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AN AUTOMATED PROCEDURE FOR CALCULATING SYSTEM MATRICES FROM
PERTURBATION DATA GENERATED BY AN EAI PACER 100 HYBRID
COMPUTER SYSTEM
by Edward J. Milner and Susan M. Krosel

National Aeronautics and Space Administration
Lewls Research Center
Cleveland, Ohio 44135

SUMMARY

Most control system design techniques assume having available a
linear representation of the aystem to be controlled. Although obtain-
ing a linearized model of a complex, non-linear system is usually tedi-
ous and time consuming, this task can be made less so by using the
automated procedure described in this report.

Techniques are presented for determining the elements of the A,
B, C, and D state variable matrices for systems simulated on an EAI
Pacer 100 hybrid computer system. The techniques are generalized to
allow use with many different simulation models. An automated proce-
dure systematically generates disturbance data necessary to linearize
the simulation model and stores these data on an auxiliary TEKTRONIX
model 4922 floppy disk.

A separate digital program verifie -he floppy disk data, allows
for data modification, if necessary, cai.' « -3 approximations to the
partial derivatives forming the elements of the system matrices, and
prints the matrices appropriately labeled.

Use of the floppy disk as a storage medium permits the data gen~
eration process on the hybrid computer to be separate from the matrix
element calculation process.

INTRODUCT ION

The intricate nature of many dynamic systems necessarily requires
rather complex simulation models to represent performance over their
entire operating range. One is likely to find the model to include a
combination of linear and nonlinear algebraic and differential equa-
tions and maps. Although such a model is useful for predicting system
performance over a wlde range of operating conditions, generally, its
nonlinear characteristics hinder it from being well-suited for control
analyses. A basic assumption of most control design techniques is hav-
ing availlable a linear representation of the system to be controlled.



By considering operation in the vicinity of a particular oper-
ating point, state variable techniques can be employed to obtain a
linear approximation of the nonlinear system. Doing so, the system
equations can be written iIn vector notation as:

x = Ax + Bu (1)

y = Cx + Du (2)
where x 18 a vector of the system time-varying states, x is a
vector of the time rate of change of the system states, u is a vece~

tor of system inputs, and y 1s a vector of system outputs, Matri-
ces A, B, ¢, and D are charvacterized by:

aij = -;)—Ea* | (3)
byy = gg? (4)

x‘,

cij (5)

e i d

Jy
i
di3 = Buy (6)

One linearization technique is to obtain finite difference approxi-
mations for the partial derivatives which comprise the elements of

the system matrices. To generate the partial derivatives, the steady-
state level of each state variable and system input is independently
stepped in both a positive and negative direction while holding the
other state variauvlesg and system inputs fixed. Corresponding values
of the state variable derivatives and system outputs are recorded for
each step change. By calculating the deviation of each state vari-
able derivative and output from its steady-state value and by form-
ing appropriate quotients the matrix elements are formed.

This report describes an automated technique for determining
tiwe elements of the A, B, C; and D state variable matrices for sys-
tems that are simulated on an EAI Pacer 100 hybrid computer system.
The technique is generalized to allow its use with many different
simulation models. The dats taking process is initiated by manually
setting a sense switch at the Pacer 100 control console. The order
in which the variables dre to be perturbed along with other appropri-
ate data are input from cards. Parameter values are transmitted from

¢ h § . I . 5 i poo e s



the analog computer to the digital computer by means of analog-to-
digital converters (ADC's). Perturbation data generated on the Pacer
100 system are recorded and stored on a TEKTRONIX model 4922 floppy
disk. The data are later transferred from the floppy disk to an IEM
TSS/360 computer where the matrix calculations are performed. The
matrix calculation is contained in the program MATCALC which can
generate matrices for systems having an arbitrary maximum of 20
states, 10 inputs, and 20 outpuis.

The following sections provide details of the apparatus, the
digital program, the perturbation process, the floppy disk data for-
mat, and the matrix calculation procedure. An example is provided to
illustrate the procedure.

APPARATUS

The data taking technique, described in this section, applies to
nonlinear system simulations impleuented ou an EAI Pacer 100 hybrid
computer system. The technique could, of course, be modified for
other hybrid computer systems. At vhe NASA Lewis Research Center,
the Pacer 100 eystem includes the Pacer digital computer with 32K of
core, a TEKTRONIX model 40)0 terwinal with auxiliary TEKTRONIX model
4922 floppy disk uni:, two model 681 analog computers, and an inter-
face to allow communication between the computers. That interface
consists of 48 analog-to-digital converters (ADC's) and 24 digital-
to-analog converters (DAC's).

Analog Setup Requirements

It is assumed that the integrations associated with the system
dynamics are performed by the integrators on one or both of the ana-
log computers. The integrator outputs then correspond to the system
state variables. The perturbation program requires that each state
variable, state derivative, input variable, and output variable be
transmitted from the analog computer to the digital computer through
the interface. Hence, each parameter of interest must be connected
to an ADC. For the purposes of this report, parameters formulated
on the "primary" analog console are transmitted to the digital com-
puter via a block of ADC's beginning with ADC 1 and parameters form-
ulated on the "secondary" analog console are transmitted via a block
of ADC's beginning with ADC 33.

Digital Program Description
Appendix A contains FORTRAN listings of the major parts of a
typical simulation program which incorporates the necessary pertur-

bation logic.

The program MAIN is designed to control the execution of the
major parts of the program. As the execution of each part is



completed, control is returned to MAIN. The analog computer setup
and checkout takes place during the execution of subroutine SET.
This includes setting and checking analog pots, digitally controlled
attenuators (DCA's), and digitally controlled function generators
(DCFG's). Subroutine STATIC provides for the reading of all ampli~
fier outputs at any desired operating point. Subroutine LOOP is the
heart of the simulation insofar as this is the area where the dynam-
ics of the system being simulated 2re updated. By continually
cycling through component maps and table lookups, current values of
the system state derivatives are obtained. In general, LOOP will re-
ceive information from the analog computer and output information to
the analog computer through the interface.

The perturbation program consists of three primary digital sub-
routines - DATOUT, SGNFIX, and AVG. The function served by sub-
routine DATOUT is to set the integrator initial condition DCA's to
correspond to the steady-state operating point being considered and
tc systematically perturb the state variables and the system inputs
one at a time in both a positive and negative sense. DCA's are used
because they can be set Ly the digital computer without changing
modes on the analog computer. Subroutine SGNFIX is used to guaran-
tee that the positive algebraic sign of each parameter 1s recorded
on floppy disk. For example, consider . variable, x, whose range
spans the set of all real numbers. Hence, x may have both positive
and negative real values. However, the analog computer representa-
tion can be either the variable (+x) or the variable (-x) depending
on the sign of the reference voltage used. If (-x) were the analog
computer variable, subroutine SGNFIX converts it to (+x). For each
perturbation, subroutine AVG scans the parameters of interest form-
ing 100 point averages for each of them. These data are then re-
corded on floppy disk.

Formatting the output data and recording it on floppy disk ::
accomplished in subroutines ;/NUL ana DIS)., respectively. Tic s.'e
purpose of subroutine Dioik 1is to control the recording of the data
on floppy disk. To record on floppy disk, the floppy disk unit is
plugged into the disk interface card on the TEKTRONIX 4010 CRT term-
inal. The write statements in the program are the same as if the
data were being written on the CRT terminal. Data is then automa-
tically written on the CRT terminal and recorded on the floppy disk.
Note that everything written on the CRT terminal is also recorded
on the floppy disk.

Illustrative Example

Consider the following system of four uncoupled dynamic systems
linked through output relationships:



sral-f(mpun-srand: where |INPUT1| <2 and |ST81| <2 (7)
ST82 = [(INPUT2-ST82)dt where |INPUT2| <2.5 and |ST82| <2.5 (8)

ST83 = [ (INPUT3-ST83)dt where |INPUT3

<5 and |ST83| <5 (9)
$T84 = ['(INPUT4~-ST84)dt where |INPUT4| <4 and |STB4| <4 (10)

An analog diagram representing a typical system such as these is
presented in Figure 1. Equations (7) and (8) are to be programmed on
analog console 1. DCA 45 is to be used as the initial condition pot
associated with ST81 and DCA 41 is to be ured to set the perturbation
amplitude of INPUT1. Likewise, DCA's 75 and 71 shall be used with
ST82 and INPUT2, respectively.

Correspondingly, Eqs. (9) and (10) are to be programmed on ana-
log console 2. However, on this conscle DCA's 75, 71, 45, and 41
shall be used with ST83, INPUT3, ST84, and INPUT4, respectively.

In all cases a 2 percent perturbation amplitude is deemed suffi-
cient.

The solution of this example problem will be followed through in
the discussion which follows.

PROCEDURE

The data taking process is activated by setting sense switch 4
and then exiting from the main system calculation subroutine (called
LOOP) by setting sense switch 1. Control is then transferred to
DATOUT. Hereafter, DATOUT controls reentry into LOOP. An internal
check is made that the analog computer was in the operate mode at the
time the data taking process was activated. Referring to Figure 2,

a card is then read in (313) format giving the number of state vari-
ables, the number of system inputs, and the number of system outputs
formulated on the primary analog console only. A series of cards
punched in (F5.1, 13, S7) format are then read. Each card contains
information characterizing one of the parameters of interest. For
each state variable, the algebraic sign of the integrator output,

the initial condition pot number, and the proportion of perturbation
amplitude desired are required. For each system input, its algebraic
sign, its perturbation pot number, and the proportion of perturbation
amplitude desired are required. For each system output only its
algebraic sign (as previously discussed in the explanation of sub-
routine SGNFIX) is required.



The next card read is a card in (313) format giving the number of
state variables, the number of system inputs, and the number of system
outputs formulated on the secondary analog console. Similarily,
another series of cards in (F5.1, 13, S§7) format are then read charac~-
terizing the parameters of interest on the secondary analog console as
was just done for the primary console. Table I contains a listing of
the cards used for the example and Figure 2 shows the data deck setup.

The order in which these data cards are read is very important.
The parameter order determined by the cards must correspond with the
parameter order determined by the analog ADC's used. State variable
data is followea by system input data, which, in turn, is followed by
system output data. Also, the order in which the parameters appear
within each of the first two groups is important insofar as the order
in which the cards are read determines the order in which the pertur-
bations will occur. Note that the order of parameter perturbations
is in itself arbitrary. Limitations on this order are imposed only
by the analog console on which the integrator for a state variable or
system input is located. As this procedure 1s defined, all state var-
iables and system inputs on the primary analog console will be per-
turbed first. Then those on the second analog console will be per-
turbed. Table Il gives the order in which the state variables and
system inputs of the example are perturbed. Also, given is the ana-
log console for each parameter and its associated ADC channel.

Following the reading of these data cards, the digital program
proceeds to monitor the steady-state integrator outputs and sets DCA's
corresponding to the integrator initial condition values. After the
steady-state operating point is estabhlished, the analog computer is
automatically put in IC mode where it remains during the perturbation
and data taking process. The data taking process begins with a base-
line reading of the stzady-state values of the parameters of interest
and the recording of them on floppy disk. The set of baseline data
is designated as reading 1. Following the taking of this baseline
data, each state variable and system input is stepped sequentially in
both a positive and negative sense. Table 111 identifies the pertur-
bations associated with each reading for the example.

For each perturbation, the data written on floppy disk are aver-
ages of the parameters of interest. The ADC's are read s.quentially
100 times with the corresponding values summed and averaged. Since a
parameter may be represented on the analog computer with either posi-
tive or negative algebraic sign, each average is multiplied by either
(+1) or (-1), depending on the parameter sign. Thus, the data recorded
on floppy disk corresponds to the positive algebraic sign of each
parameter.

Data associated with each perturbation is recorded on floppy disk
and each set of data on floppy disk is assigned its own identifying



reading number. Reading numbers are incremented as each set of data
is recorded on floppy disk. Data is recorded on floppy disk according
to the following format. The reading number is recorded twice in
(215) format. The reason for this redundancy is so that it may be
used as a check when reading the floppy disk. The parameter averages
are recorded on floppy disk as integers (with 32767, representing
full scale on the 32K Pacer) at the rate of 18 values per line to-
gether with a line checksum according to the format (1816,17). The
checksum value 1s the sum of all the integers output on that particu-
lar line. 1f the number of averages exceeds 18 but is not evenly di-
visible by 18, the second last line of output will be the n remain-
ing averages recorded in (nl6) format and the final line will be the
corresponding checksum in (I7) format. If the number of averages is
less than 18, the n averages will be recorded in (nIt) format with
a second line containing the checksum in (!7) format. An example of
the floppy disk data fcrmat is given in Table IV for the test case.

The final characters required on each line are a "line feed" and
"X-off". This ending sequence 1s necessary to insure proper data
transfer to the IBM 7SS, 360 computer. Because this is not the normal
line termination, the contents of the digital computer core location
controlling line terminaticn must be changed. The address of this
core location is obtained by taking the address of .FOR from the mem-
ory map (for the listing given i1 Appendix A, this address is 17234g)
and adding 213g. The address displacement value, 213g, depends on
the version of the .FOR routine used. Version [0 , December 1975 is
in use on the Pacer 100 system at Lewis. After loading the program,
this memory cell is opened and its contents set to zero by the user.

The entire procedure is repeated for each perturbation. When
the data taking procees is completed, an appropriate message is out=-
put on the line printer. At this point the system may be returned to
normal operation by resetting sense switches 1 and 4.

MATRIX CALCULATION TECHNIQUE

This section describes a matrix calculation technique which uses
the IBM TSS/360 computer with data input provided by the f loppy disk.
The matrix calculation is contained in the program MATCALC. This is
a generalized version of a program developed at Lewis for matrix gen-
eration from data obtained from a hybrid simulation of the F100 engine.

The MATCALC program has three hasic sections: data input, data
verification, and matrix generation The data input section uses a
software checksum to insure that the floppy disk data was correctly
transmitted to the IBM TSE/360 computer. After the data has been cor-
rectly transmitted, the data {nput section unscales it and stores this
unscaled data in an internal program matrix for use in the other two
program sections. The data verification section determines: (1) if
only one state or input was perturbed for each reading and (2) if the



perturbation size of each state or input was at least 1% of the state's
or input's steady-state value. The matrix generation section calculates
the approximations to the partial derivatives forming the elements of
the A, B, C, and D matrices and prints out the matrices in their final
form. A listing ol the MATCALC progr:m is given in Appendix B.

Transfer of data from the floppy disk to the 360 computer is con-
trolled by a procdef called READIN. A listing of this procdef is in-
cluded in Appendix B and the procadure for use is given in Appendix D.
The procdef, READIN creates the vs-dataset, 'DTRK' which contains the
floppy disk data. The data on disk is a series of readings where each
reading is a list of values of the states, state derivatives, inputs,
and outputs. The required format of each reading was discussed in the
preceding section. There should be 2n+l readings on disk for each
set of matrices, where n 1s equal to the number of states plus the
number of inputs. The first reading is the 'base run' which is a read-
ing of the unperturbed, steady-state values of the states, etc. (NOTE:
The MATGALC program terminates if there is no 'base run'.) Correspond-
ing to each reading is a disturbance number. The 'base run' must be
assigned the disturbance number of 1. Since each state and input is
perturbed in both a plus and minus direction, there are two readings
associated with each state and input. These readings should be as-
signed disturbance numbers of m and mtl where m 1is an even in-
teger in the range 2 to 2n.

The readings contained in dataset, 'DTRK', are used by the data
input section of MATCALC to form an internal program matrix, DATA. The
rows of the DATA matrix are the readings in the same order as they ap-
peared in the floppy disk data and in dataset 'DTRK'. Fach row con-
tains  he unscaled values of the corresponding reading (i.e., the nth
row contains the unscaled values in the nth reading). The order of
the values is the same for the reading and the row. Table V lists the
DATA matrix for the cxample.

The rows of the DATA matrix are used in the data verification and
the matrix generation sections of MATCALC. The INDX array, also formed
in the data input section, is used in referencing individual rows of
the DATA matrix. Table V also includes the INDX array for the example.
This referencing is accomplished by:

Row No. of DATA matrix = INDX (DISTURBANCE NO.)

If the Row No. is zero, the reading data associated with that disturb-
ance number was not contained in the floppy disk data (i.e., the data
for a plus or minus perturbation of a particular state or input was not
recorded).

The NAME array associates each state or input with two disturbance
numbers: ore for the plus perturbation and the other for the minus
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perturbation. This array contains the names of the state variables
and the system inputs in the order in which they are perturbed (see
Table I1D). The data for the NAME array is contained in the input
dataset, 'QINFO'. 'QINFO' is a vs-dataset created by the user and
contains data describing the contents of the floppy disk and speci-
fying the structure of the A, B, C, and D matrices. The format of
'QINFO' is given in Appendix C and Table VI lists ihe 'QINFO' dataset
for the example.

Appendix D contains a detailed procedure for processing of per-
turbation data which has been stored on a floppy disk. Instructions
for operating the TEKTRONIX 4010 CRT terminal and TEKTRONIX 4922
floppy disk drive unit are included. IBM TS5/360 commands for reading
the floppy disk data into the IBM TSS/360 computer and for performing
the matrix calculations are provided. Also in Appendix D is the pro-
cedure to follow should checksum errors occur.

Table VII shows the resulting matrix listing for the example. As
the results shkow, the simul.“ed system consisted of four uncoupled dy-
namic systems linked only :h.ough the output relationships. The lin~-
earized system equations are:

x) = =0.9938 x; + 0.9922 u; (11)
Xy = =0.9918 x, + C.9888 u, (12)
X3 = =0.9939 x3 + 0.9878 u, (13)
X4 = =0.9923 x4 + 0.9861 u, (14)
yp = 1.003 x; - 0.001022 x4 (15)
yp = =0.004666 x; + 1.002 x, + 0.001022 x4 + 0.001019 u, (16)
y3 = 0.999 X, =0.001546 x, (17)
y, = 1.002 x, (18)
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Program Considerations

Some modification of the perturbation program would be necessary
if one of the state variables or inputs were at a limiting value
while perturbation data were being taken. Because of that limit,
that parameter could not be perturbed in both a positive and negative
sense. Hence, proper logic would have to be included in subroutine
DATOUT to restrict the perturbation of that parameter to the direction
which would not violate the limiting value. Likewise, if the problem
size were such that only one analog console were required, subroutine
DATOUT could be easily modified to eliminate parallel operations ad-
dressed to the secondary analog console.

Use of a separate digital computer (the IBM TSS/360 computer) al=-
lows for the processing of the perturbation data and analysis of the
resulting matrices to be done without interfering with use of the
hybrid computer system. Calculation of the system matrices could have
been done on the Pacer digital computer with the perturbation data
stored on the Pacer's assoclated disk.

The format specified for data output to disk is arbitrary and can
be changed if desired. The DISK subroutine of the perturbation program
and the data input section of the matrix calculation program should be
modified for the desired format. A new checksum error check should be
developed to insure correct data transfer from disk.

CONCLUDING REMARKS

The A, B, C, and D state variable matrices used in controls design
can be readily determined using the procedure described in this report.
Data required to obtain a linear representation of the system to be
controlled are systematically gathered using the techniques presented
in the text. Disturbances are introduced in the nonlinear system one
at a time. The user may determine the level of each disturbance and
the sequential order in which each is to be introduced. For each dis~-
turbance, corresponding levels of essential ystem parameters are auto-
matically recorded on floppy disk.

Use of the floppy disk ss a storage medium permits the data gener-
ation process on the hybrid computer to be separate from the matrix cal-
culation process. This floppy disk data is input to a separate digital
program which contains the matrix calculation process. A software
checksum is used to insure correct data transmission from the floppy
disk. This program also checks the data for proper disturbance levels
and correct number of disturbances. Appropriate messages are output
if errors are detected, thus allowing data modification, if desired.
The partial derivatives forming the elements of the system matrices are
approximated by finite difference calculations. The system matrices,
appropriately labeled, are printed out by this program.
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Use of this procedure on a dynamic system simulated on a hybrid
computer generates automatically the data required for linearization
of the system and determines the matrices which represent the system.
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APPENDIX A

SIMULATION AND PERTURBATION PROGRAMS

Main Program

(WAL} MU O COMPLEEER MODE TR LMK

COMM N> MO0 A1 BN

COMMSL FLD OIS Lk, XU

LOGH M LA L]

CALL SHYIN CTRKKUL, 681, Bl

TRKE MDDRESS (6 FOK MY MDD 2] SEL LONIENTLS 10
LF « 217

IXOMF -« “22%

CALL “KT

Cool SIAT

Chu s v TERKOIK

CHLL UsC o1, IkERRIS

CALL | oow

IF cskNSHad ) w10 0

CALIL SIRTH

IF CLMN BG4 CHEL UsOl ClkkkOk
GO 1 e

CALL ORTOU LM

WELIE e, sl

FORMEE /7000 STHRESE T SSHOMDI,  THEN KESET SSWC /s
WROr

OCT e

LA 1HGFF

OCT <o)

IF CShENSKHOd2 ) ol 110 4
GO 10 28

END

SUBKOLILTNE Sk

ENTER YOUIN FUTS,  DOCHS, HND
DCFGs 10 HE SF1 HND CHECKED

RETU
END

P ]
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SUBKOLTTNE ML
COMMOUNAR) DS E, LRk

ENTER YOUK HMEL LFIERS 10 HE KERD HND CHECKED

WRIIE 16, »1)

FORMMI b oMY UL S BReCURD STHIICS D
Ly Lk

ocT swe)

LA 1NOFF

OCT )

FETUWH

ENG

SUBKOUTNE | LGk
LN HUAL GG COMEU ER MODE TN CHT 0K

COMPNA A0 M
LOGIEH “kHSW
COMNY ITNUE

ENTER SYS RN DYNRMOC RO LONS LR U LNG
BIVHHIHTE MRS WHD TR E L OUk=11es,

IF C NOT “i3dmdtas GO 10 16
CALL USC 20 ThRkK >

CHLL  GkAML Mo

IF QLM BG40 CHLE USH CLERROK
FETUKH

END

Swoc /UL THE DE L CIMubDE »

ORIGINAL PAGE ..,
OF POOK QUALITY

NASTE = NUMEER OF S1IHTE VHRIAEL RS ON HNHL O CONSOLE 1

NALN = NUMEER OF  INFUES ON NS OG CONSOLE
NADHIE « NUMEER OF OUTHUTS ON HNHL OG CONSOLE 1

N2E1E = NUMEER OF SiHTE VHRIRFLES ON ANEL OG CONSOLE 2

NEIH = NUMLER OF INFUES DN AHNAL O CONSULE &

CNZOLEE - NUIMEER OF LIPS ON HNAL O CONSOLE 2
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COMMORMERNAT ST JYV 00, N0 E, MG Ol M SN2,

i NES TR N NETOP . HVIRGE CLf, MM 2S00, Ll

COMMUFLD SO/ B, X0k

CIMENSION  HIDEHC 0, NeDURC )

SCRLED FRRMUTION  SOMINTCEZ 0, SOMINZC 200, SVIRME 0, SYOMME D,

i SVHE L

CCHECE THAT COMPU T ERS WekE LN OFERR R

IF CIMODE ki 40 G0 0 A8

WELIF cle. el
€L FORMMI /00 6ZHEOMPUEERS WERE NOT TN OFEREIEE WHEN S5O0 WMS sk |

1 TRY moRIN /)

LA Lk

OCT «hny

LA LAOFF

OCT <om)

RE T

CONSULE 3 SimTE VMRIMEL ES,  SYSTEM NP S, N SYSTREM O PN S
190 RERD CFfL 600 RIS R, NI HYLOL
62 FORMAI <3152

NATOH « NISITEsHL NSOy

NATUHIP & HITOT+NL S8

READ CoL 6o CoMMFISNC LD WLDCHOD 2, SOMINYCL 20, 11, NATOY
63 FORMMI kL 1, LG S0

CCONSOLE 2 SIHTE VHRIRELES, SYSTEM TNFLHE S, BN SYSITEM GNP S

REAL crL f 0 NS TR, N2 LN Nz

NETUT o« NS ESH NSO

NETUIF = NZTUT+N2S 1 B

RERD (6, 600 CCAMPZSNCT 3, N2DUROD O, ShRiNg Tl 20, 11, N2TOY )

READ SITERDY=S1HIE VHLULS OF  THTEORRT ORS

CARLL URBARDS CSVIAME, 1 NILSITE, TERROK

CHANGE STON 100 CORKESFUND 100 DUH Vel e S

CO 26 1«1, N8

SVIHMFCT 3 & =SVIHMPCL )
78 CONTIHUF

CALL. UNBHDS CSVEHME, <o Hes s, LeRKOE )

CHANGE STON 10 CORKESFUND V0 DEH VYL LES

0O 36 1=1, NeSTE

SVERIMICT Dy o =SVZHMIC) D
2@ CONYINUE

SEV IHNIEORHIOK LCS CDUHSD 100 STEHDY =S 1HIF VHLIR S

CALL U0 o, ThkkOK

CAL' WS <o) TRk

CRLL UNDCS  CHEDEH, SYOHMY, NS R, TRRROK »

CALL ust Cmy TRERROK >

CALL ust Ol lErkOK )

CALL wodOs THADCH, SVIAMEY, NS TS, LENROK

FUT ComMPUiiERS TN LG

CARLL UsC /) TRRROIK )

CHRLL USTO L Wik s

NUMF = « 10
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DO 466 11, NN ng QUAL‘“
J = (sl nIE o‘
[ Y PR N

SVAMMFCD 0w MVRGECK JoMPib | Slid )

CONI INLF

DO s T=1, NN

J = 1eNZS N

K ® [+7N/SIR

SV I« HMYRLZ R D oMM 2SN )

CONY LHLE

FERTUE CONSELE 1 Vil MM b

CoLL. WSC <6, Ak Rkl

CALL, USC 1, TERKUK )

NLVHNE « NIS EeNI N

DO wi 1=1, NI VAK

FER 1Lk VR IHBLE FOS T LVE

SVALLIE = SVAIRIFC LD OMINLCl 2SN

CHECK 1F  THFUL VEKN LKL -

IF €1 o7 NISIEY  SVRLIUE « SORMINTC)L JeSVINMFOL )
CALL GWDCS CHIDOHC ) D, VML, 1, T EkkOR )

CARLL OSDEYR <O L TkRkOI

CALL 1L oo

CALL. mVYG CHUMEY SO

CALL wsE Cwy LEwkine s

CALL G50 o1, TERROE

CPERITUME VAR IMELE HEGHT LV

SVALLE = SVIAMPCL ) =SOR N1 CL 2 oSV IRMEC]L )

CCHECK LF NPT VHK) FEL

IF G GT HISTED  SYRLLE « «SORINLCL DSV IHMPC) )
CALL UMDES CHIDUHC LD SVHLLE, 1. T ERKOR »

CALL GsDE YN <5 L TERKOE

CALL LOuF

CAL: HVG CHLIMET S0

CALL WS (i, TERKOK

CALL. S0 1, TERKROK

RESF I VARIMISLE 10 CalisImE VM LUk

SVALLE = SVAHMFCL D

CHECE 1F 1HMFLT VWelmkl b

IF <1 GT. IS8 SVALLE - | Bs
CALL GWDCS  CNADCHC ) o0 SVHLUE, 1, TRRROK >
COMNT LHUE

PER UK CONSOLE 2 ""HK1IHHL RS

CALL WSO Cv, TRRROK

CALL O5C <2 JRRROE D

N2VHK ~ NZSIRE+N2IN

DO vu ae1, NeVHK

FPERTUKE VHIIHBEL E FOSLT IV

SVALLIE = SVYARMPFCOL D+ 5OMINACI ) SVY2HMECL



- -

o
rd

16

CHECE 1k LHMU VRN L -

IF 1 67 H2SIHD  SVMLLE « SOMINZCL Do SVZRMb)
CALL GWDCS CNZDUMOT 0, SVREUE, 1, TERKOK )
CALL OSDE YR O o LhRkOk

CALL | 00K

CALL. HVG CHUME S

CALL WSO o ThRkOR

CALL usC Cxs TRERkOE

FER I VREIHBE B HEGHT Ve

SVALLIE & SVZRMEC)L d=SORINZ L s sSVomnMbcl D
CHECK IF GNP VR FEL -

IF 1 6T NZSIR)  SVMLLE « =SOMINZC) D$SVERMPC)
CALL WWDCS CHZDURC L SVAELIE, 1, L ERROK
CALL USDIYKR <4 L kR

CALI 1 uoP

CALL WVG CHUMETS )

CALL USC Cu LhERkON

CALL USC Cf) TENKROK)

RESF 1 VARIAELE (00 Ol LG INML VL Lk
SVALLL. = SV ML)

CHECK Ik LU VR LRM b

IF L GT NZSIR) SVHLIL «  ws

CRLL UWDCS  CNZDURCE D, SV LIE, 1, L RkOR D
CONT LHUE

WRIIE Cim, md)

FORMMI /00l cBMHC ONGIRE ) = FhRURESTION 0K COMPLETED /D
LA Lr

OCT vy

LA LVOFF

OCT <wir)

FETUI W

END

SUBROLIETNE SGNE LA

NITUIF & 100Hl HOMERER GF STHTE YHRIHGEES, TNFUTS, MHD L EL S
ON AN O CONSOLE )
H2TOE = (UTHL HUMEER OF STHTE VHRIARL ES, TNPT S, HND LR S
ON AN DG CONSOLE 2

COMPMONAME M= 8, N 0T [T R, MG CLl ), HMP Y S 20D,
1

HZE 00 HETU N TOO R, HVYRGE Cl s, MM 2SN 200, LRI
CONSULE 1 VHEIHE k=
DO e d= e
IF C1 0T NISI&> GO 10 16
AVRGLCT )« HVYIRGL LD #HMEI SN L
GO 10 @
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DB POOR QUALITY

IF <1 T CoetisaIss ) GO 10 8
J = I~N1SIH

AVRGLCLD w =HVRGE L o eHMEF L SN )
GO 10 @

J = =NiSm

AVRGLC) 2« VRGO s HMFLSHC ) )
CONT LNUE

CONSIN B VK] HELES

DO O =1, NATOTKE

IF €1 G NeSIED B 10 48
AVRLZCL ) = HYRGZCL DemMb eSOl
GO 10 s0

iF ) GT CraNgSIHI B0 10 Y
J = [=NPS'H

AVROAZC) ) o« =HVRGZCL oMM ZSHC ) )
GO 10 w8

J = I=N2SIH

AVREGAC1 )« HVRGZCL D eHME SN )
CONT LHLE

RETIN

END

SUBKUL TR mYD ciibib 150

NURIF IS« WOMERR OF FOINTS 10 BE USEL FER HYERHGE

NATOIF = T0Ml HUMEER OF STHITE VRRIRELES, ITNFUIES, AND OO RUES
ON ANHLOS L UNSOLE

N2TOIF « TUTHL HUMERER GF STHITE VRRIRELES, TS, MND LR S
ON ANeil OG LONSGLE »

COMMONME RN TS TR N0 WO VIR o, HMP L SN2,

i WS Tr N2V NZTOOF, HVYRGZ CLn 0, HMEZSNCZ 0, TR
DIMENSION  SUMY OO0 VIHME O, SUMZ CLE D VEHMF O, TEMPC2)
DO 16 1=1, 11001

SUMIC)) =« 1

CONT Nk

DO 24 1=, NP

SUMZC1) = @

CONT INUE

FLTHO = NUMEY S

GENERMIE HVERHLE S

DO U K=, NUMFY S

CONSOLE &

CALL URBADIC CTEME, <50 NZTUTF, LR Rk

DO 6 1=1, O

SUMZCE) w SUMZCL e kMl )
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CONT L NUE

CONSLLE )

CALL  CRBERDK T RMF, L LU E, LR RO
DO 46 1= NLIOOK

SUMLCE ) & SUMICL D+ IRMFCL)
CONT LHUF

CALL UsC o, TERKON:

CRLL USC o1, TRk

CALL 1 OOF

CALL GSDEYN 5 o IkRRON )
CONT LHUF

DETERIINE HYERHGE S

DO &6 L=t NLIOOY

AVROGI G o SUML O 2 2R IENG
SUMICI) « B

CONT 1 HUE

DO (v L=t NSO
AVEGACL) « SUIMZC) 0 R THD
SUMLCL) « b

CONT INUF

CALL. =GNk L2

CALL. 115k

FETIRN

END

SUBKULITINE 12

THE (il Y WHY THHL THL FLOFEY DIsE CHN BE O WURTTITEN ON 1S THROIGH
THI= SUBROU T NE

COMMONAME RN N SR N T N0, MY LD, MM SN0,
1 NS, N2TOT L N0 E, HVYRGZ OB, MME 2SN 0, TR
COMMUNAFLDISCALE, T RORE

DIMENSTON  IHCTGB, THIBOTER D, THY (k)

WRITE C3.&10 1RDis, TR

FORMIVE <21ty

LA Lk

[ ST |

LA IAUFF

OCT <we)

IR IR+

OO 16 =1, NLIOTE

IRCID = HVRGICL 2% 2 ey

CONILNLE

DO v =1, HZVOOF

J o= IeNLIOKF



IT «0i0T16 kG v G0 10 46

WRIIE (36 COIMIACI D, IMICT D0, dl S HkT, TRND S,
62 FORMMI c1BCId, 120, 1 12

LA Lk

och b

LA LHOFE

OCT wind

GO 10 L
40 ITOIL « LisiGNsliuns

WEIE cd.& 0 COIMIGC YD, THIC I, 1o tSimiT, 1N,
65 FORMMI <A&CI4 120 Lo n

LA Lk

L TS §

LA LAOFF

OCT way
L COMYLHUE
8 NUMSER = ) =18 TN =

IF CHiMBER FQ 6 WE N

ITOhIw - @

ITOH « @

ITSIGN = 1

DO T=1, HUMER K

J = 1Ee [N Y]

IF <L F@ 1) JISIHKTD =

IF CiL FO HUMBEERS  TFEND ~ O

CRLL MO0 CTTOT 6, 1000, L1510, IHC T2, THIGC ),
B CONIINUIE

WRIE €L, 62y COLMABC 2, IHT GO0, 1l STHKT. 1RND )

LR b

QCT  shakn)

LA 1XOFF

D N ETE S |

IF 110746 Bt w0 GO 10 B6

WRIIE <1, &4, LA s, 110
ed FORMMHL Cll 122

LR Lk

IRCI) & HMVEGIZ 2% <o iy
CONIIHUE

ITCustr = MY LIPS TN F
INDEXY = 1t 1 e

IF CINDEX. L1 3 0 10 &6
DO us k=), AHDER

ITOMIw = w

1T = &

ITEIGN = )

DO v Jai, 1w

J = 1Esch=1a+]

IF €1 F¥Q 1) 1SIMKY =
IF <1 kG 18> 1END - O
CALL HDDAE CITOTI6, 1107, PISIGN, IR
COMLHUE

IGO0, Mt

P06 1

IREERE]

IMLC A
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OCT  wud

LA 1VOFE

OCT wel

RE T IeH

ITULE « im0
WRIIE c4. w110
FORPRIL < )i »

LA |»

OC1  mng

LA LOFE

OCT el

FET e

END

SUBKOLLL T NE

ITOIIG « CRUNHITNG (OO D bk
ITOIY = MESCRUNNING (0THL = 16 LI 16D
ITSI = SI6N OF WUNNING 10T#H

I o= NEY HEMEER 10 BE HDDED 0 RUNNGHG (OiMl

IMlG = M 1ok
IHL = HESOIHW = 1ok IHLG

IME i = I5IGNCT, AH

IRLe IS0

IR - (AESCIR=100e Ml

IF CiMI@ kU 00 O T

IF CCOITSIGN*IMs L1 W GO 1 In
ITOMME AND H HedVE  THE SHME S0 0N
ITOIIG = LI lueinin

ITOWY = D tsimd
IF CLiUTY 11 166
ITOWY = Jiuii=ten
ITO G «~ Liurieslisl6h

FE T4

ITOIME AN W HEVE  (ME DdEEEREN S10NS
IF CIWBSCI e 61 JHBESCIRIAD > Gl 10 26
ITOTHL AND W CHN BE RDDED

ITOIM = Tt i 1O 1@ L 1 siGhisl 100

ITOVM. = LIUTHL*IH

ITSIH - 1

IF CHLIOTHL L1 B 115106H - =1

ITONAG ~ UL 1ok

ITONY = 1RSI IOIHE = ekl 100 e

FETIN

FMARGHL 1LE OF 1 HE s UREHIER
ITOTI6G ~ 1iUilEsINID

LR L]

THEN MRGHT DR b

HODLIF 106, Lo, LS VM TR TR
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ITOWY « Jiuit=imt

IF <) uTi Gk 0o Wkl

ITOVE = 1iuiieiom

ITO1I0 « LNt IiGN

RETINW
i ASELME M 1% kRO

@ IAL - w
RETI
ENG
MEMORY MAP
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APFPENDIX B

'MATCALC' FPROGRAM AND 'READIN' PROCDEF

COPNOONATRIN GENIBATION ROUTING

-
LIARNSION NAME(IO), INDX(G&Y)
DIMENSIUN IVAL(YR), DAPA(£Y,70)
DISEASION NUELT(30), NOBSV(20), NDEIV(20) ,NCOL(I0)
DINENSION SF (70 «TEST(10)
LINENSLION A (20,20),8¢20,10),C020,20),D(20,190)
DIAENSION HEG(EO0) ,ADGLI0) (NAN2(20),KAND(20)

DATA DATAZG2T080,0/

DATA SLASTZ0/, (MDXZ6YO0/

DATA PTEST/Z.01/, NEPORZO/

INTEGER VA, ,HDG,ALG

Pata dLGsEOs4N /s RDG/IOONN /

READ(H,0001) NS, N2, NY
HOO0Y FOREAY (31Y)

NWOEDS = 2ONSeNCeNY

NRUNS = 2@ (NSeNC) e

KTOT = NSeNC

NS1ZE = NS

NINPUT = NC

READ(3,H8002) (NAME(I) ,I=1,NTOT)
8002 FUKMAT (J0A&)

READ(S,6003) (SFP(1),1%1,540K08)
B003 PUANAT (B (10F2.2/7))

READ(9,8002) (NAMZ2(I),171,N8)

READ(,8002) (NANMY (1), ,I=1,NY)

LR R L AL R
LR R R L R
IR R R
FLOFPY DISK READU IN AND UNSCALING OF DATA

NnNOoOonrnaonn

SOREAD IN STAFT
1=C
1 I~
READ(S,5001 ,END*2,ERP"2) NA, NB
5001 FORMAT (21%)
c
C CODISTURBANCE NUMBER CMETK
IF (NA Q. NB) GO TO 3
WAITE (6,6100) NA, NN
6100 FPOR"AT (SK,*NA VALUE (*,13,%) 15 NOT EQUAL TO NB VALUE (*,33,%)°',7,~
ASKX,*ENTLE COFRECT DISTURBANCE VALUE (IS) POFMATY)
REAL(T7,7101) KA
7101 POUNAT (15)




. omit

25

Go 19 3
4 WRITE (€,7002)

7002 FOERAYT (SK,'N), OF BRUKS NOT SQUAL TO BXPECTED NO. OF DISTURBANCESY,

ASK,'ENTER Y T0 STOF, DEFAULT TO CONTINOER'Z)
KEAD(7,7003) NTES?
7003 FOERAT (1Y)
IF (BTLEST EQs V) STOP
60 10 500
3 IP (INDX(NA) EQ. O) GO TO &
BRITYE (£,1000) NA L INDX(NA)
1007 PORMAT (SX,*1NDX(*,14,%) PREVIOUSLY SEr TO SEQ,18,/,~
. SX,'DEFAULT TO FEPLACE, 1 T0 STOPY )
FEAD (7,700%) wTEST
I7 (NTEST JEQ. V) STOP

no

SO INLY ~ CONTENTSE AkE SEQUENCE NUMBERS
§ INDX(NR) = | .
ICHT = 1
Jd =1
NEND » 18
S JA = Je1?
IF (LCNT EQs 1 AND, NEND .GT. NWOKDS) 30 79 10
IF (J 4%« NWOTDS) GO T2 10
FEAD (5,5002) (IVAL(K),K=1, NEND), ICK
$002 FURMAT (16i6,17)
LCHT = LCHTeY
GO TO 15
19 JA = wWOPDS
NEND = Jh=Je
KEAD (5,5002) (IVAL(K),K=1,NEND)
KEaD (5,5003) I1Cx
5003 FORMAT (IT)
LONT = LCNTe2

c SOCHECKSUN CHECK
15 15u8 = 0O
U0 V6 K=1,NEND
1€ ISUR = ISUNMeIVAL(K)
I7 (ISUN .NE. ICK) GO TO 50
100 ILAST = ICK
RRITE (9,5001) NA,NA
IP (NEND .NE. 12) GO TU V7
KRITE (9,5002) (IVAL(K) ,K=1,¥" Nn),ICK
G0 10 20
17 WRITE (9,5002) (IVAL(K) ,K=1,NEND)
WRITE (9,5003) IcK
¢
4 ®SUNSCALING OF SAMPLED VARIABLES
20 x= 0
LG 25 N=J,0A
K = Kel

Y1 = IVAL(X)

Is®



aon

nTunonononOoOnoOonon

A N b
Al PAGE

Y5 » YI/32768,
25 DATA(I,4) = YSOSF(N)
J = JA*Y
IF () +LE. NWORDS) GO rO S
1P (I LLT. NRUNS) 30 T2 1
WFITE (5,6001)
0001 FUGEMAT (SX,*SMATEIX DATA READ IN AND UNSCALING COMT BT !/, ~
ALK, 'DATASET ON UNIT 9 CONTAINS (CORRECTED IF NEC) FLOPPY DISK DATAY)
GO TO 500

SO CHLCKSUN PRROR ROUPINE
50 WRITE (6,6101) NA, I, LONT
6107 FOKRMAT (' CHECKSUM EFROR®,3X,' RUN *,13,% SEQ *,13, * LINE *,I4)
WEITE (6,6102) TLAST, ICK, ISOM
6102 FURMAT (* CHECK3UNS : PREVIOUS = *,T7, * QEAD = *,I7,' CALC = *,17)
WRITE (6,6103) (IVAL(K),K=1,NEND)
6103 FORMAT ( ' THE VALUES ARE *,/,1X,1816,7)
200 WRITE (0,0104)
6104 FOPMAT (* ZNTEF CORKECTED LINEY)
IF (NEKD .EQ. 18) 50 TO 6010
FEAD (7,5002) (IVAL(K),K=1,NEND)
FEAD (7,5003) IcCK
GO TO 6020
6010 kuAD (7,5002) (XIVAL(K),K=1,NEND),ICK
6020 15UM = O
Lo 5% K=1,NEND
55 ISUN = [SUMeIVAL(K)
1P (1SUM .PQ. ICK) GO TO V100
WLITE (6,6105) Isum ,1CK
6105 FUENMAT (' CHECKSUNS DIFPER, CALC = *,17,° READ = 1,17)
WRITE (6,6106)
6106 FUIMAT (' ENTER 1 IO RE-ENTEF , 2 TO STOP,DEPAULT TO CONTINUE')
KEAD (7,7003) NTEST
NTEST = NTESTe
GO TO (100,200,300) ,NTEST
300 sToOpP

sesssanane
S00 CONTINUE

IP DFSIRE A LISTING OF DATA MATRIX WHICH NOW CONTAINS UNSCALED DISTURBANCE DATA,
INSERT WRITE STATEMENTS HERE

sasanbeane

#e  Aenans

TaranseEen

INITIALLZATION FOR DISTUBRLANCE VERIFICATION

WBRUN = INDX (1)
17 (NBRUN .NE. 0} GO ¥: S48
WHITE (6,600%)
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6002 FOANAT (5K,*NO BASE DATA,TERNINATEY) gbwu

Zrop
S64 FEAD(H,9005) (NDELT (K) ,K=1,NTOT) %R PAQ,.
FEAU(8,8005) (NDRIV (K),K=1,NY) QU A

FEAD(8,8005) (NOBSV(K) ,K=1,NY) %
FrAD (8,8005) (NCOL(K),K=1,NTOT)

5005 FOFMAT (1013)

¢
un S10 N=1,NTOT
5D = NDELT (N)

§10 ATEST(N) = SF(ND)/1000.
LR R R LR Y]
LEA R R R R

LISTURBANCE CHECK AND VERIPICATION

nonNnn

UG 700 N=1,NTOT
LN=N=NSIZE
N33 = NAME(N)
pO 600 Ne1,2
NC=0Q
NRL = 20pen-1
NI = INDY (NRI)
I1? (NI .EQ. O) NI = KBRON
1) 400 I=1,%TOT
#J = NDELT (1)
TF (ABS(DITA(NBRUN,ND)) .LT. ATEST(I)) GO TO 399
TEST = (DATA(NI,ND)~DATA(NBRUN,ND)) ZDATA(NBRUN,ND)
| I¥ (AB® fEST) .LT. PTEST) GO TO 400
! 332 IF (I .NE. ¥) GO TO 313
5 NG = I
GO TO 400
333 KS1 = NAME(I)
NEFUR = NEROER+Y
WRITE (6,201) NI,NKI,N31,NS3,DATA(NI,ND),DATA (NBRUN,ND)
201 FOEMAT ('H ,'SEQUENCE *,I2," INDX *,TI2,2H, ,A4," IS PERTURBED IN ADDITION TO *,A4,/,~
A2K,*VALUE =*,613,5," BASE VALUE = *,G113,5)
WRITE (0,203) N1
203 FORNAT (' ENTER 1 TO USE BASE INSTEAD OF SEQ ',I2,' OTHERWISE DEPAULTY)
KEAL (7,7003) NTES?
IF (NTEST .NE. 1) GO TO 400
INDX(NFI) = O
WEITE(6,204) NI
2064 FORMAT (5X,°*BASE IS BEING USED FOR SEQ *,12,/)
G0 TO 400
399 TEST = OATA (NI, ND)-DATA(NBRUN,ND)
IF (ABS(TEST) .GT. 2€ATEST(I)) GO TO 3132
400 CONTINUE
IP (NC .EQ. N) GO TO §00
IP (INDX(NRI) .EQ. 0) 50 To 590
NEROR = NEROI'¢1
XD = NDELTm)
#RITE (€£,202) NI,NRI,N53,DATA(NI,N.),DATA(NBRUN,ND)
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202 FORMAT (14 ,'SEQUENCE ', I2,%, INDX *,12,%, *,A4,' DISTURBANCE LOW OF LEROY , /,~
ACK,'VALUE = *,G13,5," BASE VALUE = *,G13,.5)
G0 TO 600
590 WRITE (6,209) NEKI,NS3
209 PORMAT (' INDX *,T12,%, NO DISTURBANCE POR *,A4,/,~
A' USING BASE RUNY)
600 CONTINUE
700 CONTINUE

PATEIX CALCULATION

Jes
Lo 800 N=1,NTOT
MCL = NCOL(N)
NN = N=-NSIZE
M53 = NANE(NCL)
NWOKD = NDELT(NCL)
FTWO = 20NCL
NEOWY = INDX (NTWO)
NROW2 = INDX (NTWOe1)
IF (NROWY EQ. O)NKROWY = NBRUN
IF (NROW2 LEQ. 0) NROWN2 = NBEUN
607 DNOMN = DATA(NROWI NWORT) ~DATA (NROW2 ,NWORD)
I? (ABS(DNOMN) .GT. .001) GO TO 609
IF (NROW1Y EQ. NBRUN) GO TO 608
NI = NEOWI
BRITE (6,205) NS3I,NI
205 FORMAT (V4 ,A4,' DISTURBANCE YDENTICAI, SETTING SEQUENCE ',I2,' IO BASE')
NROWY = NERUN
G) TO 607
606 WRITE (6,206) NS3
206 FORMAT(' NO ', AW,' DISTUKBANCES, MATRIX COLUNN ZEROED')
LAOMN = 1,0ES0
SOSCALCULATION OF A & P MATRIX COLUMNS
609 LU 620 K=1,NSIZE
NDOUM = NDRIV(K)
IF (% .GT. NSIZE) GO TO 610
A(K,N) = (DATL(NFOW1,NDUM)~DATA(LEOW2,NDUN)) /D"%ONN
GO TO 620
610 P(K,NN) = (DATA(NROWI,NDUM)=DATA (NKOW2,NDUM)) /JDNOMN
620 CONTINUE
SS®*CALCUALATION OF C & D MATRIX COLUMNS
L9 630 K=1,NSIZ2E
KOUN = NOBSV(K)
IF (N .GT. NSIZE) GO TO 625
C(KgN) = (DATA(NFOWI, NDUM)~DATA(NFOWN2,NDUM)) /DNONN
GO TO 630
625 DK MN) = (DAIZA(NROWI,NDUM) ~DATA(NKOW2,NDUN)) /DNONN
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630

708
710
800

6900

6960
6906

6907
€950
6908
6901
6955
6902
6911

6903

6921

6922
6970

6923
6975

CINTINUE

JaJeld

VAR = NCOLI(N)

19(N .GT. N5¢1) GO 1O 700

12 (N GT. ¥3) GO TO 708

KJG(J) = NAME(VAR)

GO TO AOO

J= 2

AuG(Jd) = NARE(VAR)

CONTINUE

LER LR R )

FAINTOUT OF MATRICES

10 COLS MAX PER LINE

NS = NINPOT

NIITE (6,6900)

FOAMAT (SK,'THE A MATRIX'/)

IP (NS .LE. 10) GC TO 6950

NCOLY=NT/2

NCOL2=NCOL1+

BRITE (n,6360) (HDG(L),L=1,30)
FTORMAT(® *,9X,30M4)

LY 6206 I=1,N5

WRITE (6,6301) NAM2(I),(A(I,J),d=1,NCOLY)
WALTE (6,F960) (HDG(L),L=31,60)

DY 6507 I=1,NS

WRITE (6,6901) NAM2(I), (A(I,J),)=NCOLZ,NS)
G0 TO 6958

WUTTE (6,6960) (HDG(L),L=1,30)

Lo 6508 I=1,NS

WIITE (6,6901) NAM2 (I), (A(I,Jd),J=1,KS)
PORMAT (' *,A4,5X,10G12.47)

WAITE (6,6902)

FORMAT (SX,*THE B MATRIX'))

WAITE (6,6960) (ADG(L),L=1,30)

LD 6911 1=1,K5

WAITE (6,6901) NAN2(I),(B(I,J),Jd=1,NC)
WIITE (5,6903)

FORMAT (SX,*THE C MATERIX'/)

I (NS .LE. 10) GO TO 63%70

WRITE (6,6960) (HDG(L),L=1,20)

DO 6921 I=1,NY

WRITE (6,6301) NANZ(I),(C(I,J),J=1,NCOLY)

WRITE (6,6960)
DO 6922 I=1,NY
WRITE (6,6301)
GO TO 6975

WRITE (6,6960)
DO 6923 I=1,NY
WHITE (65,6901}
WaITE (6,6904)

(HDG (L) ,L=31,60)
NAM3(I),(C(I,d),J=NCOL2,N3)
(HDG (L) ,L=1,130)

NAMI (I),(C(I,J),J=1,NS)
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6904 PORMAT (SK,'THE D MATRIX'/)
SHITE (6,6960) (ADG(L),L=1,30)
DO 6931 I=1,NY
6931 WRITF(6,6901) NAMI(1),(D(1,J),Jd=1,NC)

IFP DESTAE A FERMAUENT DATASET WITH A,B,C,D MATRICES
INSEET WRITE STHTS HERE WITH DESIRED PORMAT

aonnnn

OOLEREOK MESSAGE NUNBEK PRINTOOT
I7 (NEBROR JNE. O) WPITE(6,711) NEROEK
711 ESENAT (///.% %% AT LEAST *,13,' ERRORS ¢ee)
sTor
Eup

PROCDEF READIN

MACNTE YEARIM

PATAM ATV

I F (lnnyl.!l): en TN ‘Eun?

NI SPLAY ‘FMTEY NDATA = FILMISH WITYH _ENR!
ELASF DT

EMT PTAE

PEFAULT SYSI MY =F

AEM T MK

YSFI LT PTRI¥;N

NDEFAULT SYSIHXer

Nl SPLAY 'VA<PATASET CAMPLEVEN = MODIFY | F MEC'
'[oynl
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APPENDIX C

'QINFO' dataset

Format:
line 1 NS, NC, NY 313
NAME array 3J0A4
SFf array 8(10F8.2)
NAM2 array 30A4
NAM3 ariay 30A4
NDELT array 3013
NDRIV array 3013
NOBSV array 3013
last line NCOL array N3
Description:
NS : number of states
NC : number of inputs
NY : number of outputs
NAME: names of the states and inputs in the order perturbed for

gereration of hybrid data.

length of each name - 4 alphanumeric characters

Each position of the NAME array contains the name of a state
or an input. Since each state and each input is perturbed
in both a plus and minus direction, each position of the
NAME array corresponds to two readings and hence, two dis-
turbance numbers. The correspondence between a position in
the NAME array and two disturbance numbers is as follows:

N: position in NAME array
{e.8:, NAME(N) = STI1 name of state 1)
disturbance number of plus perturbation 2%N
disturbance number of minus perturbation 2%N+1

NCOL: determines columnar structuie of the matrices

The integer values represent the positions of the NAME array

in the order desired for the columns of matrices.

(e.g., NAME array ST1, ST2, IN1l, IN2, ST3, ST4, IN3, IN4
position 1 : 3 4 5 6 7 8

Want columns 1, 2, 3, and 4 of A and C matrices to be

with respect to STl1, ST2, ST3, ST4 and want columns 1, 2,

3, and 4 of B and D matrice to be with respect to

IN1, IN2, IN3, IN4.
Then NCOL array is 1, 2, 5, 6. 3, 4, 7, 8)

“n



32

The data for the arrays SF, NDELT, NDRIV, and NOBSV depend on the order
of the values in the rows of the DATA matrix. Let 'ROW' mean the gen-
eral form of a row in the DATA matrix.

SF

NDELT:

NDRIV:

NOBSV:

NAM2:

NAM3:

scale factors corresponding to valucs in 'ROW',
the real x values in 1/x scale factor representation,

positions in "ROW' occupied by the values of the states and
inputs.

positions in 'ROW' occupied by the values of the state deriv-
atives ordered as the rows of A and B matrices are desired.

positions in 'ROW' occupied by the values of tne outputs
ordered as rows of C and D matrices are desired.

names of the state derivatives in order specified in NDRIV.
length per name - 4 alphanumeric characters.

names of the outputs in order specified in NOBSV.
length per name - 4 alphanumeric characters.
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APPENDIX D

DATA PROCESSING PROCEDURE

Note: This procedure is specialized for use with the NASA-Lewis
Research Center EAl Pacer 100 computer system.

TEKTRONIX 4010 TERMINAL INITIALIZATION

1. turn terminal ON (power light will come on).

2. turn 360 switch to the ON position.

3. turn SEL switch to the OFF position.

4, set BAUD switch for 1200,

5. set NORM/TP-WR switch for NORM,

6. set LOCAL/LINE switch for LINE.

7. on the phone modem, momentairly depress the CONNECT button.
(the CONNECT light will come on when line is connected).

8. hit 'BREAK' key on terminal.

9. 'logon' to 360 as normally done.
(check TERMINAL ID; it should be posted).

TEKTRONIX 4922 FLOPPY DISK INITIALIZATION

1. turn POWER switch ON.
2. depress RESET button.
3. turn PROMPT MODE switch OFF.
4., select proper disk.
a. check disk notebook.
b. make sure disk moves freely in envelope.
5. set DISK switch for disk being used.
a. A if disk 1.
b. B if disk 2.
6. set TERMINAL switch (switch #1) for terminal being used.
a. LEFT if left terminal.
b. RIGHT if right terminal.
7. set TRANSMISSION switch (switch #2) to the LEFT,
(LEFT setting - data transmission stops at 'XOFF' character).
8. set R-W switch to MANUAL READ.
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2,

4.
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DATA TRANSFER FROM FLOPPY DISK

depress RESET button on disk.
set beginning track address in TRACX ADDRESS.
depress LA button on disk
type at terminal
READIN 'DTRK' (CR).
when the procdef starts, the message:
'ENTER DATA ~ FINISH WITH - END'
will print at the terminal. Data transfer will be automatic;
the user can determine this by the periodic "noise" the disk
will make during this trarsfer.
type at terminal:
_END (CR)
when the end of the data is reached,
This will end the EDIT dataset created by procdef READIN.
It may be necessary to type END (CR) more than once before
the 360 accepts it. These unaccepted lines are entered into
the dataset 'DTRK' and must be deleted through REDIT
before using 'DTRK' as input to the MATCALC program.

'"MATCALC' PROGRAM EXECUTION

After creation of datasets 'DTRK' and "QINFO', the program
can be executed by typing at the terminal:

DDEF  FTCQ5F001,VS, 'DTRK'
DDEF  FTO8F001,VS, 'QINFO'
DDEF  FTO9F001,VS, 'QOUTPUT'
MATCALC

NOTES :

1. When the message 'MATRIX DATA READ IN' etc. is printed
at the terminal, depress RESET button on disk.

2. Final printout at terminal will be the A, B, C, and D
matrices

3. If errors are detected, appropriate messages will be
printed out, allowing the user opportunity *o make
correcrions. The procedure for checksum error cor-
rection follows.
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CHECKSUM ERROR PROCEDURE

If the read and calculated values of the checksum for a line of
floppy disk data are not equal, a checksum ecror has occurred.

An error message will print at the terminal, allowing the data

line to be re-entered as follows:

1.
2,
3.
4,
5.

set LOCAL/LINE switch to LOCAL on terminal.
depress RESET button on disk.

set beginning track address in TRACK ADDRESS.
depress LA button.

at the terminal,

the "CTRLQ' key will input one line ~r floppy disk data

to the terminal CRT screen.

a. Lines of data should be inputted until the proper
disturbance reading data is reoched. This is done
by comparing the RUN number outpnited in the error
message to the values in the line containing the
disturbance number for each reading.

b. Lines of data from that reading should then be
inputted, noting the checksum for each line, When
the checksum equal to the PREVIOUS checksum
(printed in the error message) is reached, the
LOCAL/LINE switch should be set to LINE.

¢. The next data line should be inputed by the 'CTRLQ'
key. This line will be accepted by the 360 as the
re~entered data line. If the checksum of this data
line is on the next line, that line will automatically
input to the 360.
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TABLE 1. = PERTURBATION CONTROL
CARDS FOR 4~-STATE, 4~INPUT,

4=OUTPUT EXAMPLE

202
1 4% kil
=g v
-1 &1 e
-1 71 v
-
-1.
-
R Mg
. 49 b
-1 71 v
-1. 41 (aF

-}
-4

TABLE II. - PERTURBATION ORDER OF STATE
VARIABLES AND SYSTEM INPUTS FOR 4-STATE,
4=INPUT, 4-OUTPUT EXAMPLE

Parameter Console ADC Channel

ST1 Primary 1
ST2 Primary 2
IN1 Primary 5
IN2 Primary 6
ST3 Secondary 33
ST4 Secondary 34
IN3 Secondary 37
IN4 Secondary 38

Note: The perturbation order of
state variables and system in-
puts per console is arbitrary,
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TABLE I11. = READING NUMBERS FOR 4~-STATE,
+=INPUT, 4-OUTPUT EXAMPLE

Rdg. # (= disturbance #)

1 BASE RUN
2 ST1 +
3 ST1 -
4 ST2 +
5 T2 -
6 IN1 +
7 IN1 -
8 IN2 +
9 IN2 -
10 8T3 -
11 ST3 -
12 ST4 +
13 ST4 -
14 IN3 +
13 IN3 -
16 ING +
17 ING -

Order of values per reading:
ST1, ST2, DRV1, DRV2, IN1l, IN2, OUTl, OUT2, ST3, ST4, DRV3, DRV4,
IN3, IN4, OUT3, OUT4
Note = STJ represents state variable X, where J = 1 to 4
INJ represents input variable uy where J =1 to 4
OUTJ represents output variable Yy where J =1 to 4

DRVJ represents state derivative iJ where J =1 to 4
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2057
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&
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2457%
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2578

DISK DATA POR

15 386 24541
15709 2658
160668 24584
16185 25080
16385 24099
10365 20591
16385 26581
1698, L4581
16365 24281
15384 24°R2
15385 245M1
15985 24581
163165 Je581
15385 26581
16 345 24580
15385 24%8"

16355 2456

C-STATE, 4-1NPUT, 4-OUN“1Y o ¥AMPLE

24606

26601

26601

26601

6602

44802

2480}

6502

26001

PALLL ]

26120

4603

266013

20603

24603

860

2u80)

15819

ALLAN

ALLAL)

ALLAL)

16614

16618

16416

ACTRL

16615

16744

16101

166416

16416

16416

16618

=51}

use

458

=511

0

LY ]

279

276

=162

20574

26574

2657

8574

24576

24%7

26578

2057

2657

2057

2457

U457

2487

25069

44088

24577

2681

15982

16381}

1638)
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1638)

1538)
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2455

2459

28595

FURS S

24545¢F
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1.uﬂ%ca
1..2045
0.9:1201
1.00024
1.00024
1.00026
1.4000
1..002¢
1.00031
1.00043
1.0002¢
1.000
1.0002¢
1.L0024
1.00024
1.6003
1.00024

9
3. 75458
3.75402
3.754102
J.75812
3.753197
3.75197
3.75612
3.75397
3.75e12
3.77965
J.o9082
J.75412
3.7%0 12
J.75412
3.95412
J.75412
3.75412

ORIGINAL PAGE I6
OF FOOR QUALITY

»

TABLE V. = "INDX' ARRAY AND 'DATA' MATRIX FOR «~STATE, &-~INPUT, &-~OUTPUT EXAMPLE

0.37301
1.37¢68
1.34%22
1.0V
1.81560
1.9765)
1.07¢€00
1.47653
1.47¢50
1.47075%
1.37€60
1.47600
1.07053
1.497€60
1.%47600
1.87€600
1.87660

10
2.170427
2,009
2.20
2.00391
2.00391
.00
2.0039
2,003
2.00391
2.,0061%
2.00378
2,064
1.90565
2.0030
2,003
2.00
2.00391

DATA MATRIX

Column
8 4 ) 6 7
0,000000 2.000000 0.999817 1.8748% 1.00000
=+ 204468E~010,000000 0,999919 1.87492 1.01484
2. 1885547E-010,000000 0.999939 1.87692 0.960463
N.000000 ~. 1875732-010,995939 1.37452 1.00006
0,000000 D 35326 1E~010, 999939 1.876%2 1.0000¢
0,135547-010,000000 1.01917 1.97492 1.00008
s 2004068 E~019,000000 0.979858 1.87492 1.00006
0,000000 0,3532018-010,999%39 .92 1.0000¢
9.,000000 . J86810E~010,9959939 1.83746 1.0000¢
0.000000 0.,000000 0,999617 1.87492 1.00000
0,000000 2.000000 0.999939 1.87492 1.00006
0.000000 0,000000 0.999933 1.87492 1.000086
2.070000 2.000000 0,999939 1.97492 1.00006
0,000000 0,000000 0,999939 1.87492 1.0000%
0.000000 0. 000000 0.9999139y 1.47492 1.00006
0,000000 0.000000 0.999939 1.97492 1.000086
0.,0000%0 N, 002000 0.999919 1.67492 1.00006
11 12 13 14 1%
0.,000000 0.000000 3.75000 1.99976 3.7527%
0.,000000 0.000000 3.75000 1.9998% 3.75290
0.00000) 7.000000 3.75%000 1.99984 1,75290
0.000000 0.000000 3.75000 1.99988 3.75290
0.000¢00 0.000000 3.75000 1.9998F 31.75290
0,000000 0.000000 3,75000 1.9998K 3.75290
0.000000 0,000000 3. 75000 1.99948 2.75290
0.000000 0.,000000 3,75000 1.9998% 3.75290
0,00000) 7.000000 3,.75000 1.99988 3.7%290
=+ 7682776E-010,000000 3.7%000 1.9997¢% J.02828
0.700373€-010,000000 3. 75000 1.999488 3.67920
0.,000000 “,4431158-01 3,.75015% 1.79988 3,75290
0,00000) 0.3640576E-01 3,.75015 1.99394 3.75305
N.638653E-010,000000 3.68252) 1,99988 3.75290
=« 779724£~019,000000 3. 67554 1.99988 3.752%90
0.9%00000 0.336914E-01 3,.75015 2,039 3.75308
0.000000 ~ UUI1BYSE-0Y 3.75015 1.96033 3.75308

L]
1.87534
‘l.’s,”
1.875610
1.91345
1.63861
1.87513%8
1.875w¢
1.87534
1.8753%
1.87546
1.87538
1,87538
1.675134
1.87534
1.8751
1.,67538
1.8753%

16
2.00305
2,00317
2.00317
2,00317
2.00317
2.00317
2.00317
2.20317
2.00317
2.00)17
2.00317
2,061382
1.96472
2.00317
2.00317
2.00217
2.00317
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TALLE VI, = 'QINPO' DATASET FOR 481

“ « &
STY 502 INY IN2 575 STO IND INW
2. 2.5 2. 2.
o .. S. ‘.
ORVILAVIURVIDR G
OUTICUT200T IOUTS
1 2 % 6 %9 1210
PR B B I
7 893 %
Y 3 23 - K-8

2.
s.

ORIGINAL PAGE I§
QF POOR QUALITY

‘E, 4~INPUT, 4-OUIPUT EXAMPLE

2.5 2. 2.5 5.
“.

Mote: Appendix C gives the required format specifications for "QINFO' dataset
and defines the arrays in the MATCALC piogram which are {nitialized by

this data.
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TABLE VII, - A, B, C, D MATRIX RESULTS FOR 4~STATE,

MATRIX
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Figure 2. - Data deck setup for example.
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