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ABSTRACT

The LASS code is an IBM 704 program to compute the
stabllity and transient response of dynamic systems. Up to
50 system equations (in up to 50 system variables) are written
in linearized form (for example, by assumlng small perturba-
tions about a steady-state operating condltion). After taking
Laplace transforms, a system of linear, algebrailc equations
is obtained in which the coefficients are polyncomials in the
Laplace transform variable, s.

The LASS code accepts the matrix of these coefflelent
polynomials, reduces it to a single transfer functlon (ratio
of polynomials in s), and caleculates and plots the stabllity
characteristics, frequency response, and translent response
of the system.

A sample problem from g nuclear reactor system has been
used to i1llustrate the use of the code. The system contalned
nine equations and system variables, three parameters (powar
level and two reactivity coeffielents)}, and one input excl-
tation. The 130-page output contalned the transient response
of two of the system variables to impulse, step, and ramp
inputs for each of five power levels. The total running time
on the IBM 704 was 40 minutes.
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LASS, AN IBM 704 PROGRAM
FOR CALCULATING SYSTEM STABILITY

INTRODUCTION

LASS (Linear Analysis of System Stability) is an IBM TO4
computer program for the analyslis of the behavior of liinear,
or linearizable, dynamlc systems by means of transfer functilon
procedures. Although written primarily for use in the study
of the stablllity and kinetic behavlior of nuclear reactors,
LASS ls applicable to any dynamlc system that can be described
by a set of linear, or nearly linear, ordinary differential
equatlions, subject to the limitations on slze to be described
later.

There are many pertinent references relating to the use of
transfer functions in the deslign and analysis of linear feed-
back systems‘l'a’, and the application of these methods to the
analysis of nuclear reactors has been investigated extenslvely
{some indication of the extent can be obtalned from References
9 and 10); however, there has been little Implementation of
these techniques for digltal computers.

Only one general-purpose program for a complete analysils
has been reported!'’12), This program was originally written
in machine language for the IBM 704 at the Aircraft Nuclear
Propulsion Department of the @General Electric Corpcoration
Atomic Products Division!**), It was later rewrltten in
ALTAC-TAC for the Philco 2000 at the Knolls Atomic Power
Laboratory'*2} where it was glven the name GALS (Generalized
Analysis of Linear Systems)., GALS is a four-part program that

calculates

e Transfer function of the over-all system from the trans-
fer functions of the individual components

¢ Stability analysis (root loci data)
e TFrequency response data (Bode and Nyquist plots)
¢ Transient response to a step function input

Other digital computer programs are more limlted in scope.
The IBM 704 program ANCOOL('®) written in FORTRAN by Jerald
Dick of the Argeonne Natlonal Laboratory, calculates the trans-
fer function of a given aystem and obtalns the frequency
response for glven input frequencles. Like GALS, thils program
requires that the system be described by block diagram; there
is a further restriction on the type of feedback loops that



can be consldered. Another FORTRAN program, ARL(14), from
Lawrence Radiation Laboratory, provides a rooft locus plot when
the system transfer functlon and various values of galn are
glven. Although written in FORTRAN for the IBM 7090, ARL
calls upon several machine language (FAP) subroutines. At the
General Electric Co., Cincinnati, Ohlo, there are two Transfer
Function Programs, Mark I and Mark II!*®), which obtain the
zeros of a matrix with polynomial elements for application to
the stabllity analysis of control systems. The calculations
of the roots of a matrix wlth polynomial elements (in a more
restricted form, the determination of the elgenvalues of a
characteristic matrix) has application to many problems other
than stablllity analysis and there are a number of programs to
achieve thls calculation. One in particular 1s the IBM 704
program NA-299 prepared at North Amerilcan Aviation‘ls’. Thils
program expands a matrlx of polynomial elements into a poly-
nomial equation and obtalns the roots of the equatlon; however,
1t was written for use with a special monltor system and is
not compatible with moat IBM 704 operations. Also, multi-
program packages are used to provide a complete system analysis.
Reference 17 describes very briefly work along these lines at
two English locations. At the College of Aeronautics, Cran-
field, five Autocode programs are avallable for the Ferrantil
Pegasus computer. These programs are used to teach control
system deglgn and apparently require very special restrictions
on the nature of the systems consldered. Further details of
these programs have not been available at the Savannah River
Laboratory (SRL). The other location is the UKAEA installation
at Winfrith, England, where a number of programs'®72°) provige
a four-part analysls similar to that from GALS. There 1s also
provision to handle nonlinear systems by considering small
perturbations about steady-state conditlons. However, the
Winfrith package involves three different computers: the

IEM 7090, the Ferranti Mercury, and the ESIAC* speclal analog
computer.

Through the courtesy of the General Electric Co., a copy
of the objJect program deck for the IBM 704 version of GALS
was obtained for use at Savannah River, When thls program
was applied to the analysis of nuclear reactor systems, 1t
was found that nuclear reactors are of a hlgher degree of
complexlty than the standard feedback control systems for
which GALS was written.

GALS is applicable to a system 1n which a single input
excites only one output variable, where stabllity 1s affected
by a single galn parameter, and where the over-all system can
be descrlbed by a block dlagram.

*Electro-Seientific Industries Algebralc Computer,
Electro-Scientific Industries, LTD., Portland, Oregon.
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Nuclear reactors, on the other hand, are multivariable
systems wlith a number of pessible input excltationsg, and the
stabillty behavior frequently depends on a number of para-
metric quantities (for example, the various types of tempera-
ture coefficients of reactlvity). Furthermore, even after
linearization the system equations produce ah extremely
complicated block dlagram which requires a large amount of
hand calculation to reduce 1t to a form sultable for GALS.
Conseguently, the analysis of a reactor system with GALS 1la
a tedious and awkward process lnvolving a number of separate
machline passes, plus some hand calculation between passes.

It was these inherent limitations in GALS that led to
the LASS program. The objJective of LASS was to provide a
complete system analysls, similar to that of GALS, that was
directly applicable to the more complex systems typified by
nuclear reactors. In broad concept, LASS is a direct
extenslon of GALS; 1n specific detalls, however, the two
follow divergent paths.

SUMMARY

The I.A8S code 1s an IBM 704 program to compute the
stability and transient response of dynamie systems. Up to
50 system equations (in up to 50 system variables) are written
in linearized form (for example, by assuming small perturba-
tions about a steady-state operating condition)., After taking
Laplace transforms, a system of linear, algebraic edquations
18 obtalned 1n which the coefficients are polynomlals in the
Laplace transform variable, s.

The LASS code accepts the matrix of these coefficient
polynomials, reduces it to a single transfer function (ratio
of polynomials in s), and calculates and plots the stability
characteristices, frequency response, and transient response
of the system.

The LASS code contalns slx KEY parts, each called by
setting a KEY diglt to 1. These KEY parts and thelr functions

are:

e KEY 1 calls a subroutine, CALMAT, which must be coded
specially for each dynamlc gystem. This subroutine can
be used to read data, calculate steady-state values,
and calculate the desired matrlx elements. If the
matrlx elements are known, KEY 1 is not used.

e XEY 2 reduces the matriz to a single characteristic
equation., This is a polynomial in the Laplace varlable

up to 49th order. The coefficients are functions of
up to four system parameters (such as a reactivity

-G -
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coefficlent or controller gain) that can be varled in
later studles.

e KEY 3 plots the regions of stability for two of the
system parameters for particular values of the other
two.

e KEY 4 calculates the numerators of the transfer functlon
from any of up to four excitation varlables to as many
as ten of the system varlables for which the response
is desired, and for partlcular values of the system
parameters.

e KEY 5 computes the frequency response and prepares log-
amplitude (Bode) and. polar {Nyquist) plots.

e KEY 6 computes and plots the transient response to
impulse, step, and ramp excitations.

4 sample problem, taken from a nuclear reactor system,
has been used to 1llustrate the use of the code. The system
contalned nine equations and system varlables, three par-
ameters (power level and two reactivity coefficlents), and
one input excltation. The 130-page output contalned the
translent response of two of the aystem varlables to lmpulse,
step, and ramp inputs for each of five power levels. The
total running time on the IBM 704 was 40 minutes.

- 10 -
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DISCUSSION

1. The LASS Code

1.1 Statement of the Prohlem

The linearlzed analysis of system stability (LASS) code
is designed to compute the response of dynamic systems. The
time-dependent Ilntegral and differential equatlons describing
the behavior of a physical system can be reduced to a linear
set of simultaneous algebraic equations by assuming small
perturbations about a steady-state condition and taklng
Laplace transforms. The coefficlents 1n these equatlong are
functions of the laplace transform variable, s. The LASS
code accepts the matrix of these coeffilelents 1n which the
matrix elements are polynomials in s, reduces the matrix to
a characteristic equation and a number of transfer functions,
and computes and plots the stability, frequency response, and
transient response characteristlcs of the system.

We conglder a physical system such as a nuclear reactoer
or an electronic circult for which a set of integral and
differential equations can be written to describe the tlme-
dependent behavicr. This set of equations must then be
transformed inte a set of linear ordinary equations. If the
gystem contalns partial differential equations, for example,
these can be converted intc ordinary differential equations
(or the equivalent) by (a) expanding in spatial harmonic modes
for which the time-dependence of the spatial harmonlics satis-
fies a set of ordlnary differential equations, (b) using
difference techniques, such as solving for the temperature at
a finite number of points inside a fuel element, to give a
set of coupled ordinary differential equations, or {c) deriving
a transcendental transfer function for that component of the
system and fltting thils transcendental function tc a transfer
function in the form of a ratlec of polynomials over the
frequency range of interest. Nonlinear systems can be linear-
ized by considering only small perturbatlons about a steady-
state operating condition. The Laplace transforms of the set
of linear ordinary differential equatlons gives a linear set
of algebralc equations in which the variables are the time-
dependent variables of the physical system (or perturbations
in these varlables about the steady state) and the coefflecients
are polynomials in the Laplace transform varlable, s, with
numerical coefficienta related to the physlcal constants and
steady-state operating values of the system.

The LASS code accepts the matrix of coefficients of the
algebrale equations and reduces this matrix tc a transfer
function in the form of a ratlo of polynomlals, P(s)/Q(s),




where P and Q are polynomials in 8 up to 49" order. This
matrix reduction corresponds to the usual block diagram
reductlon for obtalning the transfer function of & compli-
cated system. '

One of the valuable features of LASS ls that 1t 1s
poasible to "save out" up to four parameters so that in the
final transfer function, each ccoefficlent of P and Q 1s the
sum of up to 16 terms, a constant term and a constant times
each of the 15 possible cross-products that are first order
in each of the four parameters. These four parameters are
the ones which can be varied in studying the stabllity
properties of the system and correspond to four feedback loops
with varlable galn. These parameters might be such things as
the power level and reactivity coefficlents in a nuclear
reactor or the controller settings in a system with automatie
control. The value of this feature 18 that the majority of
the computlng time ls spent reducing the matrix to the trans-
fer function., Once thls has been done the stabllity of the
system for g range of settings of each of the four parameters
can be computed very quickly. Exeltatlons in up to four
variables can be introduced simultanecusly., For example, the
translent response of the reactor power level due to changes
in a pressure, a flow rate, a temperature, and a control rod
setting can be calculated in one pass. For each output
varlable for which the transient response is desired, a
geparate complete computation of the numerator of the trans-
fer functlon 1s requlred. Up to ten such variables can be
specifled and calculated In one pass.

1.2 Method of Sclution

The N linear algebralc equations can be represented in
matrix form as:

[A +Z apBplX = VY : (1)
b

X iz an Nth order column vector of the Lgplace trangforms
of the varliables of the system, with element X3

Y 1s an NVARTh order_polumn vector of the excltation
varlables, with elements Yq. There can be up to 4 such execi-
tation varlables.

V 1s an N by NVAR matrix with constant elements Vi,.
One advantage of LASS 1s that a glven exclitaticn varilable can
appear in any number of the original equations, and hence can
act on any number of polnts in the gystem.




R

A and Bp are N by N matrices with elements Aij and Bpij'

The ap's are the parameters (up to 4) that can be varied
in the subsequent stability analysis.

M

hAyy = 2 84 yp8°
: =0

(2)

M
Bpi,j = z bpi,jrsr
r=0

M is the highest power of s that can appear in any of the
matrix elements and must be no greater than four. If 1t 1s
desired to introduce transfer functions into the matrix with
higher powers of s, 1t is necessary to introduce dummy variables
to meet this requirement.

The scolution is obtalned from the equation:

|A+ aB’
5 ppJ

X =
J
IA + zp: apol

(3)

The denominator is the determinant of the matrix

lA + %: apo‘

and the numerator is the determinant of the matrix ¢btalned
by replacing the J®R column of

IA + z apol
D
wlith the column vector V-S?

Equation 3 can be written as follows:

Nvar _ 2NPAR NPAR m
2 ¥ 2 ®q Il %
T = q=l g=1 p=1 (%)
J oNPAR NPAR p
P
Qg ap
g::l p=l




qu(s) and Qg(s) are both polynomlal functions of s.

?ﬁ(s) 1s the Laplace transform of the qth excltation
variable (a constant for an impulse, a constant times 1/s for
a step input, or a constant times l/s2 for a "ramp" input).

NPAR is the number (no greater than four) of parameters
ap te be varied in the later stability studies.

mp is zero or unlty for each parameter ap.
g 18 related to My, by

NFAR 1
g =1+ E; mp2p (5)
p=1

Thus there are up to 16 values of g correaponding to the
16 possible cross-products of the ey that are zero or first
order in each.

Equation 4 1s solved in the LASS code by the evaluation
of KN x N determinants, where:

M
k=T] (1, + 1)
J=1

MJ 1s the highest order of g appearing in the Jth column

of the matrix (A + X apo). Since K can become qulite large,

appreclable savings in machine time may be effected by asimple
rearrangements of the matrix elements to reduce thils product
as discussed in Section 2.3, i

1.3 Sections of the LASS Code

The LASS code contalns six sections, any one of which
may be called by setting a KEY digit on the first input card
to 1. The functions are: KHEY 1 prepares input data for
later sections; KEY 2 computes the characteristic equation of
the system (denominator of the transfer function); KEY 3
computes and plots the reglons of stabllity and instablility;
KEY 4 computes the transfer function from any of the excilta-
tion varlables to any of the system varlables; KEY 5§ computes
and plots the response of any varlable to a sinuscldal exclta-
tion of an excitation variable in log-ampllitude and phase
(Bede) and polar (Nyguist) forms; and KEY 6 computes and plots
the transient response to impulse, step, or ramp (amplitude
increasing linearly in time) inputs to the exciting varilables.

1-4




To accompllsh these obJectives LASS 13 made ﬁp of six
KEY and two subsidiary .parts, as follows:

The Prolog. Thils sectlon sets up branching switches to
provide correct routing through the program and writes the
title page for the output. '

KEY 1. This part calls a subroutine, CALMAT, that 1s
completely at the disposal of the user. If the matrix elements
are known, these are entered on the input cards, and only a
dummy CALMAT i1s used. However, for a system that will be
studied in detall, it is often easler to prepare a speclal
CALMAT subroutine in FORTRAN. This code can read data, calcu-
late steady-state values of the system parameters, and cal=-
culate the matrix elements from these values. A dummy CALMAT
is shown in the FORTRAN listing, of the complete code in
Appendlix I. A speclal CALMAT for a sample problem 1s shown
in Section 3.4.

KEY 2. This section reduces the matrix to obtain the
characteristic equation of the gystem (denominator of the
transfer function) as a polynomial in s. This polynomial is
a function of the system parameters (up to four) that can be
varied in the later stability studies.

KEY 3, Thils section plots the regions of stablility of
the system. The region of stabllity is plotted as a functicn
of two of the system parameters for specified values of the
other two. (In this linear analysis, the system stability
depends only on the denominator of the transfer functlon from
KEY 2, and not on the excitation variables or the numerator of
the transfer function.)

Pre-4, This section sets up proper constants in prepa-
ration for the later sectlons of the program.

KEY 4. This section calculates the numerator of the
transfer function as a polynomial in s for the desired system
varlables, Eb, and the exciting varlables, Yq, for one set of
values of the system parameters. KEYs 4, 5, and 6 are repeated
in sequence for each set of parameters deslred.

KEY 5, This section computes, tabulates, and plots the
steady-state response of the variables XJ to sinuscidal
excitatlons for a set of values of the system parameters.
Log-amplitude and phase (Bode) and polar (Nyquist) plots are
prepared,

KEY 6, Thls section computes, tabulates, and plots the
translent response of the variables XJ, to impulse, step
function, and/or ramp lnputs for each of the excltation vari-
ables.

1-5
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2. Operatlion of LASS

2.1 Limitations

The maximum numbera of system components that can be
handled by LASS may be summarlzed as follows:

e N, the number of dependent variables and equatlons, 50.

¢ M, the highest order of s in any element of the original
matrix, 4.

e NMAX, 1 plus the order of 8 in the numerator or denoml-
nator of the transfer function, 50,

e NPAR, the number of parameters that can be varied in the
stablility study, 4.

e NVAR, the number of excitation functions, 4,

e NIV, the number of varlables for which the responase 1s
calculated, 10.

In addition, each parameter that can be varled in the
stabllity analysils, Gp, must appear ln only one column of the
matrix. In other words, the elements of the matrlx B, must
be zero everywhere except in one column, NC. When the system
1s described by a block dlagram, thls means that each
parameter must appear 1n only one block, and that the lnput
to this block must be a single dependent variable. If the
input is actually the sum of several dependent varlables, thils
sum must be defined as a new dummy varlable.

2.2 Operation of the LASS Code

The complete LASS program 1s so large that it was neces-
sary to break it into three chalned sectilons, LA3S 1, 2, and
%, for use with a 32K IBM 704, with at least four tape unlts.

The first section, LASS 1, includes KEY 1 of the program.
If KEY 1 1s used, a speclal CALMAT subroutine must be coded
for each new problem, LASS 2 and LASS 3 are permanent and
need no further handling. Therefore, LASS 2 and LASS 3 have
been placed on cne tape unit, Logleal Unit No. 2, whlle LASS 1
ls on a separate tape, Loglcal Unit No. 1. At SRL, these
programg have been loaded onto tape by using the NU LUCY
loader®*! (see Appendix II).

To operate the program, the tape reel containing LASS 1
is placed on Logleal Unlt 1, the tape with LAS3 2 and LASS 3




on Unit 2, a scratch tape on Unit 3, and a tape for BCD output
on Unit 6. The data cards are placed in the card reader and
the load tape button 1s pressed.

In operatlon, as each sectlon 1s completed, the core
data needed for the next sectlon are read out onto Tape 3 and -
the next section 18 read in by a load tape sequence. At the
end of LASS 3, LASS 1 is returned to the. core so that more
than one problem can be processed in sequence,

Quite often a gilven system may be processed at several
different times, using dlfferent parts of the program each
time. For example, the flrst pass may use KEYs 2 and 3 to
obtain the stability plot, while at a later time KEYs 4, 5,
and 6 may be used to obtain frequency and translent responses
for various values of the system parameters. .Since the output
from one part may be required 1n a later part, the program was
coded so that all ocutput that might be used later 1s punched
out on cards, thereby eliminating hand punching. Because
several problems may be run in sequence, the punched card
output deck may have cards for several problems, To facllil-
tate separating these cards, a speclal card, in which the word
LASS is aspelled out with the punches, 1s produced at the
beginning of each problem.

At the end of each problem, a single end-of-problem card
{(not shown on the input sheets) is required. This card is =
blank except for a 9 punch in column 1. LASS 1 starts over
and calls for card read. :

Finally, at the end of all problems in a sequence, three
or four blank cards should be added. The first blank card
indicates there are no more problems and calls for end-of-file
and rewind of output Tape 6. The regt of the blank cards make
it possible for all data cards to be read wlthout operator
attention.

2.3 Input Data

For the complete LASS program, eight different data
sheets are required in addition to any speclal data needed
for the CALMAT subroutine to calculate matrix elements in
KEY 1. The flow of data through the program and the relation-
ships between the parts of the program and the data sheets
are summarized in Table I. The data sheets are shown in
Figures 1 through 8.

Figure 1 (input data sheet for LASS, page 1) represents
the KEY card and three title cards called for by the prolog.




TABLE T

Data Flow for LASS

Key Flpgure Funetion Input From Sutput To
Prolog 1 Jets switches KEY card, title cards Cards Title page Tape ‘6
Writes title page
1 * Caleulates matslx 3System Gata Cards 4,0,V matrices KEYs 2,4
elements Punched cards
Tape &
2 2y3,% Reduces matrix to A,Q matrices KEY 1 or Coefficient of KEY¥Ys 3,5,6
denominator of cards 10X characterlatic  Punched cards
transfer funotion equation Tape 6
3 5,6 Caleulates and Coeffieient of charac- Cards 30X Stabllity plots Tape 6
plote stabllity teristio equation, and and KEY 2
reglonsg range of parsmeters or cards 20X
Pre-4 T Sets for List of response Card 401 None -
KEYs 4,5,6 variables, and vaiues of Card 402
syatem parameters
13 2,3,% Numerator of A,6,V matrices KEY 1 or Coefflclents KEYs 5,6
trangfer funetion cards 10X of numerator Punched oards
polynomial Tape 6
5 7:8,5 Response to sine  Frequency values, Cards Tables, Bode Tape 6
input tranafer funetion Figure B; and Nyquist
nunerater KEY b or plots
cards
Transfer functlon Flgure T
denominator KEY 2 or
cards 20X
] 8 Responss to Time values, excltaticn <C{ardgs 6 Transient Tape &
impulse, step, or magnitudes, transfer Flgure 8; response,
ramp lnput function KEYs 2,4 or tables, and
cards 20X plote

¥Requires special CALMAT subroutine (see Section 3.4)

NOTE:

and Flgure T

(Card 402) as desired for the same set of responge variables (Card 401)

For cne problem, KEYs 4, 5, and & can be repeated for as many values of the system parameters

KEY CARD
Kt K2 K3 KAKEKG £ 04 vy
[(FEFFIILILL L FEL L AR FIVIAI=] o
EACH® OR 1 ‘
‘ PAR. 118 VAR, 118 .
PAR. 215 VAR, an
' PAR. 318 VAR, YL}
PAR, 418 VAR. 418 .
TITL.E CARDS
“?; P rl|oiB]|L |E|M o|rRl1 |G |! AT |OTR |k BIb (b |® B |28
- 50
11} n”
NO.Z
1 plelslclrfriefr{1lo]n|bilb b alb|[b]Bfd |0 [b ]|k szs
= o
1) 72
NO.3 |
tlololajrjeix|b |b|b|b NI
2 ]
8t 72

FiG. 1
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On the KEY card are:

e A 6-digit KEY word that deslgnates which parts of LASS
are to be used. Each diglt must be zero or 1, with a
1 for diglt K slgnifying that KEY K is to be used.

e A 2-digit number, N, glving the number of dependent
variables or equations in the system (up to 50). This
number ig used explieltly only when KEYs 2 and 4 are
called upon; however, 1t must always be non-zero (a zero
or blank in this position signifies the end of all
problems and sets up end of flle and rewlnd on Tape 6
in preparation for off-line printing).

e A 1-diglt number, NPAR (no greater than 4), giving the
number of parameters to be varied during the stability
analysis.

e 14 1-diglt number, NVAR (no greater than %), giving the
number of excltation varlables for translent and
frequency response calculations,

The information on the three title cards is placed on
the output tape Just as i1t appears on the cards. Anythlng
at all may be written on these three cards, except that a
zero must appear in position 1 for each card. The sheet
shown in Figure 1, as used at SRL, provides for entering the
name of the problem originator, a short descriptlon of the
problem, and the date.

Figures 2, 3, and 4 represent the input data for KEYs
2 and 4 (unless provided by KEY 1), the elements of the
matrices, A, Bp, and V.

Figure 2 (input data for LASS, page 2) shows the format
for the A matrix data cards. As shown earlier, each matrix
element is a polynomial function in the Laplace transform
variable, 8, and may be wrltten as

M
r
Ay = D, 814pS
r=0

Thus, A actually represents a three-dimensional array of
elements. In two dimensions, 1 and J, the array size 1s N,
the number of dependent variables; this number has already
been made available to the program. In the third dimension,
the size 1s M+l, where M is the maximum power of s in any of
the elements of the array.
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ELEMENTS-OF A MATRIX :
(VSE ONLY IF KEY1 =0 AND EITHER KEY 2 AND/OR KEY 4 & 1)

CARD 1 L3] K1 K(% = NUMBER OF
. |‘ 'O s InYsud= %] J|= 22 TERMaINIT
" a2 COLUMN OF MATRIX
u 8z NSH IS OVERALL POWER
ey (1] OFf S MULTIPLYING
. MATRIX,
MATRIX CARDS
[ K t AflJ,K} 3
. l-i IO i » E e
n - E 1
“ : £ b
y[1de} . E n
s * 4 1
42 . £ L
V[ E = “
] ' E L)
ax * E [
Lo . K .
. E a1
. E [
L] . e
. &
. E
L] . E
. e
. E
L] : S
. B
. E
L] . £
. E
L] E.
L] . £
. E
Fe E
L] . z
. E
. E
21N COLUMN 3,

3 FOR LAST CARD

FIG. 2 INPUT DATA SHEET FOR LASS — PAGE 2

Considerable savings 1n machlne time can be attained by
specifying the size of each column of the matrix rather than
that of the over-all matrix alone. If the maxlmum power of
s in column J is M{Jj), then the size of this column is
K(J) = M(J)+1l. These single digit values of K(J) are punched
in card 1 of page 2 of the data sheets (Figure 2) beginning
in column 13, Each matrlix column must be represented sc that
N diglts must be punched. As stated earlier, M must be less
than or equal to %, so that each K(J) must be less than or

equal to B,

Usually, the term labeled NSHE on card 1 will be left
blank. In special cases 1t 13 pecssible to achleve a saving
in machine time by using this term. These cases arlse when
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all the polynomial functions Ajjy in one column or row begin
wlth some non-zero power of s. That 1s, if a column or row
can be divided by a power of s, the matrix system can be
expressed a8 this power of 8 times a reduced matrix.

When thls procedure is applied column-wise, the value of
K(J) for this column can be decreased by R4, the lowest power
of 8 appearing in the Jth column. The magnitude of NSH 1s
the sum over all the columns of Ry. Since the time required
to expand the matrix ilnto the numerators and denominators of
the transfer functions is directly proportional to the product

of all the K(Jj), any decrease in these terms wlll speed up the

calculationa accordingly.

The application of this procedure to matrix rows will
be beneficecial only if there 1s a resultant decrease in one or
more of the K(J) values. When carrying out the procedure
row-wlse, remember that the extraction of powers of s must
extend over the entire row of the matrix system, including
the corresponding terms in the V matrix. Since the V matrix
is limited to constant terms only (that 1s, does not depend
on &), this division can only be done on rows with V matrix
elements zero.

If this reduction can be applled to both columns and
rows, the columns should be reduced first, and then the rows,
1f still possible.

The sample problem in Section 3 1llustrates this
procedure.

The remaining cards in Figure 2 give the values of the
matrix elements and thelr positions in the A matrix., The
first three punches 1n each card are 102 except f¢r the last
card which is punched 103. The next two columns contaln the
index, I, of the matrix row, and the next two the index, J,
of the matrix column. K 1s equal to r+l, that 1s, one
greater than the power of s which A(I,J,K) multiplies. K must
have a value from one to filve.

Three elements are punched on each card and under no
circumstances may any of the indices I, J, or K be left blank
or given zero values. Therefore, 1f there are not enough
termg to f£ill out the last card completely, previous terms
should be repeated to provide a full card. .Only non-zero
values of A(I,J,K) need to be put on the cards, since the
entire array is cleared before beginnlng the:problem. The
elementa of the array may be punched in any order.

Figure 3 (input data sheet for LASS, page 3) shows the
format for the data cards that provide the elements of the
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ELEMENTS OF G MATRIX
USE ONLY I 1) KEY 1 =0 AND EITHER KEY 2 AND/OR KEY 4= |,AND 2) NPAR)P-,

CARD 1
1 || lo |4 e MP Mt MALL 19 NCIU IS COLUMN OF A MATRIX
CONTAINING PARA,
= ¥ ¥ ¥ 3 ¥ T ¥ I = MA(J) 1S NUMBER OF TERMS IN
NT(U) J COLUMN OF G MATRIX
NT(J} ISPOWER OF §
MULTIPLYING J COLUMN
K 1 GlL1LKI L
! I‘ |°‘ . E 2
= * E -
42 L3 .3 Jgg
||1 Iol . " 22
3 L [ 41
a2 L] E
1 mo E hd E Ja
23 L] = |41
42 . E )@
1|1]o] 0 E 22
] M E far
42 . E
[T : -
A E
* €
E ]0 l . E
L] E
. E
[Te] . :
o E
i E
[1fo] . E
. E
- E
Lelo] . £
» E
B E
[TIOI . E
- E
L] E

B 1N COLUNN 3,
& FOR LAST GARD

FIG. 3 INPUT DATA SHEET FOR LASS - PAGE 3

B, matrices. This informatlon is presented as one array,
called the ¢ matrix. This data sheet 1s used only 1l some
system parameters are to be varled during the stabllity
analysis of the transfer function generated 1n KEYs 2 and L,
and 1f these elements have not already been provided by the
apecial CAIMAT coding in KEY 1.

We recall that the matrix describing the characteristic
equation ig8 given by:

NPAR

A+ z apBp = G
p=l

2=-7

b T




This 18 really a four-dimensional matrix. The first
dimension 18 the number of the equation, i1, deseribing the
system. The second is the number of the system variable, J.
The third 1s the power of 8, indlcated by k. = The fourth
indicates the parameter, cp. This system is reduced to two
three~dimensional matrices (A and B ) by requiring that any
one parameter can appear in only one column, 8o that the
coefficlents of all NPAR (up to 4} parameters appear in only
NPAR columns, The G matrix is made up of these four columns
of the G' matrix, including both the Bp elements and the
corresponding elements of the A matrix.

The G matrix contalns twice NPAR (up to eight) columns
designated by J on page 3 of the 1lnput sheets (Figure 3).
The first column (J = 1) contains the elements of the A
matrix corresponding to the first parameter, and the second
column (J = 2) contains the coefficients B, of the first
parameter. Similarly, J equal to 4, 6, ang 8 contain
coefficlents of the second, third, and fourth parameters,
while J equal to 3, b5, and 7 contaln the corresponding
elements of the A matrix. The terms of the A matrix must
appear on lnput sheet 3 even though they may have also been
entered (unnecessarily) on input sheet 2.

The I values of the @ matrix are the same as the A matrix.
The K values are one more than the power of s as in the A
matrix.

The flrst card shown in Figure 3 contalns the following:

e The number NC{p) of the column in the original matrix in
which the parameter, ap, appears. This provides the
cross-1ldentification of the J values in the original
matrlx and those in the ¢ matrix.

e The maximum number of terms (one plus the highest power
of s) in each column of the G matrix. There is room
for eight one-digit numbers on the card. Since two (one
for the A matrix and one for the Bp matrix)} are required
for each parameter. These quantitles, called MA(J) in
Flgure 3, have the same purpose as the K(J) terms of the
first card of Figure 2.

e The quantities NT(J) are related to the NSH term of
Figure 2. On some oceasions 1t may turn out that in the
column-wise or row-wise division by a power of 8, one of
the parameters becomes divided by the power of s. This
18 allowed and is the only place in the original matrix
where negatlve powers of s are allowed. To compensate
for this, the corresponding NT(J) 1s set equal to this

2-8
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power. There 1s room on the card for elght ohe-diglt
values together with the sign. The first of each pair
corresponding to parameter, Qp, 18 zZero whlle the second
of each palr ls zero or a negatlve number correspondlng
to a column in the B, matrix., Zero values may be left
blank. The sample problem in Section 3 1llustrates thils
procedure, :

The remalning cards in Figure 3 contain the values of the

G matrlx elements and thelr positions in the G array. I 1is
the number of the equation in which the term appears, J goes
from 1 to a maximum of & as explained above, and K 1s one
greater than the power of 8 in the term. As with the A matrix,
the elements may be Written in any order and each card must
contain three elements so that repetition of the last element

- may be required to f£ill out the last card, The first three
columns of each card contain 105 except for the last card,
which contains 106, These are used for ldentificatiocn and
checking.

Pigure 4 (input data for LASS, page 4} provides for the
elements of the V matrix for the excitation varlables needed
for the numerator of the transfer function, KEY 4 for trans-
ient and frequency response calcuiatlons.

The elements of V are entered and indexed as they were
in the A matrix, except that since all of the elements are
constants (not functions of s) the column corresponding to K
is left biank. (Requiring these elements to be constant
means that exeitations cannot be entered through lntegrating
or differentiating circults. Dummy variables can be intro-
duced if needed to meet the requirement.) I is the number of
the original equation, asg in the A matrix. J 1s the number
of the excitation variable (1 to 4) as identifled by the
variable number on page 1 (Figure 1). The first three diglts
on each card are uged for ldentificatlon purpeoses with 107
punched in each card except for the last card which carrles
108. ZEach card must contaln three elements with the last
element repeated 1f necessary to £1l1l out the last card.

If there are no excitation variables (NVAR= O) there are
no elements of the V matrix. In this case L1t 13 necessary to
insert a card with 108 punched in the first three columns
{and blank otherwise) for identification.

Figure 5 (input data sheet for LASS, page 5) provides
for the introduction of a characteristic equation (denominator
of the transfer function) that has been obtained from an
earlier run or by other means, and for which stablllty or
transient response calculations are desired.
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ELEMENTS OF v MATRIX
{USE ONLY IF KEYI = O AND EITHER KEY2 AND/OR KEY4 2 1, IF NVAR =0, USE LAST CARD ONLY.}

[ J t Vi1 J} t
||1 |o| b . E 2
2 bl |e e "
2 sl [e E L
1]1]o] b e E 22
2 bl le 3 -
42 b . E ®
1[1]o] b| |e E z
B L E 9
2 bl [e £ jeo
t|1]e] b| |e E 22
1 b . E ]41
42 b L] E 80
1|1|o| b . E 2
23 b L] E 41
az bl |e E o0
1o o[ [e E
b . E
b| fe E
IIIOI b . E|
b |, e
b . E
f1]e] v |e €
N E
b 4 E
{1]o] o] [e e
b L E i
b . E
[Tl T :
b . E g
bl [e € .
[a]o] Y [o |
b [ ] E
b » E,
7 IN COLUMN 38 FOR LAST CARD,
1]o]8e BLAN »] FINAL CARD, USE ONLY
[1]e]ef - — iFnvar=0

FIG. 4 INPUT DATA SHEET FOR LASS - PAGE 4
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COEFFICIENTS OF CHARMBTERISTIC EQUATION:

NL{iL IS NUMBER OF TERMS

IN ROW'E

NMAX 1S MAXIMUM OF NLIR

NL
a8l =§ (Cy 5302, 2001 T2t ... €1g ) Byigageyg) 57
tuse 0NI€;LF;(|EYZ=0 AND EITHER KEY3 AND/OR KEY5 AND/OR KEY6 =1.)
ilaleli]u]sui= Wimjalx]= Nicf=|
2 a3
» 5
COEFFICIENT CARDS
1 [2]9] b : . e € . 22
2 b [e € 41
bl |® € 80
NEBC E 2
b E 4
b E 80
] |e E z
b E “
b [ E L]
51 (e E 2
| [e E -
el |* E 80
b| e £
b * E
b . E
I z] o| bl |® E
5] e €
b - E
[2]e] bl [* €
b . 3
b . E
oo i :
b L £
bl fe €
[z]o] ul e E
b [ E
b L E

2 N COLUMN 3, 3 FOR LAST CARD

FIG. 5 INPUT DATA SHEET FOR LASS — PAGE 5




This equation, Q(s) (Section 1.2, Equation %), is a
polynomlal in s. Each of the coefficlents 1n this pelynomlal
can contaln up to 16 terms corresponding to all of the pos- -
gible comblnations of the products of the zero and first
powers of the four system parameters to be varied during the
gtability caleulations. Thus, the coefflclents Cij form a .
matrix with the value of J one greater than the corresponding
power of s,

NL(I) 1s the maximum value of J (one more than the highest
power of s} in the 1%R prow of the C matrix. There 1s room on
the card for 16 two-digit values of NL(I). Only non-zerc values
of NL need be provided.

NMAX 1s the maximum of the NL{I) values. NSH is not
used, and can be left blank.

The remaining cards 1n Filgure 5 are for Inserting the
elements C(I,J) as on Figure 4. The elements may be entered
in any order and the last card must be filled even 1f it 1s
necessary to repeat some of the elements. The first three
punches contain 202 for all of the cards except for the last
card which containes 203 for ldentificatlion and checklng
purposes.

Figure 6 (input data sheet for LASS, page 6) contains
the information required to plot the stabllity of the -
characteriastic equation for ranges of the parameters. If the
system has three or four parameters, two cards are required
per plot, while for & one~ or two-parameter syatem, only the i
second card is required.

For a three- or four-parameter system the two cards each
contain two. speclal ldentification diglts. In the first card,
column % contains a 4 for all plots except the last one and a
5 for the last plot desired in the sequence. Column 4 contains
a 1 to obtaln a plot of parameter 2 versus parameter 1, or a
2 for a plot of parameter 4 versus parameter 3, Columns 5
through 32 contain the values of the parameters % and 4 {or 1
and 2) at which the plot of parameter 2 versus parameter 1
(or parameter 4 versus parameter %) 18 to be obtailned.

The second card for each plot contains a 2 in column 3
and 3 0 in column 4. Columns 5 through 32 contaln the lower
and upper values of the X coordinate (parameter 1 or parameter
%) and columns 33 through 60 contain the lower and upper
values of the Y coordinate (parameter 2 or parameter 4),.

Flgure 7 {(input data sheet for LASS, page 7) contains

the information required to obtaln frequency and translent -
response calculatlong and plots.,
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fsfel 1 [ e & . € 2
33| |e E{ » € »
iafof T [ ]e € . r 2
3s] e E ] 3 80
Hoommn: : . Ny
iad ol 1 . E . £ ™
3| |e E . E 0
1[ale] | . £ . E 2
tlalo] | » E . E 92
a3 L] 4 [} E I‘O

3 OR 4 FARAMETER SYSTEM: TWO CARDS PER PLOT

CARD 1: COLUMN 3- 4 FOR ALL PLOTS EXCEPT LAST ONE
& FOR LAST PLOT.

COLUMN 4 - | FOR PLOY OF PARAMETER 2 vs 1
2 FOR PLOT OF PARAMETER 4 v3 3
OR FOR STABILITY OF PARMMETER 9 ALONE.

COLUMNS 5 THROUGH 32 - VALUES OF PARAMETERS
3 AND 4 (1 AND 20 AT WHICH PLOT OF 2vs t
4 vs 3) 1S QOTAINED

CARD 2: COLUMN 8- 2

COLUMN 4 -0
COLUMNS 5 THROUGH 32 - LOWER AND UPPER VALUES OF X CO-ORDINATE

COLUMNS 33 THROUGH 80 - LOWER AND UPFPER VALUES OF ¥
CO-ORDINATE
1 OR 2 PARAMETER SYSTEM;r GNE CARD ONLY, SAME AS FOR CARD 2 ABOVE.

FIG. 6 INPUT DATA SHEET FOR LASS - PAGE 6
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Frea y and T ilent Resp Data
Use when sither KEY 4 and/os KEY 5 and/or KEY 6=1

Card 1 (always used)
1]4joj1in|riv]= K|T ' NIV { £ 10) 18 number of transfer functions
to be examined.
32 K{T) are the variables whose transfer
functions are to be evalnated.

Card 2 (not used if NPAR=0)

+ Parameter t t Patametar 2 H
1|4lolzlo . . X E [ - E 32
33 tf E . E 60

Parameter arameter 4
Catd 3 (when KEY 4=10) N@ = numbaer of veriable
= - 21 ined
tETeEe =T TP L T LT T 0TI et ber of corms in
tor of t for fanct

for IV excitation

Numetator of transfer function

Ni 1 +
1 .

23
42

]
2
2

i 11

23
42

i ]

23
4

i |1
23
42

I+

22 | = Number of exciting variable
a1 {104

60

22 ] = 1teNPN (D)
{constant term first}

41
50

22
41

22
41
60
22
41
60

el || ||| il | o) il (o
.
mlefole|mim|alsinlo|slo] o|min

Last card of group has 5 in celumn 1, all others have 4.

FIG. 7 INPUT DATA SHEET FOR LASS - PAGE 7

The first card contains the number NIV (no greater than
10) of system variablea for which the frequency or translent
response is desired and the two-diglt identification K(I) of
each variable (the value of J in the Xj vector). The
reaponse will be computed for each of these varlables and for
each of the NVAR excitation varlables indicated on Flgure 1
and Figure 4, Thus, if NIV is 6 and NVAR is 3 a total of 18
frequency or transient response plots will be obtalned.

The second card lists the values of the parameters at

which the frequency and translent response 1s to be calculated.

A new card 1 must be employed with each set of values of the
parameters. QCard 2 1s not requlred 1f NPAR i1s O.

214
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Card 3 and the remaining cards on page 7 are used if the
numerator of the tranafer function is not supplied by KEY 4
but has been obtained from an earlier run or other means.
Card 3 has the number of the varlable for which the numerator
of the transfer function 1s being supplied and up to four
values of NPN(I), the number of terms (one more than the
highest order of s8) in the numerator of the transfer function
for the I'B excitation. The remalning cards are ldentifled
by a 4 in column 1 for all the cards in the group except for
the last card which has a 5 in column 1 and by the two-dilglt
number of the varlable to be examined. The coefficlents of
the numerator of the transfer function are 1lnserted as a
two~dimensional array where I corresponds to the number of
the excitation variable (1 to %) and J corresponds to one
more than the power of s (J goes from 1 to NPN(I)).

Figure 8 (input data sheet for LASS, page 8) contains the
ranges of frequencles for the frequency response calculation
and the magnitudes of the excitations for the translent
response,

Frequency Response ( KEY 5= 1) —_

+
1|wl={1|0f*]* N|= N|p|= ble |b |20
al |- . . . SRS EORRON
1wl=]tjof*]|* N|= N|${=].f-|s]b]|D|20
al [T} . . . LLTR T f] Jo
o= t]of = N|= Nid|= b|blb[20
al TP P T T T T T T e
¥l =[1]0] *[* N|f= N[§|= bbb [20
a T T LI I T T T TTTT T T T e

Begin at frequency w

And continue for N decades with

N¢ points per decade  (N¢ a meximum of 10).
Points are given in columns 21 theough 50.

Last card gives final frequency value and must have N¢ =0

Transient Response {KEY 6 = 1)

T X lmgulg_llagz_i;gde -
[sle]s]s] [ E . E 3
33 . £ * E 60
Step Magnitude Ramp Slope

Calculation for 101 values of time from 0 to 100 T in incrementsof T

Calculates response to
Impulse {if Impul se Magnitude # 0)
Step Function (if Step Magnitude # 0}
Ramp (if Ramp Slope # 0)

FIG. 8 INPUT DATA SHEET FOR LASS - PAGE 8
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The frequency response calculation begins at the power
of 10 indicated at the beglnning of the first card and
continues to higher frequencies for N decades computed at R
NO (a maximum of 10) poilnts per decade. Columns 21 through
50 allow for ten two-dliglt numbers (from 1.0 to 9.9) corre-
sponding to the polnts at which the frequency response will
be calculated. Intermedliate cards can be used as deslred to
change the spaclng of polntsa withln a decade at which the
caleulations are carried out. The last card gives the highest
frequency value and must have N equal to O.

If 1t dis desired for example, to have 20 points 1n the
frequency decade from 10° to 10* radians/sec, two cards with
w=10°, N =1, and N = 10 can be used with the first ten
values listed in columns 21 through 50 of the first card and
the next ten valuea listed on the second card.

The transient response card at the bottom of Figure 8
containsg the time increment for which the translent response
will be calculated and plotted. The calculation will be
carried ocut for a time from O to 100T. The remaining apaces
on the card are for the magnitudes of the impulse, astep, and
ramp excltations as desired to initiate the transient response.




3. Sample Problem

3.1 Derivation of Matrices

As a sample problem we consilder a portion of the
stabllity analysis of the HWCTR!2%), It was desired to obtain
the transfer function from the D20 outlet from the steam
generator through the reactor and back to the Dz0 inlet to the
steam generator and also from the steam generator outlet to
the reactor power to help in studying the coupling between the
steam generator feedwater control loops and the reactor

1tself.

The coolant flow diagram l1s shown in Figure 9, The
differential equatlions that approximate the translent response
of the components of the system are as follows:

Differential Equations: T moe | 7, [Resser Pignam \jkaag

—* Ha=3l2 Hpsl0 M

Ha’.[‘a = F(':[‘5 -Ta)
F Dg0 Flow = (.3 408

HpTp = F(Ty-Ty)

tst Modarator Saction
Hy» 898

= F(Tp-T,) + £¥
HyTq = F(Ty-Tg) + W, {0.5-1)¥

He'i'e = F(Td"Te) + W2(0.5-f)‘f - H*flr..sz T la:dnhggearmor Section

Hole = F(T ~To) + W_(0.5-£)¥ FIG. 9 SAMPLE PROBLEM -
£ (Te-Te) 5(0:5-) COOLANT FLOW DIAGRAM

H*T* = F(Tp-T*)
¥ =¥t -
% = Go(s)i (Laplace transformed)
k = 0q(T-Te%) + G2W4(T5-Td°)
+ oW (Te-Tg%) + o W (Tp-Tg%)

In these equations the T's are the temperatures leaving
the blocks indicated in Flgure 9, the H!'s are the heat
capacitles of the components (1n MW-sec/°C), F 1s the D20
flow (in MW/°C), f is the fraction of the pile power trans-
mitted from the fuel to coolant, and (0.5-f) is the fraction
deposited directly in the mederator by gamma and neutren
heating {f = 0.45 — the total heat deposited 1s only 0.5 of
the pile power, ¥, because only one of the two coclant loops
is considered). V¥ is the pile power, ¥° is the steady-state
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operating power, and ¢ is the flux level relative to the
steady state. Go(s), the transfer function from reactivity
to flux level, depends upon the delayed neutron fraction and
is known from other work. The reactivity k depends upon the
fuel and coolant temperature coefflecient, 05 and the moder-
ator temperature coefficient @,. The weight functions W,
W,, and W, correspond to the volume fractions of the three
moderator sectlions; and W,, Ws, and W, correapond to their
reactlivity statistical weights.

We linearlze the equations by considering only small
perturbaticns about the steady-state operating power and
introduce a dummy variable, T, to meet the requirement that
the parameter ¢, appears in only one column of the matrix.

This glves the following linear algebrale equatlions 1n the

-Laplace transformed variables:

(F*'Hasﬁa = FT,
- FTa + (F+Hps)Tp = 0
- FE& + (F+Hcs)5e -f¥ =0
- FT, + (F+Hys)Ty - W, (0.5-£)¥ = 0

- FTgq + (F+Hgs)Te = W,(0.5-f)¥ = 0
(8)

- FT_ + (F+Hs)T, - Ws(0.5-f)¥ = 0
- FTp + (F+H*s)T* = 0
g - 1110.5' o}

(0.0087584+0.0073952)¢ + (-0.0943-1.455-32)k = O

- a T, - oIy + k =0

Ty = WaTg - WsTe - WgTp = O

Equations 8 are 11 linear algebralc equations in the 11
variables of the system. There 18 one excltation varlable,
Ty, and we wish to conslder three parameters for stability
studies, ¥°, a,, and @,. When we substitute numerical values
for the other constants of the system,we obtaln the matrix

equatlion shown in Figure 10.

The bottom row of Figure 10 shows the values of K(J)},
one plus the maximum power of 3 in the Jth column. The
product of these values, 2 x 3° = 1152, 1s the number of
determinants to be evaluated by the code, and 1a a measure
of the computing time required.

3.2
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\\i Ta Ty Te Ta Ty Tp L ¥ 0 .k Tn' | 2xoitasion
1 1 2 3 ] 5 5 ki 8 2 10 11 _ |variable, Ts /
1 P+Hg s b d
+1.3 . +1.3
+3.128
z |-F j
+1.3
+108
3 -F PrEgs -£
-1 |4l ) -0, 45
+0.9258
y -y Peilgs | -3y (0.5-5)
: -1,3 i3 . ~0.014
+6. 380
5 ~» Pl e M, (0.5-0)
1.3 |l -0 082
+6.988 |
é ~F | #etips Wy (0.5}
-L3 [+.3 -0.03k
+6.988
T . -3 F+E"s
«1,3 | +1.3
+4, 588
8 1 ~¥°
9 Asoat LTS TR
+hpesBit |4A, o 9
0.008758+ |+Ag" . " a®
0.007323' tu?béﬁi’“
-1, 45582
10 gt 1 -,
2. 65x10™" . 1 5x10~*
11 g My | We 1
0,224 |-0.852 |-0.224 1
K{J) 2 2 2 2 2 2 2 1 3 3 1
FIG, 10 SAMPLE PROBLEM - INPUT MATRIX
This time can be reduced by eliminating the variables }

T, and Tp from Equations 8 to give Equations 8'.

(F+Hgs) (F+Hps )Ty = F°Ts

- FTy + (F+H,8)T, - f¥ = 0

]
@]

- FT, + (P+Hy8)T4 - W, (0.5-F)¥

i
(o]

- FTy + (F+Hgs)Te - Wz2(0.5-1)¥

|
O

- FT, + (F+Hfs)(F+H*s)(1/f)"f* - W, (0.5-r)¥ (81)
n\f - ‘I:’OE'. =0
(0.008758+0.0073982)% + (-0.0943-1.455-8%)k = O

-8, Ts - O Tm + k = 0]

]
Q

Ty - WoTgq -~ WsTg - (We/F)(P+H*s)T*
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The modifled matrix is shown in Figure 11. The product
of the K(J) has been further reduced by noting that column 7
(column 9 of Figure 10) contained no constant terms in the
A matrix. Thus we can divide this column by 8, reduce K(7)
from 3 to 2, and make NSH equal to 1 on card 1 of page 2 of
the input sheets. This can be done even though there was a
constant term, =1 (times ¥°) in the B matrix in this column.
This 1s handled by making the appropriate NT(J) equal to -1
in card 1 of page 3 of the input sheets.

With these modifications, the product of K(J) is
2* x 3% = 432 or 3/8 of the original value of 1152. The
computing time should be reduced by about this factor.

J Ty Te Tq Te ™ ¥ * " w | Bxeitation
1\ 1 z 3 4 5 [ T 8 9 l|variable, Ts
1 |69 1.69
+17.0568
+31.28°
2 -1.3 1.3 -0.45
+0.9258
3 -1.3 1.3 -0.014
+6.098s
4 -1.3 1.3 -0.022
+6,988

5 -1.3 1.3 -0.014

+11, 508

+2h,24a®

30
6 1 &
7 0.00875 =0.0943
+0.,007398 |-1,458
_BE

8 s 1 -2z
g -0.22% | -0.552 | -0.22% 1

-0, 77888

K{J) 3 2 2 2 3 1 2 3 1

FIG. 11 SAMPLE PROBLEM - REDUCED MATRIX

3.2 Input Data

Figure 12 shows page 1 of the input data sheet for this
sample problem. K, is 0, indicating that the matrix elements
have been developed outside the code and no special pro-
gramming 1s necessary to provide for thelr computation. K,
through K, are 1, indicatlng a desire to carry through all of
the parts of the program ineluding computation of the denomi-
nator of the transfer function, its stability analysils with
respect to the indlcated parameters, the numerator of the
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KEY CARD

[FEFTFLLLLL T SFFRF S PR E

EAGCH® OR'{
eam.  11s O3 Fuel Temp Coeff . var. 1y T HX Outlet
PAR. 218 92 Mod Coeff VAR. 218
PAR. sis .¥° Power Level VAR. 318
PAR. ats VAR. als
TITLE CARDS
NO. 1 |
[0 R E ofrRT1 |G|l [N O[R[*¥[b bbbk |28
2 |D N L 8. glT|.|JT|F|HIN (50
st f ‘ 72
NO.2 .
|onescR-{pn'r10Nbbbbbbbbbbbbbja
s HW[c|TR| |r{® [Hlx|] [s]u|r [T A |N[Djw
" H| x gluiT TS P|6 |W| ER 72
NO.3
1jolpjaiqT ki Inlofnluiviu|b{b]s|b]{bjs|bjbib|d b |b |28
»|alula|uls]T AEREEE ®
Y i 72

FIG. 12 SAMPLE INPUT DATA - PAGE 1

.

transfer function, and the frequency and transient response.
The number of varlables, N, is 9 (including the dummy
variable, T,). The number of parameters for stability
studies, NPAR is three (a_, @,, and ¥°), and the number,
NVAR, of excitatlon variabies is one (Ts5).

Figure 13 shows page 2 of the input data. NSH 1s 1
because column 7 was divided by one power of s. The K(J) are
entered as they appear at the bottom of Figure 1l. The non-
zero values of aj 4 are entered from Figure 11, The last
value 1s repeated to £ill out the last card at the bottom
of page 2 of the input sheet. All terms in the A matrix
(all terms in Figure 11 that do not multiply one of the three
parameters o,, ¢,, or ¥%) are entered.

T
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(LJEé-EEgEE$sl.g|F(EAY,€A:gt§ND EITHER KEY 2 AND/OR KEY 4= 1}
CARD 1 K K10 K(J); NUMBER OF %‘
|h|o1 Nls n{=] lajx|T|=(3[2]|2|2|3[1|2|3]|1] |22 TERMSINJ™ 'ﬁ
" . ez COLUMN OF MATRIX %
& 2z NSM 1S OVERALL POWER z
o T wee OF 5 MULTIPLYING < 0
MATRIX. i
MATRIX CARDS - ;
7 I 4 K t All,d,K) t B
v lel2l o] {ala]+l- [1l6]9 El+|0[1] e
2 1 112] +]+ 17056 E+02"
42 1 115]+]*|3]1]2 gl+]0]2 ¢ H
v[iofe] 2| fafa]-[-12]5 e+ 001 ]
a| |2] j2]1f+|°j21]3 g[+[011 ]
az| |2 2|2]+|+ [9]2]5 E .0
o1 ]el2] [2] [6]3]-[ t¥#[5 £ "
s (3] [2]1]=]*11]3 E|+[011 |
aa| [B] (B[ |23 g|*+|0 o
valel2] 3] [3]ef+]-[6]9]8 g|+0]1],
3 6 1]~ |01 |4 E 4
bl 3)1]=-[[1]3 gl+0/1lle,
[1]of2] [&] [&[1]+] [1]3 NEEE
4] Iniel+le | 6]0]8 gl*+|0
| [6fr -] |o]2]2 E
[1{o]2] [5] (a]a]-ls11]3 gl+|01
5 41+ |1}|3 E+01
sl 1s5j2t+|s [1|1]5 e|T[0]2 ,
1l002] 5] (5{31+| [2]|4]|2]% gl+]o]2
5| [6f1]-[+ [0]2]d E
6] [6j1)+f{ i1 + |01 R
fifolz] 7l 8]xf-[- {o]o]4]> E |
7l (8l2f-] (1|45 el+|0
71 18i3]-[+ 11 g[+/0]1
[1{ol2] [8] [8[af+]|+ |2 g|+|0]L
ol IsInf-[ |2]2[* E
9 411l -1+ [5]5]2 E
[1lo]3] (9] [s|2]-|- [2]2 % E
ol [5]2]-]-[7]|7]8|8 e
9| [slef-|- [7]7][88 £

2 IN COLUMN 3,
2 FOR LAST CARD

FIG. 13 SAMPLE INPUT DATA - PAGE 2

Figure 1% shows the input data gheet, page 3 for the
elements of the G matrilx.

As indlcated on the first input sheet, parameter 1 ls '
taken to be o, which appears in column 2 of Figure 10. There-
fore NC1 is 2. Similarly parameter 2 1s C, and NC2 is 9, and -

parameter 3 is ¥° making NC3 equal to T.
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ELEMENTS OF G MATRIX

USE ONLY IF 1) KEY 1 =0 AND EITHER KEY 2 AND/OR KEY 4

= 1,AND 2) NPARD P

CARD 1
(]
Y000 N0 MO RGN DN 10 Aol is cocun o A T
2 -11 %
T T F ¥ ¥ MA(J) 15 NUMBER OF TERMS IN
NT(J} J COLUMN OF G MATRIX
NTJ} ISPOWEROF §
- MULTIPLYING J COLUMN
1 g £ Gl *
l|1|o|5 2 12 +]*]11(3 El+|0j1]|22
) (2] [1]2]+*l9]=2]5 E 41
a2 |s] [1]a|-I* 2]l3] - g+ 0l1m0
tr]els] [8] |2f1]-j= |21 ¥+ 0f12
#al |9 31| +f* |1 e{+| 01"
42 8 aif-le |1 g +[0] 1m0
s[iJo 1 6] [zl [sla]+]s [o]o]8]7]5 22
2 T Isl2f+*10]l017|3 (8 4
2| |6 [6]1]-]*|2 +[0]1leo
1[a]o] . lz2
23 . 41
42 L] 60
[t ]o]

s fo]

mimimimim mim|m(mim|m|mim|m|mlmimimm| mim|oimm

Do
L1[o]
»
{110l
Lido]- .
*
®
5 IN COLUMN 3,
€ FOR LAST CARD
FIG. 14 SAMPLE INPUT DATA - PAGE 3
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CoEmw .

The MA(j) are one greater than the highest péwer of s
in each of the parameter cclumnsg, There are up to four palrs
of one-digit numbers. The first diglt refers to the terms
that do not multiply the parameters (and are Just the cor-
responding K(J) on input page 2), whille the second refers to
the terms containing the parameters (all are zero order in s
in this example, so the second digit of each of the three
pairs is 1). Since there 1s a term In 1/s multiplying the
third parameter, ¥©, the sixth NT(J) i1s -1 (there 1s one palr
of NT(J) for each parameter; the first of each palr is always
zero, the second is a negative number equal to the negative
power of s multiplylng that parameter),

The elements in the columns contalning parameters are
entered on the rest of page 3. Here 1 has the value 1in
Figure 11.

For the column containing the first parameter (@), J 1s
1 for terms not multiplying ¢,, and J is 2 for terms containing
dg. Similarly j is 3 or 4 for the column containing parameter
2, and 8o on.

Figure 15 shows the lnput data sheet, page 4, for the
element of the V matrix corresponding to the excitation
variable Ts. As seen from Figure 11, T appears in the first
row 8o 1 = 1, There is only one such variable, 80O its J 1=
1. The value 18 repeated three times to fill out the ecard.

This problem does not use input data sheet, page 5
(Figure 5), since the characteristic equation {or denominator
of the transfer function) is developed in earlier parts of
the code rather than belng read in as input at this polnt.

Figure 16 shows input data sheet, page 6, which shows
the values and ranges of the parameters for which stabllity
plots are desired. In this case, stabllity plots were
desired for power levels of 5, 10, 20, 40, and 80 MW. The
plots are of parameter 2 (@,) vs parameter 1 (ay) for values
of a, from -1 x 10~2 to +1 x 102 and of ¢z from -1 x 107*
to +1 x 107%.

Two cards are required per plot, since this is a three-
parameter system. In the first card, column four 1is 1 since
we want a plot of parameter 2 1s 1. The first value of ¥°
(parameter 3) follows., Card 2 has the desired ranges of
parameter 1 (o) (appears as X coordinate) and of parameter
2 (a,) (Y coordinate).

Similar pairs are included for each value of Y9,

3-8
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ELEMENTS OF ¥ MATRIX .
(USE ONLY IF KEYI = O AND EITHER KEY2 AND/OR KEY4 = 1. IF NVAR %0, USE LAST CARD ONLY .}

I 3 + vi1,J) K
v[cle[sl [a] [ale]+]e]a]6] s e[ +]o[1] ,
3 1 I{u| He 1 [B]9 l+]011]at ;
| 14 [T]s|**|L[5[0 E|+|0[1]eo
1|1]e] bl |e E 2 ¥
2 bl (e E & b
A2 b le E 80
11]o] bl |® £ z i
B b| |e E at
) bl le E oo :
1]1|0| bf e E 22 !
P b) e E A
42 b . E 80
1lilo] bl | E 2
23 b . E 41
42 bl |e E 60
{11 0] Tsl |e E
bl |» E
5| [e E
{1]o] sl e E
bl fe E
b ° E
0o T :
NED £
bl e E |
[11o] bl [ E
b » E
b 4 E ;
oo NE T
b . E
b L] E
[|l'o] b ' E
b [ ] £
bl |e E
7 1N COLUMN %8 FOR LAST CARD,
[1]o]efe BLANK 3| FINAL CARD, USE ONLY
IF NVAR =0

FIG. 15 SAMPLE INPUT DATA — PAGE 4
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ilalo|¥[1}+]e]5 el+Jo[a] |e E 52
33 . E » € “»
1|s|o|2I0-o £l -|013)+([e]1 E|-fo0|3 |32
33| -{e |1 El-|o|2]+]|" E|-|o|2]|%
1[z]efufi]+[e 2 el+|of2] | E 2
33 |e E . E &
1190 a2 [Of-le {1 e[-{ol3]+]e]2 e[-]0]3 [
33| e |1 el -lolel+|e]1 El-jo|2|ee
|L;lolll-|1 +le |2 E|+}0O]2 . E 32
32 ] E ] =4 80 -
||a|o|2|O—ol E[-]0|3] +|¢|1 E| -] 0f 3 fo2
sd|=|o |1 |- [ol2]+[* |2 E[-70[2
4 i * +
vlalofulifefo ] gl+lola |e £ »2
33| |e E [ E| | »
||slo|2|0-ol E]l-|0|3] +|* |1 El-|o]s 22
saf~je |1 E{-{Cl2f+]|*11 E|l~[o]2]®
1|sjo| 5|1]+]e]8 E[+[of2] | E 32
af |e € . E 80
1Lsol of 2] 0] -] |2 el -Jo[3]+]e e[-]o(3 s
3| -j®i]1 Ef-lolz)+|* r-:._oaeo
llsloll d £ L] E 32
Bl |e E . E 0
tppfof | [ e e e »
ad ] = [ ] E lso

3 OR 4 PARAMETER SYSTEM: TWO CARDS PER PLOT

CARD 1: COLUMN 3 -4 FOR ALL PLOTS EXCEPT LAST ONE
% FOR LAST PLOT.

COLUMN 4 - 1 FOR PLOT OF PARAMETER 2 va ¢
2 FOR PLOT OF PARAMETER 4 vs 3
OR FOR STABIL!TY OF RARMETER 3 ALONE.

COLUMNS 5 THROUGH 32 - VALUES OF PARAMETERS
* 3 AND 4 (1 AND 2 AT WHICH PLOT OF 2vs |
(4 v¢ 3) IS OBTAINED

CARD 2:  COLUMN 3-2
COLUMN 4 -0
COLUMNS 8 THROUGH 32 - LOWER AND UPPER VALUES OF X CO-ORDINATE
GOLUMNS 33 THROUGH & - LOWER AND UPFER VALUES OF Y
CO-ORDINATE

1 OR 2 PARAMETER SYSTEM: GNE CARD ONLY, SAME AS FOR CARD 2 ABOVE.

Parameter 1 or 3 1s X coordinate
Parameter 2 or 4 1g Y coordinate

FIG. 16 SAMPLE INPUT DATA - PAGE 6
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Flgure 17 shows linput data sheet, page 7T, which specl-
fies data for the frequency and transient response calcula-
tions. We wish the response of the heat exchanger lnlet, T*
(column 5 of Figure 11) and of the flux, ¢ {column 7) to
variations in the heat exchanger outlet, T., the excltation
variable specified on data sheet page 4 (Filgure 14).

NIV is 2, the number of variables (¢, card T*) for which
the respenge is to be calculated. The K(J) are 5 and T
corresponding to the numbers of these varlables in Figure 11,

Card 2 llsts one set of values of the parameters. Since
the response for power levels of 5, 10, 20, 40, and 80 MW are
desired for a single set of values of parameters 1 and 2,
card 2 of page 7 is repeated for each power level. Only one
card 1 1s required for the entire set of parameter values.

Card 3 and following cards are not required since the
numerators of the transfer functions are calculated from
data already in the problem. These cards are used to read
in the numerator of a known transfer function.

Frequency and TranFient Response Data
Use when either KEY 4 and/or KEY § end/ot KEY 6= 1

Card 1 {slways used}

1[4]o|t|N]|1|V]= 21k |J]=| |5 7 NIV ( £ 10} is number of transfer functions
to be examined.

32 K¢J) are the variables whose tranefer
functi are to be lunted

Card 2 (not used if NPAR=0}

t Parameter 1 t 1 Pasameter 2 t
if4Jo]2]0o]-[-[2]8&]5 el-To]+T-]- 5 e[-{o]3 |
33|+t |5 E[+f1 . B 60
arameter arameter
+ Parameter 1 * + Parameter 2 +
1[2]e]2]ol-[+]2]6]5 el_lofuy]-]]5 , El- |0]3 |o2
B4t ]2 Ef+lol2 . E 60
arameter J P arameter 4
+ Parameter 1 k4 k4 Parameter 2 *
1l4fo] 2] ol-]-[2[5]5 el-ops] -l {5 E[-]|o]3 |a2
334l 4 El+]|ol2 . E 60
Parameter arameter 4
+ Parameter 1 + + Parameter 2 x
t{afofz]e]-]-]2]6]5 el-|ols]s ] El-[ol3 |
3341 |8 El+{0l2 . E 60
Parameter arameter 4

FIG. 17 SAMPLE INPUT DATA - PAGE 7
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Figure 18 shows input data sheet, page 8, with data for
the frequency range desired in the frequency response and
the magnltudes of the perturbatlons in the exciting varilables
for the transient response,

The first cards show that points are to be calculated
and plotted at only three points (1.0, 2.0, and 5.0) in the
decade from 10™° to 10~% rad/sec. Points at 1.0, 1.2, 1.5,
2.0, 2.5, 3.0, 4.0, 5,0, 6.5, and 8.0 are obtained for the
two decades, 10”2 to 1 rad/sec. Three points are obtalned
for frequenciles 1 to 100, and the last card defines the
upper frequency limilt at 100 rad/sec.

The bottom card pf'Figure 18 shows the response wlll he
caleulated at intervals of 1 sec over the range from O to

100 sec for an impulse of 10 (°C - sec) a step of 1 (°C) and

a ramp of 0.1 (°C/sec). These perturbations will be used
for each of the execltation varilables {only one in thils
example).

The cards on page 8 were punched and reproduced to pro-

vide a deck for each value of the power level. The flnal
deck is in the sequence: card 1 from page 7, card 2 from

Frequency Response (KEY 5= 1)

1+

N[« |1|n|¢ |= 3ib |b b |20
T T T T
N b 20
3= tofu] |o]5

Zib|b|b[20
5. .

T
+]0 20
[T IL T T T A T T T T T T

Begin at frequency w

And continue for N decades with

N poiats per decade (NP a maximum of 10).
Paints are given in columns 21 through 50,

[T Tk
o[8[ Tols
TT T Jw
T

21

-
.

[o]
1 j\n
.

*
*

+*

—
E]
"
OO -
o|Nloj|{e0{<=
-

o] 6

21

[=1
»

u |\n

[=)
PO W
[
=] - |
]
[
<
o
o

21

o
.

._.

sl]g [~
*ln

[ =)=
-

% |O| =0

o

=]

]

o

=

s

[f}

o

o

°3

(Last card gives final frequency value and must have N$ =0)
Transient Response (KEY 6 = 1)

Impulse Magnitode
+]* 11 E|+|0]|2]32

o1+ {1 E 60
Step Magnitude Ramp Slope

e

[ elelsls]s [2 E
33 4| |1 E

++H
Q
[

Calcutation for 101 values of time from 0 to 100 T in increments of T

Calculates response to
Impulse (if Impulse Magnitude # 0)
Step Function (if Step Magnitude # 0)
Ramp (if Ramp Slope # 0)

FIG. 18 SAMPLE INPUT DATA - PAGE 8
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page 7, cards from page 8, another card 2 from pagé Ts
another set from page 8, etec., until all desired sets of
parameters from pages 7 have been used.

3.3 Sample Output

Some of the printouts for the sample problem are shown
in Figures 19-29.

Figure 19 ghows the title page and the matrix elements,
The title page includes a llst of the KEY sectlons of the
code that are used in the problem, In the example, all parts
are employed including KEY 1, the speclal CALMAT codlng
1llustrated in Sectilon 3.4.

The A, G, and V matrix elements are printed out, and ecan
be used to check the 1nput cards or the operation of any
special CALMAT codlng designed to compute these elements.

Figure 20 llsts the coefficlents of the characteristic
equation (denominator of the transfer function).

Figure 21 shows the stablillty plot prepared by KEY 3
for a power level of % MW, as a functlon of the fuel and
moderator temperature coefficlents (parameters 1 and 2,
respectively). Five such plots were called for by the cards
from input sheet 6, one for each of five power levels
(Figure 16). On the plots, an 8 indicates a stable region
(all roots have negative real parts), a T indicates a threshold
at least one root with a zero real part and the rest wlth
negative real parts), and a blank indlcates an unstable reglon
(at least one root with a positive real part), If the entire
region 1s stable, the printout contains a simple statement to
that effect rather than a plot, If the stabllity is calculated
wlth respect to only one parameter, the plot 1s replaced by a
table of values of the parameter at which calculatlions were
made and a statement STABLE, THRESHOLD, or UNSTABLE for each.

Figure 22 liats the coefficlents of the transfer function
for variable 5 (reactor flux level) exclted by a change in
T,, the heat exchange outlet temperature. The transfer
function is for a power level of 5 MW at the nominal values
of the temperature coefficients, parameters 1l and 2.

The response results are shown in Figures 23-29. A total
of ten such sets of output were called for by the cards on
page 7 of the 1lnput sgheets (Figure 17), corresponding to five
power levels and two response variables (flux and heat
exchanger inlet temperature).

3-13
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Figure 23 lists the real and imaginary parts and abso-
lute value (gain) of the transfer function together with the
gain in decibels and the phase angle in degrees for each
frequency point indicated by the cards from page 8 of the
input sheet (Figure 18)., Filgure 24 is a log-amplitude and
phase plot (Bode diagram) of the same data, and Flgure 25 is
a polar plot (Nyquist diagram).

Figure 26 lists the singularities of the transfer
functlion required in the calculation of the transient response.
As a check, the coefficlents of the transfer function are
reconstituted from these roots for comparlson with the
original transfer function listed in Figure 22. This check
is deglrable since the root-locating procedure may fail 1f
roots are too close together or too close to zero. A

- considerable effort was made to lncorporate the best avallable

routine, as discussed in Sectilon 4.3.12.

Figure 27 shows the response to a pulse lnput. The
approximate response equation in the form of a sum of terms
corresponding to the singularities of the transfer function
is listed together with the response calculated at 100
equally spaced time points and a plet of the results.

Figures 28 and 29 show similar results for step and ramp
excitations,

The magnitudes of the excitations and the time for which
the response is desired were entered on the last card of
input sheet 8 (Figure 18).

This sample problem produced a total of 131 pages of
output and requlred 40 minutes on the IBM 704,

LINEAR ANALYSIS OF SYSTEM STABILITY PAGE 1

PROBLEM. ORIGINATOR DAN §¥. JOHN BY BBC TO TEST USE OF CALNAT SUBR.
OESCRIPTICN HHGTR TF HX DUT TO IN AND HX QUT TO PODWER

DATE APRIL T, 1984

OBTAIN THE FOLLCWING
1. CALCULATE MATRIX ELEMENTS
Z. DENOMINATOR OF TRANSFER FUNCTICNIPARAMETRIC)
3. STABILITY LIMITS
4. NUMEAATOR OF TRANSFER FUNCTION
5. FREQUENCY RESPONSE
L

» TRANSLENT REZPONSE

Alls+s1) ELEMENTS PAGE 2
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FIG. 19 SAMPLE OUTPUT - MATRIX ELEMENTS
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CHARACTERISTIC EQUATIOM

NON PARAMETRIC PAR 1
0. G
0.42214576E-01 o.
2.13191133E © U
Q.171213%4C 02 Y.
0. L13956541E 03 g,
0,4£529533E 03 G
0.11521675E 04 0.
0.15283589E 94 0.
0.10042735E 04 '
0.2521T503E 03 u.
PAR 3 PAR | X PAK 3
Qs =04 L575581TE~00Q
1 0. ~0,70945284F 01
2 u. -0.13C0TO1LE €3
3 0. =0, 12736B86E 04
4 0. “U.72861T1GE 04
3 0. -0.24762590E 25
& 0. -0.48072105E 05
7 o, -0,47196234E U5
a 04 -UL166QUTTTE LS
3 0. Q.

FIG. 20 SAMPLE OUTPUT - CHARACTERISTIC EQUATION

STABILITY REGIURS FOR PARAMETER 1 AND PaRAMETER 2

PAMAMETER 3=  5.0000000€ 00

RANGE £XAMINCD FOR PARAMETER |

RANGE EXAMINED FCR PARAMETEW 2 15 -9.7099999E-04 TU

PAGELD

PAGELL

X PAR 3

=0, 169335396-00

=0, 58548409
=0.749459535E
=044 T024556€
=0.1591L573E
-0.23343203L
=0.21553929¢€
—0.1l0638209L
-0.80032129€
0.

PALE L2

ekt s + —-—4

10, + +

I !

1 [

1 [

1 ]

£+ .

t i

PARAMETLR 1 i
H 1 1

1 1

2.t *

t i

TINES 1568855555 1
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155555555855 55855355 35585358 8
5553885555558 55558555553%553548!
5555555555555 35%5%5555858565S]!

[SS5 5555353555855 555835555%8855]

-6, #5 5§ $ 555555555855 5$5555855% 555
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15 $$ 5655585555585 %555568558585S!
[55855555555S5555555555553%55%58]

10, #5555 5555555555555 555555 55 5

fomm et -

-10. -6, 6. 10

-2 2.
PARAMETER 1 TIMES lows

FIG. 21 SAMPLE OUTPUT - STABILITY PLOT
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TRANSFER FUNCTION FOX VARIABLE NUMBER 5 PAGE 17

PARAMETER 1= -2,650Q0000E-05 PARAMETER 2= -—4.,%999999E-C4 PARAMEVER 3= 5.0000G00E QO
DENOHINATOR . NUMERATOR FOR EXCITING VARIABLE NUMBER
1 3
4.64TL49IE~ 0% =t 6142704E-05 y
Ses 1 5, 7812233602 4,19591 656-02
Ses 2 1.523T131E 00 3.5062075E-02 :
Ses 3 1.8465772E 01 =5, T62T34TE~04 .
See & 1.24%0872E 02 =1.98556081 E=04 i
Ser 5 4.9591219€ 07 0. ¥
L 1.1654254E 03 0. ¢
tme 7 1.5352649E 03 0. e
Ser 8 1.0067002E .03 . i
Ser 9 2.521T503E 0z o. f

FIG. 22 SAIMPL.E OUTPUT - TRANSFER FUNCTION

FREJUENCY SLSPUNSE FUR VARIAMLE MUPLFR 3 PAGE LB '
EXCITEN BY FUNCTIGCN NUMDER |1
PARAMETER 1= =2.65000006-0% PARAMETER 2=  =4.79999%4F=04 PARAMCTER 3= 5.00000G0E 00
FREQUENCY % ¥ GALN GAIN PHASE ANGLE
RAD/SLC MUMARER NUMBER NUMBER DECIHELS DEGREES
.95 350 19E-04 ~2.3732% 17602 9.77725328-02 1.0061656E-01 -1.97406618E 01 1.0365498E 02
2,0C0CGI0E-03 1.2388210€6-02 1.830061 L7E-OL 1.8d468T6F-01 -1.68493212E 01 #.6231182E 21
4.959501E-N] 2.1498327F-01 3.642066226-01 4.2297730E-01 =T1.4T36571E 00 5.9451087C 01
1, 3595999E-03 5.7 3466 THE=0L 3.33911296-01 6.6860551E-01 -3.5407213E 00 3.0359873E 01
1, 2CIC000E-32 6.70L9242F-01 2.6272558C-01 7.1984901C0-01 -2.£551715¢6 00 2.,140593LE 01
1.5COCO0D0E-02 7.6382685F-01 1.3245080E-04 7.7522556F-01 ~2.211431F 00 9.83175108E 00
2,0€0CH00£-02 £.1823503E-01 ~B.T529631F-02 8,229041BE-0L -1.5930148€ GO0 3.5389408E 02
2e4% 199 99E-02 7.92L7427C-01 ~2.8042L30E-01 8.40346290-01 -1.5100143E 00 3.4050592€ 02
2.9%7599FE~12 7.1071402C-01 =4.37893GLE-0} 2.4 160600€E-01 ~ 149782368 00 3,2864T15E 02
3.9595999E-07 4.9LL954E-01 ~5.4340T1TE-0L 2,18261 12E~UL -1.T421532E U0 3.0750775E 02
4.99799996-02 2-47T38C0OF=01 ~T.358006TC=U} 1.7610266E-01 -2.2016163C DO 7.8861502F 02
6465959 IE-U2 -4.,0843030E-02 6. 8446050601 6.8539343F-0L ~3.1553803E 00 2.6251030F 02
7.9975999E-02 “3.1728913E-01 -5.1653228€-01 60619963601 -4, 2476544E 00 2.3843893F 02 I
9,95999 23E-02 -4.2TTLAS5E-01 —2.3633246E~01 4.8869503E-01 ~6.21924L1E OO 2.0892876E 02
1.2C0N000E-01 ~3.B8301L992E-01 —1.3824577E-02 3.83286933E-01 ~8.3299181E GO 1.8206711€ 02
1.6¢0t000E—ul ~2.14133568-01 1.4290844E6-0t 2.5744124E-01 -1.1786416E 01 1.4628165E 02
2.0C0CO00E-0L =L.556936TF~02 1.2658515€-01L L.2753903€-01 =1.TBATIITE vl 9.70L1890E Ol
2.5C0C000E~01 3.3456601E-02 5.3661817E=02 64323T13LE-02 =2.3989356€ 01 5.803T64TE OL \
3.0€0CO00E-01 2.BHO0L44E-02 1,454333T6-02 3.2263864E-02 ~2.9823611E 0L 2.6T926U9E 01 .
v 4.0COCO0UE=DL 8.8721613E-03 =3.2290069E-03 4,%4)48797E-03 -4, 04991 08E CL 3.40001 128 02
4295757 3FE-IL L.9232335E-03 ~2.58L6135€6-02 321920 T7E-02 4. 904ATLLE O 3.0668513E 02
6.4539939E-01 1.8882104E~0% —£.107511LE-04 4411170 0F-04 -6.1B1775LE 01 2.T133303E 02
T.99981H3E-01L ~1.0:86227F-04 =2.3221756E-d4 2.535T625%E-04 -7.i917825E 01 2.4631533E 02
. 1.0C0COQHE Q0 -5.075&85LF~0% —4.6040TTRE-08 6,85273076-05 -8.3282723E 01 2,2221080€ 02
2.0C0COTVE 00 -8.427130LE-07 2.4296279E-07 8.7T03928E-07 ~1.2L13942F 02 1.6391719E 02
5.0C0C000E 00 ~9.6184857E-10 1.7104682E-0% 1.9622613E-0% -1.741448&E 02 1.19364529€ 02
1.GCOCOUGE Nt -4, 7049586€6-12 2.12Q8LH89E-11 2.1723810E-11 -2.13261275 02 1,0250828€ 02 .
2.0COC0TGF 01 -2,B755079E~14% 3.5434528E-13 3.5551010E~13 -2,4879295E 02 9.4439380€ OL 5
5.0COCO0CE 0L -6.50334476-17 2.69B9578E-1Y 2.699T4L0E-15 -2.9137354E 02 9.1380320€ 01
1.GCOCO0E 02 -8,97403126=19 8.014L04LE~L? B.014606TE~LT -3,2192235E 02 9.0641704€ 01

FIG. 23 SAMPLE OUTPUT - FREQUENCY RESPONSE
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EEEE T FE- T E S

POLAR PLOT FOR VARIADLE NUMBER &

PARAMEYER L=

~2. 4500000605

PAGE 21

PARAMETER 2@ -4.3799999E=04

PARAMETER 3=

5.0000000£ 00 |

1 I 1
1 L I
1 1 3
1 I 1
1 I 1
1 I I
1 L 1
1 I I
1 I 1
t 11 1
1 1 I
1 L T
1 i 1
1 1 1
1 T 1
1 I A L
1 1 A I
i 3 A 1
1 L. T
1 . [a 1
1 A 1 1
1 Al A 1
1 AL ]
1 LA 1

AR
I t L
i ! A 1
[ 1 1
1 1 t
I I I
! 1 4
i I 1
I 13 1
1 1 4
T t t
I ! A t
4 1 I
I 1 ]
I 1 [
1 i t
I i A 1
1 A 1 I
1 1 A I
I 1 1
1 4 1
H I [
I i t
1 i 1
1 | 1

[’} 1

REAL PART

SINGULARITIES OF THE TRANSFER FURCTION
FUR

PARAMETER 1=

SINGULARITIE

REAL PART
=1.0052390E~02
~143C0C04)E-0}
-2.299C023E-01
~2.87620126-01]
=4, 1E66328E-01
-1.187839:E 00
-1.4C59312E 00
+].620C123E~0]1
=1.620C123E-01

FIG. 25 SAMPLE OUTPUT - POLAR PLOT

~2+4500000E~05

5

TMAGINARY PART
Q.

Q.

0.

Qs

Gu

Q.

0.
5.5527926E~02
~5.55327926E~02

PAGE 22

PARAMETEA 2m ~4.979999%9E~-

CDEFFICIENTS OF EQUATION

04

ORIGINAL
4.466T1493E-04

5.7812233E-

1.5237L311%
1.8465772¢
1.245CBT2E
%.9%312L9F
1.1654258E
1.5352869E
1.0067002E
2.5217503€

02
[:1s]
01
02
02
[+
Q3
03
o2

PARAME TER 3= 5,0000000E aCQ

[COMSTANT TERM RIRST)

RE~CONSTITUTED

4,44T1558E~
5.70k2309E-

1. 523T140E
L, 8465781F
142450R875E
4.9591219€
Jal6542353€
1.853528468E
1.0067001E
22321 1503E

FIG. 26 SAMPLE OUTPUT - SINGULARITIES
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TRAWMSLENT RESFUNSE FOR VARIAALE NUMAER 35 PAGE 23 .
EXCITED 0¥ PULSE OF MAGNITUDE L0, 0000000 1IN FUNGTTION JUMBER L IREFCR T PRINT-OQUT PaGs 223

PRRAKETER 1= -2.6500902E-05 PARAMETER = —4.R3793399E-04 2ARAMETER 3x  5.0000020E 0O
FIT) APPRCXIMATELY GIVEN §Y T Fil} T FITE
=1.3458-01 EXP{-1.005E~02 X TIME} + I 4102008 C¢L —1.23232€-02
64638 0L EXP{=1.300E~01 X TIFE! * I QDOCE G0 ©.335820-03 5. 200000 31 -1.82104E-22
=-1.508€ 02 EXP{=2.29IE=01 X TIME) + 1 2,000C00E 00 3.27T16TE-03 S.20U00E CL -2,35364€-0C2
5.877C 0L EXP{-2.876E=01 X TIME} + 1 3.00uC0E QO 4. T1B92E-03 2.400008 0L -2 .A3353E-00
=3.098E 0C EXPU{-6.1&TE-G1 X TIME) + 1 4400000E 00 Jed13L9R-03 5.%0000F O1 =3, 26450E-04
—3.83TE~0% EXP(-)-188E QO X TIME} + 1 5.00000€ 30 5.60000U% DL -3.04970E-02
54631E-04 EXP{-1.,406E QO X TIME) * 1 2.20000E QO S TUIOUE ol =3.7326)E-02
1.06%€ 02 EXP{-1.620E=01 X TIWL) X 1 T.ODUCDE Qu 3.80000E QL -4,23633E-02
COSt $.553E-02 X TIME + L.278E 00} * 1 8.,0CUCDE 00 %.90009E D —4.56655E-02
9.00000E QO o, QUIYOE ) =h THGT 2
1,30020€ 31 6. LOUOGE O} =5.00411E-02
L.1000QE 01 G.20000E U} =5.18235E-02
1,200008 U1 L.17281E-0L &.3J0040E Q1 -5.335606E-02
1. 300G0E 91 L.42840E-01 §.40004E 01 =5.465L0E-L2
1.40000E J1L 1-686050-01 &.50000C 01 =3.5T488E-02
L1 5NUDLE 3L L.9370BE-01 6.LOUOUE QL =5.64613E-02
1,6C000€ O £4LT30TE~DL 6. TOQ00E QU =5.74080€-02
1.TOORCE 31 2,38720F-0L 6.B0000E 01 =5.80056€-02
1.804900C 01 2.57R30E-01 6. #0000E 01 ~5.84846E-02
1.900LUE 01 2a73T41E-0L TLULOUOE 01 ~5,88143E-02
Z2.0MIGOE U1 2.R6301€-01 1 1QUGUE Vi =5.90526€~02
2.40u00C U1 2.35643F-0L 7.20Q000E 01 91961E-02
2,2000QF 0} 3.015236-01 T 30U0UE 01 “5.92554E-02
2.30000E Gl Jevaliie-gl T-#00UUE OL -5.92402€-02
2,40000€ 01 3.03595e-01 T.50000E 01 -5.915%1E-02
é+5000GE DL 3.03190F-01 7.5000CE 74 -3.920200€-02
2.60000F Q1 2.94176E-01 T.TOOQUOE 01 -5.88299E-02
2.7T0000E 0L £e853055E-01 7.50000E O -5.85950E-02
2.80000E ¢ 2.75545¢6=-01 7.30009E 01 ~5,83211E-02
2.920000€ 21 2.61566E-01 8.00000E Cl =-5.801231E-02
3,004000€ O 2.30232x-01 8.10000E Q1 =5, T6T56E=02
3.10U00F 01 2.35042E-01 8, 20U00E 01 -5.73126E-02
3,20C00E 01 2a20678E-01 B.¥0020E ) ~5.67276E-02
3.30UNDE QL 2.050006-01 8.40000E UL ~3.652 39E-02
3.40900E 01 L.4%C40€E-01 #.50000E 01 =5,61043E-02
2. 50000E 0l 1.73006E-01 B b00M}E Ol ~5.56T126-02
1.50000E Q1 L.3707RE-Q1 5.TO000E O1L -5.52269E-02
3.TQQQQE 81 Lealal2E=-01 8.8000C0E 01 JATT24E-D2
2.50900F Q1 L.2&1360+01 9.900UVE 01 -5.43123E-02
3.70000E 01 L.11358E-01 7, 09guul oL ~%.30492 r4
4.00009E 0l FeTLOL0E-02 2. LO0O0E Ol ~2.33TY¥5E-D2
4.10080E 01 B.3B0FPE-O2 9.20000E 0L ~5.22961E-02
4.200008 &1 70158 1E-02 9.30000E Gl -5,242036-02
4.30009E 01 1.8610664F-02 F.40003E Gl =5, L3%0%E~D2
4_AU00QE 0@ 4.722316-02 2. 50000c 01 =-5.14508E-02
4430000 U 3.65770E-02 2.60004E 01 -5.,09806E-02
4.60000E 01 2.68741E-02 3. TROQJE 01 -5,03009E-02
4. TOUQUE ul 1.75023F-02 F.80000E 0l =5,00222E~02
4,80000E 01 1.04270C-03 4, 100008 01 =%, 254508-02
4.P0000E U1 L.27LLAF-03 L+ 00000F 02 —&4.,30%JTE=-Q2
. 000000 Q1 ~5.84041E-03
PLCT OF TRANSIENT RESPOMSE FOR VARIABLE NUMBER 5 PAGE 24
ExCITED BY PULSE OF MAGNITUDE LO. 0000000 (WFER TO PRINI-DUT PAGST 221
PARAMETER 1= -2,6%000Q0€-03 PARAMESER 2= =4.0799999€-04 PARAMETER 3= 5.0000000E OO0
32 o e ———— mm—————— Frm A o e *
I I [ 1 1 1 I I 1 f [
1 I I araa I T 1 I 1 I I I
1 { 1A A 1 1 1 ] 1 1 I I
I 1 A A I I I I ! I 1 i
28 —te —1- [y — b pmm e
1 § Al Al 1 1 1 ! [ i
I I 1 Al 1 1 ! I [ I I
1 I Al I 1 L I 1 i [ I
1 [ [ A 1 1 { i [ 1
24 + B Y B et 5
I 1 I 1A 1 ! [ I 1 I 1
1 1 1 I a 1 1 E I I 1 1
i [ A 1 1 ! 1 1 1 t 3 I
i 1 I I A i ! 1 H L I 1
20 $memmmmmmm Fmmm————— fmmmm e - L I B e et +
1 1 A 1 1 A § 1 1 I I [ I
1 I 1 I I 1 £ I I [ 1
i 1 I 1 2 I 1 I r r T t
1 [ 1 1 I 1 L f 3 r t
1€ - ——pm——— Ammmm— e -— ———
[ T 1 [ 1 1 I [ 1 1 1
1 LA 1 i LI I 1 [ L L 1
1 I 1 i 1 I i [ 1 I 1
I I 1 i Al 1 r [ L I i
L2 LY ———
1 L I3 L Al I L t [ 1 1
1 [ I i i i t I L I ]
1 12 I [ A I L [ I 1 I
1 [ f T { i [ L 1 1 1
8 L
1 A i [ LA [ I 1 1 1 [
1 1 ] I 1 I I I I i 1
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i 1 T 1 T L An I3 1 1 1 1
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i I I I I L T 1 1 1 I8
B R e et St -—- b +
c 1 2 3 5 & ? 8 9 190
ABSCISSA IS TIME X 10es -] ORDIMATE 13 RESPONSE X 10w 2

FIG. 27 SAMPLE OUTPUT - RESPONSE TO A PULSE INPUT
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TRAMSIENT RESPONSE FOR VARLABLE NUMDER o PAGE 25

EXCITED Br STEP OF MAGHITUDE 1.600000¢ [N FUNCTION NUMBER 1 IREFER TO PRIN™-DAUT PAGE 22)
PAHANETER 1a =2,6500000€-05 PARAMETER 25 =4.9799979E-04 PARAMETER 3= $.0000000€ 00
FLT] APPROXIMATELY GIVEN BY T LIA B T FIT)
-3.630E-02 + [ 0. -3.,499151£-03 5. 100DOE 01 T 044 THE-OL
1.338E OC EXP[=1.005E~02 X TIML} LI | L.092000C 00 ~3.,231958-03 5.20000F OL Ta02944E~01
—4.3386E G} EXP{=L+200E~01 X TIME] + H 2,00000€ 00 ~2.T0241E-03 - 30000E 0L 7.00852E-01
6.558E Q1 EXP(~2.2996-01 X TIME) + 1 2.00000¢ 00 -2,20972E-03 5.40000E GL 6.98285E-01
~2a043E 01 EXP1-2,874E~0) X TIHE} - 1 4, 000008 U0 -1.72091£-03 5+ 50UD0E OL 6.95202E~01
T.425E-C1 EXPl~4.1&67TE-01 K TIME} + 1 5,000008 00 =-1.08218E~03 5.60000E 01 Ge91T41E~0L
3,281E=08 EXPI~1.188F 00 X TIME) + 1 &,00000& OO0 ~5.32866E-05 5.70000E QL 6. 87916 E-0L
=4 .005E-05 EXP(-1.406E 00 X TIME) * 1 7.00000F 00 Lioto4sE-03 5.80000F O1 & 83THPE-DL
6. 243E 01 EXP(~1.6206-01 X TIME) X 1 B.0O0OGE GU 4ahBIBAE-QD 5.90000E 01 & 79335E~01
COSt 5.5536-02 X TIME « ~1.533€ 001 * 1 9. 0N000F GG 8.70234E~03 6.00000E QL 6. T45S0E-01
1.00000E O La#TI39E~02 &« 10000 OL 6.09T46E-01
1+10000DE QL 2.28761E-02 6. 20000E 9L 6464650E-01
1.20000F Gl 3. 336908-02 5.30000E 0L 6.593B9E-01
1.30000E OL 4a63693E-02 &.4000CE O1 6+53988E-01
1.40000E 01 £.19438E-02 6.50000€ 0L 6.48506E-01
1,503008 J1 8.00683E-02 6, 6QUOCE OL 6.42844E-01
1.600006 Q1 1.U0637E-0L 6. 7QQ00E O} &.371239€-01
1.100009F 01 1.23471E-01 G.BO00C0E 0} 6.3134TE~01
1. 8C000E 21 1.4B333E-01 G2 20000F 0L 8.25543E-01
1, 70000E 1 1.T49386-01 7.00000€ 01 6.19677€-01
2.00UQ0E Ll 2.02972E-01 7. 10000E 01 6.13783E~0L
2.10000E OL 2.32102E-01 T-20000E D1 4.07870€-01
2.20000E Ot 2.6198RE-01 7-30000E gl 6.0L947E-0L
2.30000F 0L 2+92297E-01 7,40000€ 01 5.96021E-01
2 %QUUOE CL 3.221CTE-01 1.500G0E 01 5.9CL0LE~DL
2450000 31 3.52919E-31 T.L0000E Q1 5.84192E-01
2,60000E 01 3.82638E-01 T.70000F ¢1 5. 78299E-0L
2.T000CE 91 4. l1678E-01 1. 20000E OL 5+ T2427E~01
2 HOUDVE 0l 4 307A3E=01 7.90000E oL S5.66581E~0L
2.90000C 01 4.66721E-01 8.40000E 0L 5.60T64E-0L
3,00000E 01 4,92421E-01 4.10000E 01 5.54979E-01
3,10000E 01 S.la?426-al #.20000E ClL 5.492306-01
3.20000E 01 5.39574E-01 2.30000E 0L 5.4351BE-01
3,300008 01 5.608616~01 8.40000E 01 5.37845E-01
3.40000E 01 5.H0564€E~01 8.50000€ Ol 5.32213E-01
3.50000E 0L 5+98666E-01 84400008 0L 5.26624E-01
3.60U00E Ul & l9l69E-01 B.TGQOOE 01 5« Z10T9E-O1
3.70QQ0E QL 6+30091E-01 £.80000E 0L 5. 15579E~01
3,80000€ 01 6.4 3464E- 01 &.90000€ 0l 5.10125Er01
1.90000¢ 0L &.55335E-01 9.00000E U% 5.0471TE~01
4.00000€ oL 4.65TEEE-0L 9. 10000E 01 4.99356E-01
4.10000E 04 6a THTREE-OL 9.20000E OL 4 4042501
4.20000€ 01 $.82501E~0L 9. 30000E OL 44847 7TE-O1
4. 3DUOOE 0L 5.889636-01 9.40000E OL 4.83558E-01
4.40000€ 061 Ha54249E-01 $.50000E OL 4.TR3IBAE-DI
4.50000E 01 6.98432E-0L 2. 600006 01 4.T3266E~01
4.50J00€ QL T.QLl589E-01 9.70000F 01 4.68192E~01
44 7000QE ©) T+03792E-01 9.80000E 01 4a63L66E-01
%.B0000E 01 T.05113E-01 4. 40000E 01 %« 58184E-01
%4.90000E D1 T.08623E-01 L. 00000E 02 4.5325T7E-01
5.00000F .01 T.05389E-01
PLCT OF TRAMSTENT RESPONSE FOR VARTABLE NUNBER & PHGE 26
EXCITED ™y STEP OF MAGMITUDE F. 0030000 IREFER TO PRINT-DUT PAGE 221
PARAMETER |=  =2.65300000F-0% PARAMETIR 2= =4,9)9 13390~D4 PARBMETSR 3= 5.0000000E 00
73 - L e e L S
1 1 1 ! 1 ARARAARAAR [ I 1 1 1
i 1 1 ! i aaA 1 ABAA I 1 1 1 1
1 t 1 i Ad | LELL] 1 1 1 1
1 1 I 1 AL r [ Aaa 1 1 1 1
G4 4 il S et T et
3 1 1 1 A i 1 AbA 1 1 I
t 1 1 1 A 1 L 1 TaAR 1 1 1
i 1 [ 1 L} I I L ] ARR i 1 1
1 t ] 1 A 1 1 { [ AL 1 1 t
SE 4-- - - e AR e ————————- +
! 1 1 I A 1 I [ 1 1 oAAA 1 1
1 1 1 1 ! 1 H 1 L ARA 1 i
1 I 1 &) 1 I I I | AdR I
I 1 I A 1 1 [ I 1 1anA : 1
48 bmmmm————— YRR O - ARA--—4
1 1 I Al 1 I L ) 1 L AAAT
I I i I I I 1 [ L I 3
I I I Al I i L I 1 3 L
I 1 I a I I 1 1 i L [ [
4C * -- - ’
I 1 i i I H
I I ] I H 1
I [} 1 1 1. 1
I I b 1 1 1
3z ¥ - -
H t 1 1 { 1
H t 1 1 I 1
1 1 1 1 i I
1 1 t 1 I t
24 * —-+- -
1 1 ! 1 1 [}
1 t 1 1 1 ]
1 1 1 1 1 1
1 1 1 1 1 1
14 . —4- -
1 I 1 ! 1 1
1 t 1 1 1 1
1 ! 1 1 1 1
1 1 [ I 1 T
[} + +-
| 1 L 1 L 1
1 L L L [ I
1 [ L ] [ 1
LEYY I [ L i 1
¢ . -—
[ 8 9 10

1 2 3 4 ) b L
BRSCLISSA 15 TIME K 100ms -] OHOINASE 15 RESPONSE X 10e¢ 2

FIG. 28 SAMPLE OUTPUT - RESPONSE TO A STEP INPUT
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TRANSIENT RESPONSE FOR WARIABLE NUMBER S PAGE 27
R L

EXCITED BY RAMP OF MAGNI TUDE 0.1000000 [N FUNCTION NUMBE (REFER TO PRIKT-OUT PAGE 22)
PARAMETER 1= -2.5500000E-05 PARANETER 2= —4.9999999E-0% PARAMETER 3= 5,0000000E 00
FIT) A#PROXIMATELY GIVEN BY T FiT) T FiTh
9.907E ¢C + I O. 2.11T40E-03 5.10000E Q1 1.BOOTGE 00
+3.530E~02 X TIME + 1 1+00000E 0O 1«7950Q0E~03 3+ 70000E Q1 1.BTL0BE 00
=l.331E Ct EXP{~1.005E~02 K [THE} + 1 2.,00000E GO 1.45T33£-03 54 30000E L L. 94127€ 00
23,8126 0L EXP(-1.300C~01 X TIME) +* I 3.000006 0O 1-2L2126-03 $+40000E QL 2.01123E 0O
-2.853E 01 EXP{=2.299E=D0]1 X TIME) * L 4,00000E 0O 1.01495E-03 5.50000E 01 2.0B091E OO
Ta104E 00 EXP[-2.874E-01 X TIME) + I 5.00000E 00 8.73089€~04 5.40000E 01 2.15026€ 00O
-1.785E-01 EXPI-4,)47E-01.X TIME) + 1 4,00000€ 00 A.11B156-04 8.TOQUQE 01 2.21925& 00
=22 TH2E-0T EXP(-1,188E 00 X TIME) + 1 T.00000€ 00 B8.857256~04 5.80000€ 01 Z.28783€ 00
2+849E=06 EXPI-Ls406E GO X TIMED * 1 8.00000E 00 1.1329TE~03 5.90000€ 01 1.35509€ 00
A.644E QL EXPt-1.620E-01 % TIMED o1 9.00000E 00 1.82784E-03 4.00000E 01 2.42369E 00
COS[ 5.553E-02 X TIME + —h.344E 00 + I L. Q00CG0E Q1 2+ FBISVE=0N + 64 LQQOCE O 2.49091E 00
) 1.10000E Q1 44 BAGLAE-03 6.20000E C1 2.55T63E 00
1, 20000F 01 T+63T14E~-03 6.3C000E 0§ 2.623B4E 0O
1.30000E 01 L.18028E-02 6.4000UE 01 2.68951E 00
1.400GQ0E 0} L. 6996 TE~02 6.5C000F 0O} 2. 754635 Q0
1.500C0F 01 2. 40764E-02 650000 0L 2.BL920E 00
1.60000% 01 3430921E«02 6. TOQO0E 91 2.99220€ 00
1. 7000CE 01 o4 27I0E-02 6480000 Q1 2+F4562E 00
1.9Q000E Q1 S5.TE5416-02 670000 QL 3,00947E 00
1.90000F Q1 T2 40042602 T.00000€ Q1 3 0TL7IE Q0
Z.0C000E Q1 9.2B892E-02 T.iDCO0E O1 3.13340E 00
2,10000E 01 L.14635E-01 T 200008 L 1, 19449E 00
2.20000E G 1.39335E=0] 7.300U0E QL 3. 28448E 00
2430000E 0k kaO70%TE=0OL Ta40000E G 3.315368E 00
2.40000 0L 1+97797E=01 7.50000E CL 3374 LBE 00
2,50000€ QL 2.315826-01 760000 Gl 3432708 00
2,60000€ U1 2.68386E401 Ta TO0C0DE D1 3,49102€ 00
2,.T0000E 01 3.080809e-91 7. 80000€ 0l 3.54856E 00
2.80000E 01 3.506TOE=01 7.90000& O} 3.60551E 00
2.90000E o1 3.960Q08E-01 Ba00OCGE 01 3.66L8TE 00
3.00000E 0L 4. 439T4E-0) 84 1000VE 01 1. T\ T86E GO
3.10000E Q1 41444 5E-01 8.2000CE 01 3.TT12ETE 00
3.Z00C0E O} 5.4T2736-0Q 8.20000E 0L 3.82T51€ 0C
3.30000F 01 &6,02303E~01 8. 40000F Ol 3.8815RE 00
34400698 0l 6,59392€~-01 B8.5C000E Ol 31,93508€ 00
5.350000€ 01 T.183676-0L S. 600008 01 3.98802E 00
3,600006 01 T« T9072E=-01 B4 TO0000E 01 4.04040E 00
3. 700006 C1 Bea1343E-0L B2 BO00UE O] 4 Q9224E 00
3.80000UE 01 Y.050396-01 B4+ 9C00VE QL 4. 14352E 00
3.90900E CL 9. 69991E-01 9. 00000E O 4. 194 Z6E Q0
4.0C000E QL 1.036046E OO 9. 100006 01 44 2444TE 00
4.10000E 01 1.10310E 00 F2 200006 CL 4.29414E€ OO
4.20000E ©1 1.17097F O 9. 10000 0L 4,34328E 00
4,30000E CL 1.239558 00 Fe4U000E Q1L 4.39LE9E 00
4.40000E OL 1.308T2E 0 QOO0E OL 4.43999& 00
4.50000E 0L L.I7837E 00 500008 0L 4. 68757E 00
4,60000E 0L l+44B38E 00 9.700G0€ 01 4,53464E 00
4. TOUD0E 01 1.21855E 00 Y4 BOOUUE D1 425812LE 00
%.80000€ 01 1.54911E DO 9.90000E 01 4.62728€ 00
4,90000E 0L 1.65965E 00 1.0000UE 02 4a6T285E L0
5.00000E 01 L. T302LE OO
PLCT OF TRANSTENT RESPOUNSE FOR VARIABLE NUMBER 5 PAGE 28
EXCITED BY RAMP DF MAGNITUDE T k000000 (REFER TO PRINT=UUT PAGE 22}
PARAMETER la -2.6500000F-05 PARAMETER 2%  ~4,9399999E-04 PARAMETER 3=  9.0000G0GE 00
5C b ——————
[ 1 [ [ 1 1 [ 1 I 1 I
L I 1 I [ t I 1 [ T 1
I I i 1 t 1 4 1 I 1 A
1 [ I I [ { i t 1 4 LY
45 -+ to e A=t
i 1 1 1 1 [} I L ] 1 An L
i t 1 1 I I 1 L 1 | an [
[ 1 1 ] i 1 H T i A [ i
§ 1 1 T 1 1 [ 1 I ANl I3
40 e #mmmmn BApmmdmmmmm ok
1 1 1 I t 1 3 1 AN 3
1 H t I 1 1 [ 1 I as t 1
1 i i I I i I 1 (L] i 1
1 T K T I I 1 1 L i 1
EE] AA=d—mmm +
H I I 3 I [ 1 I L) 1 [
[ I T r 1 3 i 1 AA 3 [ I
I [ T I I L 1 LA i L
H r I 1 1 3 1 Ad 1 t I
I ———— A +=
[ I I 1 1 ] 1 AR L I 1 I
I 1 1 1 [ 1 1 LE] 1 [ 1 1
I t I 1 [ 1 I L} 1 [ 1 1
T ! 1 I { 1 1 2A 1 I I 1
2 A -
1 4 1 1 1 1 AA L 1 i i
1 1 1 1 1 1 Al t 1 t 1
1 1 1 H [ I Ay 0 13 i 1 I
1 1 1 [ 1 1 A I 1 1 i 1
z2c ] ==
I 1 1 I I 1 A2 I I 4 I I
1 [ T I 1 1LY 3 1 I 1 I
H [ [ I I Ak [ H 1 1 I
] I 13 1 1 L 1 1 1 1 1
15 Ao e A +
I [ I t I Lr L 1 I 1 t 1
i I 1 1 { A L 1 I 1 I H
I I 1 i 1 44 I 1 1 1 I [
[ 1 r 1 14 t 1 1 1 I I
1c A *
1 I 1 I 3 t 1 I 1 [
I 1 1 1 i I 1 1 I 1
T I I I 1 I 1 [ 1 [
i I 1 1 i [ 1 I 1 L
5 + -t - +
1 1 1 4ad 1 1 1 t 1 T
1 I I An 1 1 I 1 I 1 I
1 1 1 AMA 1 1 1 I i 1
I AAAAA 1 1 1 1 § 1 1
C AAAARAAAAARAAAALAA-= m————————
C 1 2 3 4 5 “ 3 s 10 !
ABSCISSA IS5 TIME 2 1Oew -L OROTNATE IS 4ESPOUHSE £ L0ww L

FIG. 29 SAMPLE OUTPUT - RESPONSE TO A RAMP INPUT
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3.4 Sample CALMAT Coding for LASS KEY 1

In the preceding example, the matrix elements were com-
puted (as listed in Figure 11) and entered on lnput sheets
2, 3, and 4. These elements would have to be recglculated
for each change 1n constants describing the system.

KEY 1 of LASS provides for writing a speclal subroutine,
CALMAT, to compute input data for data sheets 2, 3, and 4
from the orlglinal equations. (4 dummy CAIMAT 1s provided in
the code 1n case KEY 1 1s not used.)

In order to illustrate thls procedure, a sample CALMAT
subroutine was prepared to calculate the matrix elements for
the sample problem from Equations 8'. To make the procedures

‘more graphic, the matrix of Equations 8t 1s shown 1n Figure 30

{in the same format as used for the numerical values of the
matrix elements in Figure 11).

e Z

Ta | #xettation

\J Ty ] Ta e T* ¥ ® x
L 1 -2 (3| % 5 6 7 8 9 |veriable, Tg

1 o+ 2 y

F(Ha_+Hbga L
+ HpHpa 4

2 =-F F+Hym -f

3 “F [ FHge -W, {0.5-£)

4 -F | Ptigs =W, {0.5-2)

5 -F F + ~Wg(0.5-1)

(He+H™ )8
HyH*
+ A g i
& 1 -ye
8
i
7 0.00875 -o.0083 |
+0.0073%98 -1, 458
_52
& ~%3 1 -,
9 Wy =Wy -W, 1
W Ht
F

K(J) 3 2 2 2 3 1 2 3 1

FIG. 30 SAMPLE PROBLEM MATRIX

Flgure 31 shows a FORTRAN listing of the sample CALMAT

subroutine. The llsting follows directly the development of
data on input sheets 2, 3, and 4 (Figures 13, 14, and 15).
A comparison shows that the same mnemonics are used 1n
CALMAT as appear on the lnput sheets. This subroutine
replaces the dummy shown in the listing of LASS in the
Appendix,
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[ BB DCCHIPINFI COST CODE 8210 .
c CALMAT SUBROUTINE FOR SAMPLE PROBLEM  LASS DP 4=12-64
[
SUBROUTINE GCALMAT( Ny NPAR, NVAR,N5He IPAGE, NER)
c
< CIMENSION AND COMKDN STATEMENTS ARE UNCHANGED FROM MAIN PROGRAM
c
DIMENSION A{50,50,5), B(50,50), CL201), K60}, NK[501, °
L 6L50,8.5), CHARILS,50), NCU4bs MA{2}, NTIB), VI50s4)
COMMON A, By C» Ku WKy Gy CHAR, NG, M&, NT, V¥
c
C READ INPUT DATA CARDS FOR SUBROUTINE CALMAT

READ 100y FLOW, HA, HBs HC, HD, HE, HFy MSTAR, FRAC: Wls W2y . 3 -
1 W3, W4y W5y We )
100 FORMAT{TELO.3)

4 PRIKT [NPUT DATA FOR SUBRDUTINE CALMAT - e

PRINT 101y FLOWs HAs HB, HC, HDy HE4 HF, HSTAH, FRAC, Wiy W2,

L W3, Whe WSy WE N
10k FORMAT{SH FLOWELZ2.3, ZX,2HHAFL2.3, 2%, ZHHBELZ.3, 2X, 2HH{EL2.3,

L 2%, 2HHDE12.2, 2X, 2HHEEL2.3, 2X. ZHHEELZ.3/6H HSTARE12.3. 7X,

24HFRACELZ,3, 2Ky 2HH1ELZ.T, 2X, 2HWZELZ.3y 2%y 2ZHW3IELZ.3s 2%+

3 ZHW4EL2.3; ZHW3ERZ.3/ 4H  WEFL2.3)

E AEGIN INPUT FOR PAGE 2 ‘ g BEGIN INPU;.FOR PlGE.S QF ;QEUT SAEEYS F
¢ NSH=1 c NCILl) = 2 ?-
KEl) =3 . NC(Zte 9 i
Ki2) = 2 NGt3be 7 iy
K(3) = 2 MAfL) = 2 ¥
Ki4) = 2 MAL2Z) = 1 R . . .
Ki5) = 3 MA(3] = ) &
ki) = 1 MALAY = ) ! . i o
KEF) = 2 MALS) * 2 e
Klgy =3 HALS) = 1
Ki9) = 1 NTL1)a © i
Allylyl) = FLOW # FLOW NTL2) %0 . ) H
Allele2) = (HA+ HB} = FLOW NTL3)= O A [
AllLy1s3) = HA » HB NT(4)= O i
Al241¢1) = -FLOMW NTELSke O . :
Al2.2,1) = FLOW NTL6)s =1 i
Al24242) = HC Gi2iled) = FLOW H
Al246p1t = = FRAC Gi2,0+2) = HC IS
A13,2,1) = =~ FLCW GI3¢1,1}) = - FLOW o
AL3,3,LF = FLOW GlB:2,1) = =~ 1.0 L
Af343,2) = HOD Gl43al) = 1.0 iy
Al3s6e1) = = Wl *f 0.3 = FRAC) Glay4,l) = ~1.0 !
Al 4434l) = - FLOW 6(745+1]1 = 0,00875 i,
AL AypGel) = FLOW G{Ty5¢2) = 0.00739 i
AL 449,2) = HE Gidedysll m —1.0. 4
At 4eb,1) = - W2 *» L0.5 - FRAC) [ 2
Bt Ga4,1) = -FLOW 4 PAGE % OF INPUT SHEET Kl
Al5,5,1) = FLOW ¢ f
B15,542) = HF + H53TAR ¥il,1} = FLOW » FLOW 5
4554 3) = [RF * HSTAR}/ FLOW RETURN 3
AlS,641) = =W3 ® (U.5 - FRAC}H ENDU 2, Oy 0. 04 1) ¥
AlBab.1) = l.3
AlTs8sl) = =2.0943 4
AlT48,2F = -1445 :
AL?48:3F = 1.0 [
Atg,8,1) = 1.0
Al9,3,1) = -—d& £
A19,4,1) = - WS ¥
Al9,5.1) = - W& 3
8{9:5¢2]1 = {-Wb = HSTAR)I/ FLNW t
FIG. 31 FORTRAN LISTING OF SAMPLE CALMAT N
i
_ i
A READ statement is provided to read in the necessary
data.
Page 1 of the input sheets is requlred as before (F1g-
ure 12) except that KL 18 now unity instead of zero since
KEY 1 of LASS 1g belng used. Pages 2, 3, and 4 are no longer
required. Pages 5 through 8 are used as before.
While this example 1s a rather trivial one in which 1t
1s probably easler to use the LASS input sheets directly,
there are often cases in which the matrix elements involve the
steady-state operating conditions in a more complicated way,
or in which the steady-state operating conditions themselves
must be calculated by a tedious 1terative procedure from the
values of the system parameters, such as the power level. '
Any coding required to carry out such calculations can be
incorporated in the CALMAT. -
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4, Desgeription of the LASS Code

4,1 Subroutines in LASS 1 i

4,1,1 Flowsheet for LASS 1 . i

As explained in Section 2.2, the LASS code 18 1n three
sections for use with a 32K IBM 704 with at least four tape
unitas.

The flowsheet for LASS 1 18 shown in Flgure 32.

This sectlon requireg the following subroutines:

EFM ERR
PUN WTAP 1
TESKEY LTAP 2
CALMAT

A complete 1listing of LASS and 1ts subroutines 1s shown
in Appendlx I.

4,1.2 Subroutine EFM

This 1s a floating point trap subroutine that sets
underflow to zero and stops on overflow. It was obtalned from
the AEC Computing and Applied Mathematics Center, Institute
of Mathematical Sciences, New York University, New York.

4,1,3 Subroutine PUN

This i3 a SAP-coded subroutine that punches out at the
beginning of each problem a special card with LA3S spelled out
in punches on the card. Thls makes 1t easler to separate the
cards punched out for each preblem.

4,1.4 Subroutine TESKEY

The purpose of TESKEY 18 to test the conalstency of
data on the KEY card. The following tests are performed:

e All digits of six-digit KEY word must be zerc or cne.

e If processing through KEY 1 1s called for, then
processing must be called for KEY 1 only, or else also
KEY 2 and/or KEY 4. That is, 1f the first diglt of
KEY is 1, acceptable KEY words are:

100000 10X1XX
11X0XX 11X1XX

where X's may be zerc or 1.

hoa




Read
Key Card

END
File & Rewind 6

Regd Thras Title
Cords and Write
Tite Page on Tape )

Call TESKEY

Back to Stort
fo begin next problem

Clegr Storaga
Locationa
for These
Elsments

No

Will
Charaeter
istic Equation Clear Proper
Ete Used Storage
{Pt. T, L.ocation
ram

ort 1
Cal 25.1Cqll CALMAT

FIG. 32 FLOWSHEET FOR LASS 1




e If KEY 3 is to be processed, NPAR must be greéter than
Zero. 3

e If KEY L4 1s to be processed, NVAR must be greater than
zero.

o N g 50,
@ O NPAR ¢ 4.
e 0O NVAR < 4.
In the evolution of LASS, there developed a number of

vestigial remnants in the body that no longer serve a useful
purpose, but have not been removed. TESKEY perhaps 18 the

major example of such a remnant.

4.1.5 BSubroutine CALMAT

CALMAT can be coded speclally to assist in preparing
input data, as illustrated in Secticn 3.4. It can be used
for such things as linearizing the origlnal equatlons, and
calculating steady-state operating condlitions, and calculating
the required matrix elements. Even if KEY 1 1s not used, some
CALMAT subroutine must be present — otherwlse machine comes up

with mlissing subroutine stop.

The listing in Appendix I glves a dummy CALMAT subroutine
that can be used for this purpose. In the event that a
problem calling for KEY 1 18 run with this dummy CALMAT
inadvertently left on the tape, an error signal 1s generated }
and a diagnostic statement ("special CALMAT subroutine

missing") is printed out.

The following source cards must be included in a FORTRAN-
coded CALMAT subroutine:

SUBROUTINE CALMAT (N, NPAR, NVAR, NSH, IPAGE, NER)
DIMENSION 4(%0,50,5), B(50,50), ¢(201), K(50), NK(50),
¢(50,8,5), CHAR(16,50), NC(4}, MA(8),
NT(8), V(50,4)
COMMON A, B, ¢, K, NK, G, CHAR, NC, MA, NT, V

If the particular version that is used requires reading
in data from cards, then provision for testing these cards

LS




may be coded into the subroutine. It 1s also possible to
provide for other tests, such as checklng to see if varlous
calculated quantlities exceed required limits. If any of these
fail, set NER = 11 and return to the main program for LASS 1.

A diagnostie "Error in special CALMAT subroutine, please
check” will be printed and LASS will go on to the next problem.

4.1.6 Subroutine ERR

This is a dlagnostlc program used 1n conJunction with
various error tests throughout the progran.

Each tilime data cards are read 1n, there is a test to see
that proper cards have been provided (that is, cards are not

out of place). This testing 1s provided to prevent machine

stoppages that may arise when trylng to process lmproper
data; 1t 1s not completely foolproof — if a card with
Hollerlith data becomes mlsplaced and 18 read as ordinary
fixed-polint or floating point numbers, an lllegal character
stop will result.

A storage location designated by the mnemonic NER has
set aslde to indlcate test failure. So long as there 1s a
zero in this locatlon, the data cards read 1n to that polnt
are correct and in order. A non-zerc value 1n this locatlon
glgnifles a bad data card; the magnltude of this quantlity then
enables ERR tc choose which one of 19 diagnostlc statements to
print out.

When bad cards have been detected in a given problem,
there is no need to continue on this calculation, ERR will
pass the remalnlng data cards for that problem through the
card reader to make ready for starting the next problem from
the beginning of LASS 1.

4,1,7 Subroutine WTAP 1

This 1s a FORTRAN subroutine that writes scratch data,
guch as the A, G, and V matrix elements, on Tape 3 fto pre-
gerve 1t from LASS 1 to LASS 2.

4,1.8 BSubroutine LTAP 2

This 18 a SAP-coded program to simulate the load tape
gequence to load from Logical Unit 2.

4,2 Subroutines in LASS 2

4.2,1 Plowsheet for LASS 2

4ol
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The flowsheet for LASS 2 1s shown in Figure 33. The
followlng subroutines are called:

Subroutines in LASS 2 but not in LASS 1

RTAP 1 MESS 1 (calls POLYX that calls DETEV)
REMAT FUNCHA

LTAP 1 PRICHA

PUNMAT STAB (calls ROUTH and HOLLER)

PRIMAT WTAP 2 '

RECHAR

Subroutines in LASS 2 and in LASS 1

EFM
ERR
LTAP 2

4,2,2 Subroutine RTAP 1

his reads in scratch data from Tape 3 that had been
written at the end of LASS 1.

4.2.% Subroutine REMAT

This reads elements of A, @, and V matrices (Pigures
and data sheets 2, 3, and 4) from cards when KEY 1 1s not
uged to provide these elements and KEY 2 and/or KEY 4 are
to be processed.

4.2.4 Subroutine LTAP 1

This 18 a SAP-coded program to simulate the load tape
gsequence tc load from Logleal Unit 1.

4,2,5 Subroutine PUNMAT

This subroutine follows CALMAT in LASS 1. After the
elements of the A, &, and V matrices and other necessary
terms have been calculated by CALMAT, they are then punched
out on cards by PUNMAT in the proper form, as shown in
Figures 2, 3, and 4, for processing later, if desired.

When these cards are hand punched, the element magni-
tudes are glven an E1l4.8 format. The standard FORTRAN 1/0
programs place an extra zero in front of the decimal point
when punching and printing. To suppress thls extra character,
punching format is 1PE14.7, which can be read by E14,8.
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_.I] Call PUNMAT

Istlc Equation
Needed for Later
' Progessing {Parts

Call PUNCHA

Coll PRICHA

Yoy 1o be

Caltl STAB

Colt LTAPZ
fo Start LASS 3

Call LTAP |
1] ?_o bach
to LASS )
and St'oﬂ

P

FIG. 33 FLOWSHEET FOR LASS 2
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PUNMAT operates on each matrix in turn, punching out
first the lead card, if such is required, of Flgures 2 and 3.
The matrix 1s then scanned for non-zero elements.: (There is
no need to put zero values on the cards.) When-guch an
element is found, 1t 1s transferred to a punch buffer along
with the indices (I,J,K) that identify the element.” The 1
buffer will hold three elements; when filled, one card 1s %,
punched and the process ls repeated until the ‘entire matrix :

has been scanned.

Before the next matrix, the buffer 1is punched out one
more time. This assures that all elements are on cards, even
when the number of non-zero elements 18 not an lntegral
multiple of three. On the other hand, when the number of
non-zero elements is a multiple of three, the last two cards
punched for each matrlx are exact duplicates except for the
integer in column one. Thils causes no difflculties on subsge-
quent use.

One other consideration that was 1ncluded in the legic
of this subroutlne involves matrlces that have only one or
two non-zero elements (such may often be the case in the V
matrix and less often in the G matrix). To prevent diffi-
cultles in this event, the punch buffer is filled before
scanning begins with non-zero values for the 1ndices and zerc
for the elements., When non-zero elements are found in the
scan, they are placed in the buffer from right to left, so
that the non-zerc value wlll over-ride the zZero value to the
left of 1t.

N 11 A 2 e R O

Example: V matrix with 1, 1 element equal to 1.0, all |
others zerc.

Original setup in buffer

I J v I Jd v I J
€ 1 C.0 2 1 0.0 3 1 O

Flnal setup in buffer and on card

1l 1 c.0 2 1 0.0 1 1 1.0

4,2,6 Subroutine PRIMAT

This wrltes on the output Tape 6 the elements of the
A, G, and V matrices. This subroutine 1s called whether these

matrices are provided by KEY 1 or read from cards.

It is cbvious that elements should be made avallable for
examination when they are calculated by CALMAT 1n KEY 1.

4-7




@,'when the matrices are read, from
ape for printing serves two funetions:
put data at any subsequent time, and

18 0 ficlents of the characteristic equatlon
(Figure 5) erm‘cangs:when KEY 2 is not used to provide the
coefficients‘ghqgany_subsequent part is to be processed.

4.2.8 Subrou

This is the basic subroutine for KEY 2, which expands
the characteristic matrix

NEPAR

@ =A+ » 9By
p=1

into the Characperistic equatlion

pNPAR NPAR
1’%

S=’l p-:l
where m, = oorl
NPAR
g P l + 2 mpzp-l = 1, 2 LR ] ENPAR
p=1

QU = polynomial in s of order NLg_1

The elements of G! are loaded into the machine core in
two arrays called A and &, as described in the section
Input Data Formats. As shown there, parameter 4., appears
only in column NC(p) of G' and the elements of this column

are of the form Ai,NC(p) + “pBi,NC(p),p'

In matrix G, the elements of Ay Ne(p) are loaded into
column 2p-1, while Bi,NC(p),p goes 1hto column 2p.

From the basic rules of matrix algebra, it can be shown
that Q. 1s the determinant of the matrix obtained by placing
either column 2p-1 or column 2p of the G matrlx into column
NC(p) of A.

When 1s 0, column 2p-1 1s used; when mp is 1, column
2p is used. For example, consider g = 11 = 1 + 2 + 2%, which
implies that m = 0, M2 = 1, mg = 0, and my = 1; hence Qii 1is
the polynomial coefflclent of aztt, and is the determinant of
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the matrix obtained by placing
column 1 of @ in column NC(1l) of A
column 4 of G in -column NC(2) of A
column 5 of G in column NC(3) of A
column 8 of G in column NC(4) of A

"MESS 1 sets up the equivalent of a counter wheel to
count through the sequencing of g from 1 to oNPAR | por each
value of g, the proper columns from the & matrix are placed
in the A matrix and the proper values of MA(J) are placed in
the K(J) array. The subroutine POLYX 1s then called to
expand the matrix lnto the polynomial Qg. Following thils,
the coeffilelents of Q. are placed in the proper positlons of
the € array (Flgure 5%, after correcting for non-zero values
of NSH and NT(J) (Figures 2 and 3).

4.2.9 Subroutine POLYX

This subroutilne takes the matrix A wlth polynomial

M
elements Aij = :S aijrsr and expands into the polynomial
=0 NL

Qg = Cg,y + Cg,28 + «++ + oo Cgyr 8 €=, It is based

upon the metheod described by Ojalvo(ls’. Since the program

described in that reference was coded 1n machine language as
a self-contained program Tor use with a speclal executlve
program, no attempt was made to use any of OJalvo's coding
in POLYX. Rather, POLYX was coded completely 1n FORTRAN
using the logle described in Reference 16. The following
description, taken from the reference, provided the basis
for the programming and coding. ;

"In the ensulng discussion "n" is the order of the
determinant, "m" the degree of the polynomial elements, and
"s" the variable. In the polynomlal-element square matrix
each polynomlal column is composed of m+l term columns,
ranging from the mth degree term column to the zero degree
term column, In the determinant evaluatlion this polynomial-
element square matrix is decomposed intc square matrices of
the same order, which we shall call "simple" matrices, each
column of which conslsts of single-term elements of the same
degree. 'Thils decomposition inveolves extracting only one of
the m+l term columns in each Jth polynomial ceolumn of the
original matrix to form the corresponding Jth column of the
simple matrix. 1«J <n. For brevity we shall hereafter
refer to the determlnant of a square matrix as merely a
"determinant”. A polynomial-element determinant, for n = 2,

4-
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me= 1, 18 decomposed into simple determinants as follows:

alls+bll alzs+bla bll blE alls b12

It
+.
+

(1) (2)

The evaluation of (1) produces the s°
the evaluations of (2) and (3) produce the
finally the evaluation of (4) produces the
original determinant remains intact 1n the
whereas the simple determinants are stored

11 alas alls a

(3) (%)

term, the sum of
gt term, and

82 term. The
data regilon,

in the temporary

region where they are destroyed in the evaluatlon process.

The technigue used to decompose the orliginal polynomial-
element determinant into simple determinants 1s roughly
analogous to a set of n counting wheels, one for each poly-
nomial column. But, contrary to place-value number systems,
the left-most wheel or diglt 1a the least significant. The
degree of the term column to be extracted from the jth
polynomial column of the original determinant, in forming
the corresponding column of the current simple determinant,
18 determined by the digit appearing on the Jth counting
wheel. A "O" means that the 8°-term column is to be extracted,
a "1" that the s'-term column is to be extracted, a "2", the y
s®-term column, etc. The degree of the term resulting from
the evaluation of a particular simple determlnant is deter-
mined by the sum of the diglts in the n counting wheels i -

n
E; WJ. The countlng wheels are slmulated in the computer
=1

by n consecutive storage cells 1n memory, whose flxed-polnt
numbers are scaled at the maximum scale. (There is prac-
tically no limlt to the degree of the polynomial elements

that may be handled by thls technique.) The digit econfigu-
rations, in the order in which they are formed by the counting
wheels, and the degree of the terms resulting from the evalu-
ation of the corresponding simple determinants are as followa:

n=2 m=1 n=3 m=1» ne=1=4, m=2
00-8° 000-8° 0000-8°
10-st 100-s* 1000-g*
0l-st 010-8* 2000-82
11-82 110-82 0100-s*
001-st 1100-s2 |
101-s2 2100-8°2
011-82 0200-8% .
111-8° 20028
4-10




In the initial portion of the program the Jﬁh polynomial
column 1s examined, starting with the m'D degree term column
and progressing downward to the zero degree term column,

1 <] <n. The degree of the first non-zero term column
encountered will establlish the upper degree limit (UJ) of

the jth polynomial column, 1 <J <n. Simllarly the lower
degree 1imit (L4) of the non-zero term columns 1ls established
by examining the Jth polynomial column in the reverse order,
from the zerc degree term column to the mth‘degree term
column, 1 <Jj <n. In the following example "O" indilcates a
zero term, "X" indicates a non-zero term, and "UJ/LJ" indi-
cates the UJ and LJ of' the jth polynomlal column, 1 €J <n.
For n=3, m = 2, we have:

2/1 1/0 0/0
XX6 00X 60X
X00 0XX 00X

X00 »o0o0 0¢o0

On examination, the U,-values of the three polynomial
columns are found to be 2, 1, and 0, respectively, and the
L,-values are 1, 0, and 0, respectlively. Thus in order to
avVold extracting zero-term columns in forming simple
determinants: (whose values are zero) the Jth counting wheel,
W, 18 restricted to values LJ £ wj <UJ, where 1 <€J <n.
Tﬂerefore the diplt conflgurations, in the order in which
they are formed, and the degree of the terms resulting from
the corresponding simple determinants, are as follows:

2/1 1/0 0/0
1 0 0-s’
2 0 0-8%
1 1 0-g°
2 1 0-s

The degree of the resulting polynomlal 18 obtained by
adding the upper degree limits of the n polynomlal columns

n
E; UJ‘ Thus, it i1s determined that the resulting polynomial
j=1

will be of third degree, and hence four terms are printed.
Note that because there 1s no simple determinant to produce
a constant term, & zero 1s printed in its place. The number
of digit configurations of the counting wheels, and there-
fore, the number of simple determinants tc evaluate, depends
on the n-factor continued product of the number of non-zerc
term columns 1in the Jth polynomlal column, 1 £J £nh, or

4.11
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EE [(UJ—LJ) + 1]. In the determinant shown above, this
J=1

continued product 18 2 x 2 x 1 = 4. If W, were not restricted
1t could assgume values O <WJ €2, and 32 op 27 simple determi-
nants, most of which are zero, would have been formed.”

To the above deacriptlon, one exception must be noted.
This 1s that the counting wheels are restricted to values
0L WJ < UJ. Inatead of a lower limit value for each counting
wheel, as Ojalvo used, the term NSH was introduced to accom-
prlish the same purpose.

Note also that the number of determinants to be evaluated
M

is II (WJ + 1). This part of the program is by far the
J=1

slowest section and it 1s extremely advisable to make changes
in the original equatlonsg before making up the input data
cards, 1f such changes wlll glve a smaller value for the
number of determinants to be evaluated.

POLYX ltselfl sets up the counter wheels and places the
proper elements of the three-dlmensglonal A in g two-dimensicnal
determinant B, calls DETEV to evaluate the determinant.

Some further comments on thls method of expanding the
matrix are in order, for this is by no means the only approach
posslble. Probably the most obvious one 18 to triangularize
the matrix by Gausslan ellmination, We consldered this as an
approach and declded that the method actually chosen was
probably better for the following reasons:

¢ Triangularizatlon of a matrix with polynomial elements
means that each step 1n the process lncreases the power
of each polynomial, thereby requiring enormously large
storage capacity or a great deal of input/output from
core to tape and back again. In the 704, which does not
have buffered I/0, this appeared to lead to even slower
procegsing times,

e Triangularlzation introduces extraneous polynomial
factors in both numerator and denomlnator of the trans-
fer function. With round-off and truncation errors
entering in, these extraneous factors are often diffi-
cult to detect. This 1s one bilg fault in GALS,

Another method that came to our attentlon shortly after
we had settled on the procedure used is described in Refer-
ence 20, This should be looked into further and might be
used in place of POLYX, if 1t appears to be good.

b2
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4,2,10 Subroutine DETEV

This determlinant evaluation subroutine was coded at
SRL. A number of programs from the SHARE Library were found
to be unsatisfactory. Those programs in SHARE had been
written in conjunction with matrix inversion routines and
were not sultable for zero-valued determinants. In the
expansion of the characteristic matrix by OJalvo's method,
a large number of zerc determinants are formed, and PETEV
wae called to provide an effective method for Qetecting these
determinants and setting them identically equal to zero.

DETEV operates by Gaussian eliminatlon, setting each
subdiagonal element equal to zero by subtracting from each
row a proper multiple of another row. Each time a subtraction
is performed, the difference 18 compared with the subtrahend.
If less than 10~° times the subtrahend, the difference 1s set
to zero. Plvoting to place maximum elements on the dlagonal
wag considered but not used, for there was not enough lmprove-
ment in aceuracy to Justify the lncreased machine time.

The SRL DETEV and various SHARE programs were tested on
a single feedback system of twelve equatlions. DETEV gave
results that agree to six or seven digits wlth the known
golutlon; the vresults from the other programs were qulte
inaccurate,

This part of LASS is by far the slowest part. For
example, one problem that was solved inveolved a set of 33
equations with four parameters. Therefore, MESS 1 set up
16 matrices to be expanded. The original equatlons were
wrltten so as to requlre the evaluation of some 73,000

N a
determinants for each matrix, that is [] (Uy + 1) = 73,000

j=1
(see POLYX write up). By a simple rewrlting of a few of the
equations, actually a preliminary adjustment of the G' matrilx,
this number was reduced to 4,096. Even after this 18-fold
decrease in time the expansion of each matrix took approxl-
mately 100 minutes. Another example of this rewriting is
shown in the sample problem, Section 3.1.

DETEV was originally written in FORTRAN as listed In
Appendix I. In order to speed up the processing, the machine
language listing of the subroutlne was used as the starting
point for an optimized program. From this listing, varlous
SAP instructions that were superfluous (mostly saving and
restoring index registers) were removed and a machine
language program was assembled. Thls gave a 15% improvement
in processing time.
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4,2,11 Subroutine PUNCHA

This punches the coefflclents of the characteristic
equation on cards after they have been calculated by MESS 1.

This subroutine follows very closely the procedure and
loglc used in PUNMAT (Section 4.2.5).

4.2,12 Subroutine PRICHA

This writes on Tape 6 the coefficients of the char-
acteristic equation. As with PRIMAT, this is done whether
coefficients are caleulated by KEY 2 or read in from cards.

4,2.1% Subroutine STAB

This 1s the master program for KEY 3 of LASS, the
analysis of stablllty. STAB performs the followling functions:

e It sets up proper flow paths defining the flow of the
calculation, depending on the number of parameters in
the system under consideration,

e For a three- or four-parameter system, it obtalns from
the first data card of the pair (Figure 6) the requilred
data.

e From the second data card (in 3rd of UYth space) or the
single data card (wilth only one or two parameters), it
obtains the boundarles of parametric space to be
examlned and sets up grid points in thias space. In a
one-parameter system or for parameter 3 of a three-
parameter system, thls means a one-dimensional grid of
26 points; otherwisge there is a two-dimenslonal grid of
676 points.

e At each grid pcint, 1t evaluates the characteriastic
equation as a function of s only; that 1s, 1t lnserts
the proper values for the parameters and calculates

Q(s) = Q,(s) + ayQx(s) + ayQy(s) + @,0,Q,(8) + «ov .

e It calls the ROUTH subroutine, whlch examlines the sta-
bility of the system at this point in the parametrilc
space.

e It prepares the plot of the stability behavior and writes
1t on Tape 6 for later printing.

e For a system of three or four parameters, thls entire
process can be repeated any number of times by adding
two data cards for each such plot (Figure 6).

41k

S ——




s

STAB calls the HOLLER and ROUTH subroutines;

4.2.14% Subroutine HOLLER

This subroutine was obtalned from E. W, Klingenberg
of General Electrlc Defense Systems Department, Santa Barbara, -
California. It provides a means of getting Hollerlith infor- b
mation into the machine core wlthout requiring it to be read '
from data cards. Thle Hollerith information is then avallable !
for printing or writing on tape with variable captions, that '
is, cne format statement can be used to write several
different ltems, the exact terms wrltten depending cn the
results of machine operation.

HOLLER 1s ancther vestigial remnant. In later sub-
routines, Hollerith information was provided directly in
FORTRAN coding without recourse to a subroutine.

4.2.15 Subroutine ROUTH

Given the coefficlents of a polynomial of order
NMAX 1, this subroutine examines the polynomial to determlne
whether the system 1s stable or not. The procedure used 1s
the method of Routb‘az), which determines whether all roots
of the polynomial are to the left of the imaginary axis in
the complex plane. The subroutine returns a key number,
NCRIT, to the calling program to describe the system. When
all roots are to the left of the imaginary axis (that 1s,
have negative real parts), the system l1s stable and NCRIT is
set equal to 1. For a single root at the origin (real and
imaginary parts both equal to zero) or a pair of pure complex |
roots, the system is on the stablllty threshold and NCRIT 1s
equal to 2. For multiple roots at the orlgln, or roots with
positive real parts (to the right of the imaginary axis), the
system is unstable and NCRIT 1s set equal to 3.

4.2,16 Subroutine WTAP 2

This writes scratch data on Tape 3 to preserve it
from LASS 2 to LASS 3,
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4,3 Subroutines for LASS 3

4,3,1 Flowsheet for LASS 3

The flowsheet for LASS 3 13 shown in Figure 3%. The
following subroutlnes are called:

Subroutinesg 4n LASS 3 but not in LASS 1 oxr 2

RTAP 2 : : FREQ (calls Michigan Plot
RENUM Subroutines)

MESS 2 (used POLYX and DETEV) ROOTER (calls ALPH, EVAL,
PUNNU and MULLER)
PRITRA (calls ALPH) TRANS

Subroutines in LASS % and in LASS 1. or 2

EFM
ERR
LTAP 1

4.3.2 Subroutine RTAP 2

This reads in from Tape 3 the scratch data that had
been written at the end of LASS 2.

4.3.3 Subproutine RENUM

This reads in coeffleclents of the numerator of the
transfer function for varlable XK I% (see flowsheet for
LASS 3, Figure 34) when KEY 4 is not used to provide these
elements and KEY 5 and/or KEY 6 are to be processed.

4,3,.4 Subroutine MESS 2

This is the baslc subroutine for KEY 4, which obtains
the numerators of the desired transfer functlons. Thls pro-
gram is very similar to MESS 1 (Sectlon 4.2.8) with the
following differences:

e At thls stage of the program, the calculations are being
carried out for specific values of the parameters, hence
the numerators can no longer be consldered as functions
of a,., as they were written earlier. Ingstead they may
may ge written as

NVAR _
jg Pq(s)Yq(s)

=1
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Set up Coefficlents of
Transfer FuncHon Denomindater
tor Values of Parameters Soecifled

Call RTAP 2

Resd
Proklem A
End Cord

?

Fead from Card NIV,
Number of varlables to ba-
Examined, ond Which Ones,
Xy s Xicezye =~ Koy

Catl RENUM

I Call PUNNU

Call LTAP | 10 go
Back 1o LASS |
and Start
Next Problem

Read Cord to got
‘Values of Poromet

Punch Porameter
Valuas on
Qutput Card

FIG. 34 FLOWSHEET FOR LASS 3
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e MESS 2; ﬁhen, fipst combines each pair of columns in the
¢ matrix by evaluating aj zp-3,r + apbi,ap,r and placlng
these terms in the NC(p) column of the A matrix.

e The next step is to replace column K(I) (the K(I) var-
iable is under conslderation) of the A matrix by column )
1 of the V matrix and call POLYX (Section 4.2.9) to A,
calculate the coefficients of Pl(s). Repeat for column |
2 of the V matrix to get P,(8) and contlnue up to

PNVAR(S)'?

4.3.5 Subroutine PUNNU

This:punches out on cards the coefficlents of the
tranafer function numerator, for each varlable examined,
“after the_coeffiCienﬁs have been calculated by MESS 2. This
subroutine ;follows.very clogely the procedure and logic used
in PUNMAT (Section 4.2.5).

4.3.6 Subroutine PRITRA

This writes out on Tape 6 the coefficlents of the trans-
fer function numerator and denominator for each varilable
examined. As wlth PRIMAT and PRICHA, this is done whether
coefflcients are calculated by KEY 4 or read in from cards.
Thlis program calls gubroutine ALPH.

4.,3.7 Subroutine ALPH

Thisg l1s a speclal program which writes out on tape a
single line gilving the values of the NPAR parameters. Since
this same line is required In several subroutines of LASS 3, '
1t was decided to call on one subroutine each time, thereby
saving core storage.

4.3.8 Subroutine FREQ

Thig 1s the basic subroutine for KEY 5, the frequency
response analysis. As background for this, we give the
followling brief review of the method.

given the transfer functlon of a dynamlce system as a
function of the variable s, that is, 7(s), then the steady-
atate response of the gystem to a ginuscldal input of
frequency w 1s the complex quantlty

(o) = X(w) + J¥(w) = A(m)eje(w)
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where

Jw\/_-—l

A(w) = ratlo of the amplitudes of the
gystem output to sinusoidal 1lnput

8{w) = the phase angle between output
and input

X(w) and Y(w) = coordinates of the cartesian
representation of T(Jw)

The principal function of FREQ, then 1s to perform the
complex arithmetic to evaluate T(Jo) for the required values
of w., In addition there are some secondary functlons. One
such function is to read in from data cards (Figure 8) the
frequency values to be uszed.

Here, as in MESS 2, the calculatlons are for one point
in the parametric space. Furthermore, at each such peoint
several system variables may be under examlnation. It is
only necessary to read these frequenciles once, since it 1is
assumed that all system varlables are to be examlned at the
same frequencies. For each point 1in the parametrlc space,
then, there 1s a counter wheel set up to count the number of
system variables examined. The first time through FREQ the
counter, set at 1, will call for the reading of the frequency
data. In subsequent passes through FREQ, thls part is by-
passed.

FREQ then calculates T(Jw) for each value of w specifiled
and obtalns the results in terms of X{w), Y(w), A(w), and
¢(w)., The amplitude ratio, A{w), is calculated both as
magnitude and in decibels (20 x log . magnitude), the phase
angle, 6{w), 1s restricted to the region 0° to 360°. These
calculations are carried out for each excitatlion in a
multiple input system (NVAR> 1). When the calculatlons are
completed, the program writes out the results on tape for
printing in tabular form. Finally, FREQ sets up scale
factors and coordinates preparatory to plotting the frequency
response data. The ?lotting 1tself 1s done by the Michigan
Plotting Subroutines'®®’, but FREQ must set up proper input
data for these subroutines. Three plots are prepared:

e lLog-amplitude of response versus frequency
(semilogarithmic plot).

e Phase angle versus frequency (semilogarithmic plot).
(These two semilogarithmic plots make up the so-called
Bode plot.)
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e Polar plot of ¥Y(w) versus X(w) on linear secale
(Nyquist plot).

FREQ calls ALPH, and the package making up the Michigan
Plotting Subroutines (PLOT1, PLOT2, PLOT3, OMIT, FPLOTY4).

4.3.9 Michigan Plotting Subroutines

Subroutines PLOT1, PLOT2, PLOT3, PLOT4, OMIT, FPLOT,
and PLTAPE make up the complete package of the University of
Michigan Plotting Subroutine(as). This package 1s used as
recelved from SHARE with no changes.

4.3.10 Subroutine ROOTER

This section of KEY 6 finds the positions of the
poles of the transfer functlions of the system variables for
later use 1n obtaining the transient responses of these
varlables by performling the inverse transformatlion. The
poles of the transfer functions are the roots of the
denominator of the transfer functlon; slnce this peolynomial
is the same for all varlables of the system, ROOTER need be
called only once for each polnt 1n parametric space. There-
fore, the same counter that was used 1n subroutine FREQ in
determining whether input data cards are requlred is used
here. ROOTER performs the following functions:

® Reads in data card (bottom of Figure 8) giving the time
increment for transient response calculationa and the
magnltudes of the excitations. This, also, is required
only once. As wilth all data cards, this card 1s tested
for errors.

® Calls upon MULLER to calculate the roots of the transfer
function denominator.

¢ Arranges the rocts in ascendlng order, with the real
roots placed ahead of the complex rocts. At the same
time, gll roots are examlned to see whether the real
or imaginary parts are very small., The transient
regponse 1ls calculated over a time lnterval equal to
100 times the time increment, T. If the rcot is written
ag 6+Jw and either 100T6 < 0.001 or 100Tw < 0.001 then
6 or w 1las set equal to O, since there will be essen-
tlally nco change 1n response due to this term over the
time interval consildered.

e Vrites the results on output Tape 6.
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e Does some testling of the roots to see that they appear
correct (we have been unable to develop a root flnder
program that is absolutely 1008 effective). The
following tests are made:

(a) Must be even number of complex roots.
(b) Complex roots must appear as conjJugate palrs.

(c) Real roots not at the origin can have multiplicities
no greater than two. Thls 1s really an arbitrary
test, for there is no reason why lnverse transforms
with multiple real poles of multipliclty greater
than two cannot be obtalned. However, 1t was
declded to apply this limitation, chilefly because
MULLER glves very poor results for multiple roots.

If any of these tests fail, the approprlate state-
ment 1s put on the output tape. At the same time,
failing these tests implies that there 1ls no need
to continue with KEY 6: so NER is set equal to -5
and the subroutine returns to LASS 3 which inter-
prets a minus value for NER as instructions to
bypass TRANS. ERR is not called and the calcula-
tion 18 contlnued.

(d) Reconstitutes the polynomial function by multiplying
out the roots obtained. That 1s, i1f the polynomlal
18 Co + €18 + «+. Ops™ = Q(s8) and the roots are ry,
rp, ... Iy then Q(s) = (s-r )(s-r.) ... {(s-rp) and
multiplying out these factors should give the
coefflclents Cy. In this test, the original and
the réconstituted coefflcilents are put on the output
tape to be printed out for visual comparlson. There
are no error stops and no diagnostics printed., If
the coefficlents agree to more than 4 or 5 diglts,
then 1t may be consldered that MULLER has worked
satisfactorily.

(e) Evaluates derivatives of Q(s) with respect to s at
each root, 8o that the coefficlents for the lnverse
transformation can be caleculated in TRANS by partial
fraction expansion,

ROOTER calls subroutines ALPH (Section 4.3.7), EVAL and
MULLER. :
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4,%.,11 Subroutine EVAL

This subroutine finds the value of a peolynomial in s
at a given value of s (real or complex).

4.%.12 Subroutine MULLER

Thig is a Polynomial Root Finder Subroutine from the
SHARE Library'2*’. Origilnally written in FORTRAN for the
IBM-7090, MULLER was readlly adapted for the 704 machine,
However, 1t was found that the original codlng gometimes gave
poor results. Therefore, sone changes were made to lmprove
the procedure. The modified MULLER has given consistently
better results than several other root finder programs that
“have been tried. However, 1t is not completely foolproof;
hence, the error tests in ROOTER.

§,3,13 Subroutine TRANS

This is the basic program for obtalning the transient
response of each variable by Ilnverse transformation of the
transfer functlon times the transform of the exeitation.

The procedure used 1s the standard expansion about the singﬁ-

larities of the transfer function{®°), This method was used
in preference to ilntegration in the complex plane along a
line parallel to the imaginary axis primarily because it is
immediately cperable for all systems regardless of the
posltions of the singularities, hence can be used for
obtaining the response of unstable systems.

The response to any one of three dlfferent types of
excltation can be calculated: (1) an impulse, 1l.e. a delta
function at time zero; (2) a step function at time, zero;
and (3) a ramp function, that 1s, a linearly increasing
exclitatlion starting at zero.

Which calculations are to be performed are defined by
the 1lnput data card that was read in by ROOTER (bottom of
Figure and data sheet 8). This card provides room for three
excltation magnitudes. A non-zero value for the first one
causes calculation of the response to an impulse; the second
term sets up for the step function response, while the third
provides for the ramp response. Conversely, a zero in any
term will bypass the corresponding calculation.

Some further words about the impulse excltation are
required. Strictly speaking, an impulse exciltatlon 1is not
physically reallzable {(certalnly less so than a true step
function); however, the calculated response to an impulse 18
useful in many cases, for it provides a good indication of
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the manner in which the system will recover from extraneous
input splkes. On the other hand, for certaln types of systems
the response calculated by LASS will not be correct., These
systems are those in which the numerator and denominator of
the transfer functlon are the same order (thils is frequently
the case 1n the équations for nuclear reactors, where the
neutron thermal lifetime is neglected relatlve to the time
scale consldered)., For such a system, the response to an
impulse 1s also an impulsé at zero time plus other translent
terms and the program does not gilve this impulse term.

TRANS flrst sets up 101 values of time from O to 100T
(T 1s the time increment read in by ROOTER) at which the
responsge 1s to be caleculated.

For each type of excitation, the transfer functlon is
then multiplied by the proper factor (magnitude alone for
impulse, maghlitude times 1/s for step function, and magni-
tude times 1/s® for ramp function).

The inverse transform 1s then calculated by taking the
partial fraction expansion of the transfer function about

the poles.
NZ%R NRS B § Dj
F(s) = + A [ ]
NPI
— 8 -48
% Eke'j' k Epe J k
+ +
Kml 8 - J(fﬂ)k 8 + Ja)k
NCS
T g% -39,
+
where

NZER = multlpliecity of roots at origin
NRS = number of single real roots not at origin
ay = single real roots
NRD = number of double real roots not at origln

5J = double real roots
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NPI number of pure imaginary roots

Jw,, = pure imaglnary roots o .
k ' v .

NCS = number of complex roots

vy * Jﬂz the complex roots

Then, the transient response is given by

NZER e NRS  a,t

£(t) = > Ap o+ 3 Bye

me=1 (m-1)! {33

s = e R iy

NRD NPI
2 8.t 2

+ Z (C'j + Djt)e 3y z Epsin(wpt + 6y + 90°)
NCS

2
Yt
+ z Fge 4 Sin(n'gt + ¢£ + 900)
£=1

TRANS calculates the values of the coefficlents (A,, By,
Cy, Dys Ey, and F;) and the phase angles (¢ and ¢;). After
these gquantities have been evaluated, the magnitude of f(t)
is obtained at each of the 101 values of time previously set
up. Please note that the calculated value at £ = 0 very
often appears to be in error. For example, many times the f
correct value at zero time is zero, but the program by adding
and subtracting terms may give a non-zero magnitude. When
this happens, the result is several orders of magnitude less
than at non-zero times and obvicusly dilffers from zeroc only
because of round-off error.

After the response has been calculated at each time, the
program then puts the data on the output tape for printing in
tabular form. After this, TRANS sets up the data for plotting.
As 1in FREQ, TRANS sets up scale factors and coordinates, then
calls the Michlgan Plotting Subroutine fto make a single linear

plot.

TRANS calls EVAL, ALPH, PLOT1, PLQOT2, PLOT3, and FPLOTY
in addition to some of the standard library programs.
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APPENDIX | FORTRAN Listings

1
2

0000 = O P

—

100

105

110

LASS
LINEAR ANALYSIS OF SYSTEM STABILITY
AUTHOR - S M. KATZ DATE - 1963

LASS 1
LASS | CALLS THE FOLLOWING SUBROUTINES

EFM
“PUN
TESKEY
CALMAT
ERR
WTAPL
LTAPZ

DIMENSION A{50+50,5),B{50,50),C1201),K(50},NK({50},6(50,8,5},
ICHARTL16450)sNCLi4) ¢ MALB] s NT{8) yKEY(6)}sV(50,34)sNL{LE)
2y CAN{4,50),0(2,50),E(200)}4R{50),4RLI{50),RU{B50),5(501,J51{50}

COMMON AyByCyKyNK9GsCHARZNCyMANT,V
l,CAN|DgE1R,RL|RUQS,J51

FORMATIULIHL20X35HLINEAR ANALYSIS OF SYSTCM STABILITYLOX4HPAGELZ/Z//)

FORMAT(T72H
1 )

FORMAT(S5X6T142X12,5X1I1,5XI1)

FORMAT{21H20BTAIN THE FOLLOWING})

FORMAT{LHOIS5,27TH. CALCULATE MATRIX ELEMENTS)

FORMAT{LHOIS y46H. DENOMINATOR OF TRANSFER FUNCTION(PARAMETRIC))

FORMAT(L1HQOI5,18H. STABILITY LIMETS)

FORMATILHOI5,32H. NUMERATOR OF TRANSFER FUNCTION}

FORMAT{1HO15,20H. FREQUENLY RESPONSE)

FORMATIU1HOI5,20H. TRANSIENT RESPONSE)

FORMAT{////712H TD DOPERATOR,20X,s36HALL LASS PRUBLEMS HAVE BEEN FINI
1SHED/80MH TAPE 6 HAS BEEN END FILED AND RLEWOUND. PLEASE UNLZAD TAPE
2 6 AND PRINT OFF-LINE./48H CHECK FOR CARDS IN PUNCH AND REMOVE IF
3PRESENT.////1)

READ KEY AND TITLE GCARDS, WRITE TITLE PAGE, TEST KEY WORDS

CALL EFM

REWIND 2

REWIND 3

CALL PUN

READ 32 (KEY{I),1=1s6)N,NPARyNVAR
IFIN} 105,105,110

END FILE &

REWIND 6

PRINT 11

s$TOP

1PAGE=1

WRITE OUTPUT TAPE 6,1, IPAGE
PRINT L1, IPAGE

READ 2

WRITE QUTPUT TAPE 6,2

READ 2

WRITE OUTPUT TAPE 6,2

PRINT 2




e

aoo

OO0

[z NaXel

120

121

122
123

124
125

126
127

128
L29

130

131
132

136

140

142

145

150
15%

158

160
170

180

182

READ 2

WRITE QUTPUT TAPE 6,2

CALL TESKEYIKEY NsNPAR,NVAR,NER)
IFINER)LBO,120,180
KEYL=KEY(L1}+]

KEYZ2=KEY(2)+1

KEY3=KEY(3)+1

KEY4=KEY(4)+1]

KEYS=KEY(5)+1

KEY6=KEY(6)+1

J=1

WRITE QUTPUT TAPE 6,4
GO 7O {122,121},KEY1
WRITE QUTPUT TAPE 645, 4
J=d+l

GO TO (124,123),KEY2
WRITE OUTPUT TAPE 6,644
NENES]

GO TO {126,125} ,KEY3
WRITE QUTPUT TAPE 6,74
J=Jd+1 ' :

GO TO [128,127),KEY 4
WRITE OUTPUT TAPE 648,J
J=d+l

GO YO (130,129)4KEY 5
WRITE QUTPUT TAPE 6,49,
J=J+1

GO TO (132,131),KEY &
WRITE QUTPUT TAPE 6,10,J
[PAGE=IPAGE+]

1F AyG,V ARRAYS TO BE USED, CLEAR

IFIKEY(1L)+KEY{2)+KEY{4)) 150,150,136
D0 145 I=1i,N

DO 140 J=1,N

DO 140 M=1,5

All 3J4M)=0.0

DO 142 L=1,4

vil,L)=0.0

DO 145 L=1.8

DO 145 M=1,5

G{ISLQM,;=000

IF CHAR ARRAY TO BE USED, CLEAR

IF{KEY(2)+KEY({3)+KEY{5)+KEY{6)])160,1604156
L=2#=NPAR

DO 158 I=1l.L

DO 158 M=1,50

CHAR(L,M}=0.0

KEY 1 BRANCH

GO TO (182,1703,KEYL

CALL CALMAT {N,NPAR,NVAR,NSH,IPAGE,NER)
IF {NER)180,182,180

CALL ERR (NER)

GO 1O 100

REWIND 3
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ENT

TAB

10
15
20
25
30
s
40
42

45

46

CALL WTAPL (IPAGE  NyNPARyNVARSJNERFKEY sNSH)
REWIND 3

REWIND 2

CALL LTAP 2

END(24041,40,01)

EFM - SEE 1BM REFERENCE MANUAL 704 DATA PROCESSING SYSTEM,
IBM FORM A22-65G0-3, PAGE 23.

SUBROUTINE PUN SAP CODED

REL

ORG O

SXD STyl

LXA A,l

WPU

CPY ST,1

TIX #=1,1,1

LXD STl

TRA l:+4

OQCT 0040401777 70740017,77776077776

DCT 1?T7770ATTT6,TTTTY0QT7ITIT,1T00001L77774

OCT 17000017,170000074L70,37777037777,1L70000036360
OCT TTT7760TTTT6,17T0000017740,74000074000,170000Q07700
OCT 7712707777 7,170000003600,37777037777

PZE O

DEC 20

END O

TESKEY TO TEST WALIDITY OF Key CARD

SUBROUTINE TESKEY {KEY,N,NPAR,NVAR,NER)
DIMENSION KEY(6)

NER=0

DD 10 I=1,6
IF(KEY(I))101440,45

IF (KEY{1)-1}10,10,101
CONTINUE

IF (N-50)20,20,102

IF (NPAR)103,30,25

IF (NPAR-4)30,30,103
[IFINVARY104,40,35
IF{NVAR-4140,40,104
IF{KEY(L) 1101550442

J=0

DU 45 1=246

J=JH+KEYI1)

IF(J}101,50,46
[FIKEY(2)+KEY({41)101,101,+50




102
103
104
105

106
125

OO0

O ~NCW S W

19
40Q

]

IF (KEY{3))101,54,52
IF (NPAR)103,105,54
IFIKEY({4))101,58,56
IF INVAR)YLO4,106,58
RETURN

NER=1

GO TO 125

NER=2

G0 TO 125

NER=3

GO 70125

NER=4

GO TO 125

NER=5

GD TD 125

NER=6

RETURN
END(2921r142,0)

CALMAT, PERMANENT DUMMY

SUBROUTINE CALMAT{N HPAR,NVAR,NSH, [PAGE,NER)
NER=T7

RETURN

END(2,21192+0)

ERR TO DESCRIBE NATURE OF ERRUR IN PROBLEM KATZ
THIiS SUBROUTINE IS COMMON TO LASS 1, 2, AND 3

SUBRDUTINE ERRINER)

GO TO (51952¢53394355,56457+58:59:604361,62463,36450653,66,67,68,69},
LNER

FORMAT (1HOZOXLLIHINVALID KEY) i

FORMAT ([LHO20X19HINVALID MATRIX SIZE)

FORMAT (1HO20X28HINVALID NUMBER OF PARAMETERS)

FORMAT (1HOZ20XZ2THINVALID NUMBER OF VARIABLES)

FORMAT (1HO20X26HKEY3 AND WPAR INCOMPATIBLE)

FORMAT (LHOZ20X26HKEY4 AND NVAR INCOMPATISBLE)

FORMAT (1HOZOX33HSPECIAL CALMAT SUBRUOUTINE MISSING)

FORMAT {1HOZ20X20HERRGR IN A,G,V CARDS)

FORMAT (1HOZ20X38HERROR IN CHARACTERISTIC EQUATION CARDS)

FORMAT (1HO20X42HERRDOR IMN DATA CARDS FOR STABILITY ANALYSIS)
FORMAT(1HO20X48HERROR IMN SPECIAL CALMAT SUDROUTINE, PLEASE CHECK)
FORMAT{IHO20X43HERRDOR IN DATA FOR NUMERATOR OF TRANSFER FUNCTION)
FORMAT (1HOZOX4B8HPOWER OF CHARACTERISTIC EQUATION GREFATER THAN 50)
FORMAT{LHO,20X,39HIMPROPER NUMERATUOR OF TRANSFER FUNCTION)
FORMAT(LHO 20X, 22HND END~OF—-PROBLEM CARD)

FORMAT{LHO20X,36HERROR IN DATA FOR FREQUENCY RESPONSE)
FORMAT{1HOZ20X,60HERROR IN FREQUENCY RESPONSE DATA [OVER 100 FREQUL
INCY VALUES))

FORMAT(LHO20X%, 32HERRCR IN TRANSIENT RESPONSE DATA)

FORMAT (I1Y
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51

52

53

54

55

56

57

58

59

60

61

62

63

&4
65

66

67

68

59

100
110

PRINT 1

WRITE QUTPUT TAPE 6,1
GO TO 100

PRINT 2

WRITE OUTPUT TAPE 6,2
GC TO 100 '
PRINT 3

WRITE QUTPUT TAPE 6,3
GO T0 100

PRINT 4

WRITE QUTRPUT TAPE 6.4
GO0 TO 100

PRINT 5

WRITE QUTPUT TAPE 6,5
GO TO 100

PRINT 6

WRITE OQUTPUT TAPE 646
GO TO 100

PRINT 7

WRITE QUTPUT TAPE 6.7
GO TO 100

PRINT 8

WRITE QUTPUT TAPE 6,8
GO 70 100

PRINT 9

WRITE QUTPUT TAPE 6,9
GO TO 100

PRINT 10

HWRITE OQUTPUT TAPE 6,10
GO TO 100

PRINT 11

WRITE QUYPUT TAPE 6411
GO T0 100

PRINT 12

WRITE OUTPUT TAPE 6,12
GO 70 100 :
PRINT L3

WRITE QUTPUT TAPE 6,13
GO 70 100

GO TD 62

PRINT 15

WRITE OUTPUT TAPE 6,15
GO TO 100

PRINT 16

WRITE OUTPUT TAPE 6,16
G0 TOo 100

PRINT 17

WRITE QUTPUT TAPE 6,17
GO 70 100

PRINT 18

WRITE DUTPUT TAPE 6,18
GO TO 100

PRINY 19

WRITE QUTPUT TAPE 6,19
READ 40, I

IF (1~92100,110,100
RETURN

END{2;041,0,0)
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LTAPZ

WFAP 1, WRITE LASS1 DATA ON TAPE 3

SUBROUTINE WTAPLUIPAGEsNsNPAR,NVARyNERyKEY,NSH)
DIMENSION A{19071),KEYI6}

COMMON A

WRITE TAPE 3,AsIPAGE,N,NPAR,NVAR,NER,KEY,NSH
RETURN '
END{242414+2,0)

SUBROUTINE LYAP2 LASS CODED IN SAP
REM LOAD PROGRAM FROM TAPE 2
REM PROGRAM TO INITIATE TAPE READ
REM
ORG
REL
RTB
CPY
cPyY
TRA
END

o
2
0
1
0
0




QOOCOOOOOOOOCO00000nanO00n

162
165

180
182
185

190
192

195
196

198
200

210
220

LASS 2 B

LASS 2 CALLS THE FOLLOWING SUBROUTINES 1
RTAPL . 3
REMAT
ERR
LTAPL
PUNMA T
PRIMAT
RECHAR ;
MESST ;
POLYX i
DETEV
PUNCHA
PRICHA
STAB
HOLLER
ROUTH
WTAP2
LTAP2

DIMENSION A(50,5045)sB(504501,C(201)sK{50)sNK{50},G(50,8¢5),
1CHAR[15,50) s NC{ 4T s MA(BIpNT (8], KEY{O) 4 VI5Q44)yNLILE) s
2E(50)

COMMON A4BsCeKyNKyG,CHARINCMA,NT,V,E

CALL EFM
REWIND 1
REWIND 3
CALL RTAPL {(IPAGE,N,NPAR,NVAR,NER,KEY,NSH)
REWIND 3
IF(KEY(L)) 1621624182
IFIKEY{2)+KEY(4))165+1904165
CALL REMAYT (N,NPAR,NVARyNSH,NER) |
IF (NER)YL180,185,180
CALL ERRINER)
REWIND 1
CALL LTAP
CALL PUNMATIN,NPAR,NVAR,NSH]
CALL PRIMAT (N,NPAR,NVAR,IPAGE)
IFCKEY[2)31904190,195 .
IFIKEY({3)+KEY([4)+KEY(5)+KEY{6)1220,220,192
CALL RECHAR {CHAR,NL,NMAX,NSH,NER)
IF{NER}180,200,180
CALL MESSI(N,NPAR,NSH,NL,NMAX)
IFINMAX=50)198,198,196
NER=13
G0 TO 180
CALL PUNCHA (CHAR,NL,NPARsNSH,NMAX)
CALL PRICHA(CHAR,NL,NPAR,NMAX, IPAGE)
IFIKEY13))220,220,210
CALL STABINPAR,NMAX, IPAGE,NER)

LF {NER) 180,220,180
REWIND 3 '
CALL WTAPZ{IPAGENyNPARyNVARsNERKEY s NSHpNMAX NL)
REWIND 3
CALL LTAP 2
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END (2,041,0,1)

RTAP1l, LOAD LASSL DATA IN COURE : A

SUBROUTINE RTAPL (IPAGE.N,NPAR,NVAR,NER,KEY,NSH)
DIMENSION A{19071)KEYI&}

COMMDN A

READ TAPE 3,A,IPAGE NsMPARyNVARyNER,KEY ,NSH
RETURN

END{242n112+0)

REMAT, READ ELEMENTS OF A,G.V ARRAYS

SUBROUTINE REMAT (N,NPAR,NVAR,NSH,NER]
DIMENSION A{50,5045},B(50,50),C{201},K(50),NKI50),G{50,8,5),
LCHAR {16450) 4NC (&) 2MAIBY 4NT(B14VI504+4)
COMMON AyB,C,K,NK,GsCHARNC,MA,NT,V
1 FORMAT (11,12+4X412:3%,501I1)
2 FORMAT {I1,12,3(212,11,E14.8))
3 FORMAT (I1,512,811,812)
READ 1yL1,L2sNSHy (KII)sI=1,N}
IF{L1-1)105,110,105
105 NER=8
106 RETURN
110 IF {L2-1)105,111,105
LIl READ 24L1,L23011 o Jl KLy lALIL14JL, K1)} ,02,J2,K2,(A(12,J2,K2)),13,J3,
1K3, LAT13,03,K3))
IF(L1-1%105,112,105
112 IFIL2-2)105,111,115 |
115 IF{L2-3)125,125,105
125 IF{NPAR)130,150,130
130 READ 3,L1,L2,(NC{I)sl=1¢d4),IMALI) = 1.8),(Nr(M).M 148)
IFIL1I~1)105,1324105
132 IF{L2-4).105,140,105
140 READ 2,L1,L2, 11, J KL e0GIIL L, K1) ) 412,J24K2,(6012,J2,K2)1),13,J3,
IK3, (G(I3,J3,K3)) _
IF{L1-1)105,141,105
141 IF{L2-5)105,140,142
142 [F(L2-6)150,150,105
150 IF{NVAR)152,165,152
152 READ 2sL110L22I10sdlsKLo (VITLsJL))s02932+K25(VII2502)3503,035K3,
MVII3,I3N
IF(L1-1)105,153,105
153 IF(L2~7)105,152,155
155 IF{L2~8)106,106,105
165 READ 3,L1,12
IF{L1-1)105,166,105
166 IF{L2-8)105,106,105
END{20251¢2,0)
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C

LTAPRL

1

WM

320

340

350
360
370
1
400

405
1

410

415

SUBROUTINE LTAPL LASS CODED IN SAP
REM
ORG
REL
RTB
chY
cPY
TRA
END

o

QQ O -

PUNMAT,PUNCH ELEMENTS OF A,G,V ARRAYS KATZ

SUBROUTINE PUNMAT (NysNPAR,NVAR,NSH)

DIMENSION AJSQ;SO[S}13150150)7C(201)|K(503’NK(50),G(50,8.5)'
CHAR {15950} NC{4YyMA{B) NTI[B)4VI50+4}

COMMON AyByCoK i NKsGoCHARSNC s MASNT,V

FORMAT (I11,12+4X%X5012,3%+5011}

FORMAT f11w1293L21211111PE14.7))

FORMAT (I1,512,811,812)

Li=1

L2=1

PUNCH 14LLsbL2yNSHo{K{J)pJd=1,N)

L2=2

11=7

DO 320 I=1,9

NK{Ii=1

C{1}=0.0

NKi&4)=2

NKIT7)=3

DO 400 I=1:N

DO 400 J=Ll.N

MAX=KI{J) |
DO 400 M=1,MAX

IF{A(L1,J,M})340,400,340

NK{II)=1

NK {(II+L)=J

NK (I11+42)=M

CLIT)=AlLLIJdeM)

IF(11~-1)360,360,+,350

Il=1{1-3

GO TO 400

11=7

PUNCH Z22LLlsL2, INKIJJY s dJ=143)4CILY g INKIMM) o MM=4,6)4+Cl4),
(NKGILL) 5L =749} ,C(T)

CONTINUE

L2=3

PUNCH 2,LLsL2¢INK{JI)4IJ=1,3},C{1) s ENKIMM) MM=4,6)+Cl4),
(NKILL) nLL=T49),C(T}

IF (NPAR)410,510+410

L2=4

PUNCH 3,L1,L2,iNCII)sI=1y8),(MA{J)J=1yB),INT{M)yM=1,8}
DO 415 1=1,9

NK(I}=1

cLny=o.0

I-9




NK14)=2
NK{7)=3
NN=2=NPAR
[1=7
L2=5
DO 500 I[=1.N
DO 500 J=1,NN
MAX=MAT J)
DO 500 M=1,MAX
IFIGIY,J,M))420,500,420
420 NKIIX)=]
NKLII+1)=J
NKEII42)=M
CLIL)=G(I,J,M)
IF{I1I-1)460,460,440
440 11=11I-3
G0 TO 500
460 11=7 ‘ .
470 PUNCH 2,L1,L2,[NKIJJ)»JdI=143),C01), INKIMM),MM=4,6)4C({4),
TINKILL) oLL=749),C(T)
500 CONTINUE
L2=6
505 PUNCH 24L1lsL 2y INK{JJ)9dJ=1,y3),CLL), {NKIMM) MM=G,6)4Cl4%),
LINKILL) 4 LL=7,9},C1T)
SI0 IF (NVAR)S15,610:+515
516 11=5
DO 518 I=1.,6
NK(I)=1
518 C{I)=0.0
NK{3)=2
NK{5}=3
L2=7
NK{T)=0
DO 600 I=1.N
DD 600 J=1,NVAR
IF (VI14J))520,600,520
520 NK{Il)=1
NKEIT+1)=J
ClIl)=v{l,Jd)
IFLII-1)560,560,540
540 I11=1[-2
GD TO 600
560 11=5
ST0 PUNCH 2mL1-L2gNK(1)rNK{?)fNK(?)'Cll)aNK[3)vNK(4),NKl7);C(3]gNK(S)'
INKI6) hNKLT),C(5)
600 CONTINUE
L2=8
605 PUNCH Z43L1s L2 NKU1)YsHNK{2)oNKITIoClL)} NKI3)aNKI4),NK(T)sCI3),NKIDB),
INKI&) LNK{T7YC(5)
RETURN
610 L2=8
PUNCH 3,L1,L2
RETURN
END{2+4041,0,0)

o d



OO0

aOn

W

kY

100
110
115
120

130
140

15¢
155

160

162
165

200

205
2006

219
215
220

230
240

259
255

260

PRIMAT, PRINT A,G,V ARRAYS

SUBROUTINE PRIMAT {N,NPAR,NVAR, IPAGE)

DIMENSION A(50-50n5303(50150)'C(201)|K(50)|NK(50)9Gl50|8c5)|

ICHAR {16450 ¢NC{4) s MALB) 4NTL{B) V(50441

COMMON A,ByCsKaNKsGsCHARy NCy MA, NT, V

FORMAT{ LH140X6HA{I4JsT11410H) ELEMENTSBX4HPAGEL2///3X,6{ 10X, 12,7X1))
FORMAT (13,6E19.8)

FORMAT({YHL40X6HG( T+ J,11,10H) ELEMENTSBX4HPAGEL2///3X,61 10Xy 12,7X))
FORMATI1HLI42X15HVII,»J) ELEMENTSBX4HPAGELZ2///3%46110X,12,7X))

MAX=1

DO 90 I=lsN

MAX=XMAXOF [MAX,KI{1)})

PRINT A ARRAY

PO 200 L=1,MAX

J=O

M=1

IF{J-N)1120,130,130

J=J+1

IFIK(J)~L)115,150,150
1F{M~-1}200,200,140

M=M-~1

GO TO 160

NK{M}I=J

IF{M-6)155,160,160

M=M+1 -

GO TO 115

WRITE CUTPUT TAPE &6:14sL+IPAGE, (NKIII),II=1,M)
IPAGE=IPAGE+1

DO 165 I=1,N

DO 162 LI=1.M

JJ=NK{II)

ClIIY=Al1,JdJ,L)

WRITE QUTPUT TAPE §4231,(CLIT},I1=51 M)
G0 TO 110 |
CONTINUE

PRINT G ARRAY

IF(NPAR 205,300,205
NN=2#NPAR

MAX=1

DO 206 I=1,NN
MAX=XMAXOF{MAX,MA(L))
DO 295 L=1,MAX

J=0

M=1
IF[{J-NN}Y220,230,230
J=J+1
IFIMA({J)I-L)21542504250
M=M-1

GO TO 260

NK{M)=J
IFIM-6}255,260,260
M=M+1

GG TO 215

WRITE ODUTPUT TAPE 6345l IPAGE, (NK{II),11=1,M}

I-11




T

g Enial

OGO 0O000

IPAGE=1PAGE+1
DO 265 1=14N
DO 262 11=1,M
JIENKLIT) ‘
262 CUIT)=GlI,JJsL)
265 WRITE OUTPUT TAPE 6,2,1.(c111).11 1.M)
GO TO 210
295 CONTINUE

PRINT V ARRAY -

300 IFINVARY305,320,305
305 WRITE DUTPUT TAPE 644 IPAGE,(JyJ=1yNVAR)
IPAGE=IPAGE+1
DO 310 I=1,N
310 WRITE OUTPUT TAPE 692,19{VII4J)sJ=1+NVAR)
320 RETURN
END(21202’2.0)

RECHAR, READ CDEFFICIENTS OF CHARACTERISTIC EQUATION

SUBROUTINE RECHAR §CHAR,NL,NMAX,NSH,NER)
DIMENSION CHAR[16,50)4NLI16)
1 FORMAT (I1,12,4X,12,5X,1243X,1612)
2 FORMAT (I1, IZ-3(212'11:E14 .81})
DO 10 I=ls16
10 NLUI}=0
READ L, L14L2¢NSHyNMAX INL{I),I=1,416)
IF{L1-2)105,1104105
11¢ IF(L2~1)105,111,105
105 NER=9
RETURN
LIT READ 2sL19L2911 leKlvlCHAR(Ille)?.IZ J2,K2, ICHAR!IZ,JZ)),I3.J3|
1K3y (CHAR(I3,J3))}
IF{L1-2)105,112,105
112 IFIL2-22105,111,115
115 IF{L2~3}120,120,105
120 RETURN
END(2,2,1,2,0)

COLUMN INTERCHANGE IN A MATRIX TO GET EFFCYT OF PARAMETERS
FOLLOWING VARIABLES NEED TO BE IN STORAGES

AlIsJsMI=MATRIX ELEMENTS FUOR COLUMNS NdT CONTAINING PARAMETERS
Gil,dsM)I=MATRIX ELEMENTS FOR COLUMNS WITH PARAMETERS

J 0ODD IS NON PARAMETRIC PART
J EVEN IS PART WITH PARAMETER

H
Q
.
<

CHAR(1,J)=COEFFICIENTS OF CHARACTERISTIC EQUATION
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QOO0 OO0 OOQODOO0ON

10
15

30

40
50

55

&0

T0
80

ST

NPAR = NUMBER OF PARAMETERS

:A;,—EY(.,,_T

NSH = OVERALL EXPONENT TO MULTIPLY RESULT

COLUMN CONTAINING [TH PARAMETER

NGIT) =

MA{J) = NUMBER TERMS iN J COLUMN OF G MATRIX
£ {J} = NUMBER TERMS IN J COLUMN OF A MATRIX
NT(J) = EXPONENT FOR § COLUMN OF G MATRIX:

CALCULATED BY SUBROUTINE
CHAR {14J) = COEFFICIENTS OF CHARACTERISTIC EQUATION :

NL{I)=1L+POWER Of ITH POLYNOMIAL
SUBROUTINE MESSI{N,NPARyNSHyNL,NMAX)

DIMENSION A(50,50,5)¢B150,50),C(201),K{150),NK{50),G(50+8,5},
ICHAR{164+50) s NC{4) yMALB) s NT(8) yKKI[4) ¢NLI16)
COMMON AsBsCsKoNKeGy CHAR,NC,MA,NT

DO 2 I=1,1é

NL{I)=0

IF{NPAR}D25,95,5

NMAX=0

DO 10 I=1,NPAR

KK{I}=1

NS=NSH

DO 50 I=l,NPAR

NCOL=NC( 1) i
NPOW=K (NCOL}

DO 30 II=1,N

DO 30 M=1,NPOW

ALIL,NCOL,M)=0.0

J=2# L I-1)+KK{I)

NS=NS+ NT(J}

NPOW=MA(J)

K{NCOL)=NPOW

DO 40 IIi=1,N

DO 40 M=1,NPOW

AUILoNCOL,MI=GIILdaM)

CONT INUE

CALL POLYX (NyL}

IF (L)55+80,55

ICH=1

DO 60 I=1,NPAR

ICH=ICH+(KK{I)~1)%2%%{]~1)

NL{ ICH)=NS+L

NMAX=XMAXOF { NMAX 3 NL(ICH))

DO 70 I=l,L ,
J=NS+I

CHAR{ICH,J)=CLI)

DO 90 I=1,NPAR
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IF{KKII)—~2}85,90,90
85 KK{I)=2
GO TO 15 ' : .
90 KK{I)=1 : !
RETURN
95 CALL POLYX (N,L) :
NL11)=NSH#L g : -
NMAX=NL(1)
DO 100 I=1,L
JENSH+I
100 CHAR (1,4)=CLI)
RETURN
ENDI(2,251,2,0)

EXPAND MATRIX OF POLYNOMIAL ELEMENTS
SUBROUTLNE POLYX IS COMMGN TO LASS 2 AND LABS 3

SUBROUTINE POLYX {N,L)
DIMENSION A{5055045}8150,50),C(201),K{50),NK(50)
COMMON A,B,C,K,NK

DO15J=14N
15 NK(J)=1
D020L=1,201
20 ClL1=0.0 :
21 4=1 -
25 M=NKI{J)
DO30I=],N
30 B(IIJ)=A111J|M9
IF1 L -N}Y35,40,40
35 J=J+l ]
GO TO 25
40 CONTINUE :
CALL DETEV (N,D} i
70 L=1-N :
DO50J=14N
50 L=L+NKI(J)
CiL)=C{L)+D
DO60OJ=1 4N
IFINK{J)=-K(J)}45,60,60
45 NKIJ)I=NK{J)+1
GO TO 21
60 NK(J)=1
&1 IFICIL))63,62,63
62 L=L-1
IF{L)6L,63,561
63 RETURN
END {2+241,40,0}

DETEV, DIVIDES AND TESTS DIFFERENCE S.M.K.
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10

i5

20

25

32
35

as
45

48
60

10

50

SUBROUTINE DETEM (N,D)

DIMENSION A{50450,5},8(50,50}),C{201),KK(50)+NK(50)

COMMON A,B4C,KK,NK

D=1.0

NLESS=N=1
DO451=1,NLESS
IPLUS=1+1
IF{B(L,1))30,410,30
DOL5J=1PLUS,N
IF{B(Js1))20,515,20
CONTINUE

D=0.0

GO TO 48

D=-D

DO25K=1 ,N

SWAP=B{ LsK)
81I,K)=BlJ,K)
B{JsK)=SWAP

D=D&B(1,1)
DO4S5LSIPLUS,N
IFIB{L,1)135,45,35
FAC= BI(LsI}/BLI,I)
DO4OM=1 4N

TEMP = B{LsM)
B{L,M)=TEMP—FAC*B(I,M)
IF({1.0E~6%ABSF{TEMP)—-ABSFIBI(L,M)))40,38,38
BlLyMI=0.0

CONTINUF

CONTINUE

D = D% B{N,N)

CONTINUE

RETURN

END (2,141,0,0) |
PUNGCHA,; PUNCH COEFFICIENTS OF CHARACTERISTIC EQUATION KATZ

SUBRDUTINE PUNGCHA{CHAR,NL,NPAR,NSH, NMAX)
OIMENSIDN CHAR[L64,50),113)¢J1(3)5C(3)yNL(LE}
FORMAT {I1312,4%912:5%X:02+3%X41612)
FORMAT (I1412,3(212,11,1PEL4.7))

M=2 ##NP AR

L1=2

L2=1 .
PUNCH lall L2y NSHyNMAX,INL(I),1=1,16
L2=2

DO 10 KIL=1,3

I{KIL)=1

JIKIL)={

CIKIL}=0.0

K=0

NN=23

DO 100 LI=1.M

LEN=NL{LI)

DO 100 JdJ=1,LEN

IF{CHARUIT +JJ))50,100,50

I{NN)=11]

JINNY=JJ
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55
60

100

1
2
3
A
5
6
7

8

9

100

110
115

120

125

130
135

CINN}=CHARTII,J4)

IFINN-1)60,60,55

NN=NN-1

GO TO 100

NN=3

PUNCH ZrLlrLZ:l(13:J(1)2K'C(1!.II2).J(Z).K'C(ZJ,[(33.J(3).K1C(3)
CONTINUE '

L2=3

PUNCH 2»L1yL2;I(1)1JIl)iK.C{lJrIlZ)1Jl2)yK;C{2J.Il3),J(3),K,C[3}
RETURN

END{24051,0,0)

PRICHA, PRINT CHARACTERISTIC EQUATION

SUBROUTINE PRICHA(CHARyNL 4 NPAR, NMAX, [PAGE]}

DIMENSION CHAR({16:50)yNL(161}

FORMAT (1H121X23HCHARACTERISTIC EQUATIONZ2 LX4HPAGEL2///)
FORMAT (15X14HNGN PARAMETRIC//)

FORMAT (15X14HNON PARAMETRIC16X5HPAR 1//)

FORMAT (15X14HNON PARAMETRICI6XSHPAR 120XSHPAR 215X
115HPAR 1 X PAR 2/7)

FORMAT (10X4E25.8)

FORMAT (6H S¥s]2,2X4E25.8)

FORMAT (1H165X4HPAGEIZ2///20X5HPAR 315XK15HPAR 1 X PAR 310X
115HPAR 2 X PAR 3TX21HPAR 1 X PAR 2 A PAR 3/7/7)
FORMAT (lH165X&HPAGEI2///20X5HPAR 415%X15HPAR 1 X PAR 410X
115HPAR 2 X PAR 4TX21HPAR 1 X PAR 2 X PAR 4/71
FORMAT LIHL65X4HPAGEIZ2///15X15HPAR 3 X PAR 47X
121HPAR L X PAR 3 X PAR 44X21HPAR 2 X PAR 3 X PAR 42X
225HPARL X PARZ X PAR3 X PAR4//)

WRITE DUTPUT TAPE 6,1,1PAGE

IPAGE=IPAGE+1

IFINPAR)1I00,1004110

M=1

WRITE OUTPUT TAPE 6,2

G0 TO 125

IF(NPAR-1)115,115,120

M=2

WRITE QUTPUT TAPE 6,3

GO TO 125

=4

WRITE GUTPUT TAPE 6,4

WRITE DUTPUT TAPE 645, (CHARII,1},1=1,M)

=NMAX-]

DO 130 J=1,L

WRITE QUTPUT TAPE &64+56 Js {ICHAR(I4J+ 1), I=1,M)
[FINPAR-2)200,200,135

WRITE QUTPUT TAPE 6,7, 1PAGE

1PAGE=IPAGE+1

WRITE OUTPUT TAPE 645, {CHARIT,+1),1=5,8)

DO 140 J=1,L

I-16




140

145

150

160
200

3

2
3
4
5

6

Qoo

50

WRITE OUTPUT TAPE 646:J (CHARI(I,,J+1),1=5,8)
IF{NPAR-3)200,200,145

WRITE OUTPUT TAPE 6,8, IPAGE

IPAGE=IPAGE+] ,

WRITE DUTPUT TAPEG6,S5,ICHARII,1),1=9,12)

ba 150 J=1,L

WRITE DUTPUT TAPE 64643y (CHAR{I J+1),1=9,12)
WRITE OUTPUT TAPE 6,9, IPAGE

IPAGE=IPAGE+1 :

WRITE DUTPUT TAPE 6,5, ({CHARI{I,1),I=13,16)

DO 160 J=1,L :
WRITE OUTPUT TAPE 6469 Js {CHAR(I,J+1),1=13,16)
RETURN

END{2324142,0)

STAB, REVISED VERSION OF SEPT., 1962 SeMiKe
SUBROUTINE STABINPAR,NMAX,IPAGE,NER)

DIMENSION A(12500),CHARIL16,50),V(220),C{4,50),E(50),AB126),BA126),
INSTORE(26,26) 4KKI4) s IN{3)4NAME(D9},B(50,50),C0M1230])

COMMON A,B,COM,CHAR,V,E

FORMAT({LIHL10X42HSTABILITY REGIONS FOR OUNE PARAMETER SYSTEM13X
14HPAGEL3//7/777)

FORMATI(I1s12411,4E14.8)

FORMAT(LH1, 16X, 33HSTABILITY REGIONS FOR PARAMETER 3,16X44HPAGE, I3
1//25X5 LTHWITH PARAMETER 1=y 1PE1S.7//26Xy16HAND PARAMETER 2=,1PE15.

21/7)

FORMAT(34X9HPARAMETERI2, 1H=1PEL15.7//)

FORMAT { 1H1 8X 31HSTABILITY REGIGNS FUR PARAMETERIZ,
114H AND PARAMETER,12,8X,4HPAGE,I3//)

FORMAT{40X28HRANGE EXAMINED FUR PARAMETERIZ,3H I[S1PEL1S5.7,3H TO

1EL5.7//7)
FORMAT (1PE30.7,5Xy2A6,E30.7,5X+246//} :
FORMAT{26XS51H == ——mmm pommmm e fommmmm - i et +)

FORMAT{L6XFB.0,2H +25A2,A1,41H+)
FORMAT{25X1HI25A2,A1,1HI)

FORMAT{ 8X9HPARAMETERS8XIHI25A2 A1, 1HI)
FORMAT{12XI1,12X1HIZ5A2,AL,1HI)
FORMATILIOXSHTIMESLOXLIHI25A2,A0,1HI)
FORMATIO9X,4H106#,13,9%,1HI,25A2,A1, 1HI)
FORMAT{//18X46F10.0)

FORMAT{39X, 9HPARAMETERI2,11H TIMES 10%#,13}
FORMAT(//20X2A6,27H OVER ENTIRE RANGE EXAMINED)

SET UP ALFANUMERIC WORDS IN NAME{(I) ARRAY

CALL HOLLERI(8,48HSTABLETHRE SHUNSTAR oLp LE ) T ’
LINAME)

NAME(9)=NAME (4)

CLEAR C,E,AB,BANSTORE ARRAYS

DO 55 [=1,50

IR ST ERRER. i o A A

T

—

A S



OGO OO0

OO0

g N e Nl

OO0

OO0

OO0

55

59

61

63
64

70

T2
73

92

100

DO 5% J=1,50
E(1)=0.0
Cil4Jd)=0.0

DG 59 I=ls26

DD 59 J=1,26
AB{1)=0.0
BA{I)=0.0
NSTORE(I+J}=0
IF{NPAR-2161461,75

1l ANﬁ 2 PARAMETER BRANCH, SET PARAMETERS 3 AND & TQ LERD, LF=5,

TRANSFER FROM CHAR fO C ARRAY3S (REDUCE TO 2 PAR. SYSTEM) FCR PAIRI

DO 70 J=1,NMAX
PO 70 I=1.:4
Cll,0)=CHARTI,J)+X2#CHAR{I+4,J)+Y=CHAR{I+B,,J)+XnYoCHARII+12,4}

IFINPAR=1}T2,72,+100
WRITE PAGE TITLE FOR 1 PARAMETER SYSTEM

WRITE OQUTPUT TAPE &6,1+LPAGE
NUM=1]
GO TO 105

3 AND 4 PARAMETER BRANCH, READ AND TEST DAYA CARD

READ Z2L14LF,L4XyY

IFIL1-3)500,76,500

IF(LF=4)500,78,77

IFILF~5)78,78,500

IFIL-1)500463479

IFIL-2)63,80,50¢

KKl1)=3 ;
KK{2)=4 '
KK{3)=1

KK{ 4)=2

TRANSFER FROM CHAR TO C (REDUCE TO 2 PAR. SYSFEM) FOR PAIR 2

DO 90 J=1,NMAX

DD 90 I=l1.+4

K=4#]-3

CUl,J)=CHARIK,yJJ+X*CHAR(K+1,J)+Y#CHAR(K+2, 0} +X*Y¥® CHAR(K+3,J)
IF(NPAR—3)92,9¢,100

WRITE PAGE TITLE FOR 3 PARAMETER SYSTEM {THIRD PAR.)
WRITE CQUTPUT TAPE 643,IPAGE+X,Y

GO TO 73

NUM=26

WRITE PAGE TITLE FOR 2,3, OR 4 PAR. SYSTEM
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WRITE OUTPUT TAPE 6,5,KK{1]),KK(2},IPAGE
IF (NPAR-3) 105,101,102
101 WRITE DUTPUT TAPE 6+49KK{3) X
GO TO 105 ,
102 WRITE DUTPUT TAPE 6y4+KKI[3) X KK{4],Y
105 NR=NMAX

IF COBFFICLENT OF O POWER TERM =0 SHIFT C ARRAY LEFT

[aNeXyl

106. DO 107 I=1:4
IFICLL,1)3115,1074115
107 CONTINUE
00 110 1=1,4
DO 110 J=]l.NR
110 CHI,J)=Cl{I,d%1)
NR=NR=1
G0 TO 106

READ SECOND DATA CARD, SET UP VALUES OF CO-ORDINATES

OO0

115 IPAGE=IPAGE+1
READ 2,L1.L2,L4AB{1):AB{26),BA{1),BA(26)
IF{L1=-3)500,117,500
117 IF{L2~-27Y500,118,500
118 DIFF=1AB{26)-AB{1))/25.0
DO 120 [=2,25
AB{I)Y=AB(I-1)+DIFF
1F{ABSFIABII))=ABSF(DIFF)/100.)1194120,120
119 AB{1)=0.0
120 CONTINUE
IFINUM=1)122,122,12%
122 BAL1)=0
GO TO 128
124 DIFF={BA{26)-BA(1)})/25.0
DO 126 1=2,25
BA{1)=BA(I-1)+DI1FF
IF {ABSF{BA{I))-ABSF(DIFF)/100.)125,126,126
125 BA(1)=0.0
126 CONTINUE
128 IN{1)=0 ;
IN{2)=0 .
IN{3)=0

FILL IN NSTORE ARRAY

[aNaRel

DO 135 Ki=leNUM
DO 135 I=14+26
DO 132 J=1,NR
132 ELJ)=Cl{L, JI+AB{I)I#C(2,J)+BA{K)#C (3, J)+AB(I)#BAIK) #C(4,J)
IFTELL))133,134,134
133 DO1133J=1,NR
1133 E(J)=-EL{J)
134 CALL ROUTHINR,NCRIT)
NSTORE(L,K)=NCRIT
135 IN{NCRIT)=ININCRIT)+1
WRITE OUTPUT TAPE 6,6,KK(1),AB(1),AB(26)
IF{NUM=-1)137,137,150
137 DO 140 I=1,3
IF{IN{I)-26)140G4200,200
140 CONTINUE
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2 Nalel

Q00

PRINT STABLLITY DATA FOR 1 PAR.

DO 144 I=1,13
K=NSTORE{I,1)
KI=NSTORE{I+13,1)
144 WRITE OUTPUT TAPE 6:7;AB(IJ.NAME(K).NAME(K+3):AB(I+13),NAME(K1):
LNAME (K1+3) '
GO TO 450
150 WRITE OUTPUT TAPE 6,6,KK{2),BA(1),BA{256)
DO 1521=1,3
IF{IN{1)-6T76)152,200,200
152 CONTINUE

PRINT STABLILITY PLOT FOR 2 PAKRS.
DIFF=ABSF({BA(26)-BA(1}))/5.0
M=0 .
" IF{DIFF=10.0%%M)1545158,4156

154 M=M-1
IF{DIFF=10.0#%M)154,158,158

156 M=M+1 :
IF(DIFF~10.0%#M} 157,158,156

157 M=M-1

158 WRITE OUTPUT TAPE 6.8
DO 160 [=1,26
DO 160 J=1,26
K=NSTORE(I,J)

160 NSTORE{I,J)=NAME{K+6)

=z M
DO 185 J=1,26
K=27-J

IF1J=-1)161,161,163

161 X=BA{K)®10.0%=M
WRITE OUTPUT TAPE 6395 Xy (NSTORE(IsK)I=1,26)
GO TO 185

163 IF(J-6)165,161,167

165 WRITE OUFPUT TAPE 65105 {NSTORE(1,K),1=1,26)
GO TO 185

167 IF1J-8)165,1684169

168 WRITE OUTPUT TAPE 6,11, (NSTORE(I,K},1=1,26)
GO 70 185

169 IFLJ-9)170,170,171

170 WRITE OUTPUT TAPE 6,12,KKI2),{NSTORELI,K),1=1,26}
GO TO 185

17 IF(J-11)165,161,172

172 IF1J-13)165,173,174

173 WRITE OQUTPUT TAPE 6413, INSTORE(I,K},1=1,26)
GO TO 185

174 IF(J-14)175+4175,.176

175 WRITE OUTPUT TAPE 6,14 ,My {NSTORE(14K}41=1,26)
GO TO 185

176 IFLJ-16)165,161,177

177 IF{J-21)165,161,179

179 IF(J-261165,1614161

185 CONTINUE
WRITE QUTPUT TAPE 6,8
DIFF=ABSF{ABI26)}-AB{1})/5.0
M=0
IF{DIFF=10.0##M} 194,198,196
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196

197
198

199

193
450

nlals

200

500
510

OO0

[ B o B

10
12

15
20

25

4

M=M—~]

IF{DIFF-10.0%%M)194,198,198

M=M+1

IF{DIFF-10.,0#%M)197,198,196

M=M-1

M==M

DO 199 I=1,6

AB(S5#]=4)=AB(5#]=4) %1 0.0%uM :
WRITE CQUTPUT TAPE 6,15,AB(1),AB(6), AB{L11),AB{L6),AB{21),AB{26) :
WRITE OUTPUT TAPE 6517,:KK(1) M

IF{LF=-5)50,510,50

PRINT STATEMENT If NO CHANGE IN REGION.

WRITE QUTPUT TAPE 6,18,NAME(I),NAME(I+3)
GO 10 450

NER=10C

RETURN

ENDI2¢0sl140,0)

SUBROUTINE HOLLER (NWDS5,B,A)
DIMENSION A(2),B{2)

DO 1 N=1,NWDS
M=32767=(NWD5S-2~N)
L=aNWDS+1-N

AlL)=B(M)

RETURN

END(2+0xs1,0,0)

ROUTH, DETERMINES POSITIONS OF ROOTS OF POLYNOMIAL S.M.K.

SUBROUTINE ROUTH [NRyNCRIT)
DIMENSION A(12500),B(50,50),C0M(3321),E(50)
COMMON A,B,.COM,E

IF (E(1))15,10,15
NCRIT=1

DO 12 IsI,NR

ELI)=E(1+1)

NRO=NR=1

GO TO 20

NRD=NR

NCRIT =0

DG 25 1=1,50

DO 25 J=1,50

BLI,J)=0.0 .
NC=(NRO+1)/2

DO 30 I=1,NC

IF(E(2%1-1)1110,110,30
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30

80
100

110
120

BINRO,I) =E{2%][-1)}
NLCENRO/ 2

NRO=NRO=~1

DD 35 I=s1.NC

IF {E{2%1})110,110,35
BINRO, I )Y=E(2%1)
NRO=NRO=1

DO 100 I=1,NRO
KsNRO-T+1

NC=[K+1)/2

DO 40 Jxzl,NC
BIKsJ)=BIK+2,J+1)}-B(K+251)%BIK+1,J+1)/B{K+1,1)
IF{ABSF{B{KsJ))-ABSFIBIK+2,J+1})#1.0E-6) 38,38,40
B{K,J)=0,0

CONTINUE

L=0

DO 50 J=slyNC

IF {BlKwJd)) 110,45,50
L=t+1 '
CONTINUE

IF (L) 100,100,460

IF (L=-NE)110,65,65

IF [K=2) 120,120,770
NCRIT=1

DO 80 J=1,NC
F=K+2-2%)

BLKy JI=FaB(K+1,d)
CONTINUE
NCRIT=NCRIT+1

RETURN

NCRIT=3

RETURN

NCRIT=2

RETURN

END {2+041+050)

WTAPZ2, WRITE LASSZ DATA DN TAPE 3 .
SUBROUTINE WTAP2 (IPAGE;NpNPARrNVAR:NER,KEY.N%H,NMAX.NL)
DIMENSION A{19071)yKEY(6),NL(16)

COMMON A
WRITE TAPE 34A¢IPAGEsNyNPARZNVARJNER,KEY s NSHy NMAXsNL

RETURN
END{23+251+2,0)
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LASS 3

LASS 3 CALLS THE FULLOWING SUBROUTINES
RTAPZ o
RENUM - -
MESS2 (CALLS POLYX THAT CALLS DETEV)
PUNNU
PRLTRA {CALLS ALPH)
ALPH
FREQ [CALLS THE MICHIGAN PLOT SUBROUTINES, SEE SHARE

DISTRIBUTION NUMBER 1085. FREQ ALSO CALLS ALPH.) ]

ROOTER 3
EVAL ‘ z
MULLER [SEE SHARE DISTRIBUTION NUMBER 1124.)
TRANS
ERR
LTAP

DIMENSION A(50,50g51g8(50i503,ClZOlJ.KfSO).NK(50)cG(50,S.5):
1CHAR(16550) 4NCL4) +MA[BIJNT(8),VI50:4) sNLI16)+ALL4)NOTULO)LEL50),
2F(44,50) »KEY16) o NPN14) ,EXCL3)

COMMON AyB4CrKoNKyGyCHARSNC s MASNT V4 E

FORMAT 111+1254%412,3X%X,1012)

FORMATIIL1,12,1X41P4EL4.T)

FORMAT {(1HO30X,34HPRUBLEM COMPLETED,., TO NEXT PROBLEM)

CALL EFM

REWIND 1

REWIND 3

CALL RTAP2(IPAGE yNyNPARSNVAR,NERZKEY ,NSH, NMAX,NL)

REWIND 3

IF{KEY (4)+KEY{S)+KEY(6))300,300,30

READ L+L1,L2 NIV, (NO{T},I=1,10) |

NIV=NO. TRANSFER FUNCTIONS TO EVALUATE
NO{I)= LTH INTERNAL VARIABLE TO EVALUATE FOR

1F{L1-4)325,32,325
IF(L2-13325433,325
IF{NIV~10)354354325
DO 37 I=1,NI1V
IF{NO[1I))3254+325,37
CONTINUE
IF{NPAR) 145, 14D440
READ ZlesLZl(AL(IJsI=1|4)
IF{L1~4)325,44,42
[F{L1-9)3254350,325
IF(L2-2)325145,325

1 SET OF PARAMETRIC VALUES IN, CALCULATE DENOMINATOR, PUT IN E
CONSTANT TERM LAST

PUNCH 21‘LlrL2)[,AL(I]tI""‘1!4)

DO 46 1751’50 |
E{I)=0.0

0O S0 I=1,NMAX

JENMAX+1-]
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noo

50 EUJ) =CHAR(1;I)&AL!1)‘CHARIZ,I]+AL(2)*CHARI3,I)+AL(1)*hL(2)!
ICHAR (4, LI+AL{3)CHARIS, 1) #AL (L) #AL{ 3} #CHAR(G, T)+AL(2)#AL{3)=CHAR
2075 1I+ALI LY AL {21 4AL(2)2CHARIS, I)+AL{4) #CHARI9, [ ) +AL{ 1) #AL(4)+
ACHAR(LO, 1) +ALL2)# ALY A #CHARCLL, J}+ALT1) =AL(2) #AL(4) «CHARI12,1)+ 3
SALI3)*ALI4) #CHARTLIA, [)+ALIL) #ALI3) #AL [4)#CHARI L4, [)+AL{2) #AL(3 )= i
5AL(4)*CHAR!15,IJ+AL(1)*AL(2}*AL(3)'AL(4)*CHAR(16 1

54 DO 250 I=14NIV .
DO 52 J=l,4
DO 52 L=1.,50

52 FlJ,L}=0.0

STORAGES FOR NUMERATOR CLEARED,BRANCH ON KEY4

IF{KEY14))55455460 .
55 CALL RENUMING,I,F, NPN NER )
IF(NER) 70.70,330

NUMERATORS READ IN, NPN{I)=NO. TERMS IN NUMERATOR FOR VI(I}

60 CALL MESS2U!F AL NyNOsNPNy I WPAR)NVAR, NSHI
CALL PUNNUINOyL,F sNPNeNVAR)
70 CALL HR!TRA(F,NU'I-NPN NVAR, AL, IPAGE, NPAR,NMAX )
DO 72 J=1,NVAR
IF{NMAX~NPNILJ))290,72,72
72 CONTINUE
IFIKEY{5)180,80,73
73 CALL EREQIESF AL JNPARGNOIT) s IPAGE ¢NVARyNERyNMAX,NPN,T)
IFINER) 80,804330 -
80 IF{KEY16))250,250,85 ;
85 IF (I=1) Bb6,86,87
86 CALL ROOTER{AL,TsEXC)NMAX NZERsNRSyNRDy NPTy NCSyNPAR, IPAGE,NER,
LIREF}
87 IF (NER) 250,88,330
88 CALL TRANSUAL,TsEXC,FsNPN,NPAR, NVAR, IPAGE, IREF,NMAX ,NZER, NRSyNRD,
INPI,NCS.NO(T))
250 CONTINUE
IF(NPAR 300, 300,40 !
290 NER=15
GO TO 330
300 READ 1,11
IF{L1-9)3104350,310
310 NER=16
GO TO 330
325 NER=12
330 CALL ERR{NER)
350 REWIND L
PRINT 3
WRITE OUTPUT TAPE 6,3
CALL LTAPL
END(2,05,1,0,1)

RTAP2, READ LASS2 DATA {NTQO CORE
SUBROUTINE RTAP2{IPAGE,N,NPARNVAR,NER,KEY, NSHyNMAX4NL}

DIMENSION A(19071),KEYL&},NLIL1G)
COMMON A ’
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R =

10

READ TAPE 3,As IPAGE yNyNPARyNVAR+NER4KEY ¢ NSHyNMAXsNL
RETURN
END(2+2+142,0}

RENUM, READS NUMERATOR INTO STORAGE S.M.K.
SUBROUTINE RENUM (NG.I.F+NPN,NER)
DIMENSION Fi4,50) «NPNT4) ,NO(10)

FORMAT {11,12:3X,12,5%X,412}
FORMAT (11,.12,31212,1X4E14.8))
READ 14L1,L2,L3(NPN{J)aJ=1s4%)
IF{L1-4)25+4+25 - .
IF{L2-3)25:5,25
IF{L3-ND{L))25,6,25

READ Z’LI:LZvlltJl:lF(Il-Jl))yIZ'JZv(F([21J2})'139J3:(F(I3'J3))
IFIL2-NOI(L1))25,8,25
IFIL1=46)2546410
1F{L1-5)12,12,25

NER=14%

RETURN : S
END{242913240) .

MESS2,CALCULATE NUMERATORS OF TRANSFER FUNCTION SaM.K.
SUBROUTINE MESSZIF,ALyNaNG,NPN,yIsNPARYNVAR,NSH)

DEMENSTON A{50’5005j'3{50'50)tC(201)'K(50)QNK(50)rG(SO'BUSJr
LCHAR (165500, NC14) ¢MA({B) s NT(8),V(50+4)+AL(4),NOLLO),E(50),
2F (4+50) WNPNL4) o XTERMI50)

COMMON AysByC, Ko NK,G,CHARSNC MA,NT,V,E

DO 5 J=1,4
NPNIJ)=0

SET UP A MATRIX WITH VALUES FOR PARAMETERS

NZ=NSH

DO 20 J=1,NPAR
L=-NT(2%J)
NZ=NZ-L
KL=XMAXOF [MA{2#J=1)+L,MAL2%J))
K2=NC(J)
KEK2)=K1

DO 10 Ms1,N

00 10 MM=1,K1
A(MyK2,MM)=0.0
L1=MA(2%))

DO 15 M=1,N

DO 15 MM=1,11
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40
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50

60

10

12

15

17

AlM K2, MM)=ALTJ)#G{M,2%J MM}
Li=MAl2%J~1)

D0 20 M=laN

DO 20 MM=1,L1

L2=MMEL
A‘H’KZ’LZ,%A'"’K'Z’LZ)“’GIMIZ'J_].'MM)
L1=NO(T)

KSAV=K{L1lY}

K{Ll)sl

DO 30 M=l.N

XTERMIM)=A{M,11,1)
DO 50 J=1.NVAR

DO 35 M=lsN
A{MyLLyT)}=VIMyd)
CALL POLYX [Not)
IF{L)50+50G4+40
NPNLJY=NZ+L

DO 45 1l=1,L
JUI=NZHIL
FldsJdd)=C(LI)
CONTINUE :

DO 60 M=nleN
A{MyLL,y L)=XTERM{M)
KiL1)=K5AV

RETURN
END(2,001+0,0)

PUNNU, PUNCH NUMERATORS OF TRANSFER FUNCTION

SUBROUTINE PUNNUIND, L FiNPN,NVAR)
DIMENSION F(4,50) ¢NPNI4),NOUL0),11(3)4JJ{3),C(3)

FORMATII11,12,3X,12,5X,412)
FORMAT( 114124312124 1X1PE14aT1}}
L1=%

L2=3

L3=NOIlI)

PUNCH LalLlwul2,L3, INPNT{J}sJ=1+4}
DO 10 IKKY=1s+3 :
II{IKKY)=IKKY

JJLIKKY)=1

CUIKKY)}=0.0

NN=3

DO 20 L=leNVAR

LEN=NPN (L)

DO 20 J=l.LEN
IFIFIL,J))Y2,20,12

ITI{NN}=L

JEINNI=J

CINN)=F{L o J)

IF{NN=1X17,1T7,15

NN=NN-1

GO TO 20

NN=3
PUNCHZ2L1aL 3, {TI{LL) 4 JIILLY sC(LL) +LL=14 3]
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20 CONTINUE
L1=5
PUNCHZeL1sL3, (TI(LL)sJIILLY 4C{LL)LL=1,3)
RETURN ' .
END{2,0,1,0,0}

PRITRA,PRINT TRANSFER FUNCTION
SUBROUTINE PRITRA{F NO,i,NPN,NVAR, AL, IPAGE+NPAR,NMAX)

DIMENSION A(50,50+5):B{50,50),C(201),K{50),NK(50),G(50:+8,5),
1CHAR(16,50),NCL4),MALB),NTI{8),VI50,4)AL(4),NO(10),E(50),
2F{4,00) oNPNI[4Y, 1T{4)

COMMON A,ByCaKaNKsGyCHARSNC s MA,NT,V,E

L FORMAT {IHLL4X37HTRANSFER FUNCTION FOR VARIABLE NUMBERI3, LLX4HPAGE
113/7/)
6 FORMAT {1H 20X1L1IHDENOMINATORZS5X3BHNUMERATOR FOR EXCITING VARIABLE
INUMBER/22X»4121Xy11))
T FORMAT (6H S#x [2,2X,5(1PE22.7))
B FORMATI{10X,1PS5E22.7)
WRITE OUTPUT TAPE 6,1,ND{1),IPAGE
IPAGE=IPAGE+1
CALL ALPH{ AL 4NPAR)
20 DO 22 J=sls4
22 1144)=J
WRITE CGUTPUT TAPE 646, {3I1(J},J=1,NVAR)
WRITE OUTPUT TAPE 698,EINMAX)»{F(Jy1),J=14NVAR)
L=NMAX-1
DO 30 Jsl.L
LL=NMAX~J
30 WRITE QUTPUT TAPE &6,7,J3E(LL), {FlJJyd+1)yJJd=1,NVAR]
RETURN
END{24041,0,0)

PRINT LINE WITH PARAMETER VALUES KATZ
SUBROUTINE ALPHLAL,NPAR)

DIMENSION AL(4)
1 FORMATI(20X, 10HPARAMETER=1PELL.T//)
2 FORMAT{20Xs+12HPARAMETER 1=1PEL16.7,10X,L2ZHPARAMETER 2=EL6.7//)
3 FORMAT{L12X,12HPARAMETER 1=1PE16.7,12X,12HPARAMETER 2=E16.7, 12X,
11 2HPARAMETER 3=E16.7//)
4 FORMAT({14H PARAMETER 1=1PEL6.7s14H PARAMETER 2=ELl06.7,
114H PARAMETER 35EL16.7y14H PARAMETER 4=E16.7//)
5 FORMAT (ilH )
IFINPAR)25,25,10
10 GO TO {11,12413,14),NPAR
11 WRITE OUYPUT TAPE 641,AL(1)
GO TO 20
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12 WRITE ouUTPUT TARE 6’2'AL(1}QAL‘2)
60 TO 20 .
13 WRITE OQUTPAUT TAPE 6’3'Ah1131AL(Z);AL(3)
GD TO 20
14 WRITE QUTPUT TAPE 614!AL(1)'AL(Z’gﬁL(3)|ALl4)
20 RETURN .
25 WRITE OUTPUT TAPE 6,5
RETURN
END{2,05120.0)

FREQUENCY RESPONSE SUBROUTINE ‘ KATZ
SUBROUTINE FREQ'{'E’.F".AL,'N?AR,Nz. IPAGE , NVAR , NER s NMAX s NP Ny NOP)

DIMENSION A(50150'53;0MEGJ100)'DLMEG(100)gGR(#,lOO);G!(AglOO):
IGAN14:IGO]'GADEB(4,lOO);THETl4-100),YCD{IOO),FKN(10),FLIN(10);
2E(50),F¥4,50)rNRNlﬁlcTDIGJ.TN(@!.ALI4).BL(3643),GRAPH(Bb?).
BXC(100,pWDMEG(le)QNSCALE(S‘

COMMON A, GR.GI,GAN,GADEB,THET:YCD.FIN.FLINgTD'TN,XC,
1BL» GRAPH

1 FDRMAT(2X,IZ.2X;I3,2X.11,3X.I2,3Xg10F3.L)
2 FURMATIIH1,11X138HFREQUENCY RESPONSE FOR VARTABLE NUMBERI3¢ 134,
L4HPAGEI 3/ 19X, 26HEXCITED BY FUNCTION NUMBERI2/ )

7 FORMAT(5X.9HFREQUENCY16!,1HX19X.1HY17X4HGAIN16X.4HGAIN12X:
111HPHASE ANGLEI&X?HRAD/SEC[#X,6HNUMBER14X16HNUMBER14X|6HNUMBER
213X-8HDECIBELSIZX.7HDEGREES)

8 FORMATI{L1P6E20.T)

K4 FORMAT(tHl[?X'30HFREQUENCY RESPONSE (CONTINUED)lSX,#HPAGEI3//)

LO FORMAT{1H111X,38HLOG MAGNITUDE PLOT FOR VARTABLE NUMBERI3, 13X,
14HPAGE 1.3)
11 FORMAT(IZOALIBOX,ZOHFREQUENCY IN RAD/SEC)
12 FORMAT(IH113X,36HPHA5E ANGLE PLOT FOR VARIABLE NUMBER 134 13X4HPAGE
113//)
13 FDRMATiEHlle.3OHPDLAR PLOT FOR VARIABLE NUMBER13,16X'4HPAGEIBII)
14 FORMAT(&OX.QHREAL PART)
IFINOP-1)15415,27
1S NFIR=0
NF=0
20 READ 1.L1,L2.N,N0,lFIN!Il.I=1,10}
IF{L1-10)400,21,400 .
21 IFIN}26426422
22 IFINDO=10)23,23,400

SET UP OMEGA VALUES IN OMEG{J) AND LOG OMEGA IN OLMEG (J)

23 DO 223 1=1,NO
223 FLIN(I)%LDGF(FIN(I))/2.3025851

DO 25 K=l.N
NP=L2+K-1
OL=NP
NFIR=NF
NF=NF+ND
IFINF-100}24:405+405

24 DO 25 KK=1,NO
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31
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38

39
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45

NFIRK=NFIREKK

OMEGINF IRK)=FIN{KK)}#10. & &NP
OLMEG (NRIRK) =FL IN(KK) +Ok

GO TG 20

NF=NF+1

OMEGINF)=10.%eL2
DLMEGINF)=L2

CALCULATE GAIN IN CARTESIAN AND POLAR COORDINATES

DO 85 Isl,NF
D0 28 Jals4
TD( J) =040

TD2=P0S. REAL PART OF DEN., TD3=POS.
TD4=NBG, REAL PART OF DEN., TDl=NEG.

IFCOLMEG(L)YI30, 20447

OMEGA L.T.EB. 1, USE ORIGINAL EQUATION
DENOMINATOR FIRST

DO 34 J=1,NMAX

DO 29 K=la4

T4 K= TOUK)L*OMEG (12
NUM=NMAX
IFLE(J))X31,32,32

NUM=2 +£NMAX

KN= XMODF{NUM~J#1,4) +1
TD{KN)=TDIKN}+ABSFIE(J))

PUT REAL PART NF DEN. IN TD2, IMAG. IN TD1l, SQUARE OF DEN. IN TD3

TD{2)=TD{2)-TD( 4)
TO(1)=TD{3)-TD(1)
TD{3)=TD(2) »%2£TD(1) %2

NUMERATORS NEXT

DO 45 lI=1,NVAR
NU=NPN(II)

DO 36 Ksle4
TNIK)I=0.0

IMAG. PART
IMAG. PART

TN FOR NUMERATOR TERMS AS TD FOR DENOMINATOR

DO 42 JslsNU

DO 38 K=l,4
TNLK)=TN{K)X*OMEG(1)
NUM=NU

LUM=NU+ 1~}
IF{F{ITLUM))39440,40
NUM=2+NU

KN= XMODF{NUM-J+l,4) +1
TNIKN)Y=TNIKN) +ABSFIF{ 11, LUM))
TNE2)=TN(2)~-TN{4)
TNLL}=TNI3)-TN{1)

GRITT,I)=(TN(2)#TD(2)+TN{L)*TD(1)}/TO(3)
GIUII,I=CTN(1)#TDI2)-TN{2)«TD(1)}/TDI{3)

GO TO 15
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47
49

52

53
57

59

61

b2
&3

10
76

71
e

LE |
T4
ki

i)
80

82
83
85

OMEGA G. T. 1, DIVIDE NUM. AND DENGM BY OMEGA#* NMAX

DO 49 Jsl.4
TD{J)=0.0

TD1=P0S. REAL PART, TD2=P0S. [MAG. PART
TO3=NEG. REAL PART, TD4=NEG. IMAG. PART

po 57 J=s1yNMAX

DO 52 K=l 4

TOUK)=TD{K)/OMBG(])

NUM=NMAX+1-J

KJd=J

IFTE{NUM})53,55:55

KJ=J+2

KN= XMODF{KJ-1,4) +1
TD{KN}I=TDIKN)+ABSFIE{NUNM))
TD{3)=TD(1)~TDI(3)

TO{1)¥=TD{2)~TD{4)

TD{2)=TD{3)

TO(3)IsTO(1Y¥#=24TD{2) %2

DD 70 II=1,NVAR

DO 59 Ksl,4

TN{K)=0.0

DO 67 Jsl,NMAX

DO 61 K=l:s4

TNLK)=TNIK)/OMEGII)

NUuM=J

IF(F{LLJ))62,63,63

NUM=J #2

KN= XMODF(NUM-E,.4) +1
TNLKN)=TNIKN}+ABSFIF(II,J})
TNI3)=TN{1)=TN{3)

TNLLI=TN(2)-TN(4)
GREIISIX={TNIIL*TDI2)+TNI1)=TD(1))/TDI(3)
GI{II,I)¥={TN{LI&TD{2)~-TNI3)=*TD(L})/TDI13)
DO 85 II=1,NVAR

GANUIL, LISSQRTFIGRUIT I ) ##2+GI(II,1)%*2)
GADEB(IL,1)=8.56858896%LOGF{GAN{II,I))
IFIGR{IL,L)Y)T76,71,78
IFIGILIL,1Y)T2,73,74
THET( LI »1)=270.0

GO TO 85

THET{II413=0.0

GO TO 85

THET{11,1)=90.0

60 TO 85

THET(I1,13=180.0

G0 TO 83

IF(GI{IL,L))80,82,82

THETILEI »1)=360.0

6O TG 83

THET(I1I,1250.0
THET{I1,1)=THET{II,1)+57.29578#ATANFIGI{II,I)/GR{TII,1))
CONTINUE

PRINT TABLE OF FREQUENCY RESPONSE

D0 100 I=1.NYAR
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90

91

35

95

97 WRITE OUTPUT TAPE 6,8,0MFGLJ} +GR{T¢J)2GI{TI+J)9yGAN{I+J)yGADEBII,J),

98

100

111

112

115
113
114
116
117
118
119
120

121
122

123

125

WRITE OUTPUT TAPE &:2,NZ»IPAGE,1
IPAGE=IPAGE+]

CALL "ALPHIAL,NPAR])
WRITE OUTPUT TAPE 6,7
IB=1
IF{NF~50)95,95,91
IE=NF/2

1D=1

GO TO 96

IE=NF

ID=2

DO 97 J=sIB,IE

LTHET{I,J)

GO TO (98,100},1D

IB=1E+1

WRITE QUTPUT TAPE 6,9,1PAGE
IPAGE=IPAGE+L

GO 70 95

CONTINUE

TABLE PRINTED, NOW MAKE THREE PLOTS

WRITE QUTPUT TAPE 6,10,NZ,IPAGE
IPAGE=IPAGE+]L

CALL ALPH{AL,NPAR}
YMAX=GADEB{1,1)
YMIN=GADEBt1l,1)

DO 112 I=1,NVAR

DO 112 J=1,NF
YMAX=MAX1IRIYMAX,GAREB{I,J))
YMIN=MINIF{YMIN,GADEB(1,;J))
DIv=10.,0

NDIV=10
IFIYMAXY113,116,114
I=YMAX/DIV

YMAX=NDIV=]

GO TO 1lé
12.99999+YMAX/DLYV
YMAX=NDIv#I
IF{YMINILLT+119,118
I=YMIN/DIV-.99999
YMIN=NDIVaI

GO TO 119

I=YMIN/DIV

YMIN=NDIV=]L

NHL={ YMAX-YMIN) /DIV+.01
IF{NHL-5)120,120,121
NSBH=10

GO TO 125
[FINHL-10)1224122,123
NSBH=5

GO TO 125

DIV=2.0#DLV

NDIV=2#NDIV

GO 70 115

NSCALE(1}=1

NSCALE(2)=0
NSCALE(3}=~1
NSCALEl4)=0
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124
124

126

127
128

129

130
131

132

134
138

138
140

14}

144

142

143

145

147

146

148
150
152
156

157

NSCALE(B)=~1
IFINOP~1)1244124,4140

12=0

12=0
IF{OLMEGINF)}1126,128,127
12=0LMEGINF)~.0001

GO TO 128
12=DLMEGINF)+,.9999

I1=0
IF{OLMEG(1))129,131,130
I1=0LMEG{1)-.9999

GO 7O 131
I1=0LMEG{1)+.0001
NvL=12-11
IF{NVL~5)132,132,134
NSBvV=20

GO TO 140
IF(NVL-10)136,136,138
NSBV=10

GO TD 140

NSBV=10L/NVL

CALL PLOT1{NSCALE,NHL,NSBH,NVL,NSBV)
XMAX=12

XMIN=11

CALL PLOT2{GRAPH XMAX s XMIN, YMAXYMIN)
FAC= JO2»(YMAX-YMIN]
YCO[Ll)=YMIN

DO 141 [=2,51

YCO(I)= YOO(I-1) + FAC
Ic=1

DO 145 I=1,NVL

FAC=1-1

DO 142 J=1.51
XCUJ)I=XMIN+FAC¥.3
BL{2#I-1)=XC (1)

CALL PLOT 3({1HIWXC,¥YCO,51)
DO 143 J=1,51
XCUJ)=XMIN+FACHE.T
BL{2+#1)=XC(L)

CALL PLOT 3{1HL,XC,YCO0,51)
GO TO {L47,186),IC
TERM=NHL

ND=NHL+1
TERM={YMAX-YMIN)/TERM

DO 150 J=1.NVL

DO 148 I=1,ND

FAC=1~1
YCO{I)=YMLN+FAC#+TERM
XClI)=BL{2Z2*J-1)

CALL PLOT 3[1H+,XC,YCO,ND)
DO 148 I=1.ND '
XC{1)=BL(2=))

CALL PLOT3{1H+,XC,YCO4ND)
DO 160 I=1,NVAR

DO 152 J=1,NF
YCO{JI=GADEB(I,J)

GO TO{156,157,158,159),1
BCD=1HA

GO T0 1460

BCD=1HB
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btame

158

159
160

163

161

162

164

165

168

169

1Tl

173
175
178
180

182

184

186

190

194
195

198

6O TO 160
BCD=1HC

GO TO 160

BCD=1HD

CALL PLOT3(BCD,OLMEG, YCO.NF)
CALL GMITL1}

CALL FPLOT 4(25,25HLOG MAGNITUDE IN'DECIBELS)
IF{NOP-L)1563,163,178
FIN{1)=330000000000
FIN{2)=000000000000
FIN{3)=010000000000
FIN{4)=60606060&060

DO 161 I=1,120

WOMEGT I X=F IN{4)

J=13-NSBV

II=NVL+L

DO 175 L=l¢Il

J=J+NSBY

Ja=11+1-1

IF{JJt1).162,165,168

JP=J+ 342

WOMEG({ 3P—2)=FIN{1)

DO 164 KP=JP,J
WOMEG(KP=1)=FIN(2)
WOMEG( J }=FIN(3}

G0 TO 175

WOMEG{ J=1)=FIN{ 1)
WOMEG(J}=FIN(3)

G0 TO 175

IF{JJ) 169,169,171
WOMEGL J X=RIN(3)

GO TO 175

JPE =41

WOMEG( JP=-1%=FIN{3)

DD 173 KP=JP,J
WOMEG(KP}=FIN{2)

CONTINUE

WRITE OUTPUT TAPE 6,11, (WOMEG(1),1=1,120)
WRLTE OUTPUT TAPE &,12,NZ,IPAGE
IC=2

IPAGE=IPAGE+1

CALL ALPH{AL,NPAR)

CALL PLOTL(NSCALE,4,10,NVL,NSBV)
CALL PLOT 2{GRAPH,XMAX,XMIN,360.,0.)
YC0[1)=0.0

DO 184 122,51
YCO{I)=YCO(I-1)+9.0

GO TD 144

DO 195 I=1,NVL

DO 190 J=1.5

YOD{J)=(J-1)#90

XC{J)=BU{2#I-1)

CALL PLOT3(1H#+4%C,YCO,5)

DO 194 J=1,5

XCLJI=BLU{2w])

CALL PLOT 3{1H#,XC,YC0,5}

DO 210 L=1,NVAR

DO 198 J=1,NF

YCO(J)=THET{ 1,4}

GO TO (201,202,203,204041
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s ExNalyl

201
202
203

204
210

212

215

230
231
232
233

234
240

400

405

BCD=1HA .
GO TO 210 =
BCD=1HB

GO TQ 210

BCD=1HC

GG TOD 210

BCD=1HD

CALL PLOT3(BCLD,OLMEG,YCONF)

CALL OMITI(1)

CALL FPLOT4(22,422HPHASE ANGLE IN DEGREES)
WRITE OUTPUT TAPE 6,11 {WOMEGIT)I=1,120)
WRITE QUTPUT TAPE &413+NZ,IPAGE L
IPAGE=IPAGE+1] ‘

CALL ALPH{AL NPAR)

AMAX=GR{1,1)

YMAX=G1(1,11)

DO 215 I=1,NVAR

DO 215 J=1,NF

XMAX=MAX1IF{ABSFI{GR(I+J})+XMAX])

YMAX=MAXLIFIABSFIGI{I,J)]),YMAX])

IX=XMAX

XMAX=[X+1

IX=YNMAX

YMAX=LX+1

CALL PLOT LINSCALE;:2,25+2+50)

CALL PLOT 2{GRAPHXMAX,,~XMAX, YMAX,—-YMAX)

DO 240 I=1,.NVAR

D0 230 J=1,NF

YCO{J)=GI(I,J)

XC{J)=GR{T1,J)

GO TO (2314+232,233,234),1

BCD=1HA

GO TO 240

BLD=1HB

GO TO 240

BCD=1HC

GO TO 240 | .
BCD=1HD

CALL PLOT 3(8CD+XCsYCOLNF)

CALL OMIT{-1)

CALL FPLOT 4{14,14HIMAGINARY PART)

WRITE QUTPUT TAPE 6,14

RETURN

NER=17

RETURN

NER=18

RETURN

END{2+4051+0,0)

MICHIGAN PLOT SUBROUTINES - SEE SHARE DISTRIBUTION NO. 1085
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RODTER~FRINDS POLES OF TRANSFER FUNCTION KATZ

SUBROUTINE ROOTER(AL,T,EXC,NMAX,NZER,NRS,NRDyNPI4NCS,
INPAR s IPAGE »NER, IREF) '

DIMENSION A(1B8321),E(50),AL{4),RO0TR(50),RA0TI(50),VALL6450),
LGRAPHIBGT) 4NMGI3) ,MIGIS) ,EXCL3)

COMMON A,E,GRAPH,VAL,RODTR,ROCTI]

I FORMAT | LHL,13%,38HSINGULARITIES OF THE TRANSFER FUNCTION]4X,
14HPAGET13/31X,3HR0OR)

2 FORMAT (I1,3X%,4E14.8)

3 FORMAT{1HOLOX,57HCDD NUMBER OF CQMPLEX ROOTS FOUND. THEY ARE THE F
LOLLOWLNG) :

& FORMAT (6X,9HREAL PARTEX,14HIMAGINARY PART)

5 FORMAT (1P2E20.7220X,2E20.7)

6 FORMAT{LHOLOX, 69HCOMPLEX ROOTS DO NOT OCCUR IN CONJUGATE PAIRS. TH
1EY ARE THE FOLLOWING) ‘

‘T FORMAT(1HO13X, 13HSINGULARITIES30X,46HCOEFFICIENTS OF EQUATION (CON
1STANT TERM FIRST)/L1X9HREAL PARTOEX, L4HIMAGINARY PART3Z2X,8HORIGINAL
26X L4HRE~CONSTITUTED)

B8 FORMAT {60Xs1P2E20.7)

9 FORMAT({LHOLOX;52HSINGULARITIES NOT AT ORIGIN WITH MULTIPLIZITY GRE
IATER THAN THWO)

WREITE QUTPUT TAPE §,1,IPAGE
IREF=IPAGE
IPAGE=IPAGE+]
CALL ALPH{AL,NPAR)
READ Z2,LL1,TL,{EXC{I},1=1,3)
IF{L1-6)500,20,500
20 NsNMAX-1
CALL MULLER E.N,RODTR,R00TI}

ROBTS OF DENOMINATOR FOUND, NOW ARRANGE IN ORDER

J=0
K=(0
L=0
CRS=1.E=52T
DO 30 I=1,.N
IF{RCOOTI(I))25,23,25
23 J=J+1
VALI1,J)=RO0TRIL)
VAL (44 3)=ROGTI( L)
G0 TO 30
25 IFLABSF{RDOTI{L})-CR8)26,26,28

IF REAL DR IMAGINARY PART DOF ROOTF IS VERY SMALL(100#T=R0OOT PART
LESS THAN 001}, SET IT TO ZERD — EXPONENTIAL WILL NOT CHANGE
DURING TIME INTERVAL EXAMINED

26 K=K+l
VAL {2,K)=ROOTRI( L)
VAL{S5,K1=ROOTI(1)
GO TO 30

28 L=L+1
VAL(3,L)=ROQTR{I)
VAL 6,L)=ROQTI{ L)
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OO O0

Ao 0O00N

30

32
33

35
37

40

43

45

47
48
49

50

54
55

5T

CONTINUE

J REAU ROOTS IN VAL(1,I},VAL(4,1) J=NMG{1)
K ROOTS WITH NEAR ZERD IMAGINARY -PART IN VAL{2sI}sVAL{59T1)sK=NMG{2
L COMPLEX ROOTS IN VAL{3,1),VALL6,I),L=NMG(3)

K+L TOTAL NUMBER COMPLEX ROQTS. IF 0ODD PRINT ERROR AND RETURN

KNUM=(K+L) /2

IF{K+t.-2#KNUM)40,40,32

WRITE OUTPUT TAPE 6,3

WRITE QUTPUT TAPE 6,4

PO 35 IsleN

WRITE OUTPUT TAPE 645,RO0TR{I1},RO0TICI)
NER=-5
RETURN
NMG{1l)=J
NMG{2)=K
NMG({3)=L
=0

DO 55 1l=1,
MIGI2»11-1)
L=0
J=NMG(II)
IF(J)49:49,43

DO 48 K=sl,J
IF{ABSFIVALL{II K} }-CRS)4D,45,47
MIG(2%11-1)=MIG(2%11~-1)+1

I=1+1

RODTRIIN=VALIIL,K)
ROGTIC(I)=VAL{IL+3,K)

GO TO 48

L=L+1

VALTTIL,L)=VAL(II, K}
VALIIE+3,L)=VAL{II+3,K}
CONTINUE

MIG(2=1T1}=L

IF{L)55,55,50

DO 54 K=l»sL

[=1+1

ROBTR(I)=VALI{IL,.K)

3
=0

RODTI(I)=VAL{II+3,K)

CONTINUE

MIG(1) REAL RODTS NEAR ORIGIN

MIG{2) REAL ROOTS NOT NEAR ORIGIN NMG{L)=MIGL1)+MIG(2)
MIG{3) COMPLEX ROCTS NEAR ORIGIN NMG({2)=MIGI(3)+MIG(4]
MIG{4} COMPLEX ROCOTS ALMOST REAL NGOT NEAR ORIGIN

MIG{5) ROOTS ALMOST PURE I[MAGINARY NMG (3 )=MIGI5)+MIG(6)

MIGL6) COMPLEX ROOTS NOT NEAR ANY AXIS
NOW ARRANGE EACH GROUP IN ORDER

NTOP=MIG{1)

D0 61 J4=2,6

NP=NTOP

NBRLUS=NP+1
NTOP=NP+MLG(J)
NLESS=NTOP-1

IF (MIG{(J)=1)61,61457
DO 60 K=sNPLUS,NLESS
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OO0

OO0

58

50
61

52

TT

80
85
8%
87
89

90

93

94

95

IN=K+1

DO 60 L=IN:NTOP
IF{ROOTRIK)=-ROOTR{L)}58,60, 60
VAL(1,1)Y=RDOTRIK]
VAL{1,2)=RDOTI(K)
RODTRI{K)=ROOTRI(L}
RODTI(K)I=ROOTI{L)
RODTRIL)}=VAL(1,1)
RODTICL)Y=VAL(1,2)
CONTINUE

CONTINUE

OBTAIN RE-CONSTLTUTED EQUATION AND TEST FOR CONJUGATE PAIRS

DO 62 i=1,6
DO 62 J=1,50

VAL(1,4)=0.0

VAL(1,1)=E(1)

NZER=NMG{ 1}

IF{NZER).85,85,77

DO 80 Isl,NZER

TEM1=0.0

TEM2=0.0

VAL(2,1)==RO0OTR{I}

VAL{2,2}=1.0

1L=1+1

DO 80 J=1,11I

TEM1=TEM2

TEM2=VAL (1,4}

VAL (L J)=TEM2%VAL{2, L)+ TEML*VAL{2,2)

NNZ=NMG [:2) +NMG { 3)

IFINNZ) 94,94, 86

DO 93 I=1,KNUM

J=NZER+2#1-1

IF{ABSF (RODTR{J)~ROOTR{J+1) }-ABSF(ROOTR(J) ) #1.0E-6)87,87,89
IF(ABSF (ROOTI{J)+ROOTITJI+1})—ABSF{ROOTI(J))#1.0E-6)90,90,89
WRITE OUTPUT TAPE 6,6

G0 TO 33

TEM1=0.0

TEM2=0.0

TEM3=0.,0

VAL (24 1)=ABSF{ROOTR (J)*ROOTR{J+1} ) +ABSF (ROOTI{J}#ROCTI{J+1)}
VAL (2,2)==ROOTR{J)=ROOTR (J+1)

VAL12,3)=1.0

K=NZER+2+1+1

DO 93 L=l.K

TEM1=TEM2

TEM2=TEM3

TEM3=VAL(1,L)

VAL{L1,L)=TEM3#VAL(2,1) +TEM22VAL{2,2)+TEML*VAL(2Z,3)

COEFFICIENTS OF EQUATION HAVE BEEN RECONSTITUTED, NOW PRINT OUT

WRITE DUTPUT TAPE 6,7

DO 95 I=1.N

JaN+2-1

WRITE OUTPUT TAPE 645,RO0TRII)ROOTI{I}.E(J),VALIL, 1)
WRITE QUTPUT TAPE 64+8,E{1),VAL(l,N*1]}

TEST ROR MULTIPLICITIES GREATER THAN TWU IN REAL ROOTS
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T

OO

InNels’

io2
104

105
106

110

- 115

1186
117
1X¢e

1290

121
122

125
126

128
130

132

135
137

139

JEMIGIZ2 )

K=MIG{4Y)
IF{J)1154115,102
IF{KILL5,4115,104

DO (110 I=1,J
L=MIGIL1)+]

DO 106 M=1,K
LL=NMG{L)+MIG(3)+M
ROOT=ROOTRCL)-RUCGTR{LL)
IF{ABSFL{ROGT)~CRS5)503,4503,105
IFIROOT)106,106+110
CONTINUE cr

60 ¥O 115

CONTINUE

TRANSFER ROOTS TO VAL{l,1},VALLZ,I)
VAL{1,1)=0.0

YAL(2.1)=0.0
I=1

ARE THERE PAIRED ROOTS IN GROUP 2 (REAL ROOTS NOT AT ORIGIN)

NRS=0

NRDO=0

L=MIGI1)

M=L+J
IF{M-L-1)125,122,117

IF{ROOTRIL+LI-ROUDTR{L+2)-CRSIL19,119,122

DO 120 LL=1,2

L=L+1

NRD=NRD+1

VAL { 3;NRD)=ROCTR{L}
VAL{4,NRD)sROOTI(LY
IF{M=L)125,125,121
IFIROOTRIL)~ROOTR(L+1)}-CR5)503,503,116
NRS=NRS+1 :
I=I+1

L=L+1

VAL{1,1)¥=ROCTRIL)

VAL( 2,1 )=ABSF(RAOTI(L))
GO TO 116

IF{NRD) 130,130,126

DO 128 LL=1,NRD

Isl+l
VALLL1,T)=VAL{3,NRD)
VALLZ,1)=ABSFIVALI4,NRD))
L=NMG{L L+MIGI3)
IF{K)137,137,132

DO 135 LL=1,K

I=1+]

L=L+1

VAL{1,1)}=RO0OTR(L)
VAL{2,1XY=ABSFIROQTI(L))
L=NMG{ 1) +NMG(2)
JsMIG(5)+MIG(6)
IF{J)145,145,139

D0 140 LL=1,J

L=L+1
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I1=1+1
VAL(1,I)=RO0OTR(L)
140 VAL(Z2,1)}=ABSF(ROOTI{L))

ROOTS HAVE BEEN SHIFTED TO VALI1,1) AND VAL (2,1}

OO0

145 NZER=MIG{1}+MIG{3)
NRD=NRD4MIG(4).
NPRI=MLG(5)
NCS=MIGL6)

NZER=NO. AT ORIGIN. NRS=NO. SIMPLE REAL. NRD=ND, DOUBLE REAL
NPI=NO. PURE IMAGINARY. NCS=NO, COMPLEX

EVALUATE DERIVATIVES OF POLYNOMIAL

o000

M=NMAX~NZER

VAL(3,1)=E(M)

NN=NMAX~2

DO 150 I=1,NN

FAC=NMAX-1

ROOTR{I)=ELI)*FAC

ROOTI{I)=ROOTR{ L)} *(FAC~1.0)
150 VAL16,1)=ROOTI(L)*{FAC~2.0)

FIRST DERIVATIVE IN ROOTR, SECOND IN RQOTI, THIRD IN VAL[G6,1)

OGO

ROOTR{N}:=EB{N}
IF{NRS)1624,162+152
152 DD 160 I=1,NRS
) J=I+1
160--CALL EVAL{RODOTR 4N, VAL{1+J)+0.0,VALL3,J),VALL4,J))
162 K=NPI+NCS
IF{K}17241724165
165 DD 170 I=1,K,2
J=L+NRSHNRD+I :
CALL EVAL{ROGTR N VAL{1,J),VALIZ2,J),VAL(3,J),VALI4,J))
VAL (34:J%1)=VALT3,J)
170 VAL{4,J¥1)=VALL4,0)
172 IF{NRD)IS01,501,173
173 DO 175 L=1,NN
175 RODTR{I)=VAL{6,L)
NNN=NMAX~3
DO 178 I=1,NRD
J=1+NRS+I
CALL EVALIROOTI NNpVAL(L,J)+0.0,VALL3,J),VALI4,4})
178 CALL EVALIROOTRNNN,VAL{1,J),0.,0,VALLS,J)sVALIS,J))
RETURN

FOR SINGLE ROOTS VALUE OF FIRST DERIV. IN VAL(3,1)sVAL{4s1)
FOR DOQUBLE ROOTS VALUE OF SECOND DERIV. IN VALI3,I},VAL(4,1)
THIRD DERIV. IN VALIS,1)+VALIG6+1)

OO0

500 NER=19

501 RETURN

503 WRITE QUTPUT TAPE 6,9
GO TO 37
END{2,0,1,0,0)
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EVALUATE POLYNOMIAL ' KATZ
SUBROUTINE EVAL(C,NsAR AL VR,VI)

N COEFFICIENTS: IN-1:ORDER) IN C ARRAY WITH CONSTANT TERM LAST
TO BE EVALUATED FOR.GOMPLEX VALUE OF VARIABLE, REAL PART=AR
IMAGINARY=AL, VALUE OF POLYNOMIAL 1S VR(REAL),VI[IMAGINARY)

DIMENSION CH1)
Nl=N-1
IFEN1)5,145

1 VR=C{N)
V1i=0.0
RETURN

5 TEMR=(C{1)
TEMI=0.0
DO 10 I=xl,N1
TEL=TEMR=AR~TEM]I*A]
TEMI=TEMI®AR+TEMR=AI

10 TEMR=TEL+C(I+1)
VR=TEMR
VI=TEMI
RETURN
END(2,00}40,0)

TRANS SUBROUTINE OBTAINS INVERSE LAPLACE TRANSFORM KATZ
SUBROUTINE TRANSCALTLEXC,F 4 NPNyNPAR,NVAR, IPAGE, IREF, NMAX,
INZER,NRS,NRD,NPI,NCS,NOP)

DIMENSION A{125C0) ¢yFUNT4451),RESP{44101),TERM({52)TREHIS50},
LEXC{3) yALL4)} yF{4,50) 4NPNI4),VALI6,50),TRI4909),GRAPHISET) »TIMELLIOL

2),E(50),STATIT},NSCALE{5),YC0O(101)
COMMON A,FUN.RESP,TERM;TREM,TIME,YCD'TR;E;GRAPH,VAL
THREE TYPES OF EXCITATION-1)IMPULSE,2)STEP,2)RAMP

1 FORMAT(LIHL,L1X,38HTRANSIENT RESPONSE FOR VARIABLE NUMBERT3, 13X,
LAHPAGEIL3/5X, LIHEXCITED BY AS5,13H OF MAGNITUDEF15.7,19H IN FUNCTION
2 NUMBERIZ2,5X24HIREFER TO PRINT-0UT PAGEI3,1H))

2 FORMATUI3X,2THFIT) APPROXIMATELY GIVEN BY25X, LHT14X4HF({T)15X1HT

114X4HF(T}) '

FORMAT{IPEL3.3,34X,y 50+ [4€17.5)

FORMATILPEL3.3,15XyTHX TIME12X,5H+ [4E17.51)
FORMATULPEL3.3,11X,9HX TIME==I3,11X,5H+ 14EL7.5)
FORMATIIPELI3.3,6Xy4HEXPIELQ.3,8H X TIME)OX,5H+ 14E17.5%)
FORMATILPEL343,14H X TIME X EXP{E10.3,15H X TIME) + T4ELT.5)
FORMAT{LPEL2.3,4HCOS{E1043,10H X TIME + E10,.3,5H} + I1&4E17.5)
FORMAT{LPE13.3,6X,4HEXP{ELO.3,8H X TIME)&X,5HX 14£17.5)

FORMAT [6X,4HCOS(LIPELO.3,10H X TIME + E10.3,1H)6X,5H+ T4E17.5)

11 FORMAT (52X,1P4EL1T.5)

12 FORMATILHL,,TXs46HPLOT DF TRANSIENT RESPONSE FGR VARIABLE NUMBERI3Z,

19X, 4HPAGETI3/5X, L1HEXCITED BY AS5,13M OF MAGNITUDEFIL5.7,26X,
224HIREFER TO PRINT-DUT PAGEI3,1H))

-
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13 FORMAT (20X,23HABSCISSA IS TIME X 10=#]3,10X,2THORDINATE IS RESPON
15€ X 10#*=213)

STAT(1)=5HPULSE
STAT(Z2)=4HSTEP
STAT(3)=4HRAMP
STAT(4)=1HA
STAT(5)=1HB .
S5TAT(6)s1HC
STAT(7)=1HD

DO 300 LEX=1,3 '
IF(EXCLIEX))300,300,20 .

IF EXCOLEX)=0 DO NOT CALCULATE FOR THIS TYPE EXCITATION

20 NI=NIZER+IEX-1
TIME(1)=0.0

CALCULATE 101 VALUES OF TIME FROM O TO 100&T (IN TIME(J))

D0 19 J=2,101
L9 TIME(JI=TIME(J=13+T

NZ=NUMBER POLES AT ORIGIN

AMIN =0.0

XMAX =0.0

DO 250 I=1,NVAR
LYE=NPN(T}
IFIN2Y30,30,22

COEFFICLENTS FOR POLES AT ORIGIN

22 FUN(ILNZ)=F(I,1)#EXC(IEX)/VAL(3,1)
IFINZ-1)30,30,123

123 DO 23 Jsl,52

23 TERM{J)=0.0
DO 25 J=s1yLTE

25 TERMUJISFILJ)#EXCLIEX)
LT=NMAX=NZER
DO 27 K=2,NZ
DO 26 L=l1,LT
LK=L+K=2
NZK=NI+l=-K
NMK=LT+1-L :

26 TERM{LK)=TERMILKI-FUN(I¢NIK+1)}#E(NMK)

27 FUNIIZNZK)I=TERMIK)/VAL{3,1)

127 COUNT =1.0
AK=0.0
DO 28 Ks24NZ
AK=AK+1.0
COUNT=COUNT#AK

28 FUN{I,K)=FUN{TI,i)/COUNT

SET UP COEFFICIENTS FOR NUMERATOR WITH CONSTANT TERM {AST

30 DO 34 L=1,LTE
K=LTE+1~L
34 TERMIL)I=F(I4K)
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COUNT=IEX~L
IFINRS)40,40,35

COEFFLCLENTS FOR SIMPLE REAL POLES -

35 DO 37 J=s14NRS

K=NZ+J

CALL EVALITEAM,LTE,VALIL,J+1),0.0,FUN{I,K),FUN{IsK+11})
37 FUNTILK)L=FUN(I,KISEXCIIEX)/{VAL{1,J+1l)}=={IEX~1)#VAL{3,J+])]
40 IF{NRD)S50,50,42

COEFFICLENTS FOR DOUBLE REAL ROOTS—IN FORM{C{JI+D{J)+TIME)*EXPUN
C(J) IN FUN{ISNZ4NRS+J),D(J) IN NEXT ONE (J=1,3,--(NRD-1)

42 LT=LTE-1
DO 44 J=1.LY
FAC=LTE=-Y
44 TREMUJISTERM(J)#FAC
- DO 48 J=1,NRD,2
L=1+NRS+J
LL=NZ+NRS+J
CALL EVAL(TERM,LTE,VAL{L,L) 0.0,FUNC,TEMP)
CALL EVAL{TREM,LT, VAL(1,sL)40.04DERIV,TEMP)
FUN{I,LL+1)=2.0#FUNCREXCI{TEX)/{VALI3,L)»VALIL,L)##(IEX-1))
48 FUN(ILLL)=EXCIIEX)}#(2.0#VAL{3,L)#(DFRIV-COUNT#FUNC/VAL{L,L))=-2.U*%
LFUNCAVALI(S,L)}/3.0)/(VALLL,L)#8(IEX—-1)=VAL{3,L)#=2)
50 NPCS=NPL+NCS
IF{NPCS)T5,T75,5¢

COEFFICIENTS FOR IMAGINARY AND COMPLEX RDOTS-AS MAGNITUDE AND
PHASE ANGLE. MAG IN FUN{I,NZ+NRS+NRD+J),ANGLE Ii NEXT ONE
J=19395== NPI+NCS~]

52 DO 60 Js14NPCS,2
L=1+NRS+NRD+.
LL=t-1+NZ
CALL EVALUTERM,LTEZVAL{L,L) +VALI2,L),FUNITSLL),FUNII,LL+1)) j
FAC=VAL{3,L)eu2+VAL[4,L) %22
FUNC={FUN{ T ,LL)*VAL{3,L)+FUN{I LL+L)=VAL{4,L)}/FAC
DERIV={FUN{I,LL+L)*VALI3,L)—-FUNI(T, LL)*VAL(#;L))/FAC
FAC= SQRTF(VALIL L)##2+4VALI2,L)*%#2}
FUN(ILLL)={SQRTF{FUNC*=2+4DERIV=#2)/FAC## [ [EX~ 1))*2 Qe EXCLIEX)
IF{FUNC)53454,:52

3 FAC=ATANF([DERIVAFUNC}I+1.5707963~-SIGNF{1.53707363,FUNC]}
GD TO 55 ’

S4 FAC=SIGNF{1.5707963,DERIV]}

55 TF{VAL{L1,L)}}56457,56

56 FUNC=ATANFIVALIZ L)/VALEL L)) +1.570T7T963-SIGNF{L1.5707963,VAL(L,L)}
GG TO 60

57 FUNC=1.5707963

60 FUN{T,.LL+1)=FAC-COUNT#FUNC

CALCULATE RESPONSE FUOR EXCITING VARIABLE I AND TIME(J)
[IN RESP{I,J))

75 00 62 J=1,101
62 RESP(14J)=0.0 .

DO 100 J=1,101

IFINZ) 66466463
63 RESP{lsJ) =FUN(I,1) -
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IF{NZ~1)6b466,64
&4 DO 65 K=s24NZ
65 RESPILI,J}=RESPI{LyJI+FUNIT,K)=TIMELJ)}#a(K~1)
66 IFINRS)T4,74,70 .
70 DO 72 K=1,NRS

L=NZ+K
T2 RESPUIJISRESPIL JI+FUNI I, L)«EXPFIVALIL K+1)=TIMELJ]))
T4 IF(NRD)B2Z2,82,76
76 DO B0 K=1,NRD,2

L=NZ+NRS+K

LL=14+NRS+K
80 RESP([.J)=RESP(L'J)+lFUN(igL)+FUNlI,Lfl)*TIME{J))'EXPF(VALilyLL)

1#TIME( D)) ‘ ‘
82 IFINPL)91,91,85
85 DO 90 K=lyNPI,2

LL=1+NRS+NRD+K

L=Li-1+NZ
90 RESPIL,J)=RESPILyJI+FUN{T,L)#COSFIVAL{Z,LL)#TIME{J)+FUN{I,L+1})
9L IF{NCS)IT,97,92
92 DO 95 K=1,NCS,2

LL=1+NRS+NRD+NP L+K

L=LL-1+NZ
95 RESP(Ls JISRESPIL,JI+FUNII,L)#EXPF{VAL{L,LL)«TIME(J)}=COSF

1 (VAL{25LLY*TIMELJ)+FUN{T,0L+1)}
9T XMIN=MINIFUXMINSRESP(I,3))
100 XMAX= MAXLE {(XMAXRESP{I,J}}

PRINT TABLE OF TRANSIENT RESPONSE

WRITE QUTPUT TAPE 641,NOP+IPAGE,STAT{IEX),EXCIIEX), 14 IREF
IPAGE=IPAGE+]
CALL ALPH{AL,NPAR)
WRITE DUTPUT TAPE 6,2
LE=2
IFINZIL12,112,102
102 WRITE OUTPUT TAPE 653,FUNII 1}, TIME{L)+RESPUL,1),TIME(S2),
IRESP(I,52)
IF (NZ-27 11241044104
104 WRITE OUTPUT TAPE 6,4,FUN{I+2},TIME(2),RESP{I,2},TIME(53]),
1RESP(1,53) ;
IF (NZ~3) 112,106,106
106 DO 110 J=3,NZ
K=d-1
110 WRITE QUTPUT TAPE 6459FUN(IJ)sKyTIME(J) yRESP(I,J), TIME(JI+51),
IRESPIT,J+51)
112 LT=NZI#1
IF{NRS)118,118,114
114 DO 116 J=1sNRS
WRITE OUTPUT TAPE 6,6,FUNITLT) 4 VAL{L,LE)} yTIMELLT),RESP(T,LT),
ITIME(LT+51Y,RESP{I,LT+51)
LT=LT+1
116 LE=LE+]
118 IF (NRD) 126512645120
120 DO 124 J=1,NRD,2
WRITE QUTPUT TAPE 6,6,FUNII,LT) VALUL4LE)+TIME(LT),,RESPIILT),

ITIME{LT+5L) +RESPII,LT+51)

WRITE OUTPUT TAPE 647yFUNIL,LT+1),VALI1,LE},TIME{LT+L)},RESP{I,LT+

11) s TIMEILT+52) 4RESP{1,1LT+52)
LT=LT+2
124 LE=LE+2
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126 LJ=LT
IF (NPI) 132,132,128
128 D0 130 J=1,NPL,2
WRITE DUTPUT TAPE 648eFUNTTLT) s VALL{24LE) JFUNIIZLT+1},TIME(LL),
IRESPII4LJ) 4 TIME{LJ+51},RESP{1,LJ+51)
LT=LT#+2
LJ=LJ+1
130 LE=LE+2
132 IF (NCS) 138,138,134
134 DO 136 J=1,NC3,2
WRITE OQUTPUT TAPE 639 FUN(I fLT)VALILSLE) yTIMEILJ),RESP(I,LJ),
ITIME(LJI+BLY RESP{I LU+51)
WRITE OUTPUT TAPE 6,10, VALI24LE+1) ,FUNITI4LT+L),TIME(LJ+1),RESP(I,
LLJ+1) + TIME(LJ+52) yRESP{I,LJ+52)
LT=LT+2
Ld=LJ+*2
136 LE=LE+2
138 DO 140 J=LJ+50
140 WRITE QUTPUT TAPE 6311 TIME{J}yRESPLI J)sTIME{J+51]), RESP(I,J+5L)
250 WRITE DUTPUTY TAPE 6,11, TIME(51),RESP(I,51)

PRINT PLOT OF TRANSIENT RESPONSE

WRITE GUTPUT TAPE &6,12,NDP,IPAGE,STATIIEX)+EXCIIEX),IREF
IPAGE=IPAGE+1
CALL M. PHUAL NPAR)

CALCULATE LIMITS FOR Y CO-DRDINATE

P=MAXLF{ABSF{XMAX},ABSFIXMIN))
M=0
1F (P— 10.0¢xpM) 251,255,253
251 M=M-1
IF (P- 10.0%#2M) 251,255,255
253 M=M+])
iF (P~ 10.0%%M) 254,255,253
254 M=M-1
255 NMAR = XMAX #10.0%#([1-M)
IMAX = 0
IF (NMAR) 257,258,256
256 NMAR = NMAR+1
IMAX=1
GO TO 258
257 IMAX =~}
258 NMIN = XMIN= 10.0#%{})-M)
IMIN = 0
IF {NMIN) 259,261,260
259 NMIN =NMIN-1
IMIN ==1
GO TO 261
260 IMIN = 1
2561 INT = 1
MAX=NMAR
MIN=NMIN
2562 IF {MAX-MIN=~5) 254,265,263
263 IF (MAX-MIN=10) 2664266,264%
264 MAX = [{NMAR+IMAX«INT)/{INT+1)
MIN = (NMIN+IMIN*INT)/{INT+1)
INT = INT#}
GO 10O 262

i
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265 NSBH = 10
GO TO 267

266 NSBH = 5

267 NHL=MAX-=MIN
XMAX= MAX* INT

XMIN = MIN + INT
XMAYX = XMAX # L0.0##(M-1)
XMIN = XMIN # 10,0%#{M-1)

SET UP FOR PLOT 1

NSCALE(L}=1

NSCALE{2}=1-M

NSCALE(3)=-1

NSCALE{4)=0

REM=1.000001+*T

IF{MODF(REM, 1.0)-1.0E~5+REM} 268,268,270

268 REM=REM/10.0

NSCALE(4)=NSCALE(4)-1
IF({MODFIREM,1.0)~1.0E-5%REM) 268,268,274
270 REM=REM#1G.0
NSCALE{4)=NSCALE(4)+1
1F{MODE(REM, 1.0}~ 1. 0E-5%REM} 272,272,270
272 NSCALE(4)=NSCALE{4)~-1
274 NSCALE(S5)=-1
CALL PLOTL(NSCALE,NHL,NSBH,10,10)
CALL PLDT2 (GRAPH,TIME{101),0.04XMAX,XMIN]
DO 280 I=1,NVAR
DO 273 J=1,101
273 YCO(J) = RESP{L+J)
280 CALL PLOT3 (STAF¥(i+3),TIME,¥C0,101)
CALL FPLOT4 (0,1HA)
WRITE QUTPUT TAPE 6,13,NSCALE{4) NSCALE{2}
300 CONTINUE
RETURN
END{24+041+G,0)

MULLER, OBTAINS RCOTS OF A POLYNOMIAL KATZ

THIS SUBROUTINE WAS WRITTEN BY LOCKHEED, MISSILES AND SPACE
DIVISION, SUNNYVALE CALIFORNIA. [T HAS BEEN MDOIFIED SLIGHTLY
AT SAVANNAH RIVER LABORATORY.

SUBROUTINE MULLER(COE,N1,ROOTR,ROCTI}
DIMENSION COE(1},RO0TR(1),RO0TI(1}
N2=N1+1
N4=0
I=Ni+1
19 IF(COE(I)}9y749
T Na=N4+l
RODBTRIN4}=0,.
ROBTI(N4)=0.
[=1-1
IF{N4-N1}19437,193
9 CONTINUE
10 AXR=0.8
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AXI=0.
PRINT 1001
L=1
N3=1
ALP1R=AXR
ALP1I=AX]
M=]
GOT099
LI BETIR=TEMR
BET1I=TEMI
AXR=0.85
ALPZR=AXR
ALP2I=AX1
M=2
GOTO99
12 BET2Z2R=TEMR
BET2[=TEM!
AXR=0.9
ALP3R=AXR
ALP3I=AXI
M=3
GOT099
I3 BET3R=TEMR
BET3I=TEMIL
14 TE1=ALPLR-ALP3R
TEZ=ALPLI-ALP3I
TES=ALP3IR-ALP2R
TE6=ALP3I~-ALP2I
TEM=TES#*TES+TE6=*TES
TE3A={TEL#TES+TEZ*TES) /TEM
TE4={TE2#TES—-TEL*TESL) /TEM
TET=TE3 ).
TES=TEI*TEI-TE4*TE4L
TELO=2.%TE3=TES
DEL15=TET*BET3R~TE4®BET3I
DEL6=TET*BET3II+[E4*BET3R
TELL=TE3#BET2R-TE4*BET2I+BETLIR-DELS
TE1Z2=TEY«BET21+TE4*BETZ2R+RETLI-DE16
TET=TE9-1.
TEL1=TEI*BETZR-TELQ#BETZ]
TE2=TE9*BET2I+TZ10=BET2R
TEL3=TE1-BETIR-TET=*BET3R+TELO=BET3I[
TEL4=TE2-BET1I-TET7*BETII-TE1O0=*BET3R
TELS5=DEL15+TE3~-DELO*TESL
TE16=DE15*TE4+JEL6%TES
FEL=TEL13#TELI-TEL14#TEL4-4. 0 (TEL1#TEL1S-TEL2#TELS)
TE2=2,.%TEL3*TEL4~4%+#(TEL12«TELIS+TELL#TELS)
TEM=SQRTF(TEL#TEL+TE2=TE2)
IF{TELYLL3,113,112
113 TE4=SQRTF{.5#(TEM~TEL))
TE3=.5=TE2/TE4
GO TO 111
112 TE3=SQRTF{.5#({TEM+TEL))
IF{TE2}110,200,200
110 TE3=-TE3
200 TE4=,5#+TE2/TE3
1Y TET7=TEL13+TE3
TEB=TEL4+TE4
TE9=TEL3-TE3
TE10=TEL4-TE4
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204
205

15
16

L7

18

300
41
37
30
31
32

33

34

TE1=2.»TELS

TE2=2.#TE16
IF!TET*TE7+TE8*IE8—TE?!TE9-TE10*TE10)204.204.205
TET=TES :
TEB=TELO

TEM=TETETET+TES+TES
TE3={TEL=*TET+TE2*TE8) /TEM
TBG={TE2#TET-TEL#TES) /TEM
AXR=ALP3R+TE3*TES-TE4®*TES
AX1=ALP3I+TE3#TE6+TE4*TED
ALP4R=AXR

ALP4I=AX!

M=4

GO 7O 99

N6=1

IF{ ABSFGHELL ) +ABSF{BELL)=1.E~20)18,18,16
TE7=ABSE(ALP3R=AXR) +ABSF[ALP3I-AXI)
IFlTET!tABSF(AXR)+ABSF(AXI))—1.5—7)18118.17
N3=N3+l

ALPLR=ALP2R

ALPLI=ALP2]

ALP2R=ALP3R

ALP2I=ALP3L

ALP 3R=ALP4AR

ALP3I=ALP4L

BET1R=BET2R

BET1I1=BET2I1

BET2Z2R=8BET3R

BETZ21=BET3I

BET3R=TEMR

BET31=TEMI

IF{N3-100)14,18,.,18

N4=N&G+1

RODTRIN4)=ALP4R

ROOTI{N4)=ALP&]L

N3=0

MODIFICATION - LMAGINARY PART OF ROOT SEF = 0.0 IFf IT IS VERY
MUCH SMALLER THAN THE REAL PART QF THE RQOT

IF(ABSF{ROOTIIN4))-ABSFIRODTR(NQ))*I.OE-4]300.300.41

RODTI[N4)=0.0 '

IFI{N4-NL)30,37,37

RETURN

IFIROCTILI(NG)) 31,1031

GO TO(32,10),L

AXR=ALPIYR

AXI=—ALP1lI

ALPLI=~ALP11

M=5

G0 TO 99

BET 1R=TEMR

BET1I=TEMI

AXR=ALP2R

AXI=—ALP2I1

ALP2I=-ALP2I

M=6

GQ TO 99

BET2R=TEMR

BET2I=TEMI

AXR=ALP3R
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99

100

42
102

101
103

AX[==ALP3I]

ALP3[=-ALP31

L=2

M=3

TEMR=CDE(1)

TEMI=0.0

DOLOOL=L,4N1
TE1=TEMR=AXR-TEMI#AXI
TEMI=TEMI*AXR+TEMR®AXT
TEMR= TEL+CGE(I+1}
HELL=TEMR

BELL=TEM]
IFIN4)102,103,102
DO101I=L:N4
TEMI=AXR~-ROQTR{I)
TEM2=AXI1~RO0OTI{I)
TEL=TEML=TEML+TEM2#TEMZ
TE2=({TEMR*TEML+TEMI*TEMZ)/TE}
TEMI={ TEML*»TEML-TEMR+TEMZ2)/TEL
TEMR=TEZ2

GO TO(11,12,13,15+33934),M
END{2+0s130,1)
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%
APPENDIX I NU LUCY Loader

At the Savannah River Laboratory, the LASS p?o§§ams have
been loaded onte tape by using the NU LUCY loader 2 y &8 L
22«card loader that will read binary program cards into core
and, with proper sense swltch setting, write the program onto
Logical Unit 1 as a self-loading program. For LASS 2 and LASS
3, one binary correction card was added to the standard NU
LUCY deck. This corrected loader writes programs on, and
reads from Logical Unlt 2; furthermore, the rewind feature
after reading the program from tape is eliminated without _
requiring sense switch settings. The correction card is made
up as follows:

(21)

Word Prefix Decrement Tag Address
9 Left - - - -

9 Right - - - -

8 Left - - - 777268
8 Right - 762008 - 222s
7 Left - - - T761h4e
7 Left - 772008 - 202s
6 Left - - - T7557s
6 Right - 76600e - 222g
5 Left - - - 775538
5 Right - 766008 - 222¢
4 Left - - - 775268
4 Right - 772008 - ; 2028
3 Left - - - 771248
3 Right - ~ 77200e - 2028
2 Left - - - 77121s
2 Right - 764008 - 2028
1 Left - - - 771208
1 Right - 764008 - 202e
0 Left - - - 771236
0 Right - 2000s - 771258
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