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ABSTRACT

The Linear Systems Dynamics (LSD) Program performs a root
locus, frequency response, or time response analysis of a system when
given either the poles and zeros of the transfer function of the system or
amatrixarray of equations that defines the system. For the time response
analysis, a piece-wise quadratic driving function of up to one hundred seg-
ments may be specified. A data tape is generated by the L.SD Program that
may be used by the TRWPLT General Plotting Program to obtain root

locus, frequency response, or time response plots.

The LSD Program is writtenin FORTRAN V for use on the SRU 1108
EXEC II computing system.
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1. INTRODUCTION

The main program, LSD, and the individual subroutines are dis-

cussed in separate sections. Each section contains the applicable infor-

mation for the following:

a)

b)
c)
d)
e)

f)

g)

h)

Identification (The main program identification data are
applicable to each of the subroutines.)

Deck identification

Purpose

Storage (not including named COMMON storage)
Library usage

Subroutine usage (refer to Table 1.1 for subroutine
cross reference)

Named COMMON usage (refer to Table 1.2 for named
COMMON cross reference)

Arguments

Flowchart



Subroutine Usage

Table 1, 1,

Called Routine

qds

d7TVDS
o111y

LO0OHd
LNO

dHdaydo
ddXd 1IN

X

dVALVIN
ALTI

LTI
INODD

VININVD
R(OCR KN

XX| XX

ASVINA
TVAH

NnnNA
WITH

X

NADIH
JDALdA

X

X
X

qaa
NWDeD

X

aned
LOONOD

X
X

NINOD
LNdWNOD

XXX X

vabd
AD0T1d

g01SXNV
HdTONV

rIsnrav
J940dav

XX

odv
as

LSD

CDA

COMPUT
CONIN

CONOUT
C3CD
C3CM
DTVC
EIGEN
ELIM

EMU
EVAL
FREQR
ILT

ILTF
ROOT

RTLC

SCALE

saurnoy Jur[ren




RNECES

dTVOS
DT1LY

o lg’

LOOHA
LNO

daado
ddXd1N

AVALVIN
ALTI

ol

LTI
LNODD

i

VININVYD
qodadg

e

ASVINA
TTVAH

NNA
NTTH

"

Subroutine

NAIDIH
DALA

aa
WDeD

Named Common Usage

aned
LOONOD

NINOD
LOdWOD

e’

vad
AD0Td

<

XX
XX

Table 1.2.

gNSXNV
dTONV

ol

Lsnrav
J494ddv

odv
asT

ola

ADJCOM
AFCOM
BASIC

COMPLX
DCDA

DCMPLX
EXTRA

MDo0oTg UoWIWIoT) paureN

1-3

XX |
X X
XX

X
X

FRQRSP
ILTCOM
INVLT
ATDAT
TRX
OPTION
PARAM
RLOCUS
ROOTS
SKALE
TITLES







2. MAIN PROGRAM, LSD

IDENTIFICATION
Program number: HC003C
Title: LSD
Programming Language: FORTRAN V

Machine: SRU 1108 (EXEC II)

DECK IDENTIFICATION

LSD

PURPOSE

This routine serves as the overall driver, handling general input and

output for the ILSD Program.

DESCRIPTION

Each data case is read in and interrogated. A header page is
printed out with the input options for each data case, Certain standard
program initialization is performed, and control is then transferred to

the routine that performs the actual LSD calculations. Upon completion of

all the data cases, a summary page is printed out with the number of data

cases processed, the run date, and the run time,

STORAGE

This routine requires 13168 locations.

LIBRARY USAGE
QQUFOF
CDATE
CTIME

SUBROUTINE USAGE

CDA



NAMED COMMON USAGE

COMPLX
DCDA

DCMPLX

FRQRSP
INVLT
MATDAT
MTRX
OPTION
RLOCUS
SKALE

TITLES

contains poles, zeros, and closed-loop poles
contains matrix data

contains S-plane poles and zeros and additional poles
and zeros

contains frequency response table
contains time response data
contains matrix data

contains matrix

contains input options

contains root locus data

contains scaling data

contains comment/description cards



FLOWCHART

START

INITIALIZATION

READ ONE

DATA CASE

PRINT ERROR
MESSAGE IF
ERROR
ENCOUNTERED

READ COMMENT/
DESCRIPTION CARDS, "
IF ANY

PRINT HEADER

PAGE
J

PRINT SUMMARY
PAGE IF DATA
CASES EXHAUSTED

SET NUMBER OF
UNDERFLOW AND
OVERFLOW MESSAGES

PERFORM
CALCULATIONS

CLEAR INPUT MATRIX
IF DESIRED

I







3. SUBROUTINE ABC
DECK IDENTIFICATION
ABC
PURPOSE

Given a complex argument, Z, ABC(Z) is the maximum of the

absolute value of the real and imaginary parts of Z.
STORAGE

This routine requires 33, locations.

8

ARGUMENT

FLOWCHART

ABC(Z) = mox (JRe (Z)], [1m (Z)])

RETURN }

END






4., SUBROUTINE ADDFRE
DECK IDENTIFICATION
ADDFRE
PURPOSE

This routine performs a calculation regarding additional frequen-

cies for the LSD subroutine FREQR.
STORAGE
This routine requires 127'8 locations.
LIBRARY USAGE
CABS
NAMED COMMON USAGE
AFCOM - contains data for additional frequencies calculation.
ARGUMENTS

NPOINT - dimension of array

ARRAY - array of poles or zeros



FLOWCHART

FOR EACH POLE OR ZERO,
Z, ¢ =R 2)/IZ]

PROVIDE THE ADDITONAL FREQUENCIES
w;iNf': Ui= |Zi|' N=ll ---16

1£.1 2 0,001
'

RETURN

PROVIDE THE ADDITIONAL
FREQUENCY w. = IZiI

RETURN



5. SUBROUTINE ADJUST
DECK IDENTIFICATION
ADJUST
PURPOSE

This routine adjusts the frequency for the LSD frequency response
routine, FREQR.

STORAGE

This routine requires 674 locations.
NAMED COMMON USAGE

ADJCOM - contains frequency adjustment data
ARGUMENTS

OLDFRQ - prior frequency

FRQ - current frequency



FLOWCHART

ARE THERE
PURE IMAGINARY
POLES AND
ZEROS
7

RETURN

Af = (CURRENT FREQUENCY
- PREVIOUS FREQUENCY)/10

IS CURRENT
FREQUENCY NEAR
A PURE IMAGINARY
POLE OR ZERO
?

RETURN

INCREMENT CURRENT
FREQUENCY BY 4

|




6. SUBROUTINE ANGLE
DECK IDENTIFICATION
ANGLE
PURPOSE

This function returns the modulus of a complex argument. If the

imaginary part of the argument is zero, the modulus is set to zero.
STORAGE

This routine requires 468 locations.
LIBRARY USAGE

ATAN?2

ARGUMENT



FLOWCHART

NO

ANGLE (Z) = tan-l[

Im (Z)
Re (Z)

)

YES

ANGLE (Z) =0

RETURN )

END




7. SUBROUTINE AUXSUB
DECK IDENTIFICATION
AUXSUB
PURPOSE
This routine evaluates the root locus function for the LLSD Program.
STORAGE
This routine requires 3058 locations.
NAMED COMMON USAGE
BASIC - numbers of poles, zeros, and gains
COMPLX
EXTRA - root locus phase, ¢, and bode gain, Kb.

ARGUMENTS

S

FOFS



FLOWCHART

EVALUATE THE ROOT LOCUS FUNCTION
n
n [ m m
f(S)=05° 1 (1-p)+K S ° [ (1-99)

i=1 i i=1 i

RETURN



8. SUBROUTINE BLOCK

DECK IDENTIFICATION

BLOCK

PURPOSE

This is a block data subroutine for the LLSD Program.

NAMED COMMON USAGE

COMPLX
DCDA
DCMPLX
FRQRSP
INVLT
MATDAT
MTRX
OPTION
RLOCUS

SKALE






9. SUBROUTINE CDA
DECK IDENTIFICATION
CDhA
PURPOSE

This subroutine interprets each data case for the LLSD Program

and calls the proper subroutines necessary to calculate a solution.
STORAGE
This routine requires 221068 locations.

SUBROUTINE USAGE
GCONJ
GAMMA
MTRXPR
EIGEN
ELIM
FREQR
RTLC

ILT

NAMED COMMON USAGE
BASIC
COMPLX
DCDA
DCMPLX

INVLT



MATDAT

MTRX

OPTION

PARAM - numerator and denominator indices for transfer
function

RLOCUS

ROOTS - roots of numerator and denominator of transfer
function

TITLES

9-2



FLOWCHART

IS MATRIX

INPUT
?

DETERMINE POLES AND
ZEROS OF TRANSFER FUNCTION

EIGEN

COMPLETE
SOLUTION
DESIRED
?

IS
ROOT LOCUS
ANALYSIS
DESIRED
?

RETURN

PERFORM ROOT
LOCUS ANALYSIS

RTLC

IS
FREQUENCY
RESPONSE
ANALYSIS
DESIRED
?

PERFORM FREQUENCY
RESPONSE ANALYSIS

FREQR

b

IS
TIME
RESPONSE
ANALYSIS

DESIRED
2

PERFORM TIME
RESPONSE
ANALYSIS

RETURN )

END

ILT






10. SUBROUTINE COMPUT

DECK IDENTIFICATION

COMPUT

PURPOSE

This routine evaluates the system transfer function and prints one

line of output for the frequency response portion of the L.SD Program.

One record of plot tape output is generated.

STORAGE

This routine requires 354 _ locations.

8
LIBRARY USAGE
CABS

SUBROUTINE USAGE

DB

ANGLE

NAMED COMMON USAGE
BASIC
COMPLX

OPTION

ARGUMENT

OMEGA

10-1



FLOWCHART

FOR TRANSFER FUNCTION T AND
FREQUENCY w COMPUTE T(jw)

PRINT w, w/'2x, Re[.‘l’(jm)] ’ Im[T(jm)],
TG . 20 logyg I T(jw), mod (T(w),
180 - mod [ T(juw)]

WRITE
ONE RECORD
ON PLOT
TAPE

TAPE DESIRED

RETURN ’

END

10-2



11, SUBROUTINE CONIN

DECK IDENTIFICATION

CONIN
PURPOSE

This routine accepts a complex argument, Z, and returns a com-
plex argument, W, and integer, J, so that Z = W X lOKwhere 1 = ABC(W)
< 1010,
STORAGE

This routine requires 418 locations.
SUBROUTINE USAGE

SCALE

ARGUMENTS
Z

w

11-1



FLOWCHART

FIND W SUCH THAT

Z=WX IOKWHERE { SCALE ’

1 < ABC(W) < 10'0

( RETURN ’

END



12. SUBROUTINE CONOUT
DECK IDENTIFICATION
CONOUT
PURPOSE

Given a complex argument, Z, and integer, K, this routine attempts

to set the complex argument W = Z X IOK. If |Z] or |K| are too large, W

]
will be set to Z X 10K and K will be set toK - K'so that W = Z XlOK.

STORAGE
The routine requires 1648 locations.

SUBROUTINE USAGE

ABC

ARGUMENTS
Z

w



FLOWCHART

RETURN
=0
K'=20
K > 20
AND . i
ABC (W) 2 10
?
YES
K <=30 K' -
?
NO
w=2zx 10K

12-2



13. SUBROUTINE C3CD
DECK IDENTIFICATION
C3CD
PURPOSE

Given the three cell numbers (Z21,KZ1), (Z2,KZ2), this routine
produces the three cell quotion, (Z,KZ).

STORAGE
This routine requires 1148 locations.

SUBROUTINE USAGE
CONIN

CONOUT

ARGUMENTS
Z
KZ
z1
KzZl1
Z2

Kz2

13-1



FLOWCHART

Z=21/22

KZ =KZ1 - KZ2

QUOTIENT CONOUT

RETURN )

END

13-2



14. SUBROUTINE C3CM
DECK IDENTIFICATION
C3iCM

PURPOSE

This routine accepts an array of complex numbers, Z(1l),...,Z(N)

and a three cell number (Z0,K0) and returns the three cell product
(W,K) = Z (1) x...x Z (N) x (Z0, KO)
if IFLAG = 1; otherwise it returns the three cell product

(W,K) = Z (1)X...x Z (N).
STORAGE

This routine requires 1648 locations.

SUBROUTINE USAGE
CONIN

CONOUT

ARGUMENTS
IFLAG

Z

Z0

KO

14-1



FLOWCHART

NO

WK =

[ s
N

YES

SCALE
PRODUCT

RETURN ’

END

14-2




15. SUBROUTINE DB

DECK IDENTIFICATION

DB

PURPOSE

This routine converts power ratio to decibels.

STORAGE

This routine requires 55, locations.

8

LIBRARY USAGE

ALOGI10

ARGUMENT

RATIO - power ratio

15-1



FLOWCHART

RATIO

DB =10 Iogw(-RATIO)

DB=0

DB = 10 log, ,(RATIO)

RETURN ’

END

15-2




16. SUBROUTINE DTVC

DECK IDENTIFICATION

DTVC

PURPOSE

This routine performs a determinant manipulation and evaluation
for the LLSD Program.

STORAGE
This routine requires 14078 locations.

SUBROUTINE USAGE

ABC

C3CM

ARGUMENTS

A
N
DET

KP

NSPEC

1P

NX

KAKE
16-1






17. SUBROUTINE EIGEN
DECK IDENTIFICATION
EFIGEN

PURPOSE

Given a matrix representing a system of equations that describes
a network or other system, this routine solves for the ratio of any two

variables in the system as required for the LSD Program.

STORAGE

This routine requires 7153 _ locations.

8

LIBRARY USAGE
CSQRT
SUBROUTINE USAGE

ABC
C3CD
EVAL
MATVAR
DTVC
C3CM
ouT
CONIN

CONOUT

17-1



NAMED COMMON USAGE

SKALE

ARGUMENTS

R
SS

U

LAMBDA

STOR

IERR

17-2



18. SUBROUTINE ELIM
DECK IDENTIFICATION
ELIM
PURPOSE

This routine eliminates the common poles and zeros for the L.SD
Program. It also reorders the poles and zeros so that the zero elements

occur first.
STORAGE
This routine requires 3318 locations.
LIBRARY USAGE
CABS
SUBROUTINE USAGE

FMASK

ORDER
NAMED COMMON USAGE

BASIC
COMPLX
ROOTS

PARAM

18-1



FLOWCHART

START

DROP REAL AND IMAG INARY PARTS

OF POLES AND ZEROS THAT ARE

LESS THAN 1074

ELIMINATE POLES AND ZERQS
FOR WHICH |Z, - le <1073

ORDER POLES AND ORDER
ZEROS

RETURN

18-2



19. SUBROUTINE EMU

DECK IDENTIFICATION
EMU

PURPOSE

For a given argument, Z, and integer, KARGZ2, this routine returns

[ ez, KARG2 =0

SER (Z, KARG2,15), KARG2# 0 and |Z| < 2
ANS = -

eZ-1, KARGZ = 1, |z] =2

~ eZ-i - SER (Z, 1, KARGZ - 1), otherwise
STORAGE

This routine requires 1408 locations.
LIBRARY USAGE

CEXP

CABS
SUBROUTINE USAGE
SER

ARGUMENTS

KARG2

ANS
19-1



FLOWCHART

START
YES z
KARG2 =0 ANS =e
?
NO
( RrETLRN )
YES
Izl:z ANS = SER(Z, KARG2, 15)
NO
( RETURN )
~ YES
kARG | ANS = eZ -1

( RETURN ,

ANS = eZ - 1 - SER(Z,1,KARG2-1)

RETURN ’

END

19-2



20. SUBROUTINE EVAL

DECK IDENTIFICATION
EVAL

PURPOSE

This routine evaluates the determinant equation (F,KF) = A * LAM
for the LSD Program.

STORAGE
This routine requires 2568 locations.
SUBROUTINE USAGE

MATVAR
DTVC
ABC
C3iCM

C3CD
ARGUMENTS

A
B

NiX

KF
N1

N2

20-1



1P

S

DD

DIFF

LAM

LAMBDA

P

G

KG

KACC

20-2



21. SUBROUTINE FMASK

DECK IDENTIFICATION
FMASK

PURPOSE

This routine accepts one real argument, X, and returns this argu-

ment if its magnitude is greater than 10_4; otherwise, it returns zero.
STORAGE

This routine requires 40_ locations.

8

ARGUMENT
X

FLOWCHART

NO YES

FMASK = X FMASK =0

RETURN )

END

21-1






22. SUBROUTINE FREQR

DECK IDENTIFICATION

FREQR

PURPOSE

This routine computes the frequency response of a system given
its transfer function and a table of frequencies. This routine will add
frequencies to this table for portions of the frequency response curve

that change most rapidly.

STORAGE

This routine requires 461, locations.

8

SUBROUTINE USAGE

ADDFRE
ADJUST

COMPUT

NAMED COMMON USAGE

ADJCOM
AFCOM

BASIC

COMPLX
FRQRSP

OPTION

22-1



ARGUMENT

IERR - error flag

22-2



FLOWCHART

INITIALIZATION

TABLE

DOES
FREQUENCY

ALL ZEROS
2

HAVE

NO

fae | GED
BLAE RETURN

POLES AND ZE

CHECK FOR PURE IMAGINARY

ROS

PERFORM ADDITIONAL
FREQUENCIES CALCULATION

ORDER ARRAY

OF

ADDITIONAL FREQUENCIES

PRINT
HEADINGS

PERFORM FREQUENCY
RESPONSE CALCULATIONS

END
FILE
PLOT
TAPE

( RETURN '

22-3

ADDFRE

ADJUST

COMPUT






23. SUBROUTINE GAMMA

DECK IDENTIFICATION

GAMMA

PURPOSE

This routine computes the ratio of the negative product of non-

zero poles to zeros for the LSD Program.

STORAGE

This routine requires 220, locations.

8

ARGUMENTS
POLES - array of poles
ZEROS - array of zeros

NPOLES - number of poles
NZEROS - number of zeros

RATIO - desired ratio

23-1



FLOWCHART

m
n o p)
i=1
P.70
RATIO = :1
R
i=
Z.#0
|
RETURN

23-2




24. SUBROUTINE GCONJ

DECK IDENTIFICATION

GCONJ
PURPOSE

Given a table of complex numbers, this routine produces a second
table of complex numbers whose entries are those of the first table and
the complex conjugate of those entries of the first table whose imaginary
parts are non-zero. These additional complex conjugates are entered
into the second table immediately following the entries from the first
table,to which they correspond. In general, the second table will be
longer than the first table.
STORAGE

This routine requires 768 locations.

ARGUMENTS

TABIN - input table
TABOUT - output table

NPOINT - dimension of TABIN and TABOUT

24 -1



FLOWCHART

IS
ENTRY
Of TABLE
REAL
?

YES

ADD CONJUGATE OF ENTRY
TO TABLE

RETURN )

END

24-2



25. SUBROUTINE ILT
DECK IDENTIFICATION
ILT
PURPOSE

This routine performs the time response calculations for the LSD

Program.
STORAGE

This routine requires 11758 locations.
NAMED COMMON USAGE

BASIC
COMPLX
ILTCOM
INVLT

OPTION

ARGUMENTS

NPOLY

number of polynomial segments in driving function

TINF

array of driving function times

CINF

array of polynomial coefficients for driving function

IERR

error flag

25-1



FLOWCHART

INITIALIZATION

ARE

ARGUMENTS

VALID
?

NO SET ERROR
FLAG

YES

RETURN
ELIMINATE ZERO POLES FROM
TABLE OF POLES

COMPUTE RESIDUES OF
THE NON-ZERO POLES

ARE THERE
POLES AT
THE

ORIGIN
?

COMPUTE COEFFICIENTS OF THE

PARTIAL FRACTION

EXPANSION OF THE TRANSFER
FUNCTION ABOUT THE ORIGIN

®

25-2



FLOWCHART

COMPUTE SUM OF
THE RESIDUES

PRINT TIME
RESPONSE
HEADER PAGE

COMPUTE TIME RESPONSE

PRINT TIME
RESPONSE

WRITE
PLOT TAPE
IF DESIRED

o

RETURN '

END

25-3






26. SUBROUTINE ILTF

DECK IDENTIFICATION

ILTF
PURPOSE

Given the poles, zeros, and root locus gain that define a transfer
function, this routine computes one point in the time response of the corre-
sponding system. This routine also computes the residues of the poles
of the transfer function and constructs a piece-wise polynomial driving
function.
STORAGE

This routine requires 21518 locations.

SUBROUTINE USAGE

SER
SCALE

EMU
NAMED COMMON USAGE

BASIC
COMPLX

ILTCOM
ARGUMENTS

F - flag
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ICG compute residues only

=0,

= 1, compute transfer function only
= 2, compute response only
= 3,

compute driving function only
TS - array of driving function times
NN - number of polynomial segments
ALPHA - array of polynomial coefficients

IERR - error flag
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FLOWCHART

INITIALIZATION

ARGUMENTS
VALID

SET ERROR FLAG

?

|

‘ RETURN )

COMPUTE RESIDUES OF
NON-ZERO POLES

COMPUTE COEFFICIENTS IN THE PARTIAL
FRACTION EXPANSION OF THE TRANSFER
FUNCTION ABOUT THE ORIGIN

COMPUTE DRIVING
FUNCTION COEFFICIENTS

COMPUTE INVERSE
TRANSFER FUNCTION

COMPUTE DRIVING
FUNCTION

COMPUTE RESPONSE
FUNCTION

RETURN
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27. SUBROUTINE MATVAR
DECK IDENTIFICATION
MATVAR
PURPOSE
This routine accepts a real array, A, dimensioned (N1X, N1X,

NZ2+1), and a complex constant, LAMBDA, and sets each element of a

complex array, B, as follows:

N2+1
B(I,J) = E =t A(I, J, N242-K), I, J = 1,..., Ni
K=1

STORAGE
This routine requires 3448 locations.

ARGUMENTS

LAMBDA - )
A

N1

N2

N1X
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FLOWCHART

B(l,)) -

I, d=1, ..

N2+1

"
K=1

.y

ATV Aq, 5, N2¢2-K)

N1

RETURN )

END
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28. SUBROUTINE MTRXTR
DECK IDENTIFICATION
MTRXTR
PURPOSE

This routine performs the matrix printout for subroutine CDA of
the LSD Program.

STORAGE
This routine requires 2128 locations.
ARGUMENTS

A - matrix
M - number of rows

N - number of columns

FLOWCHART

START
‘ PRINT MATRIX i

RETURN
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29. SUBROUTINE ORDER

DECK IDENTIFICATION

ORDER
PURPOSE

This routine accepts an array of complex numbers and reorders it
so that all zero elements occur first. Only a specified number of these
leading zero elements will be retained.
STORAGE

This routine requires 2078 locations.

ARGUMENTS

ARRAY - array of complex numbers

NZER - number of leading zeros to be retained

NPOINT - dimension of array
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FLOWCHART

PLACE ALL ZERO
ELEMENTS OF ARRAY FIRST

RETAIN ONLY

A SPECIFIED

NUMBER OF ZERO ELEMENTS

RETURN ’

END
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30. SUBROUTINE OUT

DECK IDENTIFICATION
ouT
PURPOSE

This routine performs the print output of eigenvalues and eigen-
vectors for the LSD subroutine EIGEN.

STORAGE
This routine requires 2358 locations.
ARGUMENTS

ITPAR - flag array

X - eigenvector
STOR - iterants and eigenvalues

KAP dimension of X
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FLOWCHART

NO

ACCURACY YES

PRINT "ITERANTS"
HEADING

CHECK
?

PRINT "ACCURACY
CHECK" HEADING

PRINT ITERANTS

YES

COUNTER
EXCEEDED
?

|

PRINT "COUNTER
EXCEEDED"

ACCURACY
CHECK
?

RETURN

PRINT
EIGENVECTOR

RETURN

30-2



31. SUBROUTINE ROOT
DECK IDENTIFICATION
ROOT
PURPOSE

This routine computes the roots of the root locus function for the
LSD Program.

STORAGE

This routine requires 15408 locations.
LIBRARY USAGE

CSQRT

SUBROUTINE USAGE

ABC
AUXSUB
FMASK
ARGUMENTS
A - array of estimates for roots
z - array of roots
NROOTS - number of roots
IERR - error flag
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FLOWCHAR'T

ARGUMENTS
VALID
?

| SET ERROR FLAG

YES

RETURN

INITIALIZATION

GENERATE THREE STARTING
VALUES FOR ITERATION gl

l

ITERATE AUXSUB

¥

GENERATE NEXT ITERANT

ROOT
DETERMINED
CORRECTLY

NO
SET ERROR FLAG

RETURN

}

LET NEXT ROOT
BE CONJUGATE
OF CURRENT ROOT

\ YES [

pu—
RETURN

END
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32. SUBROUTINE RTLC
DECK IDENTIFICATION
RTLC
PURPOSE

This routine performs the root locus calculations for the LSD

Program.
STORAGE

This routine requires 22548 locations.
LIBRARY USAGE

CSQRT
CABS

SUBROUTINE USAGE

GCONJ
ROOT

ANGLE

NAMED COMMON USAGE

BASIC
COMPLX
EXTRA

OPTION
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ARGUMENTS

NCLPS - number of closed-loop poles

IPHASE - phase flag
= 0, 0° phase
=1, 180° phase

TR1 - upper gain limit
TRZ - lower gain limit
TR3 - upper phase limit
TR4 - lower phase limit
ST1 - gain increment
ST2 - gain decrement
ST3 - phase increment
ST4 - phase decrement
IERR - error flag



FLOWCHART

?

ARGUMENTS
VALID

SET ERROR FLAG

{ RETURN )

INITIALIZATION

I

DETERMINE R

OOT LOCUS

AND BODE GAINS

LOAD TABLE OF
ESTIMATES

COMPUTE NOMINAL
CLOSED-LOOP POLES

| ROOT

PRINT ROOT LOCUS
HEADER PAGE

-//Pl o1

GENERATE
FIRST THREE

»
TAPE RECORD TYPES
DESIRED ON PLOT
? TAPE
COMPUTE ROOT LOCUS
BRANCHES ksl
RETURN
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33. SUBROUTINE SCALE

DECK IDENTIFICATION
SCALE
PURPOSE

This routine accepts a complex argument, Z, and multiplies or

divides it by 1010 so that the ABC(Z) is between 1 and 1010. The argu-

ment J is incremented by 1 each time Z is divided by 1010 and is
decremented by 1 each time Z is multiplied by 1010.
STORAGE
This routine requires 1558 locations.
SUBROUTINE USAGE

ABC

ARGUMENTS
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FLOWCHART

RETURN

A ST

ABC (Z) <1010
?
YES
NO
ABC (Z) 21 =7 % G0
?
YES

RETURN

@
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34. SUBROUTINE SER

DECK IDENTIFICATION
SER
PURPOSE

For a given complex argument, Z, this routine evaluates a certain

polynomial function.
STORAGE

This routine requires 1478 locations.

ARGUMENTS

IAD

IDEC
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FLOWCHART

m = JAD

| n = IDEC-IAD |

A

_ 1
i {IDEC-n) x (IDEC-n-1} x ... x { IDEC-n-m+1)

S ek, D

B

1
m  (IDEC-n) x (IDEC-n-1) x ...x{IDEC-n-m+1}

N m n n=-1
SER(Z) = BmZ (AnZ +An_ z

1 t"+MZ+U

RETURN )
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STARTING ACCRESS

CIRE LIMITS C14000 ©50275

36. PROGRAM ALLOCA I'ION

ClacC0Q

LSD /CODE
0 C63645-064060C6
1 £14000-C14353

NSTOP$/CQOCE
1 014354-014371

NOUT$¢ /CODE

0 C646C7-C64610
1 Cl4372-015434%
2 C64611-C64651

NTABS$ /CODE
0 064652-064773

NFTV$ /C0ODL
1 015435-015457

NIOIN$/CODE
1 Cl54060-015523
2 C647T74-065024

NOTINE/COCE

36-1

063645 163771

163772 163777



> C65025-006%025
1 C15524-016C47
2 C65026-065066
FPACK$/CUDE

1 C16050-C16113

DEPTH /%s%x%x
0 065067-065074

NFMT$ /CODE
1 Clolla-017C76
2 065075-065215

NIER$ /CODE

0 065216-065216
1 017077-017235
2 £65217-065302

NERRS$ /CODE
c 065303-065432
1 C17236-C17634

NINPT$/CODE

0 065433-065433
1 C17635-G21026
2 C65434-065466

FLOATX/CODE
0 065467-0656C2

NEXP $X/CODE
0 C65603-065710

CONVTX/CODE
0] C65711-065763

NININS/CODE

1 021627-021172
2 065764-065767
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NLINP /COut

0 CoS5T76-06577¢6
1 C21173-C231C4
2 Ce577TT7-5661 4t

NRWNC E/COLE
1 €23105-023171

MSC$C1/CuUDE
¢ 066147-C66LC 3

ETODS$ /CCoL
0 C662C4-CH62( 4
1 €C23172-0232:5

CDA /CO0E
0 C66205-106C11
1 023226-C25526

NEXP54/CCDE
1 C25527-025624
2 1C6C12-1C6C14

NXPAF$/CCDE
1 025625-026C03
2 106015-1C26C21

EXP /CQODE
1 C260C4-226CT4
2 106022-1C6041

ALOG /CODE
1 C26075-C261¢2
2 1J6042-10611¢

NXPAX$/CODE
1 026163-C262C5
2 1C6117-106117

CDOvs /CODE
C 16612C-106121
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1 C26206-C2€255

CaABS /CODE
1 026256-0263C2
2 166122-106125

SQRT /CODE
0 106126-1356162
2 1C6163-1Ce224

IeT /CODt
0 106225-106515
1 €26303-0272C6

NFOUT $/C0ODE
1 C27207-C27413
2 1C6516-1C6516

NBUFF$/COGDE
1 $27414-02745C
2 106517-137525

NEXPD¢/CODE
1 C27451-027546
2 127526-1C7527

NXPCX$/CODE
1 C27547-027656
2 107530-10754C

NXPCF ¢/CODE
1 C27657-027777
2 107541-1C755C

CEXP /CODE
1 C300CC-C30CC61
2 107551-107611

SINCCS/CODE

1 030062-03C151
2 107612-107645
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CLOG /CODE
1 C3C152-2322%2
2 1CT646-1C7¢40

ATAN /CODE
1 030253-03C352
2 107661-1C7732

ILTF /CUDE
G 1IC7733-11C52¢4
1 033353-C031731

EMU /CODE
C 110525-11C537
1 031732-0328586

SCALE /CODE
0 110540-11056C
1 032057-032212

ABC /CODE
C 110561-11C57¢
1 032213-C3223¢

SER /CODE
0 11r571-11Co13
1 (2236-032361

ILTCONM/ s5ktns
0 110614-111132

RTLC /CODE
0 111133-1121C4
1 032362-033663

CSQRT /CODE
1 033664-034021
2 112105-112114

NEXP1$/COLE



1 034022-034121
2 112115-112116

ANGLE /CODE
0 112117-112127
1 034122-C34156

ROOT /CODE
C 112130-112263
1 034157-035562

FMASK /CODE
0 112264-112274
1 £35563-C35611

AUXSUB/CODE
0 112275-112323
1 035612-036067

EXTRA /*¥x&xxk
0 112324-112327

FREQR /CODE
0 112330-112416
1 £36070-036461

COMPUT/CODE
0] 112417-112470
1 036462-036763

DB /CODE
0 112471-112502
1 036764-037026

ALOG10/CODE
1 C37627-037075
2 112503-112536

ADJUST/CODE

0 112537-112553
1 037076-C37147
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ADCFRe/CUDE
o) 112554-112577
i 03715C-037252

AFCOM /¥%kktx
0 112600-11373°

ADJCCM/ e kkk
G 113731-114241

ELIM /CODE
C 114242-114274
1 037253-03755C

GRDER /CODE
0 114275-114323
1 037551-C3773C

EIGEMN /CODE
0 114324-11645"
1 037731-C447F5

CCNCUT/CODE
0 116451-116463
1 044757-045127

CONIN /CODE
e 116464-116471
1 045130-C45162

ouT /CODE
0 116472-116573
1 C45163-C45315

C3CM /CODE
0 116574~-116615
1 C45316-C45457

pTvec /CODE
0 1166145-11674C



1 C45460-246743

MATVAR/CODE
0 116741-117813
1 046744-047234

EVAL /CODE
C 117014-117C44
1l 04T235-C47461

C3CD /CODE
C 117045-117C57
1 047462-C417562

MTRXPR/COUE
0 117060-117124
1 047563-047727

GAMMA /CODE
C 117125-117161
1 047730-050112

GCONJ /CODE
o 117162-117176
1 650113-C50173

ROOTS /#&stak
0 117177-121766

PARAM /#kd&et
0 121767-121770

BASIC /%&&%x%xx%
0 121771-121777

QQUFCF/CODE
0 122000-122072
1 050174-050275

TITLES/##%%%%
C  122073-122200
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SKALE /#%t%kx
C 122201-122202

RLOCLS/ % xk%x
0 122203-12231¢

OPTION/ % %ks%
0 122311-12234C

MTRX /%&tzsx
o 122341~-14742C

MATDAT/ % %%x%x%
0 147421-147423

INVLT /#&xeks
0  147424-155015

FRQRSP/ * ¥ &%
C  155016-156054

DCMPLX/ % &%k
0 156055-16245C

DCDA /%x&x%x
0 162451-1630C5

COMPLX/ #¥k k%
0  163CC6-163771

END CF ALLOCATION 1103 0036
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