)Y + IFNI(T2)
L2 = L1 4+ JTMP]
L3 = L1 + NX

- IFST{I=2)1})

wlhy I~

-

Figure 41. Subroutine FLOOK Program Listing (continued)

137



L4 = +
LS = L3 + 1
L6 = +
LY = +
L8 = L2 + ]
TMP1 = F(L2) -~ F{L1)
TMP2 Fi{La)y - FILY)
TMP 3 l¢0 = DLT(J]1 = 1)
TMP &4 DLT(JUY = 1)
TMPS DLTHJY - 2%
FUN(I2) = ({(FILB) = F{L7) = TMP1l)#TMPE 4 FILT) = FILL)1%#THP2 ¢
1 ({FIL6) ~ FILB) = TMP2)I#TMPS + FIL5) « F(L3))#TPy) %
2 DLT(J1}
TEG FUNII2) = FUN(IZ2) & TMP3#(THMPI#TMPS + FIL1)) +
1 TVP4* (TMP2XTMPS 4+ F(L3))
GO TO 810
790 MX ILST(I) = IFSTI{(I) + 1
i1 LIDIEY = IFSTUI) + MX¥{LID{l=1} = IFST(I=1)) + IFNCI2)
L2 L1 + MX
Laf Ll + 1
La = [3 + MX
TMPY = FL2) =« F(L1)}
TMP? = F{L4) = F(L2}
TMP3 = 1.0 - DLT(J1)Y
TMP4 DLTIJL)
FUN{TI2) = 0,0
TMPS5 = DLT(J1 = 1)
GO TO 785
A00 L1 = LICHI) = [FST(IY + IFN(I2)
L2 = L1 + 1
FUNCI2Y = F{L1lY + (IF{L2} = FILI*pLT (U1
810 12 = 12 + )
Jl = 1
GO TO 810
8130 RETURN
P222 WRITE (3422?23 NFID{K)sdeVSETIS)
2223 FORMAT {20H TARLF LOOK=UP FRROR/ITH FUMCTION “UMRER 13/

o
fa% )

1 17TH VARIABLE NUMRER I3y41HaFl1,4)
INIT &8 =2

RETURN

END

Figure 41. Subroutine FLOOK Program Listing (concluded)
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Table XVIII. List of Symbols for Subroutine FLOOK

Mnemonic Description

1TMP1 Switch used to ignore a set of variable values in the input
if they have been read previously

1ITMP2 Switch used to determine when a variable value card should
be read

KNV Number of variables

Iéggg; } Set numbers associated with the first, second, and third

KKV(3) variables, respectively

KV{(1)

KV(2) First, second, and third variables, respectively.

KV(3)

KFN Function number

KFNS Number of the previously read function table with identical
function table data.

MNUV Maximum number of variables

NV Number of variables

NFV Reading sequence number

F Function table array

FUN - Current value of each function after interpolation

LID( ) Starting location for variable value search

NFV Total number of variables specified, where f;{e), f3lo),
and f3(a) count as three variables

NFVL Total number of function table values that were read

NVVL Total number or variable values read

NUv Number of unique variables specified; such asa, 3, M,
ﬁe, p, 4, ..., etc.
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Table XVIII. List of Symbols for Subroutine FLLOOK (concluded)

Mnemonic Description

F Function table array

IFN Beginning location in array for each table of function values

IFST Array for first location of each variable value set

1LST Array for last location of each variable value set

IMS Keeps track of which variable value sets have been read
and where they are stored

LID Equivalent to IFST (see subroutine FLOQOK)

NFID Function numbers, in the order which the functions were
read

NL Number of variables in each function and their identification

KNV1 Set number

R(1) )

R(2)

R(3)

?{g; > Variable values or function values

R(86)

R(7)

R(8)

R(9) /

V(1)

V(2) Variable values

V(3)
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k 4

N
!

READ A CARD|230‘232'235 1

ISET XYZ = FIRST CHARACTERI

240

198,200,40,220

YES{ TESTIF

WRITE CONTENT

XYZ=C

YES TEST IF

xXyYZ=/

SET XYZ =
FIRST 3 CHARACTERS

]

CALL PRINT
{PRINT READS A CARD)
WO
DECODE ves (~ TESTIF

XYZ = PCC

ISET XYZ= FIRST CHARACTER I

TESTIF SET m
XYZ = RUN RUNR = 1
[ 'sev e -0 | 1
< J
N Y TEST IF ser IR0
300 * XYZ STQ RUNR = 2

YES TESTIF

CARD

|

WRITE
PARAMETER CHANGE

470,480\

X¥Z = PCC

TEST IF
IPCC=1

[oEcoDE ALF, IR, RAID, 1=1, 5|

250N
WRITE INPUT ERROR
WRITE CONTENT

| WRITE CONTENT

0O 600 1=1,5

J = IRC}

WRITE CARD ERROR
WRITE CONTENT

Figure 42.

SET RUNR = 2
| store A = RALWY | v
GO 70 230
50 = CONTINUE ‘
<
RETURN

Subroutine PREAD Flow Diagram




SURROUTINE PREADIRUNRsLRILW)
COMMONZADARP/MORELAL 1000
NIMFNSION IR{20)sRALI20)
COMMON ALF(20}

INTEGER ALFsXYZ

IPCCmY

RUNR=D,

LA READ CARD INPUT L2l 2]

laNaXal

230 READ{LR»232) (ALF{I)sl=1,8)

232 FORMAT(BAL10}

DECODE(BO+235 ¢ALFIXYZ

235 FORMAT{AL)

240 IF{XYZLEQelHC) GOTO 198
IF(XYZLEQelH/) GOTC 230
DECODE{B0,2500ALF ) XYZ

250 FORMAT(A3)

IFIXYZ.EQa3HPRI} GOTO 300
C PRINT SPECIFICATION CARN
IFIXYZLEQa3HPCC) GOTO 40
C PARAMETER CHANGE CARD .
IF{XYZ.EQs3IHRUN) GOTO 1090
¢ RUN CARD
© IF({XYZLEQe3HSTO) =0TO 1100
C STOP CARD
IF{IPCCaFQel) GNTO 400
© O WRITEALW2TO) (ALF(I)eI=148)

270 FORMAT{12H INPUT FRROR/BALD)

198 DECODE{BG2200ALF){IR{I)s[=198)

200 FORMAT{BA1D)

210 WRITE(LWe220)1(IR(I)aI=1,48)

220 FORMAT(20X»8A10)

GOTO 230
C XN READ PRINT SPFC CARDS #a#n

300 CALL PRINTY
DECORE(BO2385 s ALFIXYZ
1PCC=0
GOTO 240

500 IF(XYZLEQ.IHMPCC) GOTO 650
DECODE{8O»420+ALF){IRITISRAL{TI)oln]ls5)

420 FORMAT{S5{T4sE1led))

445 WRITE(LW»450) {IRUTI)sRALII)e]lm1s5)

450 FORMAT(5(I5sE1547})

DO 600 I=145
J=IR{T1)
IFIJY4TO»6009500

500 IF{JeGTa999) GOTO 470
AtJy=RaL(T)

600 CONTINUE
GOTO 230

650 IPCC=]

WRITE(LWL6TO)
670 FORMAT(/23H PARAMETER CHANGE CARDS)

Figure 43. Subroutine PREAD Program Listing
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GOTO 230
470 WRITE(LWe4B80) (IRIK) sRAL(K}o¥ulyh)
480 FORMATI11M CARD ERROR/S{1%3F16471/)
MODEa=p2
RETUAN
1050 RUNR=1,
RETURN
1100 RUMR=?,
RETURN
FND

Figure 43. Subroutine PREAD Program Listing (concluded)

143



25 NUM=0
LR=5
LW=9

P —

DO 400 J=1, NUMJ

J1=1DXW)
400 RN = AUL)

I WRITE TIME !

L READ A CARD 1%1—
¥

WRITE J=1, NUM

LSEE X¥Z = FIRST CHARACTER'

TESTIF
XYZ = BLANK

YES

PECODE INTO IRDM), 1=1, 16

DO 2001=1, 16

273

WRITE PRINT SPEC ERROR

¥ WRITE IRD, J1= 1, 16

SET RUNR = 2.0
GO TO 50

TESTIF YES

NUM > 100

[ 1oxowm - irom 175
200 CONTINUE
GO T0 50

WRITE l2_85

CANNOT SPECIFY MORE
THAN 100 QUANTITIES

SET RUNR = 2.0

Figure 44. Subroutine PRINT Flow Diagram




20
25

50
60

80
100
140

150
160

175
200

275
250

285
290

300

400
500

600

SURROUTIMNFE PRINT
DIMENSION IRD(16)sIDX(100)sRI100)
COMMON/ADAP /MODE s AL 1000)

COMMON ALF(20)
INTEGER XYZq+ALF
IF{MODE120s300+300
IF(A(138)-14125430430

HUM=0
LR=5
LwW=0
RETURN
NUM= O

READ(LR+S0Y(ALF(T}s[=198)
FORMAT(B8A10)

DFCODFE(80»80¢ALFIXYZ

FORMAT(AL)
IFEXYZoNELIH } RETURN
DECODRE(B80+100sALFIC(IRD(JL)»J1l=1s16)
FORMAT(161I5)
NO 200 I=1+16
IFCIRDETYII2T5+2009150
IF(IRD(I)I=999)160s160:275
NUMaNUM+1
IF(NUM=100117541754285
IDXANUMI=IRDI(T)

CONTINUE
nOTo 50

WRITE(LWs280) (TRD{J1)»J1=1,16)
FORMAT(//1TiH PRINT SPEC ERROR/161S5)

sSTOP

WRITE(LW290)
FORMAT(//47H CANNOT SPECIFY MORE THAN 100 QUTPUT QUANTITIES!

sTOP

IF(NUMGEQ.0}) RETURN

nO 400 J=1,NUM
J1=1DX{0)
RUJy=A1J1)

WRITE (LW

+5001A(1}

FORMAT(1H1/TH TIME =F8.3)
WRITEILWs600 H{IDX{J}aRIJ) o dulpNUM)

FORMAT(T(T4+E12e4))

RETURN
END

Figure 45.

Subroutine PRINT Program Listing
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SET J=0
N1 = A(145)
N2 = A{146}

¥
WRITE

LIST OF NON ZERQ
ELEMENTS IN A (N1)
THROUGH A (N2)

SET ILIN = O

—» b0 1850 | = NI, N2 |

TESTIF
Alb=0

INCREMENT J

TESTIF
J <8

TESTIF
SET ILIN = ©

skip To L1901]

NEXT PAGE

|

WRITE 1900,1730
— IR(K), RALIK), K=1, 7

INCREMENT ILIN

STORE 1800
IR =1
RALW) = AR

1850 CONTINUE
WRITE LAST ROW
IR(K), RALIK)Y, K=1,5

Figure 46, Subroutine DDUMP Flow Diagram
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SUBRQUTINEDDUMP (LW)
COMMON/ZADAP /MODE s AC1I000)
DIMENSION IR({T)s»RAL{T)
J=0

Nl1=A(14%)

N2=A(146)
WRITE(LWsITSOIN1 N2

1750 FORMAT(1H1//32H LIST OF NON=-ZERD ELEMENTS IN A(I4s11H)s THRU, All&

1+1HY /)

ILIN=D

DO 1850 I=N1sN2
IFIA{I)eFEQuD») GOTO 18%0
J=J+1]

IF(JeLT48) GOTO 1800
IFIILINGLTe4T) GOTO 1900
ILIN®O

WRITE(LW»1501)

190) FORMAT{1H1//)}

1900 WRITE(LW1780) {TR{K)sRAL(K) sK=1,4T7}

1780 FORMAT(T(14+E1244))

ILINeILIN+Y
J=1

1800 IR{J)s={
RAL{JYI=ALT)

1850 CONTYINUE
WRITE(LWITSOYIIRIK)sRAL (K} 9Km]lJ)
RETURN
END

Figure 47. Subroutine DDUMP Program Listing
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SECTION IV

ADAP 2 (DISCOP) -- NONSTATIONARY
OPTIMIZATION PROGRAM

ADAP 2 is a program for optimization of discretized nonstationary sys-
tems, It develops, for time-varying linear systems, the optimal controller
gains, the optimal estimator gains, and corresponding costate and error
covariance matrices. In addition, it computes the total covariance of a
system with optimal estimators,

The total covariance evaluation for systems using nonoptimum estimators,
involves the dynamics of cross-covariance matrix [Volume I, Equation
(10.35)]. This is not included in ADAP 2.

The subroutines in the program can be classified into three groups --
basic subroutines which implement the mathematical models, subroutines
which manipulate the linear data, and auxiliary subroutines for the input and
output of matrix quantities and inversion of matrices, etc.

In this section, input/output information is given first; then the main
program and its subroutines are described.

ADAP 2 INPUT/OUTPUT

INPUT DESCRIPTION

Input for ADAP 2 is in the form of cards and of data stored on a perma-
nent disc file.

Card Data Input

The first group of cards to be read is cards 1-5 which provide basic
program data. Their formats are shown in Table XIX,

The next group of cards to be read are the nonzero elements of the
matrices Hy, Dy, Q, Wi, W9 and Hyp. These cards are read by six calls
to the subroutine INPT. The calling statement of this subroutine is

CALL INPT (A, NROW, NCOL)
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Table XIX, Format for ADAP 2 Data Input Cards 1-5

Card/ Format Column | Quantity Description
1/(412) -2 NX Number of states

3-4 NR Number of responses

-6 NU Number of controls

7-8 NW Number of disturbances
2/{514) - NRT Number of measurements

5-8 NM MN = 0 Do not compute mean

1 Compute mean
9-12 MO Number of times through the outer loop in the
subroutines GAIN and COV,

13-18 MIL Number of times through the inner loop in the
gubroutines GAIN and COV for the "last' data
interval (i, e., the release time is some fraction
of a regular data interval MIL /MIR.

17-20 MIR Number of times through the inner loop in the
subroutines GAIN and COV for a "regular' data
interval,

3/(414) 1-4 NME NME = 0 No estimator computation
" 1 Estimator computation
5-8 NRB NRB =1
9-12 NRE NRE = MR

13-16 NFREQ Output will occur every NFREQ times through
inner loop in GAIN and COV during "regular”
data intervals. During the ''last” data interval
output will occur at the end of MIL times through
the inner loop.

4/(312, Fl10. 4) 1-2 ITAPE Logical tape number ITAPE
3-4 NTAPE T.ogical tape number NTAPE
5-6 NDPTS Number of data peints (i, e., number of discrete
times ADAP 1 outputs linear data)
7-186 DT Sampling time
5/{12) 1-2 IRUN IRUN 0 Compute gains and performance

# 0 Read in gains and compute
performance
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where

A is the name of the matrix whose elements are to be read

NROW is the row dimension of the matrix A

NCOL is the column dimension of the matrix A

The format used to read the cards is (5(212, E12.5)).
elements can be read in per card.

column index. The format is shown in Table XX,

Table XX. Card for Matrix Input Subroutine INPT,
Format [5(212, E12.5)]

From one to five
Each element is preceded by its row and

Column Quantity .Description
1-2 ID(1) Row index of 1st element
3-4 JD(1) Column index of 1st element
5-16 YD(1) 1st element
17-18 ID(2) Row index of 2nd element
19-20 JD(2) Column index of 2nd element
21-32 Y D(2) 2nd element
33-34 ID(3) Row index of 3rd element
35-36 JD(3) Column index of 3rd element
37-48 UD(3) 3rd element
49-50 ID(4} Row index of 4th element
51-52 JD{(4) Column index of 4th element
53-64 YD{4) 4th element
65-66 ID(5) Row index of 5th element
67-68 JD(5) Column index of 5th element
69-80 YD(5) 5th element
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A blank card is used to terminate the reading of the elements of a

matrix.

When the subroutine INPT senses a blank card, it returns control to

the calling program. The blank card must appear in the data deck even if no

data is to be read into the matrix.

routine INPT a blank card must appear in the data deck.

In other words for every call to the sub-

Following the cards for the matrices Iy, Py, Q. Wy, Wy, and Iy, two

cards are read (see Tables XXI and XXII).

These cards contain integer data

which is read into the integer vector ISHUF in the subroutine DATAGEN.
The vector ISHUF is used {o ""shuffle" the linear data after it is read from a
permanent disk file designated by ITAPPF and before it is written on a

Table XXI., First Card for ISHUF, Format (2112)
Column Quantity Description
1-2 ISHUF(1) State vector components of
"standard order' which is to be 1st component
3-4 ISHUF(2) 2nd componerﬂ:l
5-6 ISHUF(3) 3rd component
7-8 ISHUF (4) 4th component
9-10 ISHUF(5) 5th component
11-12 ISHUF(6) 6th component
13-14 ISHUF(7) 7th component
15-16 ISHUF(8) 8th component
17-18 ISHUF(9) 9th component
19-20 ISHUF(10) 10th component
21-22 ISHUF(11) 11th component
23-24 ISHUF(12) 12th component
25-26 ISHUF(13) 13th component
27-28 ISHUF(14) 14th component
29-30 ISHUF(15) 15th component
31-32 ISHUF(16) 16th component
33-34 ISHUF({17) 17th component
35-36 ISHUF{18) 18th component
37-38 ISHUF{(19) 19th component
39-40 ISHUF(20) v 20th component
41-42 ISHUF({(21) Control vector component of

"standard order" which is to be

1st component

151



Table XXII. Second Card for ISHUF, Format (2112)
Column Quantity Description
1-2 ISHUF(22) Control vector component of
""standard order' which is to be 2nd component
3-4 ISHUF(23) 3rd component
5-6 ISHUF (24) 4th component
7-8 ISHUF(25) 5th component
9-10 ISHUF(26) 6th component
11-12 ISHUF(27) 7th component
13-14 ISHUF {2 8) v 8th component
15-16 ISHUF(29) Co}'umn of mean in;eut matrix
of "standard order’ whichistobe 1st column
17-18 ISHUF(30) 2nd column
19-20 ISHUF(31) 3rd column
21-22 ISHUF(32) 4th column
23-24 ISHUF(33) 5th column
25-26 ISHUF(34) v 6th column
27-28 ISHUF(35) Disturbance vector component
of "standard order" which istobe 1st component
29-30 ISHUF(36) 2nd component
31-32 ISHUF{37) 3rd component
33-34 ISHUF(38) 4th component
35-36 ISHUF(39) Mean wind vector component
of "standard order” which is tobe 1st component
37-38 ISHUF(40) 2nd component
39-40 ISHUF (41} 3rd component
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scratch disk file designated by ITAPE. Forty-one integer numbers are read
into the vector ISHUF. The first twenty give the reordering of the state vec-
tor, the next eight give the reordering of the control vector, the next six
give the reordering of the mean wind input matrix, the next four give the
reordering of the disturbance vector, and the last three give the reordering
of the mean wind input vector. All of the reordering is relative to the
"standard order' which is used in the linearizing program ADAP 1.

The next cards in the data deck depend on the input parameter IRUN (the
fifth card in the data deck). If IRUN #0 the program expects to read in the
time varying gain matrix KV backward in time. This is accomplished by
reading N values of the gain matrix (where N = NDPTS, i.e., the number of
data points) and writing these values on a scratch digk file designated by
NTAPE. The N values represent the gain matrix KV at the following dis-
crete time points: t, (release time), [t.], [tr]~1, (t.]-2, ..., 0. (The
bracket function [ XT is the largest integer such that ¥ = [X71.) It should be

mentioned that the program expects the gains to be in the "shuffled” order
(i.e., compatible with the shuffled state and control vector).

If IRUN = 0 the program will not expect to read the gain matrix KV. In
either case (i.e., IRUN # 0 or IRUN = 0), the last cards in the data deck
will be the initial value of the state covariance matrix X . It should be men-
tioned that both the gain matrices and the state covariance matrix data is
read by the subroutine INPT. Figures 48 through 55 show examples of the
card data, and Figure 56 shows the entire data deck.

Permanent Disc File Data Input

The data on permanent disc file is the linear data for the a/c and is
generated by program ADAP 1. The data consists of the matrices FF, Gy,
Gg, Gy, H,, and Vy at the discrete times 0, 1, 2, ..., [ty], t. (where t, is
the re?easg time and [X] is the bracket function). The total number of points
is given by the input parameter NDPTS. The matrices for each data point
are read from the permanent disc file designated by ITAPPF. The data is
then ""shuffled”" and written on a scratch disc file designated by ITAPE.
Access to the permanent disc file is achieved by the following control card:

COLUMN 1
ATTACH, TAPES, XXXX, ID=DYYYYYY.

where
XXXX = CATAILOG NAME
YYYYYY = CATALOG NUMBER

The associated catalog control card which is used in ADAP 1 is:

CATALOG, TAPE7, XXXX, RN =1, ID = DYYYYYY
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48,

Data Card 1

2 4 & @
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] ]
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T I W O A I
O T T I |
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49,

Data Card 2
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Data
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Figure 51,

Data
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Figure 53.

Example Data Card for

Matrix Input Subroutine




12 M 16 18 20 22 24 2% 20 0 32 34 3 30 40 A2

0

ISHUF (1)

1313313131271 33377373
4 4 4 4 4 4 4 4 4 4 4 4 4 4
14443131 43343114714
1713333333714 49731
L\iiJWIJILLA_kL
4 4 4 4 4 4 4 4 4 4 4 4 4 A
4 44 4 441 44 4 4 4 4 4 1
2313131333313 71317371
d 4 4 4 4 4 4 4 4 4 4 4 4 4
133313333373 33731
1333133333133 731
1333333333273 7371
IlJnlllll..j...L;
4 4 4 4 4 4 4 4 4 4 4 4 4 4
1.‘_411|111|11|1
1133333131331 33731
1 1111111 1T 1T 1 1 1
o 4 4 4 4 4 4 A A4 4 A 4 4 4
B IS A I I I I S S
1133333337313 17731
NEEREEHITT Y EERER
el 1 1 1 JlediSAUFE0 ] 1 1 1 4
i e e e LTV S B O B B
o T T 1 Jefisworasr{ | { { 4
Sl 1 1 7 MISHIFEany 1 7 1 3
S 17 1 eIsHuFae ] 1 1 1 o
o4 4 4 deqisHuFasi4 4 4 1 ]
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U { { ] JeqisHuFan{ 4 { 4 1
e e e s e L L T I e O B
AN 11 1 TesHurand 4 4 ] -
™ 11 ] TeIsHUF Qo4 1 {1 ] 1
i G s TV T I I
1 141 TeIsHUE® 4 1 1 o]
o S e s LT 0 e e e
e T O e R o L - e O s
o4 4 4 JedISHUF Y {4 { A
M4 4 4 JeISHUF @) 4 4 { 4
EEREREEEE R EEEER
Sl 1 peIsHUE@ 4 1 9 ] 1
= L

First Data Card for Shuffling Vector ISHUF

Figure 54,
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Second Data Card for Shuffling Vector ISHUF

Figure 55.
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DATA CARDS FOR
MATRIX X *

GAIN MATRIX KV AT O

GAIN MATRIX KV AT [tr] _

GAIN MATRIX KV AT t,

SECOND DATA CARD FOR
SHUFFELING VECTOR ISHUF

FIRST DATA CARD FOR
SHUFFELING VECTOR ISHUF

DATA CARDS FOR MATRIX Hy—

BLANK TO
TERMINATE
READING
COVARIANCE
MATRIX X0

THESE CARDS
L, ARE NOT IN

DECK IF

IRUN=0

<+———BLANK TO TERMINATE READING H2

DATA CARDS FOR MATRIX Wz——o—

<+———BLANK TO TERMINATE READING W,

DATA CARDS FOR MATRIX W, — Ill”

«+——— BLANK TO TERMINATE READING wy

DATA CARDS FOR MATRIX Q@ —=

w——— BLANK TO TERMINATE READING Q

DATA CARDS FOR MATRIX Dl‘*"‘

<+——— BLANK TO TERMINATE READING Dy

4

J

DATA CARDS FOR MATRIX Hl—"""l

- BLANK TO TERMINATE READING By

{1RUN

(TTAPE.HTAPE,NDPTS, DT

«+——CARDS

|EME,NRB,NRE,NFREQ

<+——— CARD 4

[NRT,NM,MO, MIL,MIR
NX, NR, NU, W

Figure 56,
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OUTPUT DESCRIPTION

Program ADAP 2 provides both printed output and punched card output.

Printed Output

Printed output occurs in four places in program ADAP 2 -- in the main
program, subroutine GAIN, subroutine COV, and subroutine ESTE.

Main Program Printed Qutput -- All of the input parameters on the first five
input data cards are printed out. These parameters are:

Card Parameters

1 NX, NR, NU, NW

2 NRT, NM, MO, MIL, MIR

3 NME, NRB, NRE NFREQ

4 ITAPE, NTPAE, NOPTS, DT
5 IRUN

The last printed output in the main program is the weighting matrix Q,
which is printed by a call to the matrix print subroutine MP.

The calling sequence for the matrix print subroutine is
CALL MP (11, JJ, I, J, A,LW)
where
11 is row dimension of the matrix A
JJ is column dimension of the matrix A
I is the number of rows of A to be printed I < 1I
J is the number of columns of A to be printed J < JJ
A is the name of the matrix to be printed

LW is the output tape number
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GAIN Subroutine Printed Output -- If the input parameter IRUN equals zero,
subroutine GAIN is entered fo compute the time-varying feedback gain KV,
If, in addition, the input parameter NM is not zero the deterministic input
vector F will be computed. If the order of the control vector is NU and the
order of the state vector is NX then the NU components of the deterministic
input vector F will be stored as the NX+1 element of each row of the gain
matrix KV. Printed output of the gain matrix KV and the deterministic input
occurs at the following discrete times: t,. (release time), It,], tp]-1,
{t,1-2, ..., 0. (i.e., the gains come out backward in time). The matrix
print subroutine MP is used to print out on NU by NX+1 matrix at each of the
above discrete times. The extra component in each row as explained above,
is one of the NU components of the deterministic input vector.

COV Subroutine Printed Qutput -~ If the input parameter NM is not zero, the
printed output in subroutine COV consists of the diagonal elements of the
response covariance matrix S, the mean response vector R, and the state
covariance matrix X at the following discrete times:

1, 2, ... [tr], t. (release time) (i.e., forward in time).

The matrix print subroutine MP is used to print the state covariance matrix
X. If the input parameter NM is zero, R will not be printed.

ESTE Subroutine Printed Output -- If the input parameter NME is not zero,
the subroutine ESTE 1s entéred and the error covariance matrix PN and
estimator gains L are computed and printed at the’ same discrete times as
the diagonal elements of the response covariance matrix S and the state
covariance matrix X. Both the gains L and the error covariance matrix P
are printed by the matrix print subroutine MP.

Punched Card Output

Punched output occurs at two places in program ADAP 2, in subroutine
GAIN and in subroutine COV.

GAIN Subroutine Punched Output -- The NU by NX+1 gain matrix K__ is
punched at the same time it is printed. The subroutine OUTP is used to
punch matrices. The calling sequence for the subroutine QUTP is

CALL OUTP (I, JJ, 1, J, A,LP)
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where
II  is the row dimension of the matrix A
JJ is the column dimension of the matrix A
I is the number of rows of A to be punched
J is the number of columns of A to be punched
A is the name of the matrix to be punched
LP is the punch tape number

Tt should be pointed out that subroutine OUTP punches only the nonzero ele-
ments of the matrix A.

COV Subroutine Punched Output - - The value of the state covariance matrix X
is punched at the release time t,.. The punch subroutine OUTP is used to
punch the matrix X.

ADAP 2 PROGRAM DESCRIPTION

ADAP 2 MAIN PROGRAM

ADAP 2 is the main program for the optimization of discretized time
varying systems. Its structure is very gsimple. At the beginning of the pro-
gram some parameters are set and some parameters are read in through
cards, and their contents are printed out for checking purpose. Then all
matrix locations and the three matrix scratchpads are cleared. Subsequently,
some of the system matrices and one-half of the weighting matrix Q are read
in through cards. The other half of the symmetric weighting matrix Q is set,
and the whole matrix is printed out for checking. Then the subroutine
DATAGEN is called. This subroutine shuffles the linear data, and inserts
some of the matrices read through card input and stores them in a scratch disc
file.

At this point the linear data ig ready for use. Subroutine CALLSUB is
called. Depending upon whether the controller gains are to be computed or to
be input through cards (IRUN flag), CALLSUB calls the pertinent subroutines.
After the execution of these subroutines the program control returns to main
and stops.

The flow diagram of Program ADAP 2 is shown in Figure 57 and the pro-
gram listing in Figure 58. Symbols are listed in Table XXIII.

A1l subroutines in program ADAP 2 are listed and briefly described in
Table XXIV.
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SET

LW=9, LR = 5, KTAFPF = 8
NXM =17 NRM= 21, NUM = 4
NWM = 3, NMM = 1.2

'

READ, WRITE N
STATE VECTOR NX, RESPONSE
VECTOR NR, CONTROL VECTOR
NV, DISTURBANCE VECTOR NW

$

READ NRT, NM, MO, MIL, l\m
READ NME, NRB, NRE, NFREQ
READ ITAI\ITE, NTAPE, NDPTS,bT

READ {RU
¥

NDPTS1= NDPTS +1

Y

010
ZERQ GN, AD, XX, YY
B2, DB2
Bl, DB1, BP
B3, DB3

A, DA, PV
L

rl

!

001500

ZERO D2, DD2
H1,0H1
D1, DD1, DQ

$1, 52, 83,Q

NXM2 = NXM + 1

v
1503-1605

ZERO KV, DKV
VW, DVW
W3, W2, WL, RX, R

L

INFUT MA'IiRICES:

Diagram
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CALL DATAGEN
CALL CALLSUR

<>

Figure 57. ADAP 2 Main Program Flow



20

1930
1931
1932
1933
1934

1700

PROGRAM ADAPZ [ INPUT»OUTPUTsPUNCH» TAPES=INPUT s TAPES=QUTPUT » TAPE3=PU
INCHsTAPE4 s TAPEGS TAPET S TAPES)

COMMON
COMMON
COMMON
COMMON
COMMON
COMMON
COMMON
COMMON
COMMON

A(1791T7)eDALYITo1T)oB1E1794)9DEBLII1T94)sB2(1793)sDB2I1T793)
BPBIG4)sDQD G4 ) sHI{21 91T 9DH1(21917)+D1(2154)sDD1(21s4)
D2(2193)1eDD2(21e3)sPVI{LT 1T sKVEAL318)sFVI4)sGNILIT)IsAD(LT)
VW{3) o51t219213 52021921 )953{21921)198BP{as1T7)sDQ{4s21)
SUMIG o ) s KWALL 190121921 )9B3(1793)4DB3(1793)1eDKVI{4»18)
NXsNRoNUsNWsNRTsNMobL WosLRoyMOsMI sDToMILsMIRINFREQy ITAPE 4 NTAPE
XXL1T) o YY(LITYoX{1T917)sRX{21 913 oR{21s11sW1(393)sW2(12»12)
W3{3912)9H20(12+1719RL{1T+12)}

NMEsMNRE sNRBoDFVI{4 ) 2DVWII )

REAL KV

LW=9
LR=5

KTAPE=4
ITAPPF=8

NXM=1T
NRM=21
NUMug
NWM=n3
NMMa]l 2

READ(LR»1INX s NRaNU o NW

FORMATI(4I2)

READ(LR»3INRT s NM¢MOsMIL pMIR

FORMAT(514)

READ(LR»4YNME yNRBaNRE +NFREGQ

FORMAT(&I4)

READ(LRsS)IITAPEINTAPESNDPTSsDT

READILR»20) IRUN

FORMAT(I12)

WRITE(LWa1930IN X NReNUSNY
VRITE(LWSI1931INRT o NMeMOSMIL pMIR
WRITE(LWe1932)INMEsNRBsNRE#NFREG
WRITE(LWe1933YITAPEINTAPE sNDPTS DT
WRITF(LWe1934)IRUN

FORMAT{1IHLI/TXe4H NXu]2s4H NR=I234H NUaI2e4H NWel12//)
FORMAT(7Xe5H NRT=I2¢4H NM=I2s4H MOmIZ245H MILs]2s5H MIR=IZ2//)
FORMAT(TXs5H NME=]2+5H NRB=]Z2s5H NRE®I2e7H NFREQ=I2//}
FORMAT(7XeTH ITAPE=I297H NTAPE=124+7H NDPTS=I294H DT=FlU.4//)
FORMAT(TXsb6H IRUN=12)

NDPTS1aNDPTS+1

FORMAT{312+F10.,4)

DO 10 I=1sNXM

GN(1)=0.

AT )=0.

XX{T1)=0,

YY{1)=0e

NO 1700 J=1.3

B2(IsJ)=0s

DB2tIsJ)wDa

CONTIMNUE

NO 11 J=lNUM

BlllsJ)=00

DBI(I»J)=0.

Figure 58. ADAP 2 Main Program Input/Qutput Listing
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BP(Jel) 204
11 CONTINUE
PO 1600 JmlyNWM
B3({1sJ)=0,
DB3t1sJ)1=04
1600 CONTINUE
DO 12 Js1NXM
AlTlsJ))=0,
DA{I+J1=0,
PV{1ast)=m0,
12 CONTINUE
PO 1601 J=laNRT
H2{ Js17120,
BL{T+J)m0,
1601 CONTINUE
10 CONTINUE
DO 1500 I=1sNRM
DO 1701 J=1,3
D2{T+J)=0,
DD2{I+J)=0,
1701 CONTINUE
DG 1717 J=lasNXM
Hl{lsJ1=0,
DHI(T+»J)Im0,
1717 CONTINUE
DO 1501 J=ls+NUM
DI(Iy im0,
ND1(1+J)=0a
DQ(J‘II"O.
1501 CONTINUE
DO 1503 J=12NRM 1603
S1(1s0)m0,
S2{TaJ¥=0,
S3{lsJ)m0,
Ql{Is im0
1503 CONTINUE
1500 CONTINUE
NXMImNYM+]

CONTINUE
DO 22 I=1.NWM
DO 22 J=] +NWM
22 W1l(IsJi=0,
DO 1605 I=14NRM
RXU1s1)=0,
R{Y+1)1=0a
1605 CONTINUE
= CALL INPT{H1sNRMyNXM}
0o iggg g=i::::1 CALL INPT(D1»NRMsNUM)
KV{Jsl}=0, CALL INPT{QeNRM#NRM)
DEV(Jsl)=0. CﬁtL iNg;(vaNW:vag}
CALL TRPT{W2 ¢ NMMy NMM)
160 ggNIéggEI=1,3 CALL TINPT{H2 y NMMyNXM)
DO 1702 I=lsNRE

VW{T)=0.
DVW(IT-O DO 1702 Js=s1sNRE
1607 CONTINUE QUJyI)=Q{Ts )
17062 CONTINUE

NO 1604 T=1sNWM

PO 1604 J=1sNRT WRITEILW,1801)

1801 FORMAT{1H1/7Xs17H WEIGHTING MATRIX/}

1605 ?3;;;&&;0' CALL MP{NRMsNRMyNRsNR»GQsLW}
0 1603 T=1sNRT CALL DATAGEN{ITAPPFsNDPTS)
: 03 I=1, CALL CALLSUR(NDPTSsKTAPE s IRUN)
DO 1603 J=14NRT
STOP 77
W211sJ)=0, END

Figure 58. ADAP 2 Main Program Input/Output Listing (concluded)
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ADAP 2 BASIC SUBROUTINES

Subroutine CAILLSUB

Subroutine CALLSUB calls all the pertinent subroutines depending upon
the flag IRUN. If IRUN = 0 it computes optimal controller gains. If IRUN # 0,
it bypasses the controller gain computations and the necessary data manipu-
lations for it. It reads the gain matrix through cards. The subroutine flow
chart is shown in Figure 59 and its program listing is Figure 60.

Subroutine GAIN

Subroutine GAIN implements the analysis given in Section IX of Volume 1,
It generates the costate matrix, the mean control input and the optimal con-
troller gains as a function of backward time. There are two basic loops in
it: integration loop (DO 200), and data update loop (DO 100),

At each data point including the release time data point the gains are
printed out and also are punched into cards,

The subroutines flow chart is shown in Figure 61 and the program listing
in Figure 62.

Subroutine COV

Subroutine COV implements the analysis given in Section IX of Volume I.
It generates the estimation error covariance matrix, the optimal estimator
gaing, the mean response and the state covariance and the response covari-
ance as a function of forward time. It prints out these quantities at three
specified time points, At the final time point (i. e,, the release time) the
the state covariance matrix is punched into cards for subsequent use by
ADAP3. The estimator gains and the estimation error covariance are ob-
tained by calling subroutine ESTE if the flag NME # 0. It has two major
loops, data update loop (DO 100) and integration loop (DO200).

The subroutine COV flow chart is shown in Figure 63 and the program
listing in Figure 64.

Subroutine ESTE

Subroutine ESTE implements the analysis given in Section IX of Volume I.
It generates the covariance of estimation error and the optimal estimator
gains it prints out the estimator gains. Its flow chart is given in Figure 65
and its program listing in Figure 66.
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Figure 59,

ENTER

NX1=NX+1
NDPTS1 = NDPTS + 1

v

( TESTIFIRUN # 0

lNo

CALL REVS
CALL DIFBC
CALL GAIN
CALL DIFG
CALL REVS
CALL REDWT
CALL REVG
CALL cov

YES

]

CALL RDWT
CALL DIFBC

REWIND NTAPE

ZERQ KV
INPUT KV ViA CARDS

v

WRITE KV ON NTAPQ

REWIND NTAPE

CALL DIFG
CALL REVG
CALL Cov

RETURN

Subroutine CALLSUB Flow Diagram
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15

10

11

SUBROUTINE CALLSUBINDPTS»KTAPE » IRUN)

COMMON
COMMON
COMMON
COMMON
COMMON
COMMON
COMMON
COMMON
COMMON

A‘lTvl?)vDA(17!17!oBl‘l?vk)oDEl(I?vh}nBZ(l?-BlvDBZ(ITvS)
BPB(hoklnDQD(&.k}oHI(ZlQIT!;DHI(ZIul?)oDl(ZlvhloDDl(ZI'h)
DZ(ZI-3);DDZ(21-3)|PV‘17¢1719KVIQ§18};FV(41nGN(l?l:AD(l?}
VH3) n51(210211052!210211|53(21321113Pl&v17)’0014:21)
SUM(QshivKWA(A)lQlZI’ZI}tB3(17'3)oDBS(17v3).DKV!4:18)
NX.NR{NUsNHoNRT:NM-LWuLR.MO:Mi9DToMIL.MIR.NFREQ'lTAPE;NTAPE
XX!ITi-YY(I?)tXi17o17)rRXl21tllpR121’1)oW1l3,3)oN2l12o12)
W3{3s1239H2(12+1719BLI1T412)

NME ¢ NRE ¢NRB 4 DFV (4 ) 9DVYWI(3))

NX1wMNX+1

NDPTS1=NDPTS+1

1F{IRUNeNE&O) GOTO 15

calLL REVSINDPTS)

CALL DIFBCINDPTS»0}

CALL GAIN

CALL DIFGIKTAPESNDPTS)

cALL REVS(NDPTSI1)

CALL RDWT(NTAPE»ITAPEsNDPTS1)
CALL REVGIKTAPE ¢NTAPE #NDPTS1)
CALL CoV

RETURN

CONTINUE
CALL ROWT(ITAPESNTAPESNDPTS)
CALL DIFBC(MNDPTSs1}

REWIND

NTAPE

pO 11 LwlNDPTS

DO 10 1=1sNU

po 10 J=1lsNX1

KV(1sJi=0a

CALL INPT(KVsdyld)
WRITE(NTAPE)fiKVll’J]lJ'lole)ll'liNU)
CONTINUE

REWIND

NTAPE

CALL DIFGIKTAPESNDPTS)
CALL REVG{KTAPE+NTAPESNDPTS1)
CALL CoV

RETURN
END

Figure 60. Subroutine CALLSUB Program Listing
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ENTER

SET
XM, NVM
NX1=NX +1
READ ITAPE DATAAT t=t; )
A, B1, B2, B3, H1, D1, D2, VW
-
COMPUTE Las END POINT
Py = HLXQIH ) END POIN (5) DO 200 N=1, M1
i VALUES
COMPUTE L7
P, = (H1QUDZHVW) INNER LOOP CALL BCOEF
DO 100
L=1, MO ZERD 13
I 8'PB, 0'Q0
OUTER LOOP NOUT = NFREG 14,15
I COMPUTE (B)“(P)(B)
READ ITAPE FIRST DNFFERENCE DATA. y
DA, DBL, DB2, DB3, DH1, DD1, DD2, DVW 16,18

COMPUTE (D1 /XQXD1)

v
COMPUTE [27]

TESTIFL=1

NO SUM=-[B“PE+D QD1At]
SET Mi= MIR 1
INVERT
SUM = -( it
60 70 21 T
10 Le COMPUTE 19,20
SET Mi= MIL (10} $1 = (B')PXA) +(DXQXH L)XAD
NNOUT = MIL T
1] COMPUTE GAINS 21
CONTINUE " * Kv-- 7L

Figure 61. Subroutine GAIN Flow Diagram
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YES

31 CONTINUE COMPUTE G

y

COMPUTE 29
S31 = (B2)VW) + (BLIFV

COMPUTE
832 =(GN) +(P) (83]1)

2]

B

FEST IF NM=0
NO

coMPUTE 124
B1'G

y

COMPUTE | 25
B1’G + {B1PIB2NVW)

v

COMPUT

S1=B1"

E
G +(BL'PXB2XVW)+D1'QAD2VW

6]

'

224
COMPUTE I—

Fv = {SUM) 51

Y

STORE FV N THE 223

LAST COLUMN OF KV

Figure 61.

B

COMPUTE .
GN=(51)(532)

4
COMPUTE
$31 = (D2XVW) + (D1)FV}

B

E

COMPUTE
§32={(Q)531)

COMPUTE
GN = (AtNS2°)(532)

v

CONTINUE

v

g

EE R

30
CONTINUE

v
COMPUTE l2—7<

S1=A +(B1XKV)
28

§2=H1 + (D1MKV}

®

26
COMPUTE

3 = (PVI5L)

COM a7

PUTE
PV = {51')53)

COMPUTE
§3=1(Q)(52)

COMPUTE 49, 50
PV = PV +(52'XS3)(A0

®

30 LELE

Subroutine GAIN Flow Diagram (continued)
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GOTO 53

PRINT

GAINS AND DETERMINISTIC
INPUT AT RELEASE

CALL MPKY)

WRITE NTAPE Kv

GO TO 200

53

((TESTIF NNOUT >N —TE2 .
I

NNOUT = NNQUT + NFREQ

v

PRINT, GAINS AND
DETERMINISTIC INPUT

v

B
INNER LOOP CONTINUE

[WRITE NTAPE KV

E,oo
OUTER LOOP <—®-— CONTINU

Figure 61. Subroutine GAIN Flow Diagram (concluded)

I
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SUBROUTINE GAIN

COMMON Ali?olT,’DA(17017’!81(17141vDBl(lTr#)082!17!31v082(1703!
COMMDN BPB(&‘#).DODt&-&)oHllZlol?)oDHi(ZiolT)'01(21p¢)'001(21|¢}
COMMON DE(?iiSiﬁDDZ(?IO!!oPV(lTol?)oKVl#olB)pFV(A):GN(IT):AD(lTI
COMMON VWi3) vSliZanlllSZlZl’Zlio53(21121108P(4t171000(4n211
£ OMMON 5UM(§v4)vKNAi4?tQ(21.21!'83t17n3!uD83(1703)vDKVIhle}

COMMON NX.NRuNUvNNoNRTONMDLW’LR'HOrMIvDToHIL.M[R.NFREQnITAPE.NTAPE

COMMON KK‘I?’.YY(I?]!X(I?’l?’IRX!ZI'119R(21$1}'H1I303)DW2(12!12)
COMMON W3{9,212)sH2{12s17)9BLI{1Ts12}
COMMON NME s NREJNRBIDFVI4 ) oDVW (D)
REAL KV

LP=2

NXM=18

NX1sNX+1

NUMa&

C
¢ READ IN TERMINAL DATA AND FIRST DIFFERENCE

C

C

READ(ITAPEI{ LA(TIaJ) s ulsNX}aImleNX)
READ(ITAPEY({B1{IsJ)admleNU}sI=LoNX)
READ(ITAPEI{{B2(IsJ)sJdmYs3)simlsNX)
READ(ITAPEI{{B3{lsJ)oJmIeNW)osI=1sNX)
READ{ITAPEILIHI(IsJ) e Jml eNX ) m1eNRE)
READ(ITAPE?(101(l.JloJ'loNU)'I'I’NREl
READUITAPEN{(D2(IsJ)sJdmls3}eI=1sNRE)
READIITAPE VW

€ COMPUTE TERMINAL P AND 6

DO 2 ImlsNX

GN{1)=0s

DO 2 JwleNX

PV{lsJ)=0,

DO 3 I=1sNR

DO 3 JwleNR

Si{IsJ)=0,

DO 4 Im}leNX

DO & JuNRBeNRE

00 & K=NROyNRE
S1(Ted)eST{IvJI+HI(Ks I #Q{K»d)

DO 85 IwloNX

DO 9 Je=laNX

DO 5 KwiNRBsNRE
PV(T+S)mPVIT s )4S1(I oK )IMHI{K»J)

DO 7 Im1lsNX

DO 7 K=sNRBsNRE
GN(!}'GN(I)+5111DK’*(DZiKll)“VN(I)+DZ(KG2}*VW(23+DZ(KO3)*VW‘3,}
0O 100 L=l.MO

NNOUT=NFREG
READ(ITAPEICIDA{T s ) e ul sNX) s ImloNX)
READ(ITAPE)({DRI(I4J)sdulsNU)aIml  NX)
READ{ITAPEY((DR2({TIsJ)pJm]s3)sImlaNX]}
READLITAPEN({DRA(I ) v duloNW) 9o In]lyNX}
READ(ITAPE) ((DHIlI 9 J) s J=1sNX)sIm1sNRE)
READ{ITAPEILIDDLI{I s J)sJulsNUIs1mloNRE])

Figure 62. Subroutine GAIN Program Listing
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READ(ITAPE}(‘DDZ(I|J}OJ-113)|IUIONREi
READ(ITAPE)DVW
IF{ LJEQ.1} GOTO 10
MI=sMIR
GOTO 11
10 MEIsMIL
NNOUT=MIL
11 CONTINUE
DO 200 NwlyMl
12 CALL ACOEF(L+N)
DO 13 l=l.NU
PO 13 JjwleNU
BPB(IvJImQ,
13 DOD{IsJ)mD,
DO 14 1elsNU
DO 14 Jm] NX
AP{1sJi=m0,
DO 14 KalyNX
14 BP{1sJ)amBR(1 s 1+01(Ky1 )PV )
DO 15 I=m1l4Ny
PO 15 JwlNU
PO 15 KmwlyNX
15 BPE(I'J)-BPB(I|J1+HPIIUK!*BI(K|J!
DO 16 I=1lsNU :
DO 16 Jsm1l,yNR
DQ(TsJIm0,
DO 16 K=1l,4NR
16 DQ{I!JI-DO(I'J)+DIIKOII*Q(KOJ}
DO 17 I=leNU
DO 17 Jwl.NU
DO 18 Kmlg¢NR
18 DQD(I:J)-DOD(I|J1+DQ(I’K)*DIIK'JI
17 SUMII-J)--BPB(I.J!-DQD!ItJl*DT

INVERT ({APB+DOD(DT)

[ala¥al

CALL TDINVR(lSOLpIDSOL’NUoNUoSUMiNUM'KUA'DET)
IFI{ISOL+IDSOL)eGT42) GOTO 801
GOTO 502

501 STOP 66

502 CONTINUE

Ny

COMPUTE GAINS KV

[alal

DO 19 I=1,NU
DO 19 Jm14NX
S1(1sJ)w0,
PO 20 Ks1sNX
20 S1(I1sJ3®S1(I0J)+BPIIsKI*A(Ksd)
DO 19 K=14NR
19 S1(IsJ)aSIMI»J)+DTHDA(T yK ) #H1 (K pd)
DO 21 I=1,NU
DO 21 J=1yNX
KV(1sJ) =0,

Figure 62, Subroutine GAIN Program Listing {continued)
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DO 21 K=1,NU
21 KVITeJInKVLIT 9 J)+SUMIT R K)#ST(KsJ)
C
€ COMPUTE DETERMINISTIC INPUT FV
C
IFINM)}22930022
22 DO 23 1=1,NU
51{1+1)=0,
DO 24 JalaNX
24 S1(1913e31(I1)4BY(JrI)RGNIJ)
DO 25 Jm1eNX
25 51{101)55111Dl)*ap{I’J]*(BZlJvli*VN{1)+BZ|J:2)*VW(2'+52(J¢3)*VW(3,
1}
DO 26 JmleNR )
26 51(1’11’51(191)+DT*DQ|I-J)'(DZ(J.1}*Vwill+D2{J02)*VW(2}+DZ{J’3)*VW
1031
23 CONTINUE
DO 223 I=l.NU
FV(1)=0s
DO 224 JmlsNU
224 FV{IYsFEVIII+SUMIT«J)®51(Js1)
223 KVITsNX1I=FVLD)
C FORM (A+4BK} AND (H+DKX)
30 CONTINUE
DO 27 I=]eNX
DO 27 JslaNX
S1{Ts)=A{lsJ)
DO 27 K=1yNU
27 S1{I3J)nSItI o JI+B1IL]+KIREVIEKJ}
DO 28 I=]14NR
DO 28 JmlysNX
S2(1eJ)mHLI(TI »J)
DO 28 KmlsNU
28 S2{19J)mS20 s JI¥D1LIWK) #EVIKJ)
IF{NM)3194%543]
C COMPUTE G(N}
31 CONTINUE
NO 29 I=lyNX
S3(1+1)mB2(TI»1)%VWI1)I4+B2{T+2)8VNI2)+B2(13)%VHI3)
DO 29 Jsl.NU
29 S3{1s11=53(1+1)+B1(1sJ)#FVIJ)
DO 40 I=leNX
S3{T+2¥mGN(T}
DO 40 J=lsNX
40 S3{1+2)1u53{1+2)+PV(I»J)853{Jrl)
DO 41 I=1.NX
GNIT)=0e
DO 41 JmlsNX
41 GN{I1aGN(I1+51({Je 1) #530J»2)
DO 42 (=] yNR
53{Iil)'DZ(I!l)‘VH(I)+DZ{Ib?l'VWt23+02{I|3,'VW(3l
DO 42 JmlyNU
42 S3(1s1)=S3(T1 214D {LsJ)RFV{I]
B0 43 I=1.NR

Figure 62. Subroutine GAIN Program Listing (continued)
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43

44
45

53{1+2)=0,

DO 43 J=1,NR
S53{T192)=53(1e2)+Q{1sJ}¥53{Js 1)
DO 44 Y=laNX

DO 44 J=lsNR
GNIUT)=GN(TI+DTRS2(J2T1%53(0s2)
CONTINUE

C
C COMPUTE COSTATE MATRIX PVIN)

c

46

47

48

50
4G

51

52

53

54

200

100

DO 46 I=1sNX

DO 4& JmlyNX

S3{1+J)=0,

DO 46 K=1l4NX
S3(1eJ1=S3(T 2 JI+SLIKs ] )RPVIKJI)
DO 47 I=1sNX

DO 47 J=]eNX

PVils =0,

DO 47 K=laNX

PV (T JimPY(T+J)453(TeK)IRGYI(KeS)
DO 48 I=),NR

DO 48 Ju]laNX

$3(1+J1=0,

DC 48 K=1MR
S3(1eJ1mSI I s I+Q(T WK} %S2(KeJ)
DO 49 I=leNX

DO 49 J=l4NX

DO 50 K=]lsNR
PY(TeJ)uwPV{] o) 4S2{Ke}%S3({KsJI%DT
PV 1)=PVIT 0 )

IF{MNaNES1l} GOTO 83

IF{LsEQel) GOTO 51

GOTO 53

WRITE(LWe52)

FORMAT(1H1/7Xs41lH GAINS AND DETERMINISTIC INPUT AT RELEASE/)

CALL MPUNUMsNXMaNUBNXT#KVoLW}
VRTTEINTAPE) ( (KVITlsJ)aJdm1sNX1)oIn1aNU}
CALL OUTP(4518yNUSNX1 KV LP)Y

GOTO 200

IF {NNOUT«GT4N) GOTO 200
NNOUTsNNOUT+NFREQ

WRITE(LWs54)

FORMAT{IH1/7X+30H GAINS AND DETERMINISTIC INPUT/)
CALL MP{INUMsNXMaNUsNX1 oKV LW

CONTINUE

WRITEINTAPE Y ((KVIIsd)oJaloNX1)elmiahNU}

CALL OUTP(4s18sNUINXLsKVLP)

CONTINUE

RETURN

END

Figure 62, Subroutine GAIN Program Listing (concluded)
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ENTER

REWIND ITAPE, NTAPE )

b

RDF = 1/DT
!
MOl = MO+1
!
ZERO M
XX, YY, X, P
INPUT Xe
NX1 = NX+1

!

( TEST IF nME = ojﬁ

$NO

SET

P =
[

502
XB

¢

500 CONTINUE

¥

READ ITAPE

A, B1, B2, B3, H1, D1, D2,

w)

y

Kv

READ NTAPE )

v

TRANSF

COLUMN OF KVINTOFV|

ER THE LAST

!

COM
A

PUTE
= A+

&

Figure 63,

?

DO 100 L=1, MO

DUTER ;
LOOP
NNOUT = NFREQ
READ [TAPE

DA, DB1, DB2, bB3, DH1, DD1, DD2,

D

!

READ NTAPE
DKV

Y

TRANSFER THE LAST
COL!H%M\I OF DKV

Q DFY

Ml = MIR

MIL

{LAST DATA POINT)

5 M =
NNOUT

7

181
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GONTINUE

Subroutine COV Flow Diagram



)
;

COMPUTE 10,13

Sp = AXA’

COMPUTE 12,13
- L3 wl I

Sy = AXA 4851 By

(TESTIFNM =0 }YES

COMPUTE 125 ]
YY = (B2HVW) + (A OO0

COMPUTE l 16
S$1 = (FV) +{KW)X0

¢ UPDATED-MEAN-STATE

COMPUTE
YY = [AIXX) + (B2XWWI] + (BIXFV} + (KVIXX))

17

21

(est F e =0 P
!

COMPUTE 19
X = (X-PW

y

CONTINUE

v

COMPUTE 22,23
BP = K (X-P)
BPB = K (X-P) K’

©

[#]

Figure 63. Subroutine COV Flow Diagram (continued)
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?

COMPUTE [ 24

$3= (BPBXB1)’

t

COMPUTE 25
§2 = S5 +(B1)S,)

v

COMPUTE 26
53 = (BPYA)

'

COMPUTE [27]

$1=(B1) (53
228
53 = (51
COMPUTE 28

52=52+51+53

v
(FESTF N= NNOUT)LD®->

4 YES
GesTiFam=-0 )y
COMPUTE E3

R = (D2)(VW) + (H1XXX)

COMPUTE 33
S1 = FV+{KVIXX

v

COMPUTE I 34
R=R+{D1XSL)

124

CONTINUE

®




T

— YES
l RESPONSE COVARIANCE RX

RESTORE Ii 1
X = X +PV

[

‘CONTINUE

]
g |
CONIINUEIL ( TESTIFNME- o_)—YE—S—-

NO
COMPUTE | 39] !

SL = OOHL) CALL ESTE
COMPUTE [40] DiaconaL
RX = (HXS1) ELEMENTS 51 CALL FCOEFH
COMPYTE a1 e orares 152
S1= (DL(EPR) XX = YY
l X = s1
COMPUTE [42 | DiaconaL "
RX = RX) +S1OD | GRETENTS ( resTIF = wnouT
VES
l 520,511
COMPUTE | 43 \:FIEIIIIE‘RIX
S = (BPXHL X MATRIX
! DIAGIML
701
COMPUTE 43 | RESPONSE CONTINUE
RX = RX + (D1} (SD) (2.0) COVARIANCE
VECTOR

T !
( TESTIFM-0 )= INNER commulsz—%

e W
wriTe 201,20 OUTER ._®._ CONTINUE

TIME POINT L LOOP
MEAN RESPONSE R

230
CONTINUE +

&

Figure 63. Subroutine COV Flow Diagram (concluded)

PUNCH X,
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C

aBala!

SUBROUTINE COQV

COMMON A(1T721T7312DACYITo1T7)1sRYI(1T54)sDBLILT94)eB2(1T793)sDB2{1793)
COMMON BPB(424)sDOD( 494 pHL1{21917)9DH1(21917)1eD1(2154)+sDD1(21s4)
COMMON D2{Z21+3}2DD2{21+3)sPVI1T31 T akV{4s1B)+FVIL)sGN{L1TIsADILIT)
COMMON VWI3} 251(21921)952{21s21)953(21921)sBP{4s1T7}1sDQ(4421)
COMMON SUMI4 94 )sKWATL ) sQ{21921) sB3(3T93)sDB3(1792)+DEV{4018)
COMMON NXsNRaNUsNWIRRT sNMsi WeLRsMOsMIsDTosMIL»MIRNFREQsITAPE ¢ NTAPE
COMMON XXTI7)oYYLLT)oX{1To1T)eRXI2101)sRE2151)sMWI{393)sM2(12412}
COMMON W3(3s121sH2112+1T198LELT7912)

COMMON NME pyNREJNRBDFVI4 Y »DVWI )

REAL KV

REWIND ITAPE

REWIND NTAPE

LPw=3

ROT=14/D7

INITIALIZE ARRAYS

-

501

502
500

MOl aMO+1

DO 1 I=1yNX
XX{11=0s

YY{1)=0,

DO 7 JelaNX
X{leJd)mO,
PVE{TyJ)i=0,
CONTINUE

CALL INPT(Xs17+17)
NX1aNX+1
IFI{NME)}501+5004+501
DO 502 I=1eNX

DO 502 J=isNX
PV(Ts¥=X{1sJ)
CONTINUE

READ INITIAL DATA AND FIRST DIFFERENCE

333

READ(ITAPE) ((A{TsJ) 9™l oNX) s In1sNX)
READ(ITAPE} ({814 1sJ) e Ju)sNU)sIm1sNX)
READ(ITAPE){{B2{1sJ) s n123) sIm1sNX)
READ(ITAPE) {(B3(TsJ) s mYaNW)sI=lsNX)
READ(ITAPE} ( (H1(IsJ)sJm1sNX)}sIx1sNRE)
READ(ITAPE}{(D1(1sJ)sJulsNU)eI=1sNRE)
READ({ITAPE){(D2{1sJ) s n153)sIu1yNRE)
READ I TAPE ) VW
READ{NTAPE) { (KV(TsJ)sJ=1sNX1)sTmlNU)
PO 333 I=1,.NU

FV(I1=KVIToNX1}

DO 4 ImlsNX

AD(T)=A(Io1}

AlIs1)=AD(T)+1,

DO 100 L=1aMO

NNOUT=NFREQ
READ(ITAPE){{DA(TsJ) s dm1sNX) s1m1sNX)
READ({ITAPE} ((DB1{1sJ)sJ=1sNU)»Ind ¢NX}
READ{ITAPE) L(DB2{1¢J}sJn1s3) sI=]sNX)
READ{ITAPE) { (DR3(IsJ)sJ=1sNW)sInl 4NX)

Figure 64, Subrouline COV Program Listing
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C

READ(ITAPE) ({DHY{I+J}sdslsNX)sI=14NRE)
READ(ITAPE) ((DD1{I4J)sJm1sNU}s1ul4NRE)
READ(ITAPE} ({DD2(IsJ)sJd=1s3)sla]sNRE)
READIITAPEIDVW

READINTAPE) ({DKVI(IsJ)pJdmlaNX1)sIm1 4 NU)
DO 3 I=leNU

DFV{T ) =DEVITsNX1}

IF[L4EQeMOY GOTO 5

MI=MIR

GOTO 6

MIsMIL

NNOUT=MI

"CONTINUE

DO 200 Nwl,MI

C COMPUTE AXA +B3WB3/DT

C

C

10

11

12

13

14

DO 10 I=1sNX

DO 10 J=14NX

S1{1sJ}=0,

DO 10 K=lsNX
S1(IaJ)mSYIT o JP4XUT oK IRA{I9K)
DO 11 TmleNX

PO 11 JwlsNX

S2{1+J})m0,

DO 11 KmslyNX
S2{I+J)=S2{I s I+ALT+KI®E1{KJ)
DO 12 I=1sNW

DO 12 Jm1eNX

S53(1eJ)e0,

DO 12 K=)NW
S3(TsJ)uS3{I 2 YW1 (I+KI*BI(JeK)
DO 13 I=1sNX

DO 13 JsI4NX

DO 13 K=lsNW
SZ{Te)mS2UT 0 J)4BI(1sK)IHS3(KsJ)#RDT
TF(NM)14021s14

CONTINUE

C UPDATE MFAN STATE

C

15

1&

1T

DO 15 I=]lgNX
YY(I"thlollﬁVN|1)+32(IiZi*VW(2)+32‘I;3)*VW‘3}
DO 15 Jml.NX
YY{I)eYY{D)+A(T o IRXXTJ)

DO 16 I=lsNU

S1(Ts1)mFVII)

DO 16 JmlgNX
SI{Ie1)mSY{I 1)KV T IInXX1J)
DO 17 1=m14NX

DO 17 JmlyNU
YY(T)myYY(I)}4+B1(IsJ)®#S5)1( Jsl}

C FORM X-p

21

IF{NME)18+20+18

Figure 64. Subroutine COV Program Listing (continued)
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18 DO 19 I=]4NX
DO 19 J=]l,NX
19 X{IpJ)aX{ls))=PV{IsJ)
20 CONTINUE
C

C FINISH UPDATING OF X IF R1EXAsAXKB1sAND BlKXkBl
¢

DO 22 lwl,NU
DO 22 J=l,NX
BP{TsJi=0,
DO 22 KmlgNX

22 BPUI s JINBPUI s J)+KVII+KIBX{(KsJ}
DO 23 I=iyNU
DO 23 JU=]4NU
BPBL{lsJ)=0,
DO 73 KmlsNX

23 BPBUls)=BPR{T+J}4+BP Ik I#KEV{JeK)
DO 24 Iw=]l,NU
RO 24 Jm)NX
S53(1I+J)m0,
DO 24 Kmly,NU

26 S3LT s J)mS3(1l s JI+BPBII+K)I¥B1{J4K}
DO 25 I=]4NX
DO 25 =l 4NX
DO 25 Ks],NU

25 S52{1sJ)=S2(1 s JI+BI{I K #S3(KsJ)}
DO 2& l=1sNU
DO 26 JwlsNX
S3{T+J)=0,
DO 26 KamlaNX

26 S3UT1+J)mS3(I o J)4BPITsKI*ALIHK)
DO 27 I=1eNX
DO 27 J=ml4NX
S1(1»Jd)=0,
DO 27 K=lyNU

27 S1(1sJ1mS1{IsJ1+BY{IsKI#S3(KJ)
DO 228 I=lsNX
DO 228 J=l+NX

228 S3ys1)=S1{T ey

DO 28 Im1l4NX
DO 28 J=¥sNX

28 S2(1»J)=252(1+J)+51(120)453( s}
IF{NNOUT=N1901+30,90
30 CONTINUE
IF(NM)31+35,31
C COMPUTE MEAN RESPONSE
C
31 CONTINUE
DO 32 lel4NRE
RETo1)=D2(T2 1) #VWIL)4D2(T 92 1%VWI234D2(23)%VIW(3)
DO 32 JU=14NX
32 RUTLo1)=RIT+1)4HI{I s J)RXX (D)
DO 33 I=1+NY
S1(Is1)=FVI])

Figure 64. Subroutine COV Program Listing (continued)
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C
C
C

DO 33 J=mlgeNX
33 S1(1e1)=SL{Ts1)+KV T o) #XX(J]
DO 34 I=1.NRE
DO 34 J=lNU
34 RII91)uR{1+104D1(1+J1¥511Js1)
35 CONTINUE

COMPUTE RESPONSE COVARIANCES

IF{NME)364+38036
36 DO 37 I[=1eNX
DO 37T JelaNX
37 X{Is2)uX{Ead)4PVII st}
38 CONTINUE
DO 39 I=1pNX
NGO 39 J=14NRE
S1(14J)=0s
PO 39 K=laNX
39 S1{1eJ)mSI{I s I4X{TaKIRHL{JHK)
DO 40 I=14NRE
RX{191)=0,
DO 40 J=lsNX
40 RX{To1Y=RX{IS1IHHIIT oI %S (T )
DO 41 1=14NRE
NO 41 J=lsNU
S1{1sJ)mCy
DO 41 K=leNU
&1 S1(TeJIuS1(I e 2)4D1{I+K}RBPB(KsJ)
DO 42 I=1+NRE
DO 42 J=mlsNU
42 RX{T91)=RX{Te1}+S51{T+51%D1(T2J]
PO 4% TalaNy
NO 43 J=1sNRE
S1{1s+J)=0,
DO 43 KmlahNX
43 SIIIQJISSIfIOJ]+BP(I'K)*H1(J|K‘
DO 44 I=14NRE
DO 44 J=14NU

G4 RX{TIel1)12RX(T21)4D1(I9J)%S1JeT)R2,

IF(NM)Y22092302220
220 WRITE{LW»201)

201 FORMAT(IH1/TXs15KH MEAN RESPONSES//)

=1
WRITE(LWs204)L
WRITE(LW»203) (JeR{Js 1) s =1 sNRE)
203 FORMAT(B(2H RI2s1HmEL10e%)}
204 FORMATI1ZH TIME POINT 12//7)
202 CONTINUE
230 CONTINUE
WRITE(LW»205)

211
210
90

50

52
400
510
401

200
100

FORMATIBI(2H SI12+1H=E10e31))
CONTINUE

CONTINUE

IFIMMF150+51 950

CALL FSTE{NsNNOUT)

CALL FCOEF(L}

DO 52 I=1aNX

XX(I¥=YY(I}

B0 52 J=l4NX
X{1J)=52(1+J)
Xt{Ja1)=S2{1+J}
IF{N=NNOUT)401+400,401
NNOUT=NNCUT+NFREQ
WRITE{LWsB510)
FORMATIIHI/TXs10H X MATRIX /)
CALL MPI1I71TaNXsNXsXol)
CONTINUE

CONTINUE

CONTINUE

CALL OUTPI1T7917sNXsNXsXsLP)
RETURN

END

205 FORMAT(1H1/7X+21H RESPONSE COVARIANCES//)

I=1
WRITE(LWs208)L
WRITE(LW+211){JsRXLJsI )+ Im1sNRE)

Figure 64. Subroutine COV Program Listing (concluded)
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1

NXM = 17 COMPUTE 8
RDT = 1/DT PV =(S1)A"
COMPUTE [1] COMPUTE 9
S1 = (PVIHo) * s1 = @pwl
COMPUTE & SET 2,3 y
W COMPUTE lﬂ
S3= 77 + Hp)S)) PV = PV +(S1}B3}7
Q= 53 ‘
‘L COMPUTE 11
WVERT 50 o rop et 51 = (BUQ) »t
53 =53 !
COMPUTE 12,13
COMPUTE 4,5 PV = PV ~(S1IBL) ot

X=ASl

N ;
X = X+By) ~3 @T IF N= NNOUD&
v

COMPUTE [i Eﬁqu}MATOR WRITE

BL = 00(S )t le’ ESTIMATOR GAINS BL |
¥ (20

COMPUTE 7 CONTINUE <

51 = (A)NPV) |

Figure 65. Subroutine ESTE Flow Diagram
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50
51

SURRQUTINE ESTEFINsNNOUTY

DIMENSION KWAA(1T)

COMMON A{17+17)oDAIIT+17sBI1T+4)19DBYC1T734)19B2(17+3)sDB2(17+3Y
COMMON BPB(l&4v4)eDADC4 o4 ) sH1{2121T)sDH1{21917)sD1{21s4}1+DD1{21e4}
COMMON D2(2193319DD2(21e319PVI1TeITIsKVI(4p1B8)YsFVIA}sGNIL1T)IAD(LT)
COMMON VW({3) o51{21921)+52(21421)+53(21921)98P(4»17)sD0(4,42]1)
COMMON SUM(494 ) oKWALL) Q1219211 9B3{1T793)9DB3(1T3)eDKVI4s]18])
COMMON NXoNR s NUsNWsNRTsNMoLWILRoMOsMI oDTsMIL o+ MIRSNFREQs ITAPESNTAPE
COMMON XX{1T)e¥YY(L17)eX{1Ts1TIsRX{2191)sR{21s1)sW1l{3s3)eW2(12:12)
COMMON W3(3912)sH2(12+1T3sBLI1T7s12)

COMMON NMENREsNRBsDFV(4 ) sDVW(3)

REAL KV

NXM=a17T

RDT=1,/DT

DO 1 ImleNX

DO 1 J=l+NRT

S1(YsJ)=0,

DO 1 K=leNX

S1(TaJ)uSI(IsJI+BVIsKIN*HZ{JIK)

DO 2 I=1eNRT

DO 2 JmleNRT

S3{TsJimaW2(] 2+ JYRRDT

NO 3 KeleNX

SI{Ta I w53 T o JIHH2{ [ 4K)}ES1 (Ko J)

QtleJ)1m53{14J)

CALL TDINVR{ISOL»INSOLsNRTsNRTsS5S3s 21 +KWAAYDET)
IF{(ISOL+IDSOL)eGT42) GOTO 50

GOTO 51
STOP 66 S51{TeJ)=0.
CONTINUE DO 9 KslsNW
DO &4 I=1sNX 9 S1(led)eSTI{I v )} +B3ATIsKI¥WI(KeJ)*RDT
BO 4 JxlsNRT DO 10 I=1sNX
X(1eJi=m0, DO 10 J=]eNX
N 5 K=leNX DO 10 K=]lsNW
X{Te2YaX{Ted)+ALTI+K)RS51(Ks D) 10 PVLToJd)mPV(Tat)+S510eK)NBI(JeK)
DO 4 K=leNW DO 11 I=1sNX
X{T o) =X{IsJ)+BI(I+KIWWI{KsJINRDT DC 11 J=14NRT
DO & 1=1aNX 51(1sJ)=0,
DO & JmleNRT DO 11 K=14NRT
RL{TsJ)=O, 11 SHI» N =SI{T v JY+BLLI+K ) %Q{Ks I%DT
PO 6 K=1sNRT DO 12 I=1sNX
BLITs JI=mBLUT s J XL T oK )IHSI{KyJ)#RODT DO 12 J=lsNX
DO 7 Iw=lanX DO 13 K=lsNRT
PO T J=lsNX 13 PY{IsNePV(IsJ1=S1{1+KI#BLIJeK)¥DT
S1{1+J)m0, 12 PVIds 1 )=PV(T»J}
DO 7 KmlasNX IFIN=NNOUT}204321+20
S1{TeJ)=SI(TI o JI+ALTsRI%PVIKWJ) 21 CONTINUE
NO 8 J=lsNX WRITE{LW+22)
BO 8 Jm] gNX 22 FORMAT{IH1IZTX»16H FSTIMATOR GAINS//)
PV(1sJ)m0, CALL MP(17»129NXoNRTsBLsLW}
DO 8 K=lsNX WRITE(LWLS11)
PVITod)=PVIT o 1451 TaKI®ATILK) 511 FORMAT{IH1/7X»10H PH MATRIX/)
DO 9 IaleNX CALL MP(1T7e1TosNXsNXsPVeLW)
DO 9 J=1eNW 20 CONTINUE
RETURN
END

Figure 66, Subroutine ESTE Program Listing
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ADAP 2 DATA MANIPULATION SUBROUTINES

Subroutine DATAGEN

Subroutine DATAGEN implements the analysis given in Section VI, Vol-
ume I. It generates the shuffled and augmented linear data. It reads the
state component shuffling data and the original linear data stored in perma-
nent disc file by ADAP 1. It shuffles the data in accordance with the shuffling
indices and writes the augmented data in a scratch disc file, Its flow chart
is shown in Figure 67 and its program listing in Figure 68,

Subroutine SHUF

Subroutine SHUF shuffles the matrices in accordance with the shuffling
indices. It is called by subroutine DATAGEN. The subroutines flow chart
is shown in Figure 69 and the program listing in Figure 70.

Subroutine REVS

Subroutine REVS reads the shuffled and augmented linear data from
scratch tape and reverses their order with respect to time points using the
relation

It stores this data into scratch tape. The backward time data is used by
subroutine COV,

The flow diagram of subroutine REVS is shown in Figure 71 and the
program listing in Figure 72.

Subroutine DIFBC

Subroutine DIFBC reads in the linear data and computes the current dif-
ferences from

at@) = [re - -t |4k
and writes on a scratch tape. The data updating uses this difference.

The subroutines flow chart is shown in Figure 73 and the program listing
in Figure T74.
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ENTER

REWIND ITAPPF )

READ ISHUF

'

DO 10 L =1, NDPTS
READ ITAPPF
FF, G61, GG2, GG3, HHZ, vVW

CALL SHUF

¥

WRITE ITAPE
FF,GGl, GGZ, GG3, H1, D1, D2, vWW
10

CONTINVE

REWIND ITAPE

RETURN

Figure 67. Subroutine DATAGEN Flow
Diagram
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SURBROUTINE DATAGEN(ITAPPF+NDPTS)

DIMENSION FF(20+20)9GG1(20+B)sGG2{2096)9GG3(20+4)sHHZ2(21512) VVWI{3
1Yo I SHUF{ 42}

COMMON A(17s17)sDACLI7s1T7)eB1i1T24)sDBY(1T94)sR2{1T793)sDB2(1793}
COMMON BPBU4s 4] +DQD{ 494 ) sHI{21 91T eDHI(Z21217)9sD1{214)sDDYI2] w4}
COMMON D2(2193)eDD2(21931ePVI1Tel17) sKVIGs1B)aFVIa)sGNIL1T}sAD(1T)
COMMON VW(3) #51(21921)982{21+21)453(21921)+8P{4e17)+D0(442))
COMMON SUM{4 04 ) oKWALL ) 2O (215211 9B301T733)+DB3L1T7+3)sDKVI{4s18)
COMMON NXaNRsNUsNWsNRT s NMaLWoLRsMOsMI oDT sMIL+MIRWNFREGs I TAPE ¢ NTAPE
COMMON XX{1T)oYY{ 1T o X (1Tl T oRX{21 01 R{I211) oW1l (353)sW2{12,412)
COMMON W3{3912)19H2{(12+17}+BL11Ts12)

COMMON NMENRE+NRByDFV 43 sDVYWI(3)

REWIND ITAPPF

READ(LR11)ISHUF

FORMATI(2112)

DO 10 L=14NDPTS

READ(ITAPPFIFF

READ(ITAPPFIGOH)

READ{ITAPPFIGG?

READIITAPPFIGG3

READ(ITAPPF JHH2

READ(ITAPPFIVVW

CALL SHUF{FF+GG1+GG2»GG3»VVWe ISHUF }
WRITECITAPE) (L{FF{l o) s umlsNX)sI=] sNX}

WRITECITAPEY ((GGL{Tsd) e mlsNUI o Im] o NX}

WRITE(ITAPEY ({GG2(Ied)lesdmly 3)eImloNX}
WRITE(ITAPEI L(GG3(Te t) s mlyNW)pIm]lsNX]}
WRITELITAPEY L(HI(T s} o JulsNX)slnl 4NRE)

WRITE(ITAPE) ((D1(IsJ)eJaleNUYsI=lsNRE}
WRITE(ITAPE)((D2(1sJ)eJx193)eIa1sNRE)

WRITEL(ITAPE Y VVY

CONTINUE

REWIND ITAPE
RETURN

END
SHUFFLE
FF MATRIX

v

Figure 68. Subroutine DATAGEN Y
Program Listing GG1 MATRIX

!
!
SHUFFLE m

GG3 MATRIX

'
SHUFFLE w

VW VECTOR

Figure 69. Subroutine SHUF
Flow Diagram

1,2

=
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SURROUTINE SHUF({FFsGO19GGR2sC03 sV o[ HHUF)
DIMENSION FF(2092019GG1(2CeB)sGG2I2096)0GG3(20s4) VL3
NIMENSION D(20+200) s ISHUF(A2)

SHUFFLF F MATRIX

AEARS]

PO 1 I=1+20
IIsISHUF(I1)
DO 1 Juls20

1 BUTeJ)mFF(II )
DO 2 1=1920
DO 2 Jule20
JJ=ISHUF {J)

2 FF{la)=D{IsJ))

SHUFFLE Gl MATRIX

[aNale}

ND 2 T=1s20
I1=eISHUF(]}
NO 3 J=als8

3 D{IeJInGGLIIT )
DO 4 I=1.20
DO 4 JalaeB
JIeISHUF(J+20)

4 GGl{lesJ)mD(lsdd)

SHUFFLE G? MATRIX

NN

NG 5 I=1+20 .REWIND ITAPE, NTAPE
IT=1SHUF{T}

N 5 Jalss ‘

5 DIIsJ12GG2(I1+ N} DO 1 K= 1, NDPTS
"D & I=1s20
N 6 Jullb *
JI=ISHUF (J+28) COMPUTE THE LAST

6 GG2{1sJ)xnD(]»JJ) READ DATA POINT
INDEX
JI=NDPTS - K+ 1

SHUFFLF G3 MATRIX

aNalal

L

DO 7 I=1,20 o2 L-1 4
I1=1SHUF(T) 7

DO 7 Jelod READ ITAPE
T DI J1=GGITvI) j)
N0 R 1=1s20 A, B1, B2, B3, #1, D1, D2, W

NO A Jelsk ¥ i
JJ=TSHUF [ J+34)
B GG3{Is1=D(1sJd) “WEWUE

SHUFFLE VW WRITE NTAPE )
D2, VW

[ EARS]

A, B1, B2, B3, H1, D1,

DO 9 I=1y3

II=1SHUF(1+38) ‘
9 DUITeli=VW(II} REWIND ITAPE

NO 10 I=1,3

N

10 V(I Y=DII1) CONTINUE

RETURN
END

Figure 70. Subroutine SHUF Figure 71. Subroutine REVS Flow
Program Listing Diagram
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SUBROUTINE REVS(NOPTS}

COMMON A{17o1701eDAlLT017)eBL(1704)eDBLI1T04)eB2(17+31DB2{1723)
COMMON BPBl#iﬁ"DQD(ﬁ!#IlHliZl'lV’tDHI(ZI’ITI001(2104lODDI(ZIQQ)
COMMON th21'3,DDDZ‘21'3}lPVf17017'IKV(“!IB,’FV{“,lGN(I?"AD‘IT‘
COMMON VW(31} #51(2192)1) 9520214211 5534{21022)9BP (41T +DG(4421)
COMMON SUM{494)sKWA(4)9Q(2192139B3{17+3)sDB3(1793)eDKVI4s18)
COMMON NXoNR s NUsNWoNRT sNMoLWILR MO oMI 2 DT oMIL sMIRSNFREQs I TAPE sNTAPE
COMMON XX(I71.YY€17|pX(lTvlTlvRX!Zlol)oRtZlnl)oN1(3p3)’W2(12;12)
COMMON W3(3912)sH2(12217)sBLI1Ts12}

COMMON NMEJNRESNRBsDFVI4 ) sDVWID Y}

REAL KV

REWIND ITAPE

REWIND NTAPE

DO 1 K=l 4NDPTS

JI=NDPTS=K+]

DO 2 Limlsidl ]

READC(ITAPEI{LACToJYoJdmlogNX) slm)oNX )
READ(ITAPEN((B1{Iod)sJm]oNUY»Im]IeNX}
READ{ITAPEYC((B2(I o 0) s Jdmts3)olx)oNX)
READ(ITAPE){(B3(IsJ)oJmloNW)sImleNX]}
READCITAPEY {LHYI(IsJ ) e mloNX)eIm]l¢NRE)
READ(ITAPEN (L (D1({Es ) s m1eNUIoI=1»NRE)
READUITAPE} {(D2( s ) s Jm193)eImw]l4NRE)

READ( ITAPE )VW

CONTINUE

WRITFEINTAPEY{ (ATl s )o mloNX)slmlpNX)
WRITEINTAPE) {{BL1(ZeJ) o JuloNU) pInm]l oNX}

WRITEINTAPE) ((B2(TsJ)sJels3)rImlanNk}

WRITE(NTAPE) ((BA{IsJ)rsJdnloNWolml ¢NX)
WRITEENTAPE ) { [HI( s J)sJunlsNX)alnl 4NRE)
WRITE(NTAPE ) ({D1(2sJ)sJaleNU)sl=l,NRE)

WRITE(NTAPE) {{D2(FsJisdule3)elm1sNRE}

WRTITEINTAPE ) VW

REWIND 1TAPE

CONTINUE

REWIND NTAPE

RETURN

END

Figure 72. Subroutine REVS Program Listing
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FLOAT FMIL = MIL
FMIR = MIR

)
( tesTiFiFB-0 )ﬁ

lNO
FMIL = - FMIL
FMIR = - FMIR

'

CONTINU?Q'O_
'

'

REWIND ITAPE, NTAPE)

READ NTAPE

A, BL, B2, B3, H1, DL, D2, VW )

v

l—-’@—b DO 100 L=2, NDPTS

?

¢

TESTIFIFB=0

3 TEST IF L - NOPTS D]
o

YES

GO TO 10

i

:

CONTINUE

v

!

( TESTIFL-2 VYES

COMPUTE | 19|

.
RRDT =it

GO 1012

/

RRDT = 1/FMIR

]

12
CONTINUE

v

READ NTAPE
DA, DE1, DB2, DB3, DH1, DD1, DD2,

o)

'

COMPUTE

74,22,23,24

DB2 =(DB2XDT), DB = (DB1)(DT), DB3 = (DB3)(DT} DA = (DA)AL)

COMPUTE
82 = (B2(At), B1=(B1XAt), B3={B3)At), A=ANAD

i73,2,3,1

3

WRITE ITAPE
A B1l, B2, B3, H1, D1, D2, VW

®

Figure 73.

¥
COMPUTE

B2 = (B2 - DB2XRRDT)
Bl ={Bl - DBRIXRRDT)
B3 = (B3 - DB3)RRDT)
A ={A - DA) RRDT

75, 32, 33,3

Subroutine DIFBC Flow Diagram
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COMPUTE 1—76' 42,41

b2 = {D2 - DD2XRRDT)
D1 = (D1 - DDINRROT)
H1=1{H1 - DH1XRRDT)

v
COMPUTE Il

VW = (VW - DVWIRRDT)

y

WRITE ITAPE
A, B, B2, B3, H1, D1, D2, VW
SET [78,52,53,51

B2 = DB2, B1 = DB1, B3 = DB3, A=DA

SET
D2 = Dbz, D1 = D1, H1 = DH1

v

SET VW= Dvw
1100}
"““(: )‘—“‘ CONTINUE
WRITE ITAPE
A, B1l, B2, 83, H1, D1, D2, VW

REWIND ITAPE, NTATE )

RETURN

Figure 73. Subroutine DIFBC Flow
Diagram (concluded)
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SUBROUTINE DIFBCINDPTSs1IFB)
COMMON A(1T7917)eDATLTo1T7}eBI{YITo432DBILLITo439B2{1T793)90B2(17+3)
COMMON BPB(4s4)oDQDl4s4sHI{21017)oDH1I(21427)eD1(2104)oDD1{2Y o4}
COMMON D2(21+3)sDD2(2193)sPVI1ITo1T)oRhVI418 ) oFVI4L)sGNIL1TY»AD{1TY
COMMON VW{3) 2510219211520 219212)+531021e21)9BP(42371eDQ(42]1)
COMMON SUMU4 4 ) o KWALL)I2Q(21021)9B3(1T03)sDBA(IT93)sDKVIGs18)
COMMON NXpNRINUsNWoNRTaNMsLWeLRoMO M1 qDToMIL +sMIRSNFREQeITAPEWNTAPE
COMMON XX{1T) oYYIETheX (1T I PIaRXI21 1) 4RI2L01)sWI(393)eW2{(12412)
COMMON W3(3912)sH2{12017)sBL{17512)
COMMON NMEsNRE sNRBDFVI4 ) »DVWIIY
REAL KV
FMItmMIL
FMIRuMIR
IF(IFB.EQqe0) GOTO 200
FMILn~=FMIL
FMIRm=FMIR
200 CONTINUE
REWIND ITAPE
REWIND NTAPE
READ(NTAPE)Y((A{Is e JmlaNX)sIm]leNX)
READINTAPEN( (B1C s J) s mlsNU) s Em]lsNX)
READ(NTAPEY((B2{1lsd)sdmle3}plmloNX)
READINTAPEYL(B3{T ol lsJmIoNW) 2 Is]oNX)
READINTAPEY( (HI{I»J)sJnlsNX)sIn]lsNRE}
READINTAPE){{DY(TIsJ)oJmlsNU) o ImIsNRE)
READINTAPEY (D21 v J)ed=143}s 1wl NRF)
READ{(NTAPEIVW
DO 1 I=leNX
DO T3 J=1e3
73 B2{1+J)mB2{T s J)8DT
DO 2 JmlsNU
2 BY{1sJ)mB1{1+J)¥DT
DO 3 JmloNW
3 B3{1lsJ)sB3(I+J)WDT
D0 1 JulNX
1T A{T o JdYmA{l o) #DT
WRITELTTAPE) ((AlI»J)sdmYoNX)oImleNX)?
WRITE(ITAPEIL(BY{IsJ)odulaNU}s»]In]l ¢NX])
WRITECLITAPEI((B2(od)odmlon)olnlasnNx)
WRITE(ITAPE) ((B3({1sJtosImIaNW)sln)oNX)
WRITE(ITAPE) [ [H1(IsJ)eduleNX)sln]l NRE}
WRITE(ITAPEY((D1(1sJ)sdulsNU)ein]lsNRE)
WRITE(ITAPEI[(D2(IsJ)eJmled)elInleNRE)
WRITE(ITAPEIVW
DO 100 Lu2,4NDPTS
IF(IFB.EQ0) GOTO 20}
IF(LLEQsNDPTS) GOTO 11}
GOTO 10
201 CONTINUE
IF{L.EQe2) GOTO 10
GOTO 11
10 RRDT=1,/FMIL
GOTO 12
11 RRDTm1./FMIR

Figure 74. Subroutine DIFBC Program Listing
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12

T4
22
23
21

75
32
33
31

76
42
4]

T

CONTINUFE
READINTAPE Y (I {DACT o J) o Jdu T o NX) oIl phX)
READINTAPE ) ({DRYI(T s edmloNU) o Inl yNX)
READINTAPEYC((DR2(IsJ)sJml a3 ) sInlaNX)
READI(NTAPE)LIDR3{I o) adm1lsNW)olml yNX)
READ(NTAPEY L (DHYI(T 9 J)sJmleNX ) pIml y NIRE)
READINTAPE)((DDI{IsJ)sdmlaNli}elmlyMNRE)
READINTAPE) (L LDN2( T s o dm1s3) s Is1sNRE)

READ (NTAPE)NVW

PO 21 Tel,NX

NO T4 Jule3
NR2{1e N =DNA2 {1 o J)W¥NT

DO 22 JmlyNU
DEL{IwD)=DRY {1 J)%DT

DO 23 Js]laNW
DA3{I+JIwNB3(1JyeDT

DO 21 JmleNX

DA(T» J)=DALT o J)#DT

DO 31 T=alyMX

nO T8 J=lea

P2{Te 32 (R2( 12 )=DP2{ 1y J})#RRDNT
DO 22 J=14NU
R1I(TeJi={R1I{T s =1 (19J) ) %¥RRDT
NG 33 JUslyNy
E3{TeJd)alN3( 1 J)=D33(1sJ))RRRUT
DO 21 JmlaNX
A{Ta1=(A(TsJ)=DA(TJ) ) #RRDT

PO 41 I=1sNRF

NO 76 Jmle3
P2{TsJ1={DP (1 J1=DN2 {1 s ) )#BRDT
DO 47 J=1aNU
DI(Tad)=iDI{ T3 0)=DDY{s2))#RRDT
nO 41 J=1,NX

HI(T s JIs(HI( T 3 J)=DHI{T s 31} *RRDT
DO 1T 1=1,3

VHIT ) =(VW ({1 =DVW (1)) #RRDRT

7%
62
61

80

DO 79 Jmle3
BFASENIE DHEXSENE
DO 67 JalNU
DLETsJ)=RDYLT o)
NO /1 Jm]l,NX
Hi{T s =DHI( I o J)
NG 80 1=1,3 .
VWII)eDVW(T)Y

100 CONTINUE

WRITELITAPEY [ (AL sJd) sdmlaNX)olz1laMX)
WRITEIITAPE) ((BYITsJ)sJdmloMij)yIm] pnX)
WRITECITAPE) ((R2(TsJ)sJuls3)slnlpNX)
WRITE(ITAPE){(R3(sJ)oJuloNUolmlyNX}
WRITE(ITAPE) ({HY(TsJYeJdm1asNX )y Im]l ) NRE)
WRITELITAPE) (IDI{TsJ)eJmloMif)pIn]l o NRF)
WRITELITAPEI{(D2(1sJ)edm193)s]=1sMRE)
WRITELITAPF ) VY

REWIND TTAPF

RFEWIND MTARPF

RETURN

FND

WRITELITAPE) ((A{IsJ) s Jm1eNX)sIn19NX)

WRITEATITAPE P {(RI(]sJrsdmlaMU)sTm]lyNX)
VRITECITAPEYUURZ(I s aJuled)plimlonK)
WRITE(ITAPE)(IR3{IsJ)edmleNW)oInl NX)
WRITE(ITAPEI(IHI(TI s} e SmlsNX}slml,NRE)
WRITECITAPEY ({DY1(IsJ)edm)sNtilslnlyNRE)
WRITE(ITAPEY U {D2( 14 J)»J=193)9]ls1sNRE)
WRITE(ITAPE) VY

N0 %1 I=1yNX

NO 78 J=1,3

R2{1s 13DB2( 14 )

DO "2 J=1yNU

RI(Ts)sCRI(TI N

RO 53 JmlNw

BA(Ts0)=DN( 140!

D0 51 J=lueNX

AMIyJ)IsDA{LsI)

00O 81 1m]l4NRE

Figure 74. Subroutine DIFBC Program Listing (concluded)
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Subroutine BCOEF

Subroutine BCOEF generates the current value of linear data backward
in time from

fl) = £ -1)- 4 @)
where Af(t) is computed by the subroutine DIFBC.
The flow chart of the subroutine BCOEF is shown in Figure 75 and the

program listing in Figure 76.

Subroutine DIFG

Subroutine DIFG generates the current slope of controller gains from
AK@®) = [K@ - 1) - KW)]/AT

and stores them in a scratch tape, It basically performs the same function
as the subroutine DIFBC.

The flow chart of subroutine DIFG is shown in Figure 77 and the pro-
gram listing in Figure 78,

Subroutine RDWT

Subroutine RDWT transfers the linear data from one scraich tape to
another. Its flow chart is shown in Figure 79 and its program listing in
Figure 80.

Subroutine REVG

Subroutine REVG basically performs the same function as subroutine
REVS except it reverses in time the current slopes of controller gains
using

The flow chart of subroutine REVG is shown in Figure 81 and its program
listing in Figure 82.
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ENTER
TESTIFL=1

YES

TESTIFN=1

YES

SET AD = ALl

CONTINUE

!
computEEilEsz——

A=A-DA +|
B2~82-DB2
Bl=81~-DB1

v
compyre | 12/9, 8

D2=D2-DD2
D1l=D1-DB1
H1=H1-DH1

!
l\flPUTE !_ll

co
VW = VW - Bvw
RETURN

Figure 75. Subroutine BCOEF Flow
Diagram

B
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LS I SV I

11

12

10

SURROUTINE RCOFF(LeMN)

COMMON
COMMON
COMMON
COMMON
COMMON
COMMON
COMMON

A(l?al?)oDA(lTvlT!lBl‘l?oﬂ).DBl(l?th)|B2(170?)p032!1793)
BPB(Av#)oDQD(h-ﬁi:Hl{Zlle)-DH1(21o17)vﬁI(?1|4)pDDI(?1v&)
02(21v3}|DDZ(?1l3)'PV(17017)0KV(4;18)yFV(A)iGN(lTlvAD(lT)
VWI3) +51(21921) 5212152114531 21921)»8P(4917)sDR{4s21)
SUMI&sd) pKUAT4190121921) B3 {1 T3 )eDH301T93)sDKVILIR)

HX oNR s NUsNWa HRT s it s L sLRoMO 9141 s DT o MIL o M IR oNFREGe I TAPI ¢ NTAPF
XX!!T)OYYIIT);X(l?nl?)nRX(?lvl)|R{21ol}-W1l3|3}vN2l12012)

COMMON W313922)19H2(1291719RLI1T»12)
COMMON NME#NRE$NRALCFVIS& ) 9DV (3)
RFEAL KV

IF(L=1)39103
IF{M=1)302s%

PO 4 TsleNX

AD(TY=A{Is1

CONTINUFE

N0 § I=1sNX

AN I1=AR(]1)=DA(I,1)
AtTo7imAD{T)+1.

Do & I=1aNX

PO 11 Jmle3d
A2{TeJy=R2(I e D)=BNRZ{Ied)
PO T J=isNU
B1{1sJIaBYI(T o )=DR1IT o)
nO & JmleMNX

IF(1.FNeJY GOTO &

A TsJ)aA(lsdt=DAITsJ)
COMTINUE

NO 8 I=1sNR

DO 12 J=1,3
D2(T1sJ1=D2(1 s J)=DD2(1sJ}
DO 9 J=1gNU

D101 J)=DI{T s )=DD1(T s}
NGO 7 JalsNX
HI(ToJ)eHI(T s J¥=DHI{IJd)
PO 10 T=143

YUl T =VW{T)=DVIIT)

RETURN
FND

Figure 76. Subroutine BCOEF Program Listing
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ENTER

REWIND NTAPE, KTA%

!

NX1=NX+1
FMIL = MIL
FMIR = MIR

¢

READ NTAPE
Ky

!

WRITE KTAPE
Kv

Figure 77.

}

DO 100 L= 2, NDPTS

GO TO 11

YES

TESTIFL=2

10
RRDT = 1/FMIL e

L

i

RRDT = 1/FMIR

v

112]

[

CONTINUE

¢

READ NTAPE
DKV

!

20

KV = {KV-DKVIRRDT

v

WRITE KTAPE )
KV

v

SET Kv = DKV

v

100

CONTINUE

'

WRITE KTAPE
KV

Subroutine DIFG Flow Diagram
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10

11
12

21
100

SURROUTINE DIFGIKTAPFSNDPTS)

COMMON
COMMON
COMMON
COMMON
COMMON
COMMON
COMMON
COMMON
COMYON

AC17o1T)19DALYIT 1T )9BL 0TI 7o) s DBI{ITo4)9H2{1793719012(17+3)
BPBla+4)sDAD (4341 vHY{213 17 9DHI(21417)sD1{2134)sDD1121s4)
D2(02193)sDD2(2193)sPVIIT 17V oKV (418 oFVIA)sGNILTYsATI1T)
VW3] 951(21921) 5202192114520 21921)sBPI4s1T7)+0314421)
SUMTGra)sKWATL)s0(21521)9B3(1792)9DB3(17+3)eNKVIGs12)

NXgHR s NUSNWoMRT s NMa Lo RaMO 911 o DT oMIL oM IRINFREUS ITAPE ¢NTAPE
XXCIT)aYYL1T) o X (17937 )oRX(21 02 )sR{I2151)9W10243)9%2(124172)
WAR(3s12)eH2(1292T7)sRL {17917

NMEsMRF oMNRRyDFVL4 ) sDVW I D)

RFAL vV

REWIMD

NTAPF

RFWIND KTAFPF

NX1=NX+1

FMIL=MIL

FMIRaMIR

READINTAPEY CIKVITsJdsJ=1onX1) e I=lsM)
WRITE(KTAPE) ((KV{IsJYsJ=1sNX1)s1=1,NU)
DO 100 L=2sNDPTS

IF(L+EQe2) GOTO 10

GOTO 11
RRDT=1,

/FMIL

GOTO 12

RRDT=1,

/FMIR

CONTINUE

READINTAPEY {{DKV{TIaJtoJdmlaNX1)sI=14hU)
NG 20 Ial,NU

DO 20 J=]1.NX]
KVIToJ¥={KVIT o )=DEVIT,30) #RRDT
WRITE(KTAPE) ({KVIiTsd)aJdz=loNX1)sIm] NU)
DO 21 (=1sNU

NG 21 J=1l.MX1

KVITa1=DKVIT v )

CONTINUE
WRITFIKTAPE) LIKVIT s J) s JdmTaNX1)eI=]4NU)

RETURN
END

Figure 78. Subroutine DIFG Program Listing
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10

REWIND LTAPE, MTA PE)

Y

DO 10 L =1, NNNN

READ LTAPE
A, Bl, B2, B3, H1, D1, D2, WW

WRITE MTAPE _
A B, B2, B3, H1, DL D2, W Figure 79, Subroutine RDWT Flow
Diagram

h 4

10
CONTINUE

SUBROUTINE RDWTI{LTAPE»MTAPE sNMNNN)

COMMON A{17s17)sDACTI791 7101 (27941 oDBIL1T44)oN2(1Te3)sDR2{17+3}
COMMON BPBl4s4)sDAD(As4) sHI{21917)sDHI{21 3171 sD82194)9DD1(2]1s4)
COMMON D2(21+3)eDD2(2193)sPVI1Te17) sKVI4318)aFVIGIsGNILITI LADIL1TY
COMMON VWI(3) ’51(21!21}aSZ(?iiZJ)y53(21!21);BP(“|17I’DQ(4321)
COMMON SUMI4 4} sKWA(L) 9Q12121) 98341 793)sD3(1T93)sDKVI4s18)
COMMON NX.NR’NU9NW0NRTONM;LW!LRuMOsMI9DT$MIL!HIR,NFREQ:ITAPEQHTQPF
COMMON XX(IT"YYCIT)QX(17’17)’RX(21’1)'R(2191)9W1(3n3)9H2112|121
COMMON W3(3+12)1eH2{1251T7)sRL{17s12})

COMMON NME g HREF ¢MNRE s RFV LAY oDVWI )

REAL KV

REWIND LTAPF

REWIND MTAPE

DO 10 L=1sNNNN

READILTAPEI{ AT s ) s =l aNX)alalyNX)
READ(LTAPEI{(R1{T+J) s mTsNUYsI=loNX}
READ(LTAPE){(82(1sJ) e m193)slm1eMX)

READ(LTAPENI((B3(I sl e d=1sNW}sIm1oNX)
READ(LTAPEY{{HI(T»J) s mloNX)sI=1oNRE)
READ(LTAPEY((DI{Twdlsd=1sMU)sI=1sNR])
READ(LTAPEY{(D2{T143)9J=21s3)s]=1sNRE)

READILTAPE VW

WRITF(MTAPEI ( (A(T oSt eJdalsNX)IslmlpNX)
WRITE(MTAPE) ((RI{I s ) s =1 sNUY pIm] 4NX)
WRITE(MTAPE){(R2{IsJ)s =193 el=lsNX)

WRITEAMTAPEY ((R3(I+J)sdxlslWlelnlNX)

WRITE (MTAPE) ( (HI(T s J)pdmlaNX)sTnl NRF)

WRITE(MTAPE) ((D1{Tsd)sdmlsNi) s I=]14NRE)

WRITEAMTAPE} (UD2(1sJ)sd=1s3)sl=l1sNRE)

WRITE(MTAPEIVW

CONTINUE

RETURN

END

Figure 80. Subroutine RDWT Program Listing
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ENTER

NX1=NX+1

:

REWIND LTAPE, MTAPE)

Y

DO 1 L~=1, NDPTS

¥

LJ = NDPTS-L+ 1

¥

—MD02 K=1,M

'

2] READ LTAPE
KV

!

WRITE MTAPE
KV

!

REWIND LTAPE

'
1]

CONTINUE

'

REWIND MTAPE

RETURN

Figure 81. Subroutine REVG Flow Diagram
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™~

SUBPOUTINE REVGILTAPESMTAPFIADPTS)

COMMON A(LT79171sDACITeLlTeH1{1Tsa)oDEL(1T ok} »fi2{1703)9DB2{17+3)
COMMON BPBLAs4)eNAN4s4 ) sHI(2181T)sDHI(2191T1aDI{214839D01(2144)
COMMON DZ2(2193)1sND24{21 931 9PVIITs1T) o KV{As18)+FY(4)sGNIL1TIWADIYT)
COMMON VH(3) #51621921)527022021)952(2121),RE(4+17)s00(8y21)
COMMON SUM{& 94 ) sKWATA)»Q{21321)sB3(1793)sDB3{1793)1s0KV4s17)
COMMON NXgNK o NUsMId o MRT s Mw LW o LRy MO M I oDT s MIL s MTIRo NFREQe I TAPE 9 NTAPK
COMMON XX{1T7)sYY{17)oX (1791 7)sRX(2191)1sR(21511sW1{343)9W2(12+12)
COMMON W3(3s12)+H2(12»17)sRLI1T+12)

COMMON NMESsMRESMRBsDFVI4 ) eDVW(3)

REAL KV

MX1=NX+1

REWIND LTAPE

REWIND MTAPE

DO 1 L=1sNDPTS

JUSNDPTS=L+1

N ? KxlodJ

READ(LTAPEY { (KVIIoJd)aJda1oNX1)eIml nU)
WRITEAMTAPE) ((KVIIsJ) e d=1eNX1) s Im1oNU)

REWIMD LTAPF

CONTIMUE

REWIND MTAPE

RETURN

EMND

Figure 82, Subroutine REVG Program Listing



Subroutine FCOEF

Subroutine FCOEF generates the current value of the forward time linear
data from

flky = f(k - 1)+ Af (k)
The flow diagram of subroutine FCOEF is shown in Figure 83 and the
program listing in Figure 84.
ADAP 2 AUXILIARY SUBROUTINES

Subroutine MP

Subroutine MP prints the matrix quantities., Each row of printed matrix
is identified. Its flow chart is shown in Figure 85 and its program listing in
Figure 86,

Subroutine INPT

Subroutine INPT reads in matrices from cards, Each nonzero element
of a matrix is identified by its row and column indices. Up to five elements
can be input on one card.

The flow chart of subroutine INPT is shown in Figure 87 and the program
listing in Figure 88.

Subroutine OQUTP

Subroutine OUTP punches matrices into cards. Its flow chart is shown
in Figure 89 and its program listing in Figure 90,

Subroutine TDINVR

Subroutine TDINVR is a general-purpose matrix inversion subroutine.
It uses the Gaussian reduction, Its program listing is shown in Figure 91.
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ENTER

5,11,7,8,6
COMPUTE I_

A=A+DA+]
B2=B2 +DBL
Bl=B81+DBl
B3-8B3 +DB3

¥
COMPUTE l—13‘10’9

D2=(D2) +(DD2}
b1={p1)+{DD1)
H1=H1 +DH1

¥
COMPUTE [24]

VW - VIW + DVW
12
COMPUTE [22]
FV = FV + DFV
KV = KV + DKV

Figure 83. Subroutine FCOEF Flow
Diagram
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11

13
1o

14

12

SUBROUT
COMMON

COMMON

COMMON

COMMON

COMMON

COMMON

COMMON

COMMON

COMMON

REAL KV
nO 5 =
AD{T)=A
AlT 9T )m
N5 I=
no 11 J
N2{T+
no v J=
R1(T1sJ)
DO A J=
B30Ty )
DC &6 J=
TF{iaFC
Allsdl=
COMTINU
No 9 I=
no 13
N2(1s )
"o 10 J
N1(T+J)
nc g J
H1{1sJ)
ne 14 1
VH(T) =V
po o121
FV{T)=sF
no 12

INF FCOFF{L)
A(l?llT)!DA(17!17)!R1(}7t4}’031(17i¢)oﬁ?(1703)|082(17|3)
BPB(A!4):DUD(4Q4]|H1(21I17)sDH1(21!17)|D1(21’4)rDDl(ZT|4)
DZ(ZIQB)»DD?(?IOBJOPV(17117),KV(4;15)'FV(h!oGN(17),AD(17)
Vw(a) -Sl(Zlv?l)|S2(?1o?])953(?1|?1)’RP(4¢ITI|DQ(4991)
SUM(A:#[&KHA(A)vO(Jl.ZI)lﬁ%(l?;B)oOH?(]7;3)|DKV(¢b18)
NXQNR’NUINH!NRTDNMILHOLR!HO.MIlDTiMIL.M!RINFREQ!ITAPt,NTﬂPE
XX(I?!vYY(l?!vX(I?;lT)vRX(ZI!lloRIEl-l)9N1(3'3)¢W2{1?’12)
W3(3s12)sH2(12¢17)19BL{1T 912}

WME s HRE gNRBeDFVI4 e DVII{ 3}

1anx

DIIY+DA(TL1)
AD{TY+1,

TaNX

=143
=RA2(T o+ JI+DB2 {1
1N
=R1(T s JI+DBYI(] )
1aNW
sB3(] s I+NR3(19J}
1aNX

«J) GOTO &
AlTsJY+DALT o J)

E

1eNR

=13
2D2(T 2 JV140D2 (1 e )
=1 NI )
=DICI s N+ND1( T s )
=] 4 NX
=HI(I s JI4DHIE T Y
=143

wy+DVe( D)

=1 yNU

VITY+DFVILY

=] ¢NX

KVITodY=KVIT o JI+DKEVII )

RETURN
FMD

Figure 84. Subroutine FCOEF Program Listing
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#l DOL1 ii=1,i

WRITE ROW i I

WRITE
Atii, jid, §i = 1.i

Figure 85. Subroutine MP Flow
Diagram

SURROUTINE MP{KeLsloJsAll)
NIMFNSION AlKelL)

DO 1 Il=1,st

WRITFI{LWsS)II

FORMATISH ROW 1)
WRITE(LWe2Y(ALTITL s L) e JJUu) )}
FORMAT({10ElzZ.+ &)

RETURM

END

LY TR )

Figure 86, Subroutine MP Program
Listing




READ
1D41), JO), YDL1), ... , ID{5}, dD{5}, YD{5)

2

¥ YES
( TESTIFIDWI=0 )—
¥ NO

» D06 L=1,5

(TESTFIDD=0 ) YES

!
(TESTIFYDWL = 0 )ﬁ
)

SET
I = 10(L
J=JdD

!

STORE
Al D = YD)

CONTINUE [i

GOTO1

10
CONTINUE

SURRGUTINFE INPT(AsITyJJ)

Figure 87. Subroutine INPT Flow
Diagram

DIMENSION ACIToJJ)sINU5)edn(E)sYD(Y)

FORMAT(G{212sE124%))

1 READI5|ZlIﬁllchD(I?iYD(l’vID(Z)!JD‘Z)vYDlZ)!IDt3}|JDl3lvYD(S)q
II0{AY»dDLA) o YDUAY s IDIT) 0 D{E) o YD (5}

~

[ BN ]

IFUIDI1)13,10,%
DO & Lal§
IFLIDIL) VL4204
IFIYDILYITeSeY
I=1n(L)
JeJBiL)

AlTe Y=Y (LY
CONTINULE

GOTO 1
CONTIMUF
RETURN

FND Figure 88. Subroutine INPT Program Listing
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ENTER

SET ii=0

¥

Joi

DO 100 K

v

» DD 100 M=1,

]

+
(TESTIF iKW :DL

lNO

INCREMENT
iit=ii + 1

¥

SET

YD) = ¥ (K, M
ID i) = K

JD Giv=M

y

y

(rest W i <5 yEES—

:

PUNCH

ID{L, JOML), YD), L=1, iii

CONTINUE

Figure 89,

[200

¥

( TESTF i

YES

PUNCH
ID{L), JDIL), ¥D(L),

b
( RETURN ,

Subroutine OUTP Flow Diagram

212



SURROUTINF QUTP{TedeI1leJdleYsLP)
DIMENSTION YUIoJ)aYDIE)IDIS)»JIDI(S)
50 FORMATIS({2IRsF12.5))
1i11=0
NO 100 Kal,lt
DO 100 MeleJdJ
1IFIY(KsM)oEQaOe) GOTO 100
111alll+l
YOUITD)eY{KsM)
IDCITYymKk
JDETIY1yaM
IF{III4LTs%) GOTO 100
WRITELLPSOYLINIL o JRILY s YR IL)sLm1II 1)
11l=D
180 COMTIMUE
TIF{IT1.FQe0D) RFTURM
WRITE(LP«SO0YUIDCIL) o JDILYsYD(L Yol =1a111)
RETI'RN
&Tf\!D

Figure 80. Subroutine OUTP Program Listing
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10
11
12

13
14

15

16
17

18
19
20
21
22
23

24
25

26

27
28

30
31

SURROUTINE TDINVR{ISOL» INSOLNRsNCsA»“RASKWASDET)

DIMENSION A{(1)sKWA(L)
IR=NR

ISO0L =1

IDSOL=1

KK=2

JTF{NR) 61961911
IFIIR-MRA)12+12961
[C=TARS(NC)
IF(IC~IRY 13+14914
IC=1IR

I8MPal

JBMPEMRA

KBMP= BRMP+RMP
NES=]1R®JOMP
MET=IC*JBMP

IFINC) 15461916
MDIV=JRMP+1
IRIC=IR-IC

6o 10 17

MDIv=1l

MAD =sMDTV

MSER=1

KSFER=IR

M7z =X

NEFT=1,0

PIVs(OeD

I=M5ER

1F(1~KSER} 20920023
IF{ ABSTA(I)Y ) =PIVIZ22022+21
PIvse ABS{ALl}))

IP=1}

I=l4+IRMP

GO Tn 19

IF{PIVY 24+562424
IFINC)Y 26425425
I=IP«{(IP=1}/JRMP }RIRMP
Ja2MSER-( (MSER=1)/JRMP Y ® JRMP
JI=MEFR/KBMP + ]
IT=2JJ+{IP=-MSER)
KWA{JJ)I=11

GO TO 27

I=IP

J=MSER

IF{IP=-MSERY 61431528
IF{J=«NET} 729429,30
PSTO=A{L}

AlIYmA(J)}

Al J)1=PSTD

I=1+JBMP

J=J+ IBMP

GO0 TO 28

DET==DET
PSTO=A{MSER)

Figure 91.

Subroutine TDINVR Program Listing
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KK=2
GOTO(34¢33)+KK
33 GO TO 35
34 1DSOL=2
3% PSTOw1.,0/P5TO
AIMSERY=1,0
I=MDIV
36 IFt1=NFET) 3T7+379%9
37 AlI1=AL]}#PSTO :
1nleJOMP
GO TO 36
39 IFIMZ~KSER} &40.40¢45
40 IF(MZ=MSER) &1l.b4e41
&l 1=MAD
JeMDIV
PSTOmA(IMZ)
IELPSTO) 142shbkp142
142 AiMZ)=0.0
42 IF(J=NET) 43,42 044
43 AlIVmAt]l)=A{J)SPSTO
Ju ¢ JBMP
Isl 4+ BMP
GO TO 42
A& MADEMAD+1BMP
MlmMZ+I1BMP
GO TO »®
4% ¥XKm2
GOTO(630148) o KK
148 KSEReKSER+JBMP
IF{KSER=NES) A&6e456:53
&6 MSER=MSERMEBMP
IFI{NC) 48,4747
47 MD1vsMDIVaTAMP
MZs | (MSER=1)/.JBMP} & JaMP+]
MAD=1
60 TO 52
48 MDIVsMDIV+KAMP
IF{IRIC) 30249450
49 MI=MSER+IBMP

E

G0 T0 31 Labotimp
50 MZ=m{{MSER=1}/JEBMP)%JBMP 4] o0 TO 58
51 MADwMZ4JBMP 60 JR=JR=1
sS4 JR=IR GO TO 65
55 IFLUR) 61965+ 56 62 NET=0.0
88 JF(XKWALJIR)=JR} 61580+57 1S50L=2
57 Ku( JR=)}*JBMP INSOL =1

JK4IR GO TO AS

Le (KWALJR) =1 ) #)BMP+IR 63 150L=2
58 IF‘J‘K’ 61’60'59 IDSOL=?
59 PSTO=A(L) 65 RETUEN

AlL)mA(J) CND

At JysPSTO

Figure 91. Subroutine TDINVR Program Listing (concluded)
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SECTION V

ADAP 3 (PERK) - NONSTATIONARY WEAPON
PERFORMANCE PROGRAM

Program ADAP 3 implements the analysis developed in Section VIII of
Volume I, It is essentially a time varying linear system simulation program.,
It develops perturbation trajectories for the mean and covariance of system
state. In addition, it computes CEP performance measure, equivalent
weights of the quadratic cost, and optimal control weighting matrix and the
variance contribution matrix.

In this section input/output information is given first; then the main
program and its subroufines are described.

ADAP 3 INPUT/OUTPUT
INPUT DESCRIPTION
Input for ADAP 3 is in the form of cards and data stored in a permanent

disc file.

Card Data Input

The first group of cards to be read is cards 1-4 which provide basic
program data, Their formats are shown in Table XXV.

The next cardg in the data deck are the nonzero elements of the matrices
X,, Hg, Hy,, and24, These data cards are read by the matrix input sub-
routines INPT. The subroutine INPT and the associated data card format is
described in "Input ADAP 2 (DISCOP),"

Then the input cards for the vectors x,, f,., and £, are read. The format
for the first card of a vector input is shown in Table XXVI,

The input card for the scalars Etr and Etrz corresponding to the release-
time error follows the last card of vector inputs., The format for this card
is shown in Table XXVII,

The next two cards are for the state derivative components of the bomb
at impact point. The format for these is shown in Table XXVIII,

The last portion of the input data deck is for the matrices Xy and ¢, if
IRUN # 0,

Figure 92 illustrates the sequence in the input card deck,
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Table XXV, Format for ADAP 3 Data Input Cards 1-4

Card/Format Column | Quantity Description
1/(313) 1-3 N Number of integration steps/second

4-6 NX Number of state variables

709 NW Number of disturbances
2/(2E15. 8) 1-15 TR Release time

16-30 TF Impact time of weapon
3/(2012) 1-2 ISUF1

3-4 ISUF2

5-6 ISUF3

7-8 ISUF4

9-10 ISUF5

11-12 ISUF6

13-14 ISUF7

15-16 ISUF38

17-18 ISUF9

19-20 ISUF'10

21-22 ISUF11

23-24 ISUF12

25-26 ISUF13

27-28 ISUF14

29-30 ISUF15

31-32 ISUF16

33-34 ISUF17

35-36 ISUF18

37-38 ISUF19

39-40 ISUF20
4/(12) 1-2 IRUN IRUN = 0 Integrate to obtain X; and ¢

IRUN #0 Read in X, and ¢

f
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Table XXVI. Format for First Card of a Vector Input [ Format (5E12, 5)]

Column | Quantity Description

1-12 V(1) Value of the first component of a vector
13-24 V{(2) Value of the second component of a vector
25-36 V(3) Value of the third component of a vector
37-48 V(4) Value of the fourth component of a vector
49-60 V(5) Value of the fifth component of a vector

Table XXVII. Format for Release-Time Error Input Card [Format (2E12. 5)]

Column | Quantity Description
1-12 DELTR Mean value of the release-time error
13-24 DELTRS| Mean square value of the release~time error

Table XXVIII. Format for Bomb Component Input Cards [ Format (2E11. 4)]

Column | Quantity Description

1-11 FTF(1) x (t;)
12-22 FTF(2) h (¢
23-33 FTF(3) | @ (t)
34-44 | FTE(4) | 6 (t
45-55 FTF(5) q (te)

Column | Quantity Description

1-11 FTF(6) w (t;)
12-22 FTF(7) Sze(tf)
23-33 FTF(8) V(L)
34-44 FTF(9) r (tg)

45-55 FTF(10) v (t
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Figure 92, ADAP 3 Input Card Deck
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Permanent Disc File Input

Permanent-file input occurs first in the main program, just before the
outer loop is entered, and is called for only if IRUN = 0, If it is so, the
linear data (¥, G) obtained during ADAP 1 run for weapon are read in for the
first two time points after release. Data inputs for the subsequent time
points occur just before the new outer-loop computations begin,

OUTPUT DESCRIPTION
The output from ADAP 3 is in print and punched-card form.

The input parameters, NX, NW, N, TR, TF and input matrix X, are
printed after card inputs,

The computed quantities, Xe ¢, B, V, X . Siv’ CEPH, CEPV, Qg QV’

CEPy. CEPV are all printed outf at the nominal impact time 1z,

The punched-card output occurs at the end of an ADAP 3 run., If IRUN=0,
the X¢, ¢ and Qi matrices are punched, If IRUN # 0 only the Qg matrix is
punched,

ADAP 3 PROGRAM DESCRIPTION

ADAP 3 MAIN PROGRAM

The ADAP 3 main program accepts the release covariance of a weapon
and propagates it to the impact. Its functional flow diagram is shown in
Figure 93. At the start, initial parameters are read and printed out, Then
all matrix locations are cleared and the necessary input data for the bomb
release covariance computation are input., The release covariance of air-
craft X, is printed out, and the rows and columns of two states corresponding
to roll (p,¢) are deleted, since the weapon itself does not have roll data and
corresponding differential equations. Then the initial mean state and
covariance of the bomb are calculated. If IRUN = 0, the covariance differen-
tial equation with zero initial condition is integrated to obtain the forced

covariance matrix Xe., At the same time the fundamental matrix (transition
matrix) of the weapon is computed. This is used to propagate the homoge-

neous covariance matrix to impact, Both matrices, Xgand ¢, are printed
out at the impact point. Also, the total covariance is computed and printed
out.
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START

READ N, NX, NW, TR,
TF, IRUN, ISUF

T

PRINT NX, NW, N, TR, TF

'

5, &, 7, 3005

ZERC ALL ARRAYS

v

READ IN X, Hg, H, %,
MR
o8 T, Bt 6028, 4

v

3001, 3002

PRINT Xr
REDUCE X,

17 x 17 T0 15 x 15 BY
DELETING p AND @
TATES

S
402, 403, 404, 405,
607, 508

COMPUTE INITIAL
MEAN STATE AND
COVARIANCE OF
BOMB

200, 100, 101, 1¢2, 103, 104,
105, 205, 202, 201

INTEGRATE COVARIANCE
EQUATION TO OBTAIN x; AND

§= F$TO OBTAIN DATA
TRANSITION MATRIX ¢

PRINT MATRICES
X AND ;

¢

460, 461, 462

COMPUTE
X(Tg AND PRINT

v

_ _3061,3062, 3063 __
COMPUTE AND PRINT VARIANCE
CONTRIBUTION MATRIX E, AND
NORMALIZED VARIANCE
CONTRIBUTION MATRIX V

'

715,716, 717, 718,
719, 723, 724, 725,
726

COMPUTE AND PRINT
Xyyo Xy, CEPy, CEPy

COMPUTE AND PRINT

Qu Qy, AND APPROX~ _,@
IMATE CEP,,, CEP,,

READ X; AND :

3 NO PUNCH
{RUN # Q X, AND 2

3

ES

EXPAND QH FROM 15 x 15 10

17 x 17 AND PUNCH @y

STOP 77

Figure 93. ADAP 3 (PERK) Functional Diagram
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If IREAD # 0 then the program reads Xf and ¢ which are punched on
cards from the previous ADAP 3 run, in this case integration is not needed,
From the nominal impact covariance several auxiliary data are derived,
First the variance contribution and the normalized variance contribution
matrices are computed and printed out. Then the horizontal and vertical
impact covariance matrices and corresponding CEPs are calculated and
printed out. Next the optimal control weighting matrices and approximate
CEP calculations are made., Near the end, the IRUN switch is tested, If
IRUN = 0, X; and ¢ are punched. If not only the weighting matrix Qg is
punched on cards after it is expanded to the full matrix corresponding to the
aircraft data {rows and columns corresponding to p, ¢ are provided),

The program has two basic loops, the integration loop and the data up-
date loop. Data update time AT, is 1 second. Integration step size At is
0.01 second. Data outputting interval AT, is 0.1 second. The time-varying
coefficient matrices for integration are obtained by a linear interpolation
between data points and are assumed to be constant during the integration

interval.

Figure 94 illustrates data updating, integration and outputting processes
for arbitrary step sizes.

A DATA
FK1
EFK 4
/
NN=1 NN=1 NN=N ¢
tr lr+1 —wit L— te

e

v ' 4 ¢ y

KiK=1 2 K K+1 KB1G KB1G1
AT,

O S O O A A

Figure 94, ADAP 3 Data Update, Integration and
Outputting
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The detailed flow chart for ADAP 3 is shown in Figure 95 and the pro-
gram listing in Figure 96, Symbols are listed in Table XXIX, ADAP 3
subroutines are listed and described briefly in Table XXX, The auxiliary
subroutines INPT, MP and OUTP are similar to those of ADAP 2 described
in Section IV,

ADAP 3 SUBROUTINES

Subroutine SHUF

Subroutine SHUF generates the shuffled linear data for the weapon, Its
program listing is given in Figure 97 and its symbols are listed in
Table XXXI,

Subroutine INTEG

Subroutine INTEG integrates X and ¢ equations for one integration step
using Adams open quadrature formula given in Section III of Volume I. Its
flow chart is shown in Figure 98 and its program listing in Figure 99.
Symbols are listed in Table XXXII,

Subroutine DIFF

Subroutine DIFF generates the forward difference of linear data corres-
ponding to 1-second intervals, It also generates the current value of data at
each integration step. Its flow chart is shown in Figure 100 and its program
listing in Figure 101, Symbols are listed in Table XXXIII,

Subroutine CEPC

Subroutine CEPC generates the CEP performance measure (circular
error probable)., It implements the analysis given in Section VIII of
Volume I, Its flow diagram is shown in Figure 102 and its program listing
in Figure 103, Symbols are listed in Table XXXIV,
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START

SETPl=1p
Pl2=r/2
ITAPE= 2

REWIND ITAPE
Lw=29

LR=35

b

READ, WRITE

NUMBER OF STATES NX, NUMBER OF
DISTURBANCE NW, NUMBER OF
TEGRATION STEPS N

L2

r

READ, WRITE
RELEASE TIME TR,
ACT TIME TF

ls%

2013

READ ISUF

— T

3003
READ IRUN

'

KBIG=TF - TR
KBIGL = KBIG + 1

v

ZERQ ALL MATRICES

E, ¥, QHO, QVO, XIR, § XRP, SFR

[ 3060, 5, 6, 7, 3005

XRP, HB, HR, SIGR, FK, FK1, DF, X, XDN, XDNM1

FT, PHI, PHIDN, PHIDNM1

G3K1, G3K, DG3, G3T, W, XR

Y

SET

480

®

READ XR, HB, HR l

READ
XBAR, SFR, XIR

READ
DELTR, DELTRS

READ FTF

]713:

WRITE XR

SYMMETRIZE |411, 3004
XR AND

v

COLUMNS AND ROWS
IN XR MATRIX

3001, 3002

ELIMINATE 11 AND 12

v

COMPUTE

SXRP = (HB)XBAR + (SFRIDELTR)) +(HR}XIR)

402

}

403™

WRITE INITIAL MEAN STATE OF BOMB SXRP

COMPUTE

[404]

D = (HRUSIGR}

D = (HB)[ (XR} + (SFRYSFR)ADELTRS)
COMPUTE 405
SYMMETRIC MATRIX
XRP = Q)HB}’

COMPUTE {407

COMPUTE
SYMMETRIC MATRIX
XRP = XRP + {DXHR"}

428, 429

!

we

INITIAL COVERIANCE QF BOMB XRP

Figure 95. ADAP 3 Main Program Flow Diagram
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YES .
(TEST IF IRUN=0 )—— (‘?——’ DO 200 KK = 1, KBIGL

OUTER LOOP &
SET NNOUT=101

READ X = Xf,PHl

i )

SET TIME = TR DO 100 NN=1N

!

NO
-
GOTO 5000 —-@ ( TESTIF KK -1
lYES
] ( TESTIFNN-1 _)E»
3050 ;
CONTINUE e
T YES
SET 13,104,10
READ ITAPE P EK
FK, 63K, FK1, G3K1 Rl Fea
‘ Lot L
03
SHUFFLE FK, FK1,G3K,G3K1 CONTINUE  |#
DELT - 1/FLN
DELTH = (0.5) DELT CALL INTEG

! ¥

SET PHI=1 CALL DIFF

y
é) (TestiF NN<NN0UD—Y§

&NO
comm‘ﬁatoﬂ
¥

X¥YZ = KK-1
XYW = NN

TIME = XYZ + OCYW)(DELT)
NNOUT = NNOUT +50

!
0
CONTII\’Th'EO_—‘

®

Figure 95. ADAP 3 Main Program Flow Diagram (continued)

3
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KLTEST IF KK # KBIG )
LNO

COMPUTE
XX =TF = TR - F KBIG

¥

I

DELT = XX/FLN
DELTH = (0.5XDELT)

205

r
@sr IF KK = KBIGL )£

:

AGE

FK = FK1, G3K = G3K1
READ ITAPE
FK1, G3K1 )

SHUFFLE FK1, G3K1

200

YES
(TESTIFXX=0 -

CONTINUE -

?

TN
WRITE 3049, 301

XSUBF MATRIX, TIME
PHI (T, TR) MATRIX

v

cowpute 1460
D = (PHIXXRP)

!
461, 462

COMPUTE SYMMETRIC MATRIX
XR=XR +(D}PHD'

WRITE
X(TY MATRIX = XR
v
COMPUTE ROW VECTORS 306l
el=%L alj}(zlk)(XRP)kj
e2= ZIo 5o )KRPI]
ed= E)::@Tj)(m-,k?(xRP)kj

COMPUTE ROW Sum  |2062 |
Si= Leij

v

COMPUTE 3063

¥
®—> coNTu!.T‘?J'gﬂ

&

Figure 95. ADAP 3 Main Program Flow Diagram (continued)



7 ?

722
SET 715,716 CONTINUE L—

HE=1, HR = | i
717 CALL CEPC
COMPUTE I = 1,NX
iR i e
T AT 2030
1 MWRITE CEP HORIZONTAL = CEP(1)
COMPUTE 718 !
D = (HBIXR) compute  L723]
T D = (HRYXR)
!
gompute  L128
] 3IGR - (DXHR ")
720N v
WRITE XSUBH WIG MATRIX = SIGR
SIG) - VSIGR(L,D)
v SIGr = VIGRT, D
Sie1- JSTEROT SIGG3) = VEIGRIZ, D
SIG2= VSIGRT, T
SIG3 = JSIGR(Z,2) ( TEST FF SIGR(2,2) < SIGR(7, D) )E
) Ny
~ YES
( TEST IF SIGRCL,L) < SIGR(Z, 7} ) ARV = 272
lNO QYV =y
SET
Rz GOTO 726
GOTO722 ) _
Qyv=q/2 d
SET 721 1
H= "
QYH = o/2 continue =262 |4

& &

Figure 95. ADAP 3 Main Program Flow Diagram (continued)
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WRITE 72 1E
XSUBY WIG MATRIX = SIGR WEIGHTING MATRIX QH
WRITE
CALL CEPC WEIGHTING MATRIX ij
WRITE 2031 -
CEP VERTICAL = CEP(2) CEPH = y U /7
‘ CEPV = /V/r
SET !
QHO(L) = QXH
QHO(7) = QYH WRITE 465
Vo guy QH{1,1), QH(7,7), QV(2,2), QV(7,D)
! WRITE
COMPUTE | 728 JSUBH, JSUBY

D = (HB)(QHOXHB)
SIGR = (HR) {QVOXHR)
WRITE

¢ APPROXIMATE CEPH

APPROXIMATE CEPV
COMPUTE RED);
JH tr OXRYD)

WV = tr XRYSIGR)
(TESTIFRUN S0 TES
5

¥
COMPUTE [730;

QH = (PHD{DYPHD
QV = (PHD/(SIGRPHD PUNCH XF, PHi

® ;
CONTINY EIE‘090

!

|5070, 5073 q
ENLARGE QR

Q
FROM 15 x 15 TO 17 x 17

4

PUNCH QH

SO

Figure 95. ADAP 3 Main Program Flow Diagram (concluded)
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PROGRAM ADAP3{INPUTsOUTPUTPUNCH» TAPES=INPUT»TAPEZ=0UTPUT»TAPE3=PU
INCH»TAPEZ2)

DIMENSION E{(3s15)sVI3915)55(3)

DIMENSION DU 20+20)»I5UF(20)

DIMENSION FTF(1D)

COMMON FK{20920)sFK1(20+20)sFT(15415)sDF(15+15)sX{15215)19XR{17417)
COMMON XDN{15s15)1sXDNMI{15915)ePHI(15415)PHIDN{15»15)

COMMON PHIDNM1(15515)sG3K{2004)»G3K1(20+4)9G3T(2004)sDG3(20r4)
COMMON C(2044)sWlLs&) s XBARI15)sYWB(12)9S1GI3)sCEP(2)

COMMON NXsNWoNsTFes TRIKBIGIDELT»DELTHLWSLRyITAPE

COMMON XRP(20320) oSXRP(20)9SFRIZ20)pHB(15+15)sHRI15s15)+5IGR{15415)
COMMON XIR(20),QHOT20)sQVOL20)sQH{20+20)4QV (20,20}

REAL JHsJV

PIu3,1415926%

Pl2uPl/2.

ITAPE=2

REWIND ITAPE

LW=g

LP=3

LR=S

READ(LRs1?) NsNXsNW

1 FORMAT({313)

WRITE(LWI2INXsNWsN

2 FORMAT(1H1/7X+18H NUMBER OF STATES=12/TX»24H NUMBER OF DISTURBANCE

1Su12/TXe34H NUMBER OF INTEGRATION STEPS/SEC.=13/)

READ(LRe3)TRTF

3 FORMAT(2E15,.8)

WRITE(LWsa)TRWTF

4 FORMAT{/TXs14H RELEASE TIME=E15.8/7Xs13H IMPACT TIME=E15.8/}

2013
3003

READ{5+2013) ISUF
FORMAT(2012)
READ{LR»3003) IRUN
FORMATI T2}
KBIGsTF=TR
KBI1G1=KBIG+1

¢ ZERO ALL ARRAYS

C

3060

DO 2060 I=mls3
S5{1)mD,

DO 3040 Jml415
EtleJ)=n0s
VileJinOs
CONTINUE

DO 6 I=1sNX
QHO (1 )=Ds
QVO{Iin0a
XIR(I)=0q
SXRPLTI1n0,
SFR{1}1=0,

DO 8 JmloNX
XRP{1sJ)=0.
HB{ 19 J)u0y,
HR{1sJ)m0,

SIGR(IsJ)=0, Figure 96. ADAP 3 Main Program Input/Output

Listing
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FK(1sJ)=0,
FKI{IeJd)=p,
DFlIsJ)1=D,
X(1sJ)=0,
XDN{TsJYm0,
XDNM1(fsJ)m0,
FT{lsJ)m0,
PHI{Y»J) =D,
PHIDN(Ts J)n0,
5 PHIDNMI(!,J)imq,
DO & JUwlNW
G3K1(1e+J)mp,
G3K{IsJ}mg,
DG3I(IsJ)=0,
& G3T{IvJ1wD,
DO 7 Ixl1sNW
DO 7 JmlsNW
T Wilat)x0,
DO 4B0 I=lNW
480 Wilsl)ml,
DO 3005 1=1,17
PO 3008 J=1417
3005 XR(1sJ)=0,
C
C READ IN X sH sH sX oF XI +SIG oDELT
C R B R R R R R
CALL INPT{XR»17s17)
CALL INPT{HR,15,15%)
CALL INPT(HR»15s15)
CALL INPT(SIGRs15,158)
READ(LR»&00) { XBAR{ IV s I=] 4NX}
READ(LR!#OO!(SFR(I)DliliNX)
READ(LR’“OO"XIR(I’*IEI’NX)
400 FORMAT{5E12.5)
READILR+401)IDELTRLNELTRS
401 FORMAT{2F1245)
READ(LR» 713} (FTF{I)siv1,10)
713 FORMAT{SE1l.4)
DO 411 I=1,17
DO 411 Jmste17
411 XR{JpI3mXR{IsJ)
WRITE(LW+3004)
3004 FORMAT(1H1/7Xs10H XR MATRIX/)
CALL MP{17o17sNXsNXsXR)
€ REDUCE XR FROM 17BY17 TO 1%BY1S
DO 3001 I=lslp
PO 3001 J=13,17
JJm 2
XR{TsJJ)2XR(T,4J)
XROJI1)eXR{ 1)
3001 CONTINUFE
DO 3002 I=13,17
IIml=2
DO 3002 J=13,17

R

Figure 96. ADAP 3 Main Program Input/Output Listing
{continued)
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JJ= j-2
3002 XR{I1»Jd N =X{1,J)
c
C COMPUTE INITIAL STATE MEAN AND COVARIANCE OF B0OMR
c
DO 402 I=l4MX
SXRP{1)=20.
PO 402 Jx1sNX
402 SXRPIII=SXRP{II+HBII s I #(XRAR{JI+SFRIJIMDELTRIHHR{T 4 JI*XIR(JY
WRITE(LWs&03) ISXRP(I)al=laNX)
407 FORMAT(IHYI/TX»2TH INITIAL MEAN STATE OF ROMB/{E?5.8))
DO 404 I=m)eMNX
DO 404 J=1,NX
D{Is 1m0
DO 404 KmlgNX
406 DI J)nD{IsJI4+HBII 4K} #(XRIKyJ)+SFRIKI*SFR{J}=DELTRS)
DO 405 1m1eNX
DO 40% J=mlaNX
XRP (I +J)e0.
XRP({ JsT)=0,
DO 40% K=1lsNX
405 XRP(IsJIaXRP (T2 J}4D{1 I #HA(JI4K)
DO 407 I=1sNX
DO 407 J=lNX
D{IsJ)n0,
DO 407 KmlyNX
407 DU o J)mDIT s d)4+HRIIHKIRSIGRIK»J)
DO 408 I=1eNX
DO 408 J=Ie¢NX
DO 409 K=mlsNX
409 XRP{I»JY=XRPUI 214D (I oK) #HR{J9K)
408 XRP{Js11=XRP{14J)
WRITE{LWsal10)
410 FORMAT({IH1/TXs27H INITIAL COVARIANCE OF BOMR/}
CALL MP{20+20sNXoNXsXRP}Y

C
C READ FITR)+F{TR+1)+G3{TR)+G3(TR+1)}
C
IF{IRUN.EQ.0) GOTO 30350
CALL INPT({X»15415)
CALL INPT(PHI»154+15)
TIME=TR
GOTO 5000
3050 CONTINUE
READIITAPEYFK

READIITAPEIG3K

READLITAPEIFK]

READ(ITAPE)G3K]

CALL SHUFIFX 920920+ 121SUF20+204D)
CALL SHUF(FK 1204520513 1SUFs20,20eD),
CALL SHUF{G3K+20s432915UF920s4D)
CALL SHUF{G3K1,20s4929I5UF+20444D)
FLN=N

DEL Tml,/FLN

Figure 96, ADAP 3 Main Program Input/Output Listing
{continued)
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10l
1p2

105

104
103

4000

100

205
C AGE

201

202

200
5co0

300

301
C

DELTH=.5%DFL T

PO 8 IxlsNX

PHI(Is10=1,

N0 200 KX=1,KRIG]
NNOUT=101

0O 100 NN=1,N
IF{KK~11103+1015103
TF(NN=1)103+102,1013

DO 104 I=1,.NX

DO 1053 J=1,NX
FT{I+J1=FKLT s )

DO 104 J=l.NW
GAITII s N =G Ty
CONTINUE

CALL INTEGIKKNN)

CALL DIFF{KK s NN)
IFINNJLT4NNOUTY GOTO 4000
CONTINUE

XYZmEKK=1

XYWaNN
TIME=XYZ+XYW#DELT
NNOUT=NNOUT+50

CONTINUE

IF{XKeNESKBIG) GOTO 205%
FKBIG=KB1G
XX=TF=TR~FKAIG
IF{XX<EQa04}) GOTO 5000
DELTuXX/FLN

DEL THm= S%DEL T
IF{KK<EQWaKBIG1}) GOTO 200

DATA POINT3AND READ IN NEXT DATA

DO 202 I=14NX

DO 201 Jx),NX

FRETsJY=FK1(1,5.4)

DO 202 Jel.NW

G3K{1s.)mB3K1(s)

READ(ITAPEYFKY

READ{ITAPE}IGIK]

CALL SHUFIFKIl20020l1915UF;20020iD}
CALL SHUF(G3Klv20$4|2’15UF:20t4:D)
CONTINUE

CONTINUE

WRITE!LW+300)TIME

FORMAT{1H1/7Xs16H XSUBF MATRIX TRFBe2/)

CALL MP(154154NXyNXeX)

WRITE(LWs301)

FORMAT(IHI/TX 184 PHI{(T sTR) MATRIX/)
CALL MP{15515,NXsNXsPHI

C COMPUTE X{T) TOTAL

C

Figure 96,

DO 460 T=1,NX

ADAP 3 Main Program Input/Qutput Listing

(continued)
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N0 460 J=1lyNX
DfI’J}*Oo
DO 460 K=)lsNX
460 DUI4JImDUI s JI4+PHI{ T oK IHXRP{K 5 S)
DO 461 I=1eNX
DO 461 J=T.NX
XRU{Te1mX{T4s.J)
NO 462 K=lNX
462 XRUT¢ IaXR{T»JI4DIIsKI%XPHI{JeE)
681 XRIJsI¥=XR{TI )
WRITE(LW2463)
463 FORMAT(IH1/7Xs12H X{T) MATRIX/)
CALL MPI1T791 7 sNXeNX2XR)
DO 3061 J=1,15
DO 30681 LL=1s15
E(IQJ"E(:{’J)!-PHI(I’J!*PHI(IILL)*XRP(LL'JI
EC20J)mE{25U)4+PHI( 20 J)*¥PHI{20sLLI*XRPILL s )
E{3sJ)mE(3 0 aPHI{ 7o JIHPHI(ToLLI*XRPILLyJ)
3061 CONTINUE
DO 3062 I=1:3
S(1ym0,
DO 3062 J=l,15
3062 S{IV=xS{IV+E(],0)
DO 3063 I=ls3
DO 3063 J=1,.15
VI]ed)m0O,
3063 VI »JI=E{1+0)%1004/7511)
WRITE{LW+3064)
3064 FORMAT(1H1/7X929H VARIANCE CONTRIRUTION MATRIX/)
CALL MPI251593415sF}
WRITEILW»3065)
3065 FORMAT(///7/TXs40H NORMALIZED VARIANCE CONTRIPBUTION MATRIX/Z)
CALL MP(341593415.+V)
DO 716 I=1aNX
DO T16 JmleNX
HB{ Ts ) =0,
T16 HR{IsJIm0,
HBITsl)ml,
715 HR(Is11=1,
DO 71T 1=} eNX
HB(1e2)uHB(I +2)=FTFII)}/FTF{2)
T17 HR{I»1)=HR(I o+ 1)=FYFLIV/FTF (1}
DO 71B I=14NX
PO 718 Jm],sNX
Dil1s im0,
DO 718 KmlgNX
718 D(lsimDiT o ) 4+HB(I JKIRXRE{K )
DO T19 I=l.NX
DO T19 J=l4NX
SIGR(IsJ)nD,
DO 719 KmlsNX
719 SIGRUI s J}=aSIGR{I+JI+DII4K)*HB{J K
WRITE(LW»T20)
T20 FORMATIIHI/TX+1TH XSUBH WIG MATRIX/)

Figure 96, ADAP 3 Main Program Input/Qutput Listing
{continued)
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CALL MP{15415+15s153S51IGR)
SIG(1)1=SORTISIGR{1+1})
SIGI2)=SQRTISIGR(T»7T))
S1G(31=SQRTISIGR(2,:2))
IFISIGR{191)eLTeSIGRITH» 7)) GOTO 721
QXHaP12
QYH=P}
GOTO T22
T21 OXHepP!
QYHaP 2
722 CONTINUE
CALL CEPC{SIGCER}
WRITE(LW2030)CERP(Y)
2030 FORMATU(////TX+16H CEP HORIZONTAL®E15.8/)
DO 723 Is)pNX
DO 723 Jm)lyNX-
D{IsJ)m0s
DO 723 K=lgNX
723 D Lo d)wDIT s )4+HRIT+KIXRIK» J)
DO 724 IwmyyNX
DG 724 JulNX
SIGR(14+J)u0,
DO 724 Km]lgNX
T24 SIGRII2JInSIGRIIsJI+DITIK)#HR{J4K)
S1G{1)=SORT(SIGR{1s1)}
SIGI2)=SARY(SIGR{T»TY}
SIGI3)=SQRTISIGR{242))
IF{SIGRI292)«LTeSIGR{T+T)) GOTO 725
QHV=P]2
QYVsP1
GOTO 726
T2% QHVePI
QYVepP 12
T26 CONTINUE
WRITE(LWeT27)
727 FORMAT(1H1/T7X+1TH XSUBV WIG MATRIX/}
CALYL MP{15,18,51%:15451IGR)
CALL CEPC(SIGCEP)
WRITE(LWe2031ICEP(2)
2031 FORMATY{(//7//T%Xs14H CEP VERTICAL=EL1%.87)
QHO (] )=QXH
OHO{ T)=QYH
QVOL(2 )y mQHV
QVOITI=QYV
DO 728 I=m]aNX
DO T28 JmlaNX
Diled)=sDe
SIGR{I,J)=0,
DO 728 K=]yNX
DIIoJYaDIT s Y 4+HBIK s I ) ¥HR (K »J)} #QHOLK )
728 SIGRIT+J)InSIGR(1sJI+HR (K1 I%HR(Ke J)#QVO(K)
JH=D,
Ve,
DO 720 I=]sNX

Figure 96. ADAP 3 Main Program Input/Output Listing
(continued)
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DO 729 Jm1sNX
JHEJH+XR (T ) #DEJs 1)
729 IVaV+XR{T+JY*SIGR(Js1)
DO 730 I=1sNX
DO 730 J=1lsNX
OH(1sJ)=0,
QV{TeJdi=0,
DO 730 M=1sNX
DO 730 K™1eNX
QH{T9J)mQHIT o JI4PHT (Mp 1 ) #D (MK} ¥PHI (KaJ)
T30 QVIT9J)wOV(IsJI+PHI{Ms1)#SIGRIMsK)RPHI Ky J)
WRITE(LWs4T2)
472 FORMAT{1H1/7Xs20H WEIGHTING MATRIX QH/)
CALL MP(20+20sNXsNX»QH}
WRITE(LWss73)
473 FORMAT(1IHI/TX»20H WEIGHTING MATRIX QV/)
CALL MP{20520sNXsNXsQV)
CEPHRSAORT(JH/PT)
CEPVaSQRTLJV/PT)
WRITE{LWs465)QHO{112QHO(T)sQVO(2) »QVOL(T)
465 FORMAT{1H1/7Xs10H QH{1s1) =E15,8+10H QH{Ty7) =E1548510H QV(2+2) =L
115.8s10H QVITsT) =E15,8/)
WRITE (LW94656 ) JHe IV
466 FORMAT(/Z//TXsTH JSUBH®SE15.8:7H JSUBV=SE15.8/)
WRITE (LW 467 ) CEPH CEPY
467 FORMAT(/77%»18H APPROXIMATE CEPH=E1548,18H APPROXIMATE CEPV=[15.8/
1)
IF{1IRUNSNELO) GOTO 3090
C PUNCH XF
CALL OUTP(15s18eNXsNXsXsLP)
¢ PUNCH PHI
CALL OUTP(15315sNXsNXsPHISLP)
3090 CONTINUE

C
C ENLARGE OH FROM 15x15 TO 17X17 BEFORE PUNCHING
C
DO 5070 I=1s15
Do 5070 J=1s15
5070 DUI+J¥sQHIT»J)

DO 5071 I=1,20
DO S071 J=1,20

5071 QH(IeJ}=0,
Do 5081 [=1s10
DO %081 J=ls10
5081 QH{T+1=D{1sJ)
DO 8072 I=13»17
1l=1=2
DO 5072 J=1317
JJm =2
5072 QH{T+J3aDIIT 0D
DO 5073 I=1s10
no 5073 J=l3,17
JJm )=2
QHU T+ J)=D{TeJJ)
5073 QHIJs 112D 19 J)
CALL OUTP{20+20517+17+QHsLP)
sSTOP 77
END

Figure 96. ADAP 3 Main Program Input/Output Listing
(concluded}
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Table XXIX. List of Symbols for ADAP 3 (PERK)

. : Initial ..
Quantity Mnemonic Value Input Description
C(1, J) Working matrix
CEPR(I) Vector containing horizontal
and vertical CEP
D(1, J) Working matrix
At DELT Integration step size:
At =1, /FLN
gt DELTH 1/2 integration step size
(F(tK+1) - F(tK))At DF(1L, J}. Forward difference of
matrix F
(GS(tK+1) - GS(tK))At DG3(1, J) Forwgrd difference of
matrix G,
F(tK) FK(1, J) X | Matrix F at tK
F(tK+1) FK1(1, J) X |Matrix F at tK+1
FKBIL KERBIG floated
FLN N floated
I {t) FT(I, J) Matrix F at each integration
step
GS(tK) G3K(1, J) Matrix GS at t
G3(tK+1) G3K1(I, J) X |[Matrix G3 at tK+1
Gy(t) G3T(1, J) Matrix Gg at each integration
step
ICEP X i1, = 0= compute weight
Switch: # 0 = compute CEP
ISUFE(1) X |Integer vector used to shuffle

matrices
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Table XXIX. List of Symbols for ADAP 3 (PERK) (continued)

Quantity | Mnemonic i?;iael Input Description
ITAPE 2 Logical number of data tape
KBIG KBIG integer [tf - tR]
KBIG1 KBIG1 = KBIG + 1
LR 5 Logical number input tape: Set
LW 9 X Logical number output tape: Set
N Number of times through inner
integration loop
NNOUT 10 Counter for output in inner integra-
tion loop: Set
NW X Number of disturbances
NX X Order covariance equation
o) PHI(, J) X State transition matrix
g'zﬁn PHIDN(I, J) Currgnt derivative of state transition
matrix
q'j -1 PHIDNM1 Past derivative of state transition
" (I, J) matrix
s SIG(I) Vector containing the square root
of the variances of x, y, and z at
impact
tf TF X Impact time
t TIME Running time
t. TR X Release time
W(L,J)
X X(1,J) State covariance
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Table XXIX. List of Symbols for ADAP 3 (PERK) (concluded)

Quanity | Mnemonic i;l;ﬂlael Inpat Description
X XBAR(I) Mean output
Xn XDN(I, J) Current derivative of state covariance
Xn—l XDNM1AL J) Past derivative of state covariance
Xr XR(L, J) X Covariance at release
wa YWB(I) X Mean input

NN Integer index NN = 1,2,..., N inner

loop
KK Integer index KK = 1, 2,..., KBIG1

outer loop
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SUBROUTINE SHUF{AsNRINC»IRCs ISUFINX oMY D)
DIMENSION A(NRGNC)oD(204+20)sISUF(20}
GOTO{1+10+20)s1IRC
1 CONTINUE
DO 2 I=laNX
I1=1SUF(T}
DO 2 JmlaNY
2 Diled)mAlIL e )
DO 3 [I=lsNX
DO 3 UsleNY
JImISUF (J)
3 Al J)=DiIsd)
GOTO 26
10 CONTINUE
DO 40 I=1aNX
DlIslieAll2)
DiIe2)=A(l43)
All+21aD(142)
40 A(l+3)mDilyl}
DO 50 ImlaNX
Il=ISUF{I)
DO 30 J=1l.4
S0 DiTaJimA(TIs )
DO 55 IsleNX
DO S5 Jml,es
55 AlY»J)=nD{1eJ}
20 CONTINUE
RETURN
END

Figure 97, Subroutine SHUF Program Listing
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Table XXXI. List of Symbols for Subroutine SHUF

Mnemonic Input Description

A1, J) Matrix to be shuffled

D(I, J) Working matrix

ISUF Vector containing indices in the desired order
NC Number of columns in A

NR Number of rows in A

NX Number of rows to be shuffled

NY Number of columns to be shuffled

Table XXXII. List of Symbols for Subroutine INTEG

Mnemonic Input Description
Ci Constant used in integration formula when:
KK =sNN =1C1 = 2
Otherwise C1 =3
KK Integer index KK =1, 2, ..., KBIG1
NN Integer index NN = 1, 2, ..., N; all other symbols

common with main program PERK

Table XXXIII. List of Symbols for Subroutine DIFF

Mnemonic Input Description

NN Integer index, i.e., NN =1, 2, ..., N when NN =1
= compute new DF and DG3 matrices and then update
F and G 3:

NN #1 = update F and G3

A1l other symbols common with main progr am PERK
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3

ENTER
AGE DEVIATES 5

( tEsTFKk-1 )&
T XDNMI = XDN

PHIDNM! = PHIDN
( TesTIFNN-1 CHie )

l 5 COMPUTE Le
€1-2

XDN = (FT)(X)
PHIDN = (FTX(PHI)

:

COMPUTE ?
XDN = O(DN) + (XDN) ¢

c1=3 ‘

v COMPUTE L

C=G3Nw
4
> CONTINUEL

v

I COMPUTE
XDN = XDN + C(G3T)”

!
COMPUTE m

X = X +{&) e DN - XONML)]
PHI= PHI +(8}) [(CLIPHIDN - PHIDNMIY

Figure 98. Subroutine INTEG Flow Diagram
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[aXaNal

[aNa¥a!

aZalal

AGE

SURROU
COMMON
COMMON
COMMON
COMMON
COMMON
COMMON
COMMON
IFLKK=
TF{NN=-
Clm2,

TINE INTEGIKKeNN)

FR{20920)eFK1i204201sFT{15415)+DF(15415)eX{15915)1eXR{17417)
XDN{15+15) o XDNM1{15315)ePHI{15+15) +PHIDN(15415}
PHIDNM1 (1%¢15)903K{2004) sG3K1( 2094 ) 2G3T{2004)eDG3(2004)
Cl20s4)oWih4) o XRARTLIS5I 2 YWRI12)51GI3)2CER(2)
NXsNWsNsTF»TReKBIGIDELTsDELTH»LWILR» ITAPE
XRP{20+20)s5XRP{20)+SFR{20),HB{15415)sHR(15+1539SICR{18415)
XIRI20),QHO{201s0VO120)sQH{20:20Y4QVI20s20)

1136193

113253

GOTO &

Clm3,
CONTIN

DERTVA
no 5 1

UE
TIVES

=1 oNX

DO 5 JmlsNX

XDNMY {

ToJimXDNIT+J)

5 PHIDNMYI{IsJ)#PHIDN{1sJ)

COMPUTE DERIVATIVES

DO &
Do &
XDN(1+s
PHIDN(
no &
XDN{(I s
PHIDN(

DO 71

I=1NX

J=lgNX

J1=mO,

LERAE 1

K=l sNX
JIsXDN{TI» JI4FT{ 1o ) RX{KeJ)

1o J)mPHIDNIT s JI+FTI oK I RPHI(K s J)

s1sNX

DO T J=IeNX

XDN{I»
XDNU(J»

JImXON(T o JI4+XDN{J )
1¥sXDN(1s Y

DO B8 I=1l¢NX

CL19J)
b0 8k
Ciled)

DO 9 I
Do g J

DO 8 JulNW

!g.
=] s NW
wC{lsJ)+GAT(IsRIMWIKIJ]

=] pNX
=] eNX

DO ¢ K=1lsNW
9 XDN{I+J)sXDN(T o )4CI{I+K)#GATIJeK)

INTEGRATE

DO 10
PO 10

T=1oNX
JulgNX

KL o JYmXCTaJ)+DELTH®{CL#XDN(I s J}=XDNM1 L1441
10 PHI(I s J)mPHI({ 1o JI+DELTH* {CI#PHIDN(] o J)=PHIDNMI(19J))

RETURN
END

Figure 99. Subroutine INTEG Program Listing
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YES
( TESTIFNNSL D

LNO
COMPUTE
DF = (FK1 = FK) (At)
D632 = (G3K1 - G3K) (AD)

v

3
CONTINUE

!

FT= FT +DF
G3T - G37 + DG3

Figure 100. Subroutine DIFF Flow Diagram

[1,2

SURROUTINE DIFF{XK NN

COMMON FK(ZO!?O)OFKI(EOl?OlDFT[1501530DF(15v15)!X(15'15)'XH(17’17)
COMMON XDN(I5:15):XDNM1!15!15)pPHI(15-15!-PHIDN(15915)

COMMON PHIDNMI(I5Q15!:G3KIZO'QJtGBKl(ZOoh)-G%T!ZO;#l-DG3(?L-4)
COMMON ClZOv#l|Wl4i4}|XBAR€15!'YWB(12)pSIGlB)oCEPlZ)

COMMON leNwlN’TF!TRDKBIG'DELT’DELTH’LW!LR!ITAPE

COMMON XRPIZOOZO)'SXRP(ZO’DSFR(EO)oHBlI5915)0HR(15’I5)OSIGR(15y1’)
COMMON XIR(ZO):QHO(ZO)-QVO(?OI9QH(20v20):OV(20020)

IFI{NN.GT+1) GOTO 3

DO 1 I=mlsNX

DO 2 J=]lsNX

DF{1ed)mD,

DF{TIoJim{FKI (] o J)=FK{I5J))#DELT

DO 1 J=m]sNW

DG3(TsS)m0,

BO3 (I s m{GAKI{(I4J}=G3K{[eJ) ) #DELT

CONTINUE

DO 4 I=1sNX

DO 8 JmlsNX

FTUI o )mFTCI oY +DF(1sd)

DO & Jx1lwNW

GATII s J)mGAT (T v N 4DGI(T 4}

RETURN

END

Figure 101, Subroutine DIFF Program Listing
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010 J=1,3,2

v

ETA = SIG(2)

SIGMA = SIGL)
y YES
QEST IF SIGMA= 0 }——
l NO
RHOQ = ETA/SIGMA,
!

ES
( TESTIFRHO<1 )Y

SIGMA = SIG(2) [

ES
(( TesTiF sicmA=0 ) Y
O

ETA = SIG{D

- v

RHO = ETA/SIGMA |

3 |e

YES
(TESTIFRHD<0.2 }—>

I

CEP(UJ)= 0,585(1 + RHOXSIGMA)

{ GO TO 10 )

(4]
CEP (JJ)= 0.6744 (1 + 0,24 RHO) SIGMA _ |#

CONTFNUEIJ&

Figure 102,

RETURN

Diagram

Subroutine CEPC Flow
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SUBROUTINE CEPCISIGCFP)
DIMENSION SIG{3)+CTP{D)
NO 10 Jmle3,2
ETA=SIG(2)

IF{J.GTel) GOTO 1

JJI=

GOTOD 2

JJ=2

CONTINUE

SIGMA=SIGLJ}
IF(SIGMALEQ.Q.) GOTO 5
RHOmETA/SIGMA
IF(RHOLLELle} GOTO 3
CONTINUE

SIGMA=SIG(2)
IF{SIGMALFQ.0e) GOTO 10
ETAuSIGI(
RHO=ETA/SIGMA

3 IF{RHOLLT,442) GOTO 4
CEP(JJ)Y=uS5B5#{1.4+RHO)#SIGMA
GOTO 10

4 CEPLIUImobTa4%{1e44 24 %RHOI#SIGMA

10 CONTINUE
RETURN
END
Figure 103. Subroutine CEPC

Program Listing



Table XXXIV. List of Symbols for Subroutine CEPC

Mnemonic | Value | Units | Input | Output Description

CEP(J) X Vector containing horizontal
and vertical CEP

ETA Used in computing p

RHO CEP is a function of p

SIG(T) Vector containing the square
root of the variances of x, y,
and z at impact

SIGMA Used in computing p
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SECTION VI
CONCLUSIONS AND RECOMMENDATIONS

The overall objectives of this study were threefold: (1) development of
theoretical analyses and mathematical models for precision weapon delivery,
(2) development and documentation of computer analysis programs, and (3)
demonstration of their use. The major emphasis has been on software de-
velopment.

These objectives were primarily met, The analyses and model develop-
ments are reported in a separate document, Volume I. The developed pro-
grams have been carefully documented in Sections I through Section V.

Testing and demonstration of the use of the programs are reported in
Volume III, Although an exhaustive parametric study could not be carried out
due to lack of time, one example with a specified iron bomb and a repre-
sentative tactical fighter-bomber aircraft was run to show the use of the
programs.

In the following, the results and recommendations for future studies
pertaining to the work reported in this volume are presented.

SIGNIFICANT RESULTS

e The work reported here established the total dynamic system
approach to the analysis of weapon delivery problem.

e The chief benefit of the program is to provide software for
rapid evaluation of system performance.

e Each subprogram (ADAP 1, 2 and 3) requires 32K of
memory for a 17th-order system.
RECOMMENDATIONS FOR FUTURE SOFTWARE DEVELOPMENT WORK

Some of the interesting issues which arose in the course of the software
development are listed below for future work:

[ ] Improve the nonstationary performance evaluation program

(ADAP 2) with resgpect to computing-time requirements.
The computing cost can be reduced by more elaborate
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programming (matrix partitioning), by using a different
discretization technique, and by the Frobenius transfor-
mation, Exploit the special time-varying nature of data,
Alt) = AO +A1t.

¢ To extend the performance evaluation capability, add cross
covariance differential equations, as developed on page 167
of Volume I into the existing software for nonoptimal esti-
mators,

e Improve CEP and SEP evaluations by integrating the probability
density function of the states developed on page 133 of
Volume I.

CONCLUSIONS

A large-scale system software for the analysis and design of precision
weapon delivery systems is developed in this volume. The programs which
implement the models developed in Volume I are documented with the user
in mind,

248



REFERENCES

Bean, H.E., "General Purpose Aircraft Simulation System, "
Honeywell Aerospace Division, Minneapolis, AM-173,
22 April 1968,

Mueller, L., Bean H.E., "Digital Computer Handbook, "

Honeywell Aerospace Division, Minneapolis, AM-95,
11 November 19867,

249






APPENDIX I

TABLE INPUT, LOOK-UP AND INTERPOLATION
PROCESSES IN ADAPS

The ADAP System contains a subroutine called FLOOK that is capable of
inputting data tables of functions of one, two or three variables, as well as
performing a table look-up and linear interpolation to compute function values
from these tables [2].

The description of the subroutine FLOOK is briefly presented first in
the following., The detailed description of the input, look-up and interpolation
logics are given next. The flow charts, program listings, and symbol tables
are presented on pages 125 through 139,

USAGE OF SUBROUTINE FLOOK

The number of functions the subroutine can handle is limited only by com-
puter storage capacity. The subroutine will not extrapolate; i.e., it will not
attempt to compute a function value beyond the range of its variables, The
variables are effectively limited to the maximum and minimum values given
in the data. In other words, if a function value is requested beyond the given
range of its variable, the function value computed will be the function value
at the last variable value in the given table. This constraint is shown graphi-
cally for a one-variable function in FigureI-1 with dotted lines.

T Ty
VMIN Vmax

Figure [-1, One-Variable Function Constraint
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If the data is not available beyond Vyox in Figure I-1, then the user can
extrapolate with a ruler as shown by the dotted line and add the extra point to
the input. Otherwise the function will remain constant after the variable V
passes the last stored value, Vp, 4.

Execution time required to generate a table function is nearly independent
of the number of points stored because of the nature of the functions that are
normally being considered. These functions are continuous and normally the
change in variable values between successive table look-ups are small enough
that it doesn't bypass more than one stored point. (If the variables change
faster than this, the functions are not being generated often enough. ) Going
on this assumption, the program saves the variable values from the last table
look-up and starts from there,

The function look-up subroutine can be instructed to compute values for
all functions at once, any continuous block of functions, or a single function.
It is most expedient, timewise, to make as few calls to this subroutine as
possible; in other words, compute as many functions as possible on each call,
However, it is also time-effective to generate slow-varying functions at a
slower rate than faster-varying functions. For this purpose, it pays to organ-
ize the functions in blocks according to their rate of change with respect to
time.

To make use of this subroutine the user must:
® Adjust dimensions in the subroutine.

® Set up correct dimensions and calling sequence in one or
more subprograms,

® Punch function data onto cards.

The required dimensions are denoted in subroutine FLOOK with comment
cards. This part of the subroutine is shown in Figure I-2.

The dimensions on the arrays VST and FUN are controlled in the calling
subroutines since they appear in the call argument list. This means that the
size to which they are dimensioned in FLOOK is not important; however, they
must be dimensioned. The dimension sizes must be identical to the variable
values set in subroutine FLOOK. For example, the comment cards in Fig-
ure [-2 say that the array IFST must be dimensioned to the value of MNFV,
Since MNFV = 150, IFST is dimensioned to 150 in the DIMENSION statement,
In each subroutine calling FLOOK, VST and FUN must be dimensioned to
MNUV and MNF, respectively, where the values for MNUV and MNF are set
in FLOOK. If more than one subroutine calls FLOOK, then each of the sub-
routines must have the common statement, COMMON VST, FUN, and each
subroutine must dimension VST and FUN to the correct values.
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SURRQUTINE FLOCK({VST+FUNsISTRTSIEND)
COMMON /ADAP /MODE+A(1000)
EQUIVALENCE(MFN’MNF)D(TABRD!A(997]l
DIMENSION IFST{1501eILST(1I50)sIFN{BO)oF125001sLIDI1I50)sV(5C0)
DIMENSION VST{20}sNL{Y50)+DLT(3)sNFID(BO)I o IMSI100)sKKVI3)aKVI3})
DIMENSION R(F)oFUN{BO)+XFI3)2RALFI12Q)
INTEGER BLANKsRALF
IF(MODE+EQe=1+ANDeTABRD«NELOe) GOTO 5510
IF{RNDMeEQ@a1234564) GOTO 510
5510 RNDM=123456,

THE ARRAYS SHOULD BE DIMENSIONED AS FOLLOWS

DIMENSION A(2001sIFSTIMNFV)2ILSTIMNFV) s IFN(MNF ) sFIMNFVLI s LID{MNFV Yy
VIMNVVL) s VST IMNUV) sNL IMNFV) sDLT (3} s NFIDIMNF ) 9 IMS{KKV )
KKV (3)sKV{3)sRIFI»FUNIMNF I o XF {3} sRALF (20}

s NaXaTAXARA!

WHERE
10 MKKYV = 100 (Max. No. of Variable Value Seta)
MNFY = 150 {Max, Total No. of Variables Specified)

“INF =80 {Max., No. of Functions)
MNFVL=2500 (Max, No, of Total Function Table Values)
MNVVL =500 (Max. No. of Total Variable Values)

MNUV = 20 (Max, No, of Diatinct Variables)

Figure I-2, Dimensioning of Subroutine FLOOK

Calling Sequence

All variables and functions are identified by numbers in the function data
input. The numbers used for input are also used to identify the variables and
functions in the calling subroutines. If a variable is assigned the interger i
and a function the integer k for input purposes, they are identified in the
calling subroutine by VST(i) and FUN(k), respectively.

Before FLOOK is called to generate function values, the required variable
values must be transferred into the appropriate VST array position. After
the return from FLOOK, the function values will be contained in the FUN
array. As an example, suppose that functions identified by the integers 7, 8,
9, 10 and 14 are to be generated; the functions 7, 8, 9 and 10 are functions
of variables identified by the integers 1, 3, 4, 7, 9 and 11; function 14 is a
function of the two variables 5 and 6. The coding required fo do this is:

V() =V,
V(3) = V,
V{4 =V,
V() = V,
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1]

V (9) Vg

V(11}

13

Vii

CALL FLOCK (V, F, 7, 10)

A%

V(5) = V,

V (6} \

6
CALL FLOOCK (V, F, 14, 14)

where Vl, V3, V4, etc., represent the current values of variables. The
function values will be contained in F (7), F (8), etc.

The general form of the CALL statement is

CALL FLOOK (V, F, ISTRT, IEND)

where
V - variable array

F - function array
ISTRT - number of first function to be generated

IEND - number of last function to be generated

How to Set Up Function-Table Input

A function table is a table of function values tabulated over some matrix
of variable values, The matrix will be either single-, double- or triple-
dimensioned, depending on whether the function has 1, 2 or 3 variables. The
variable values at which a function should be tabulated are left to the discre-
tion of the user. The criteria which may be used to tabulate the aero data
is to pick points on a curve so that a new curve constructed by drawing
straight-line segments between the points which lie within +10 percent of the
original curve. This is fairly complicated for a three-variable function be-
cause it will be represented by families of curves. For example, F(M, «, 5)
may be represented by the curves shown in Figure I-3,
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M, M2 M3
F F F
a &3 @
—t— A/?‘"‘-i a2 M/’ o,
—-a, > !‘ ! T‘?\L/ aq
| - —t 5 4 i —-
1 5 1 . 8
5169 53 5,8, 03 16203

Figure 1-3. Sample Function Curves

If the & values chosen are 61, 62, and 63 then the matrix of variable
values would be:

(Ml, 0’3: 61) (Mls a3: 62) (Mla 03: 53)
(M, @y, 6,) (Mg, ays O5) (M,, @, 0g)
(M, ag 0,) (M, ey 8,) (M, @y )
(M, agz, 0,) (M,, as, 0,) (Mg, @g, 0g)
(M3s az: 61) (Mss azs 62) (MS; az: 63)

To identify the functions and variables on input cards they must be
assigned numbers. It is also efficient to identify the variable value sets
[for example (M1, Mo, 1V.[3)]by numbers because a single variable may
assume different values for different function tables, and different variables
may assume the same set of values, Therefore the first thing to do, once
the function-tables are constructed, is to assign numbers to all function-
tables, variables, and variable value sets. :

For convenience -- and for storage capacity -- the numbering should start
at 1 and proceed successively. The numbering in each of the three groups,
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i.e., variables, variable value sets, and functions, should start with one.
This means that a function, a variable, and a variable value set can all be
assigned the same number and still be defined uniquely in the program. How-
ever, each variable, for example, must be assigned a unique number with
respect to all other variables. Ag an example, the following assignments
might be made for the sample function shown in Figure I-3:

a -1
F -3
M7
63

(Ml’ M MS) -3

9
(Cfl: st 03)"’ i
(6., 6,

To read the table input, a call to FLOOK is made in the initialization
section (i.e., MODE = -1). The first time FLOOK is called, it reads input
table data. The table data are placed after the RUN card in the input data
deck.

63) -5

The data for a function table is set up in one continuous block of cards
which are made up of the four sub-blocks

1. Function header card
2. Variable-value cards
3. Function-table value cards
4. End function card
and must appear in that order.

Function Header Card -- This card identifies the table by the following data:

e Number of variables in the function
® Which variables are used in the function (their numbers)

™ The variable value sets over which the function is tabulated

™ Function number

° If one exists, the number of the previously specified function table
which has exactly the same function values as the present function
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The function header card format is shown in Table I-1, and a card for
the example function is shown in Figure I-4.

Table I-1. Function Header Card Format

Columns Entry

1-5 Number of variables in the function
6-9 Set of values for first variable
10-11 First variable

12-15 Set of values for second variable
16-17 Second variable

18-21 Set of values for third variakle
22-23 Third variable

24 -27 Function

28-31 Previous function with same values

NOTE: These are all integer fields and the entries
must therefore be ''right justified'.

Co[-(imn s 9 1l 57 20 2y 27 31
IR A AR I ' A A A |
_1_1![3 lll3 7 llll 11 11 5 |3 |l|3 1.4 | N S T T
[ I I | J 11 1 L P 1 1 1.1 i 1l Y N O T I

Figure I-4, Function Header Card Example
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Variable Value Cards -- The numbers in each variable value set need to be
specified only once. If a set is referenced on the function header card, it
must either be given in this block or have been given in the variable-value
section of a previously specified function-table. If a set is not referenced on
the function header card, it cannot be specified in this section. If a particular
set of values are specified in two different function-table blocks, the entry in
the second block will be ignored.

Each card containing variable values must be identified by entering the
set number on the card. Any number of cards may be used to specify a set
of variable values. FEach card has nine variable value fields as shown in
Table I-2.

For the example function, suppose that set number 1 has been specified
in a previous function table block, therefore, the cards for this variable-
value section would be as shown in Figure I-5 for

(Ml‘ MZ’ MS) = (0.1, 0.3, 0.5)

(6, B, 03

= (0.0, 10.0, 20.0)

Notice that the variable values shown are "left justified'; this is done
to make it easier to check the data on the card, but is not necessary. The
variable-value entries can be placed anywhere in a field, the only caution
being that a decimal point must be specified somewhere in the field, The
variable values must be in order of increasing value, i.e., with the least
value first and the greatest value last,

Function Table Values -- Function table values are entered on exactly the
same type of card as variable values except the field used for set number
must always be blank. A function value must be given for each point of the
matrix constructed from the variable-value sets., The function values must
be specified in a certain order and that order is given in the sample matrix
shown earlier, when reading from left to right and down. Therefore the
function values must be in the order

61)
1 ¥y 05)
F(Ml, @y 53)

F(Ml’ @y

F(M

F(Ml, 2q, 51)

F(M @y, 52) etc,

1’

In other words, the correct order is with the last variable varying fastest
and the first varying slowest.
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Table I-2. Variable-Value Card Format

Columns Entry

1-4 Set number
9-16

17-24
25-32
33-40
41-48 Variable values
49-56
57-64
65-72
73-80

Column ! afs 3 7 25 N

-
-

")
=]
K

|+
L

L

=)
s
=
o

[tn
|©
=]
-
=
—o oy
=
[N
[
=
=
|

I I |

Figure I-5. Variable-Value Card Example
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Fnd Function Card -- This card has a -1 in columns 3 and 4 and signals the
end of data for this function block. Any number of function blocks can be
placed together and one extra -1 card must be placed after the last function
table block.

Function-Table Input Card Set -~ The complete set of cards prepared for
function number 4, used in ADAPI1, is shown in Figure I-6.

TABLE DATA INPUT SECTION LOGIC

The function values for all function tables are stored in the single array
called F in the order which they are read, and the variable values are stored
in the single array V in the order which they are read. It is necessary to be
able to locate the function values and variable values in these single arrays
and therefore the beginning location of each function table, and the beginning
and ending location of each variable value set are saved. The end location of
a variable value set is saved because it is necessary to know the number of
entires in each set. The beginning location for each function table is stored
in the array IFN in the order which the functions appear in the input. If
IFN(5) = 127, it means the fifth function read has its function table starting in
F(127). The beginning and ending locations of the variable sets are stored
in arrays IFST and ILST, respectively, in the order which the function
variables occurred in the input. This information is not only entered in
IFST and ILST when a variable-value set is read, but is also entered every
time a variable references that set. Therefore, in the program the set
number associated with a variable is not saved, but, instead, the beginning
and ending locations of that set are saved.

To determine which entries in the IFST and ILST arrays go with each
function, the number of variables in each function is stored in the NL array
in the order which the functions are read. It is also necessary to know which
variables are in each function so this information is also saved in the NL
array by making the number of variables the hundreds digit in the entry and
the variable numbers the 10 and 1's digit. Therefore, if a function has the
three variables, 12, 3 and 21, then the NL array will have the entries 312,
303, and 321.

There is a one-to-one correspondence between the entries in the arrays
IFST, ILST and N1, thus:
IFST(10) = 87
1L.ST(10) 94
NL{10) = 214

1]

contains the information that variable number 14 appears in a two-variable
function and references the variable value set contained in V(87) through V(94)
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Figure I-6,

&) VARIABLE VALUE CARDS
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Figure I-6.

(d) END FUNCTION CARD

Function-Table Input Card Set (concluded)
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for that particular function. The only information that is still lacking is
which function the above information is associated with. To obtain this infor-
mation the function numbers are stored in the NFID array in the order which
they are read. To associate these function numbers with the IFST, ILST

and NF arrays, it is necessary to start from the beginning, i.e., at IFST(1),
ILST(1), NL(1) and NFID(1), and keep track of the number of variakles in
each function. For example, if a set of function tables are read in the order

Fla, B)

G(y)

H(S, €, o)
where

)in F

R

gy @pg apg
B = (Bl’ le BB’ 34)
y = v 7y)
5

= (3, 8, 0y)
€ = (elJ ez: 63: 64) = (Bl’ Bz’ BB’ 34)
o =(ayy, dygy agg @y ogs) inH

and the following numbers are assigned
F -2
G -3
H~-5
o =2
B -3
¥y-1
6-5
€ -4

@pys @pg apg) » 1
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(Bls 823 331 34) d 5

(51, 52, 63) - 17
(621, €gr €3 5:4) - 5

oy agy aggs gy ogs) - 3

then

IFST(1) =1 ILST(1)=3 NL(1)= 202

NFID(1) =2 IFST(2) = 4 ILST(2)=7 NL{(2)= 203

NFID(2}=3 IFST(3)=8 ILST(3)=9 NL(3)= 101

IFST(4) = 10 ILST(4)= 12 NL(4) = 305
NFID(3) =5 IFST(5)= 4 ILST(5)= 7 NL(5)= 304
IFST(6) = 13 ILST(6)= 17 NL{6) = 302

By starting at NFID(1), IFST(1), ILST(1) and NL.(1), it is possible to
determine that IFST(3), etc., corresponds to NFID(2), i.e. , function num-
ber 3, by noting the 2 in the hundreds digit of NL(1) and NL(2) which says
that IFST(1), IFST(2), ILST(1), ILST(2), NL(1) and NL(2) correspond to
NFID(1}.

The function values are stored in the F array, and the IFN array con-
tains the starting location for each function table, therefore, for this example

IFN(1) = 1
IFN{(2) = 13
IFN(3) = 15

One other array, called IMS, is used during data read to determine
which variable value sets have already been read, and where they are stored.
This array must be dimensioned at least as large as the largest set number
used. Initially, before any data is read, this array is set to zero and then
when a set is read, the IMS array location with index equal to the set number
is equated to the index of the IFST array location which contains the starting
location of the set in question. For example, IMS(14) = 5 means that
variable-value set number 14 has been read and is stored in the V array
starting in V(k1) and ending in V(k2) where k1 = IFST(5) and k2 = ILST(5).
For the sample input given above the IMS array would be
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IMS(1) = 1
IMS(3) = 6
IMS(5) = 2
IMS{(10) = 3
IMS(17) = 4

The Table Look-Up section of FLOOK makes use of an array called LID
to expedite the process of locating variable values, This array contains
information about the location, in the V array, of all variables during the
previous table look-up. For example, the previous value of @ in the function
fop may have had a value which laid between the two set values stored in
V{(24) and V(25), therefore, the LID location corresponding to o in {5 will
contain a 24,

In other words, the location of the smallest of the two set values which
bound the variable value is saved for all variables in all functions.

The correspondence between the variables and the LID array is the same
as the correspondence between the variables and the IFST array. The LID
array is initially set equal to the IFST array and this is done in the Read
Data section.

The arrays and single variables shown in Tables I-3 and I-4 are used

to store the data temporarily as it is read from cards and before it is stored
permanently in the arrays discussed above.

Table I-3, Symbols Used to Read Function Header Card

Symbol Usage

KNV Number of variables

gggg; Set numbers associated with the first, second and
KKV(3) third variables, respectively

KV(1)

KV(2) First, second and third variables, respectively

KV(3)

KFN Function number

KFNS Number of the previously read function table with iden-

tical function table data
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Table I-4. Symbols Used to Read Variable- or Function-
Value Cards

Symbol _ Usage

KNV1 Set number

R(1)
R{2)
R{3)
R(4)
R(5) Variable values or function values
R(6)
R(7}
R(8)
R(9)

If any of the Error Stops shown in the FLOOK flow chart prescribed in
Section IIT are reached, then the following message is printed out:

FUNCTION TABLE DATA ERROR
FUNCTION NUMBER nl
NUMBER OF VARIABLES = n2

Vi1 = n3
Va2 = n4
V3 = nb
SET1 =nb6
SET2 =n7
SET3 = n8
NVVL =nf
NFV = nl0
NF =nl2
KNV1 = nl3

Contained in this message are the values of all variables that could cause
an Error Stop. The symbols nl, n2, ... etc., are used here to represent
the numbers that will be printed out. The symbols in the message have the
meanings given in Table I-5,
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Table I-5. Symbols in Error Stop Message

Symbol Meaning

V1
v2 Variable numbers
V3

SETI1
SET2 Variable value set numbers
SET3

NVVL Total number of variable values read, i.e., variable
values in all sets

NEFV Number of function variables that have been read, i.e.,
the sum of KNVs for all function header cards (see
Table 1-3)

NFVL Total number of function-table values that have been read

for all functions

NF Number of different functions that have been read

KNV1 Value of the set-number fieid on the last variable-value
or function-value card (see Table I-4)

LOOK-UP AND INTERPOLATION SECTION LOGIC

This section of the subroutine makes use of the information stored during
the reading of function tables to compute values for all functions contained in
the input. The process used is to first locate the set values which bound the
value of each variable in the function, find the neighboring function values
which are stored in the tables, and then interpolate between these function
values to obtain the approximate function value at the current value of the
function variables.

The interpolation between function values is linear and is described in
detail in the following paragraphs.

Interpolation Process

Let the function in question be denoted by fla, B, ¥) and suppose that func-
{ion table values are given for the variable-value sets (a1, g, &g, 014),
(3 T )82, 83) and ('yl, Yor V3o Vg 75). Suppose also that at the current time
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a9 Sa Sag, B, B sBgand 4 <y <yg. Graphically the situation would be
something 1liké Figure I-7, where A is the current value of ¥ .

a=ay a-og
flag By v )
3,72, ¢
P e Flay By o) Py
| Flag, By v
Flap By v |
|| B
(a) e P (b) | Ng 2
i Lt - l L] -
T T 1 ——Y 1 1 T Iy
"4 Ve "4 Y5

Figure I-7. Interpolation Process

Figure I-7 shows that a linear interpolation is used on the B4 and Ba
curves to obtain values for flag, By, %), flog, Bs, %), flag, B1, Ye) and
f(aS, Bz, yc). This can be written as

‘yC _y4

Y574

f(az’BlJ yC) = f(a'zaBls 74) + [f(a'zsﬁla 75) - f(az:Bl: )&)]X

Yo7
75")’4

flay, By Vo) = Hag, By, vy) + [f(az.Bz, vg) - Hag, By, y))x

f(af3.51, Vo) = Hlag. By, v,) + [f(afs,Bl, Yg) - flag, B, y)1x

YoY%
= c_ ‘4
f(a'S,Bz, -yc) = f(aS,Bz, 74) + [f(aS,Bz, y5) - f(ch,Bz, ’)&)]X _5_.__.__.

The next step is to use these four function values and interpolate for
f(az, B Ye) and f(af_3, Bes Yo) where B is the current value of 8. This inter-
polation can be written as
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B_.-B
f(az: BC’ ‘J’C) = f(az:Bla ‘}’c) + [f(azs Bz: 7(:} - f(az’Bls .YC)] X B:—_Bi—

HagiBoov,) = Hlag, By, o) + Hag, By v,) - Hlag, By, v )] x E“Cf"l"
271
and finally
o -
f(Q'c’Bc’ yc) B f‘“z’Bc’ 76) * [f(QS’Bc’ yc) - f(QZ’Bc’ yc)] x ag-aqy

By using the notation

B Peby _ T

o = — , B, =7—x— andy_ = - ,
8 g7 s ByBy 5 Y5774

and combining all of the above equations it is possible to write
flo B, v, ) = { Ulag, B yg) - Hag, By y )y + fHlag. By, vy)
- (Hag, B s %) - Hay, Bl vy)) vy - flag, B 7)) (1)
+ WUflag, By, ¥g) - flag, By ) ¥, + Hag, By, %)
- (Hleg, By, %) - flag, By, ¥y)) % - Hag, By, 7)1 B ) o
+[(flag, By, vg) - Hlag, By, Y)) vg + Hag, B, 7)1 (1-8)
+ Uflay, By, yg) = flay, By, 7,0} v + Hag. By, 7)1 By

Notice that if @ is constant, i.e., f is a two-variable function, then the
term { }ars is zero and only the remaining terms need to be computed. This
is the way the interpolation computations are handled in subroutine FLOOK.

Using the above equation to interpolate for a three-variable function
requires that the eight function values
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flag, B vy)
Hag, Bs75)
flay, Bys vy)
fla,, By, ¥s5)
Hog, By vy)
fags Bys vg)
Hog, Bys vy
flog. By, ¥5)

be located in the stored function tables via table look~up process, which is
discussed in what follows.

Table Look-up Process

The general idea used in the table look-up is that if the starting location
of a table of function values is known and the function values are stored in
the correct order, i.e., with the last variable varying fastest and the first
varying slowest, it is possible to compute the location of flog, Bs ¥y), where
@i, By, and yi are contained in the variable value sets used to cdhstruct the
table. If the starting location of the function table is denoted by LSr and the
function table contains values for the sets (@, @9, ..., ar), By, ,Bf s eees By
and (y1, ¥2, ..., ¥N) then the location of f{aj, Bj, Yk), call it Lfi, i, ko is

Lf; 5, = LSp+ NG-1+ M(G-1)]+ (k-1)

Using this equation, it is possible to obtain the following equations which
can be used to compute the locations of all eight function values:

Dtk = T, 4 T NM
LE g = Myt N
Mt e ™ U jeg, v NM
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T
L, ety ikt = Mg, prp, ™1
Lf k1 = My ut?

L st = Mg xt 2

With the function values located, the linear interpolation can be performed
to obtain floq, Be, 7¥e) as described previously.

The information required to compute the above function value locations
was stored during input read. The beginning location of each function table
was stored in the IFN array and the beginning and ending location of each
variable value set was stored in the IFST and ILST arrays, respectively.
Therefore, the values of I, M and N can be computed from the ILST and
IFST arrays, in particular

L = ILST(n) - IFST(n) + 1
M = ILST(ntl) - IFST{n+1) + 1

N = ILST(nt2) - IFST(nt+2) + 1

In the above formula, n shows the inputting sequence of the variable
value sets occurred during the input. For example:

IFST(10) 87

ILST(10) 94

1

means that the tenth variable value set read starts at the location V(87) and
ends at the location V(94).

The values for i, j, and k can be found by searching the respective
variable value sets for the set values which bound the current variable value,
The set values are stored in the V array, and the set associated with ¢, for
example, is stored in V(kl) through V(k2), where k1 = IFST(n) and k2 =
ILST(n). If V(il) sa,. <V(i2), where k1 =il £i2 k2 theni=1il- kl+ 1, and
il will be stored in LCID(n)-to be used as a starting point the next time. The
IFN, IFST and ILST arrays contain data stored in the order which the input
was read, and can be unscrambled by use of the NFID array. If il <kl or
i2 >k2 then the function value computed will be the function value at the last
variable value in the table (Figure I-1).
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The final values of all functions after interpolation are contained in the
FUN array, and their location in that array is defined by the numbers
assigned to them. For example, the value of Cl(a, 8gi), which is assigned
the number 7, can be found in FUN(7). The current value of each variable
is stored in the VST array in the same manner. In summary, if the required
variable values are set in the VST array before executing the Table Look-Up
and Interpolation section then the result will be a corresponding function
value, stored in the FUN array, for all function tables in storage.
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APPENDIX II

DIAK -- PROGRAM FOR
OPTIMIZATION OF STATIONARY SYSTEMS

The stationary optimization program {DIAK) is used in ADAPS to compute
the steady-state optimal controller and the estimator gains for a frozen-time-
point linear-data set,

Table 1I-1 contains the subroutines in this program, as well as references
to the analytical developments in Volume I. The first group of subroutines are
the basic subroutines. The second group corresponds to data manipulation
subroutines. The third group is the auxiliary set of subroutines, and they
are the same as those described in the ADAP2(DISCOP)} program in Section IV.

In the following the input/output description is given first., Then the main
program and its subroutines are presented.

DIAK INPUT/OUTPUT
INPUT DESCRIPTION
Input for DIAK is in the form of cards and/or data stored on a permanent

disc file.

Card Data Input

The first group of cards to be read is cards 1-4 which provide basic pro-
gram data., Their formats are shown in Table 1I-2.

The next input occurs in SDATA subroutine when IDATA #0, In this case
the matrices FF, GG1, GG3 and H2 are input by subroutine INPT. Subse-
quent inputs occur in the subroutine DATAGEN. When IREADC # 0, H, D, Q
matrices are input by calling subroutine INPT. If IREADE # 0 the matrices
W1, W2 and HH2 are input in the same manner. The next input may occur in
subroutine CGAINS. If INPC = 1 a constant is read in under the FORMAT
(G10.4). If INPC = 2 the initial controller gain matrix is read in by subrou-
tine INPT. The last input may occur in subroutine EGAINS when INPE = 1.
In this case the initial value of the estimation error covariance is read in.

The complete card data input deck for DIAK is shown in Figure II-1.
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Table II-2. Format for DIAK Data Input Cards 1-4
Card/Format | Column Quantity Description
1/(412) 1-2 ITAPC ITAPC = 0 = Controller gains are not computed
ITAPC ;s 0 = Controller gains are computed
3-4 ITAPE ITAPE = 0 = Estimator gains are not computed
ITAPE # 0 = Estimator gains are computed
- ITAPPF Logical number for permanent disc file
- IDATA IDATA = 0 = No linear data input through cards
IDATA # 0 = Linear data input through cards
2/(412) 1-2 IMAX Maximum number of inner-loop iterations
- ITER Maximum number of outer-loop iterations
- INPC INPC = 1 » Starting costate matrix IC ig input
INPC = 2 = Starting gain matrix K is input
INPC = 3 » Starting costate matrix is from the
previous run in the memory
7-8 INPE INPE = 1 = Input initial error covariance matrix
INPE = 2 = Initial covariance matrix is from
previous run in the memory
3/(512) 1-2 NX Number of state variables
3-4 NU Number of controls
5-6 NR Number of responses
7-8 NM Number of measurements
9-10 NW Number of disturbances
4/{312) - NDPTS Data point for the frozen time point linear data
- IREADC IREADC = 0 = D, H,Q matrices for controller
are input
IREADC ;0= D, H,Q matrices are in the memory
5-6 IREADE IREADE = 0 = W; W, HH2 mafrices for estimator
are input
IREADE #4 = W, Wy HH2 matrices are in the
memory
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PC

(if INPC = 1)

Gif INPC=2)

if
IREADE £ 0

if
IREADC #0

| nopTs, 1READC, IREADE
[ NX, NU, NR, N, W
| IMAX, ITER, INPC, INPE
ITAPC, ITAPE, ITAPPF, IDATA

if
IDATA #0

Figure II-1, DIAK Card Input Data Deck
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Permanent Disc File Input

This type of input occurs first in subroutine DATAGEN. The linear data
FF, GG1, GG2, GG3, H2and VW are read in from the permanent disc file
ITAPPF for the specified frozen-time point NDPTS. Subsequently the data
written on the scratch tapes ITAPC and ITAPE are input in subroutine CGAINS
and EGAINS, respectively.

OUTPUT DESCRIPTION

The output from DIAK is in the print form only. The parameters IMAX,
ITER, NX, NR, NU, EE are printed out by subroutine CGAINS. Subsequently,
the matrices F, G1, G2, H, D, A, E, Q are printed out. Then the costate
matrix P and optimal gain matrix K are printed out. If convergence is not
obtained, a message is printed out accordingly., The parameters corresponding
to the estimator computations, IMAX, ITER, NX, NW, NM, EE are printed
out by subroutine EGAINS.

Subsequently, the minimum error, covariance matrix f’, optimal estimator
gains L, the covariance of estimator X, and the total covariance X are printed
out using subroutine INPT.

PROGRAM DIAK DESCRIPTION

MAIN PROGRAM

Program DIAK generates for time-invariant systems the steady-state
values of the optimal controller gains, optimal estimator gains as well as
optimal error covariance and state covariance matrices. This program imple-
ments the analysis of Section X of Volume 1.

The main program reads at the beginning the first four cards in the input
data deck. If IDATA # G it also reads FF, GG1, GG3, and Hy matrices by
calling SDATA. Then for the given frozen-time point, the complete linear
data for the controller and the estimator computations are prepared by sub-
routine DATAGEN. Calls to controller and estimator design subroutines
are made depending on the ITAPC and ITAPE flags.

The design algorithms are double-iterative. If the solutions do not con-
verge, exit occurs after a specified number of iterations.

After one cycle, the program goes back to the beginning and reads a new
set of data. When it finds ITAPC = ITAPE = 0, it stops.

The flow diagram for program DIAK is shown in Figure II-2 and its pro-
gram listing in Figure II-3.
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SET LR, NXM, NUM, NRM
NN, NWM, EE, NN

!
contivue  L2000]

v

READ ITAPC, ITAPE,
ITAPPF, IDATA

v

YES
TESTIF ITAPC = 0, ITAPE = 0

TNO

READ
IMAX, {TER, INPC, INFE

.

READ NX, NU, NR, NM, NwW

v

READ
NDPTS, 1READC, IREADE

l YES

( TESTIF ICATA=0

CAL. SDATA

it

CONTINUE

v

CALL DATAGEN

o

|/

Figure I1-2, DIAK Flow Diagram

|/

L

YES

TESTIF ITAPC =0

CALL CGAINS

v

TEST IF ITERC »ITER

YES
h—CI'E’,ST IF ITAPE= 0O )

CALL EGAINS

TEST IF ITERE - ITER

GO TO 1000
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C
C

MA

1000

10

PROGRAM DIAK{INPUTsOQUTPUT»TAPES®INPUT »TAPEG=OUTPUT»TAPES s TAPET»TAP
1E8)

IN PROGRAM DIAK

COMMON NXaNUsNReNWsNMaNXMaNUMsNRM o NWM s NMM g NNW EE
DIMENSION AK(4417)

LR=S%

NXM=1T

NUM=4

NRM=21

NMM=1 2

NWM=13

EE=4001

MN=3

CONTINUE
READILRSI)ITAPC ITAPE« I TAPPF» IDATA
FORMAT{(&12)

IF{ITAPCWEQe Q2 ANDJITAPE(EQe0}) STOP 33
READ(LR»ZIIMAXSITERe INPC»INPE

FORMAT(4I )

READ (LR ¢ 3INX s NUsNR g NM o NW

FORMAT(5I2) :
READILR+4INDPTSSIRFADCH IREADE

FORMAT{31I2}

IF{IDATALEG.G) GO TO 8

CALL SDATA{ITAPPRFNDPTS)
8 CONTINUE

CALL DATAGEN{ITAPCITAPE »ITAPPFeNDPTSsIREADCIREADEY
IF{ITAPC4FQ.0) GOTO 10

CALL CGAINS{AKsITAPCSIMAXSITERSITERCH INPC)
IF{ITER«LTLITERC}Y S5TOP 31

IF{ITAPELEQ.O} GOTO 1000

CALL EGAINS{AE s ITAPE W IMAXSITERSITERE » INPE)
IF(ITERLTLITEREY STOP 32

GOTO 1000

FND

Figure I1-3. DIAK Program Listing
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BASIC SUBROUTINES

Subroutine CGAINS

Subroutine CGAINS generates the steady-state values of the costate and
the controller gains in accordance with the analysis presented in Section X, of
Volume 1.

At the beginning of the program the equivalent matrices A, E and @ are
generated, and all matrices involved in controller computation (F, G1, G2,
H, D, A, E, Q) are printed out. There are three starting conditions in the
iterative solution: (a) P, = IC, (b) P, is computed from K,, and (c) P is
set to what is already in the memory.

For convergence each distinct element of the symmetrical costate matrix
P is subjected to the ratio test. If the NC elements pass the test, conver-
gence is obtained, and normal exit occurs. The optimal gain matrix is com-
puted and printed out along with the costate (Riccati) matrix. If convergence
is not obtained, a message is printed out indicating the situation.

For each fixed right-hand side, the costate is computed by calling sub-
routine CAL,

The subroutine CGAINS flow diagram is shown in Figure II-4 and its
program listing in Figure II-3,

Subroutine CAL

Subroutine CAL generates the Lyapunov matrix by solving iteratively the
Lyapunov equation for IT = 1, and the covariance equation for IT = 2. The
same test as described in subroutine CGAINS is used here for convergence.
If convergence has not occurred in IMAX iterations, exit occurs with a
message of iteration number. The subroutine CAL flow diagram is shown
in Figure II-6 and its program listing in Figure II-7,

Subroutine EGAINS

Subroutine EGAINS generates the optimal estimator gains, minimum
estimation error covariance and the optimal covariance of state as developed
in Section X of Volume I.

The starting value P_ for the iterative solution is either entered (INPE = 1)
or obtained from the previous solution left in the memory (INPE = 2), When
convergence occurs, the error covariance matrix is printed out. Subsequently,
the optimal gains and total covariance are completed and printed out.

The subroutine EGAINS flow diagram is shown in Figure II-8 and its
program listing in Figure II-9,
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WRITE
IMAX, ITER, NX, NR, NU, EE

!

COMPUTE NC
FLOAT NX

4

SETITERC= 0

!

ZERO MATRICES
F, A, AN, £, QN, EP, PEF, PI
H, HOK, G1, K, G2
Q QQ, W, W1

REWIND iTAPC )

i Figure II-4. Subroutine CGAINS

Flow Diagram

READ FROM TAPE
F, GL K D Q

+

l 875
SAVE
Qd=Q

! 4, 5
COMPUT
D’QD

302
(e i=1/07q0

TESTIFNU=1

IF NO
INVERSE

COMPUTE INVERSE
STOP &6

¥

CONTINUE

303
CONTINUE -

v

COMPUTE
W =(D’Q07 D’ QH

8,9

COMPUTE {1011

A= [F-G1(D'QDI"* D'QH’
SAVE
AN = A
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@

12
COMPUTE

QN=-(D‘am (p‘eD¥ 1 D-QH

CoMPUTE (12, 14, 15
Q= H*QH - (DUH) (DO 1D°QH
SAVE
QN=a

COMPUTE lLlEleuéﬁ

Wz = (DD G
E=G1(DQDI1G,

—

WRITE :
F, Gy Gp H D, A E Q

¥

READ

pe

CLEAR P, SET
P=1PC

;M

PEP = {H+DK) * Q {H+DK)

.

GALL CAL

I

876
SAVE P= PEP

Figure 1I-4,

®

Subroutine CGAINS Flow
Diagram (continued)
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v
Loo |

CONTINUE

[zoio
SAVE
PI=p

v

CALL CALCA, QN, P)

v

STORE P=QN

v

INCREMENT ITERC
. |2050 |
CONTINUE

.

| 100, 101
COMPUTE

A =(A0- EP}

!
102, 103

COMPUTE
Qg = @+ PEP)

¥

CLEARICT

TEST IF EACH
ELEMENT OF FI=0

COMPUTE FOR DISTINCT
ELEMENTS

P
= ——--1
P lpl |

TESTIFp > Z
ND

105

YES

INCREMENT
IcT

v

L1607

CONTINGE

TESTIFITERC=10
108
TESTIFICT = NC
NO

109
TESTIFITERC. ITER)}—=2 —
NO




WRITE
NOT CONVERGED IN ITER
ITERATIONS
FIRST TERM TO FAIL WAS ICT

v

ITERM ={TER-1

WRITE
P MATRIX AT ITERATION ITER

v

WRITE
P MATRIX AT ITERATION ITERM

122
CONTINUE

it

COMPUTE
K=-(0'aDi" L 6, 'P-aumy™d D/QH

125 |

4011
WRITE
GAIN MATRIX K
ls

¥

4010

WRITE
RICCATI MATRIX P
GAIN MATRIX, K

v

RETURN

Figure I1-4, Subroutine CGAINS Flow Diagram
(concluded)
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SUBROUTINE CGAINS{AKsITAPC»IMAXoITER+ITERC s INP)
C DOUBLY-~ITERATIVE ALGORITHM FOR SOLVING ALGEBRAIC RICCATI EQUATION
COMMON NXgNUsNRpNWoNMsNXM o NUM sNRM 3 NWM 3 NMM o NN 3 EE
DIMENSION F(1T7917)9G1(1744)sG2(1793)sANI1Ts1T19ELL1TH17)
DIMENSION Q(21e21)0QNI1Te1700EP{1 701 T)oPEPIITo1T)sPL1T417)
DIMENSION H(Zlil?)!0(21s4,oAK140173!Pll17|17)0000(4'ﬁ)'KWAIQ!
DIMENSION W(21421)sW1121,21)sHDK(21017)sKEWAL1T)400121,21)
DIMENSION W2l4417)
DIMENSION A{174+17}
WRITE{9+4002 ) IMAX+ITER
4002 FORMAT(1H1/T7TX+37H MAX NUMBER OF INNER~LOOP ITERATIONS T3,37H MAX N
1UMBER OF OQUTER=LOOP ITERATIONS 137/)
WRITE{9»&003 INXsNRyNUEE
4003 FORMAT{//TXs18H ORDER OF SYSYEM wI13/7Xy22H NUMBER OF RESPONSES =13
1/7X+21H NUMBER OF CONTROLS »13/7X,18BH CONVERG. FACTOR =F1048/7)
NCa {NX#{NX+1))/2
FN=NX
C CALCULATE AsE+Q IN RICCATI EQUATION PA+A#P=PEP4+QE(
C
C ZERO ARRAYS
C
9099 CONTINUE
ITERC=0
DO 8020 I=1sNX
DO BO13 JwlsNX
F o ot1sJ)=0.
A 11et)a0,
AN (19J)30,
o {1sd)m0,
QN {1+J)=0Q,
EP {IsJimp,
PEP{IsJ)=0,
PT (Isd)=0.
8013 CONTINUE
DO 1700 J=lsNR
Hl{Js1}=0a
HDK(Js1)=0,
1700 CONTINUE
DO BOl4 JmlaNU
Gl{1»J)=0,
8014 AK{ Jsl}=0,
DO B015 Ju=lsNN
B015 GZ2(14J)m0,
BD20 CONTINUE
DO B045 ImleNR
DO 8045 J=lysNR
Qils)u0,
QQ{leJ)m0,
WileJ)mO,
Witte))u0y,
8045 CONTINUE
REWIND ITAPC
READ{ ITAPC’((F(I’J)!J.IONX)'I'IQNX‘
READIITAPC]((GI(T’J):J“IDNU’!!'l!NX)

Figure [I-5. Subroutine CGAINS Program Listing
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READ(ITAPCI{ (H(IsJdted=lsNX)eI=1sNR)
READIITAPCY(ID{T s J) o d=1sNUY 2 I=19NR)
READ(ITAPCHI{Q(I s Jd) s =13 NR)sIm1sNR)
DC 87% I=1sHMR
DO 878 J=]sNR
QAT )}=QUTsJ)
QQJe 13=Q( 1 J)
B75 QlJsI1aQ(IsJ)
DO 4 T=1sNU
NO &4 J=leNR
WlIedinO,
NC 4 KmloNR
4 WlIed)mWiIloJd)+D(Ks I I HQ( K}
N0 5 I=1sNU
DO & JulsMU
DADUIT o J)=0a
D0 5% K=1lsNR
5 DAD(I» ) =DQD (T o S HW TS KIRDIKeJ}
IF{NU=-1}302+302+301
307 PAD(1»1)1=1,/DQ0(191)
GOTO 303
301 CONTINUE
CALL TDINVR(ISOLIDSOL»NUsNUsDADeNUMsKWARDET)
IF((ISOL+IDSOL)Y=21696s7
7 S5Top 66
6 CONTINUE
303 CONTINUE
DO B8 1=1sNU
DO 8 J=lsNX
WillsJ)=O,
DO B K=1sNR
B WI(TsJImWI(I s JY+W{TIsK}*H(K».J)
DO 9 I=leNU
DO 9 JslsNX
W{TleJ)mO,
DO 9 K=lsNU
9 WIIa))uWlTleJI+DOD{ToXK 1IN WL {KeJ}
DO 10 I=1eNX
DO 10 J=1leNX
A{TI9Ji=F{TsJ)
DO 11 X=1.NU
11 ACLeJimAllod =Gl +K)¥W (K e ))
10 AN(IeJ)=AlT14J)
DO 12 IsleNX
DO 12 J=1.NX
QN(TsJ}=0,
DO 12 K=lsNU
12 QNC{TaJImONIT 2 =WYI{K»T)HW{KsJ)
- DO 13 I=14NR
DO 13 J=YyNX
WitlsJi=0,
DO 13 KmlgNR
13 WlI{Ts ) wWIlTI e d}+QUI s} *H{Ks.J)
DO 14 IsleNX

Figure 1I-5, Subroutine CGAINS Program Listing (continued)
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DO 14 J=]14NX
QUI s JI=QNI{T s J}
DO 15 KmlyNR
19 QUIsd)mQUT o) +HIK T ) NWLI{K o)
Gl 1m0 T4J)
GNET 10T J}
14 GN{JeIY=Q( T
DO 16 1=lsNU
PO 16 Jm1sNX
W2{T+J1=20,
DO 16 K=l eNiJ
16 W2{TeJ)aW20T1 o J)+DAQDIIsK)IRGILIJWK )
DO 17 I=m1yNX
DO 17 J=1sNX
E{1s)a0,
DO 18 K=1.NU
18 FLIoJ)mE(Ta ) +GLIT 4K #WI(KsJ)
17T EfJslimE(IyJ)
WRITE(9»20}
CALL MPINXMaNXMsNXsNXsF}
WRITE{9+21)
CALL MP{NXMsNUMsNX yNUsGE)
WRITE(9+22)
CALL MP{NXMp3aNXs33G2}
WRITE{9¢23)
CALL MP{NRMsNXMaMNR yNX sH}
WRITE(9s24)
CALL MP{NRMsNUMsNR sNi1sD}
WRITE(D925}
CALL MPINXMsNXMsNXoNX oA}
WRITE(G+26)
CALL MP{NXMsNXMsNXsNXIE}
WRITE(9927}
CALL MPINXMaNXMpNXyNX 2QN}
20 FORMAT{1IH1/TXs10H F MATRIX//)
21 FORMAT(IHI/TXe10H G1 MATRIX//}
22 FORMATU{1H1/7X410H G2 MATRIX//)
23 FORMAT(IHL/T7X+310H H MATRIX//)
24 FORMAT{1H1/7X+10H D MATRIX/ 7}
25 FORMAT(IH1/7TXs10H A MATRIX//}
26 FORMAT{1H1/TX910H E MATRIX//)
27 FORMAT(1H1/TX»10H @ MATRIX//)
GOTO(ZOOO;BOOO;ZO50’|INP
2000 READ(5,2001)PC
2001 FORMATIGl044)
DO 2003 I=1sNX
DO 2002 Js=leNX
2002 PllsJ)a0,
2003 P{I.1)uPC
GO TO 2050
3000 CALL INPT(AK»NUMshXM)
DO 7011 I=)e¢NX
DO 7011 J=14NX
EP{leJ)=F{1sJ}

Figure II-5. Subroutine CGAINS Program Listing (continued)
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DO 7011 K=1sNU
TO11 EP{I»)=EP{T» J1+01L I sKIHAK(K»d)
DO 7012 I=1sNR
PO TO12 J=laNX
HOK Y o JIRHIT o J)
PO TO12 K=1yNU
7012 HDK T2 J)=HDK T s )DL T SKIRAK (K )
DO 7013 I=1sNR
DO 1013 J=1sNX
Wil(1sJI=Da
DO 7013 K=1laNR
TO13 Wl{ts)mWll(Is»J)+0QUIsKI¥HDK{K I
DO 7014 I=)aNX
DO 7014 JwleNX
PEP{IsJ}=0,
NG 7014 K=1sNR
T016 PEP{T2J)®.PEP{ s J)+HDK (KsT13#W1{K+J)
CALL CAL{EPyPEPsP o KKWASMNX oMXMyIMAXS1)
nO 876 I=1eNX
DO 876 JwmleNX
B76 PlIsJ)uaPEP{]+J)
GO TO 20%0
1000 CONTINUE
DO 2010 I=1sNX
PO 2010 J=laNX
2010 PI(I+Dy=Pilad)
CALL CAL{ASQNsPsKKWASNX NXMeIMAX 21}
PO BTT I=21sNX
DO 87T Js1lsNX
BT7 Pll+J)=QN(TIs )
ITERC=ITERC+1
2050 CONTINUF
DO 100 IalsNX
DO 100 JmlsNX
EP({TsJ}=0,
DO 101 K=1yNX
101 EP{T s DIeEP{I»JIHELT oK IXP{KyJ)
100 Al »J)=mAN(T»JI=EP (1)
DO 102 I=14NX
DO 102 J=1.MX
ON( T 1=Q(1sJ}
PO 103 K=14MX
103 QNI Lo J)=QN{T s JI+P (T IREP (K )
102 QN{J» T1=2QNI(T » Y
ICTa0
DO 105 I=1.NX
DO 105 J=TeNX
JIF(PI{124))106+105,106
106 RAT=P(I»J)/PIt{leJ)-1a
RAT=ABRS{RAT)
IF(RAT=EE)105+1054107
15 ICT=ICT+1
107 COMTINUF
IF{ITERC)I108+100Nn s 10R

Figure II-5, Subroutine CGAINS Program l.isting {continued)
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108 IFI{NC-ICT1109s122»109
109 IF(ITERC=ITER}1IO0N0+1001,1001
1001 WRITE(9»120)ITERLICT
120 FORMAT(1IH1/7TX+18H NOT CONVERGED IN 13+34H ITERATIONS=FIRST TERM TO
IFATL WAS 14/}
ITERMaITER~1
WRITE{9s121)ITER
121 FORMAT(///23H P MATRIX AT ITERATION I3//)
CALL MP{NXMsNXMsNXsNXsP)
WRITE(9121) ITERM
CALL MP{NXMsNXMsNXsNX2P1}Y
122 CONTINUE
DO 125 I=lNU
DO 125 Jm]l4NX
AK(TeJyw=W{TsJ}
DO 12% K=Y 4NX
125 AK( 1o JIwAK(T s J)=W2(TsX)HP{KsJ)
IFLITERC=ITERISG010,401144011

4011 WRITE(994004)

4004 FORMAT{1HY/TXs13H GAINS MATRIX//)
CALL MPINUMsNXMeNUNXsAK)

4010 WRITEL9+4005)

4005 FORMAT{IH1/7X»15H RICCATI MATRIX//)
CALL MPINXMyNXMsNXsNXsP)
WRITE(9»40041)

CALL MP{NUMsNXMeNUsNXsAK)
RETURN
END

Figure [I[-5. Subroutine CGAINS Program Listing (concluded)
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%

SET ITER =0
100
CONTINUE
ENTER 4
; Do 10
COMPUTE tr {A} i

= 4‘ .
(AX)“. ] XD,,

TESTIFtr >0 l

COMPUTE 301 (Xb}if {xolij +{m<)ii
_ (trA)
- A )
T ( TEST IF X ;= )ﬁ|
¥ NO
SET EE - 0.01 (B
‘ p= 1 zrr’a S t

! o

COMPUTE NC C

TESTIT

TESTIFp-2<0 )
¥ YES
[ 14

{INCREMENT 1COT

¥
o—‘ LZO

Lél_ 1;2 CONTINUE
SET P=A +

SETP=A
— T {10
1 CONTINUE
COMPUTE ‘
P=P=-gl
‘ INCREMENT ITER
coMPulTE |1ﬂ ‘
y=p =<I-an ( 7ESTIF 1coT=NC HES
4,5 X |
MPUTE r
)(20: 22V Q¥ =
o T CONTINUE
COMPUTE 78] 20
2= 2Vl SETA= 2
é) COMPUTE {17
2= AA
. . ] - ! ~\ YES
Figure II-6. Subroutine CAL Flow Diagram (oEstiemer<max )
% NO
[ 50
CONTINUE -
WRITE ITER
RETURN
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300

301

61

62
63

60

~ >

lo0

11

201

SUBROUTINE CALfAvXNOPQKWA’N’NRfIMAX!IT’
DIMENSION A(NRtl)oXN(Nva);P(NRyl}pKWA(NR)
YR-O.

DO 300 Im]eN

TRITR+A(ILI)

FNeN

IF{TRYI30142s2

5TOP 66

ALFaARS{TR}/FN

FE=,01

NC=N#{N+1)

NC=NC /2

DO 60 I=1sN

DO 63 JmlsN

GOTOUL61+82),1T

PlIeJ)mAlTed)

GOTOD 63

PilsJInAlJsT)

CONTINUE

P{IsI)mPlIal}=ALF

CONTINUE

CALL TDINVR{ISOLyIDSOLsNINsPsNRsK WA ¢DET)

DO 4 I=laN

DO 4 J=1sN

AlTs))n0,

DO & K=lsN

A(I’JiﬂA(I!Ji+PIKvI)*XNTKDJ)*Z-*ALF

DO 8 I=lsN

DO 5 J=lsN

XN{IsJ)=s0,

DO 5 K=lsN

XNCToJ)uXN{T s JI+AL I sKIRP (K, )

DO T I=1sN

DO 8 J=xlsN

P{Isd)aP{led)®2auALF 14 1COT=ICOT+1
PlIeI)mPLiTsI)+l, 70 CONTINUE

ITER=D 10 CONTINUE

CONTINUE 18 ITER=]TER+1

PO 9 3':'N IF(1COT=NC)15550+15
D =] N

ACIeYed SRS L N

DO 9 KaleN DO 20 JwlsN

AlT o J1=A(T o} +PIKs T I %XN{K o)) 20 AlIa 18P (192}
1C0T=0 16 DO 17 T=1,N

DO 10 I=14N DO 17 J=1,N

DO 10 J=1sN Pl{IsJ)in0,

DX1J=0, DO 17 KmleN

DO 11 K=1sN 17 PU1sJ)aP (1) +ALToKI*ATK )
DXT JeDXTJH+A LT 3K IRP{KyJ) 40 IF{ITER-IMAX}100+50+50
XNCToJbeXN{ o Ji+DX]IJ 40 CONTINUE

XNEJy ) mXNCT 0 J) WRITE{92600) I1TER
IF(XN(I»J)}201-145201 600 FORMAT(/TXs6H ITER=I2)
RAT=ARS{DXIJ/XN{T U ) RETURN
IF{RAT-EE)1a4s14s70 END

Figure I[[-7, Subroutine CAL Program Listing
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ENTER

¥

WRITE
IMAX, ITER, NX, NW, NM, EE

!

COMPUTE NC

'

SETITERC=10

!

ZEROQ
GqW; Gy F, P1, AH, QH, 1D, QXX
HZPWZ,BL’ Hy

G3
Wy

-1
Wy Wo

READ FROM TAPE
F. G11G3rH2’W2,W1

v

v
COMPUTE |203, 204

P |
1=H W5"Hy

y

COMPUTE  |205,206
G3W;63

l* b4 o

INPUT P

Figure 11-8.

®

compuTE 200 STOP 66
wyl {F NO INVERSE

Subroutine EGAINS Flow Diagram

291

@_ » 2050
CONTINUE

1000

r
(2010

SAVE PI=P

!

CALL CAL (A, 4, P)

'

SET. 877
P=Q

v

INCREMENT ITERC

¥

!
GOMPUTE [412.412]

A=(F - Pi)

¥

OMPUTE 413, 414

c
G=PIP +G3W; G4

SET ICT=0

TEST IF
[{P/PI-1)- 21 < 0

415
INCREMENT ICT

v

CONTINUE

y YES
(TesTIFERC-0 ——#

(416

WRITE
NOT CONVERGED 412

IN ITER = ITERATION

422
CONTINUE




Figure II- 8.

[422

CONTINUE

v

WRITE ERROR
COVARIANCE MATRIX P \

v

COMPUTE ESTIMATOR GAIhE |
L=Ph,w,L

436

WRITE ESTIMATOR
GAINS L

COMPUTE La50

A

A=(F +G1K)

COMPUTE 1451, 452

Q = pip

:

CALL CAL (A,Q,5)

v

WRITE §

¥

COMPUTE
X=(QH + P}

v

WRITE COVARIANCE WITH
ESTIMATOR X \

v

RETURN

Subroutine EGAINS Flow Di
(concluded)
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4002

4003

1099

1ol

lp2
103

lo00

lo4

105

SUBROUTINE EGAINS{AK»ITAPEsIMAXSITERSITERCSINP)

COMMON NXosNUsNRoNW o NMaNXMyNUMgNRM yNWM o NMM s NN EE

DIMENSION F(17017)lG3(1703]OBL(17912'UHZ(IZ’IT)!WZ(lZ’iZ)!W1(3D3)
DIMENSIOM P{YTelT1oPLE{YT ol sAHLLTo1T)sQHILT7o17)oID(1791 )
DIMENSTON OC17’17,vX(17i17,oX1j17!17'QWZI(12912)|H2PWZI(17012)
DIMENSION G3W1G3{ 17917} oKWALL2) sKKWATTITI sAK {481 T)eG1(1Ta)
REAL ID

WRITF(9+4002) IMAXSITER

FORMAT(IH1/7X+3TH MAX NUMBFER OF I[NNER-LOOP [TERATIONS !3s37H MAX N
1IUMBER OF QUTER-LOQP ITERATIONS 13//7)

WRITE(924003 )NXsNWeNMIEE

FORMAT(//7X+18H ORDER OF SYSTEM =13/7TXs2&6H NUMBER OF DISTURBANCES=
1I13/77X%X+25H NUMBER OF MEASUREMENTS =13/7Xs18H CONVERGe FACTOR =F10.8
2/7)

NC={NX®{NX+1})}/2

CONTINUE

ITERC=0

DO 100 I=1sNX

DO 101 J=lsNX

GINIGA(I+ )=0,

FIIsJd)mDe

PI{Ts+J)=0,

AH(I9J)=0,

QHI 19 J) =04

ID{I+J)=0,

Gi{IloeJ)=0De

X{1e2)m0o

X1(1sJ1=0,

CONTINUE

DO 102 J=ml+MM

H2PH2TI({1sJ}m0,

PL{TsJI=0,

H2(Js1)=0,4

CONTINUE

NG 103 J=mlyNW

G3(IsJ)=0s

CONTINUE

CONTINUE

DO 104 I=)sNW

NO 104 J=lsNW

Wi{TsJ)=0,

CONTINUE

DO 105 I=leNM

DO 105 J=13NM

W2(Ts )20,

W2I{1sJi=0e

CONTINUE

REWIND !TAPE

READLITAPE) {{FtTIs ) pJuleNX)olalsNX)
READCITAPEY({GI (T s ) e dmlaNU) s Ixm1sNX)
READ{ITAPEI({G31{IsJd)sdmlsNWY»I=1sNX)
READL{ITAPE ¢ {H2( s d) s =l sNX)ris1sNM)
READIITAPEI{ (W2 (TsJ)sJdelsNM)sIa]lsNM)
READ{ITAPEIL{WI{Isd) o=l sNWI2I=1eNW)

Figure 1T-9. Subroutine EGAINS Program Listing
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C
C COMPUTE W2 INVERSFSG3WIG3IsH2PW2IsIDOT

DO 200 I=lsnM
DO 200 J=1lsNM
200 W2I(12Jd)=mW2(1,0})
CAL L TDINVR(ISOL;[DSOL!NM:NM!WZI:NMMtKWAIDET)
IF({ISOL+IDSOLY=212029202s201
201 STOP 66
202 CONTINUE
DO 203 I=14MX
DO 203 JalsNM
H2PW21(1s0)=0,
DO 203 K=x]lyNM
203 H2ZPW2TI{1sd)eHZPW2T (I sdY4+H2 (K»TI*WPT (K sJ)
DO 204 1=].NX
DO 204 JdmlenNX
ID{Isd)mO,
DO 204 Km]lyNM
204 ID(I:J)"ID(I!J)+HZPWZI{I!K)*H2fKOJ)
DO 205 I=14NX
DO 205 J=l,NW
XlIsJ)a0e
0O 205 KslgNW
205 X{IeJd)mX{l o) 4G3(1oKI®¥W](KsJ)
DO 206 T=1,NX
DO 20& J=1sNX
G3W1G3(Ie+J)=0,
DO 206 Kul o NW
206 G3IWIG3II»J1=G3WIGILT 2 ) +X (] +KIRGEIL S K}
GOTO(200052050) 2 INP
2000 CONTINUE
DO 410 IxleiX
DO 410 J=)eNX
410 PllsJ3=0,
CALL INPTIPSNXMeNXM)
GOTO 2050
1000 DO 2010 I=1.NX
DO 2010 JslaNX
2010 PI{IsJi=P({]4J)
CALL CAL(AH:QH-P,KKWA’NXaNXM'IMAX’zi
DO 877 1=1.NX
DO 877 JslahNX
8717 PLIsJ1=QHIT4J)
ITERC=ITFRC+1
2050 CONTINUE
DO 431 I=14,NX
DO 411 J=i.MNX
X{1sJ1n0s
PO 411 KalaMX
411 Xfng}IXfIQJ]+P(I’K)*[DIK’J!
DO 412 I=1,NX
DO 412 J=m1l4NX
412 AHUT s DIsF{T3J1=X(1,4)

Figure II-9. Subroutine EGAINS Program Listing (continued)
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414
413

415
416

417
418
419
430
422

431

435

436

450

451

452

453

454

455

Figure II-

DO 413 J=1,nNX

N0 413 JuleNX

QAHI T 1V =G3WI1G3{T sy

NG 414 K=1oNX

QH{T 2 J)=QMHIT o JI+X{ T+ I¥P (K J}
OH{Je 11=QH(T 9 J)

ICT=0

DO 415 I=]eNX

DO 415 J=1sNX

IF{PI{IsJ)eEQaQa} GOTO 415
RAT=P{1»J1/PI(1IsJ)~1,

RAT=ABRS{RAT)

IF{RAT=EEY4Y544154416

JCT=ICT+1

CONTINUE

IF{ITERCI41T» 10000417
IF{NC=ICTI418,44229418
IFUITERC~ITERIIONO 4192419
WRITE(9+430)ITER
FORMAT{1H1/7X 184 NOT CONVERGED IN I3»11H ITERATIONS/}
CONTINUE

WRITE(9s431)

FORMAT{IH1 /77X 9244 ERROR COVARIANCE MATRIX#)
CALL MP{NXMasNXMiNXeNX9P}

NO 435 T=14eNX

DO 435 J=1.NM

BL{TsJYI®D,

DO 435 K=leNX

BLIT o JI=BLIT s JI+P LTI sKISHZPW2I(KyJ)
WRITF{9+4386)

FORMAT(1H1/TX+16H ESTIMATOR GAINS/)
CALL MPINXMsNMMpNX,NMeBE)

DO 450 I=14NX

DO 450 J=lasNX

AH{ T o JImF (T J)

NO 450 K=1,NU

AHUT o N =AHIT o I +GL [ I oK I RAK (K d}

DO 451 I=]1sNX

PO 451 Jm]seNX

X{IeJ)=0o

DO 451 K=1eNX

XD o J)uX (s ) 4P {l ok IHIDIK sy )

NC 452 I=1sNX

DO 452 J=1sNX

MH{TsJ)=0,

DO 452 K=lsNX

OH{T o JI=QHIT s JI+X{ T 9K I RP (K J)

CALL CALIAHsQHaXoKKWAINXsNXMeIMAX42)
WRITE (9+453)

FORMATIIMI/Z/TX»12H XHAT MATRIX/)
CALL MP{NXMaNXMsNXNXsQH)

N0 454 I=14NX

N0 454 J=1sNX

KT o J)aQH{T s JY4P (T4 )

WRITE(9s455)

FORMAT{1HI/7TX+34H COVARIANCE{WITH ESTIMATOR) MATRIX/)
CALL MP{NXMasNXMsNXoNXsX)

RETURN

END

9, Subroutine EGAINS Program Listing (concluded)
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DATA MANIPULATION SUBROUTINES

Subroutine SDATA

Subroutine SDATA is called by the main program when the linear data is
input through cards. It reads the linear shuffled data by calling INPT sub-
routine for FF, GG1, GG2, and H2 matrices. The data is stored in the perma-
nent disc file ITAPPF for subsequent use by DATAGEN. The subroutine flow
diagram is shown in Figure II-10 and its program listing in Figure II-11,

Subroutine DATAGEN

Subroutine DATAGEN generates linear data for the controller and estima-
tor computations.

First, the linear data corresponding to the selected frozen-time point are
read in from the permanent disc file, If IREADC = 0 the matrices D, H,Q
are read in by calling subroutine INPT. Also if IREADE = 0 the matrices Wi,
W2, and HH2 are similarly read in.

The linear data for controller computations are FF, GG1, H, D, and Q.
They are written on controller data scratch tape ITAPC. The linear data for
estimator computations are FF, GG1. GG3, HH2, and W2, and W1. They
are written on estimator data scratch tape ITAPE,

The flow chart of subroutine DATAGEN is shown in Figure I1-12 and the
program listing in Figure II-13.
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REWIND ITAPPF

CLEAR 1.6
GG, GG, GGy FF, Hy VW

v

INPUT
FF, GGy GGy Hy

Figure II-10, Subroutine SDATA Flow Diagram
v g g

WRITE ITAPPF
FF, GGl,GGZ, GG3r HZ, VW

v

RETURN

SURROUTINE SDATA(ITAPPFsNDPTS)
COMMON NXaNU s 1R o it s 744 9 XM o NUM s NRM g NWis s Nivtt p N o EE
DIMENSION FF(20920)5GG1{2058)sGG2(2096)3GG3{2Gs4) sM2{21417 )5V (")
REWIND ITAPPF

1 FFU1sJ)=0,

50 1 1=1s20
DO 2 J=1s8
2 GGL(1sJ)=0,
PO 3 J=1s6
3 GG2(1sJ)=0,
N0 & J=lsk
4 GG3({1sJ)=0.
DO 1 J=1»20
DO 5 1=1421
DO 5 J=1y12
5 H2(19J)=0.
PO & I=1s3
6 VitIr=0. ,
CALL 1NPT(FF»285220)
CALL INPT(GGL, 2UsC}
CALL INPT(GG2 »20.4)
CALL INPT(HZ, 21417}

ARITEC(ITAPRPFRYFF
WRITE(ITAPPFIGS]
WRITELITAPPFIGG2
WRITE{ITAPPF}GG3
WRITE(ITAPPFIH2
WRITELITAPPF ) VW
RETURN

D

Figure [I-11, Subroutine SDATA Program Listing
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ENTER l
I REWIND ITAPPFv)

v

D010 L=1,NDPTS

READ ITAPPF
FF, G&; GG, 664 H, VW

¢ YES

( TEST IF ITAPE = 0 )i
&NO

REWIND ITAPE )

TEST IF IREADE = 0
ZERO 121314
D, H.Q 4 ZERO l1526,7 !
| Wy Wy HH,
A 4
READ CARDS
H, D, Q READ CARDS
l Wl, WZ, HH2
F L
RESTORE THE lﬂ I',ro
LOWER HALF OF Q CONTINGE
leo], WRITE ON ITAPE
CONTINUE FF,GG) GGy HH, W, Wy

WRITE ON ITAPC 100
FF, GGJ-: H, D, Q CONTINUE CP\

50
CONTINUE I—"—— RETURN

Figure 1I-12, Subroutine DATAGEN Flow Diagram

298



C

10

SUBROUTINE DATAGEN(ITAPCsITAPE» ITAPPF oNDPTS IREADCS IREADE}
COMMON NXsNU» NR N s NMoNXMaNUMoNRM 3 NWMa NMM o NNSEE

DIMEMSION FE{20+20)9G6112048)5GG21205619G63{2054)¢H2121212)sVWI(3)
DIMENSION HI{21917)9D(21394)90021521) %W 1(3+3)sW2{12s12)
DIMENSION HH2(12»17)

REWIND ITAPPF

N0 10 L=1sNDPTS

READ(ITAPPFIFF

READ(ITAPPF }GG1

READUITAPPF)GG2

READ( I TAPPF 1 GGY

READ(ITAPPF}H2

READ{I1TAPPF)IVW

CONTINUE

¢ HERE WE CAN SHUFFLE DATA

C

12

13

11

30
60

50

15

16

17

IF{ITAPCEQeQ) GOTO 50

REWIND ITAPC

IF{IREADCLEQ« Q) GOTO &0

DO 11 T=1sNRM

DO 12 J=lsNUM

D{Isd)w0a

DO 13 J=mlpNXM

HIT ¢ J)=0w

DO 11 JeleNRM

Q{laJ)a0e

CALL INPT{HsNRMpNXM)

CALL INPT{DsNRMaNUM)

CALL INPT{QsNRMsNRM)

DO 30 I=1sNR

NO 30 J=T.NR

QlJIsT1=2Q{TsJ}

CONTINUE
WRITE(ITAPCI{{FF{LsJ)pJuml sNX ) » 1=l y4NX)
WRITE(ITAPCI L (GG T st s dmlsNUY »Im1oNX)
WRITELITAPCI{{H{IsJ) s bl sNX)sI=1sNR)
WRITELITAPCHI{(DIT s ) s =1 sNU) s [=19NR)
WRITECITAPCI{(QlTsd) s a1 sNRIeIm1aNR)
CONTINUE

IF(ITAPE+EQ.0) GOTO 100

REWIND ITAPE

IF{IRFADF.FQe0) GOTO TO

DO 15 T=1,NWM CALL INPT(HH2 sNMMsNXM)

DO 15 J=1sNwM 70 CONTINUE

Wi(1sJ1504 WRITE(ITAPE)( (FF{IsJladmloNX) sl =2 sNX)
DO 16 I=14NMM WRITE(ITAPE) ({GGL(TaJ)sJulsNU} s I=1sNX)
PO 16 J=1sNMM WRITE(ITAPE) L (GG3(1sJ) s mlsNi)sI=1sNX)
W2(1sJ)=04 WRITE(ITAPE) ( {HHZ (T9J) s dmlsNX)s I=1aNM)
DO 17 1=l sNMM WRITE(ITAPE) L{W2LTsJ)sJdmBsNM]) s I=1 4 NH)
NO 17 J=1sNXM WRITE(ITAPE) ( (WIC(T s ) sl oW ) sInl o NW)
HH2(19J) 20w 100 CONTINUE

CALL IMPT (WL » NuMgNWM) RETURN .

CALL INPT{42 s NMMy NMM) END

Figure [I-13. Subroutine DATAGEN Program Listing
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