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PREFACE ;

This is the first issue of the LCAP2 source code description report.
Description of this program still needs to cover several aspects of the program
before this report can be considered as complete. These include description of
(1) blank and labeled COMMON block, (2) flow diagrams for typical Batch and
Interactive LCAP2 operators, and (3) methods for selective suppression of print-
outs. Rather than wait until time is available to complete this task, this
report is published in its present state so that it can be referenced by LCAP2

users.
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N 1.0 INTRODUCTION

LCAP2 (Linear Control Analysis program) is a FORTRAN program which provides
St the control analyst with the capability to numerically perform classical linear
. control analysis techniques such as transfer function manipulation, transfer
N function evaluation, frequency response, root locus, inverse time response and

sampled-data transforms, including multiloop multirate digital systems, using
s, z and w transforms.

Y This program is the successor to LCAP, Ref. 1, which is a batch program
o utilizing card inputs. This original version did not have the flexibility to
?}f allow the user to easily develop code to automate, for example, a complete sta-
- bility analysis task beginning with the input of raw data to the generation of
the stability plots. This is a very desirable feature in an industrial environ-
ment. The batch version of LCAP2 provides this flexibility, since the user

fﬁ writes his own FORTRAN program and each LCAP2 operator is coded as a FORTRAN

:; subroutine. The interactive version of LCAP2 is also a very easy program to use

ﬁﬁ since numerous prompts are employed. However, it is not as flexible as the batch

i{ version since the user can only input numeric and simple alphanumeric data. The

X interactive version is primarily intended to be used for quick response design
and analysis of systems which can be easily modeled.

= PROGRAMMING CONSIDERA

ﬁ;; The original version of LCAP, which was written in the late 1960's, uti-
lized an overlay structure since the existing core memory of the CDC 640076600
at that time was not sufficient to load the entire LCAP program. The use of over-

?{ lays in this original version of the program was of no concern to the user since

;: use of LCAP consisted of loading and executing a binary program.

:“ To provide the user with more flexibility in using this program, a major

o

revision was started in the late 1970's. The improved flexibility was achieved
by allowing the user to write his own source code in FORTRAN. Overlays were not
e used for this improved version of the program for the following reasons: (1)
user does not have to contend with understanding an overlay structure, (2) CDC

;; 176 core memory is larger than the previous CDC 6400/6600, and (3) an LCAP2

S library was created. Creation of the LCAP2 library allows a user job to load

. only those routines necessary to execute the job, thereby minimizing the core

memory required.

S

L: - A major effort in the revision of LCAP was the implemention of each LCAP

‘o operator as a FORTRAN subroutine so that the user could write a simple FORTRAN

5: CALL statement to specify an LCAP operation. Coding of the fundamental control

. analysis functions previously implemented in LCAP were not changed. In fact,
» some of this code, which was developed in the 1960's, could be reworked to

- improve its efficiency. However, due to limited resources, this was not done.

‘:f In 1980 development of the interactive version of 1CAP2 was initiated.

% This version of the program was to provide quick response support for the Aero-

f": space Corporation's design and analysis capabilities. Design of this program was

1




L

r-'::
;Ci- dictated by the hardware and software provided by the CDC 835 computer using the
1: ) interactive INTERCOM Version 5.0 system and the NOS Version 1 operating systenm.
_\_ In the interactive mode only 120K octal words are available to the user. This is
2SDA hardly adequate for loading LCAP2. The interactive version of LCAP2 had to use
f{{ either an overlay structure or employ a segment loader. The latter was chosen
}}} since the effort required to define a tree structure for the segment loader was
A easier than defining an overlay structure. This difference in effort is even
"j more apparent when modifications or additions are to be made to LCAP2 since the .
—y segment loader directives, which define the tree structure, are all on one
j;ﬁ record while overlay statements are intersperced throughout the FORTRAN source
gy code.
sr
o In the batch version of LCAP2 where the user writes his own FORTRAN source
e code, flexibility of this program is provided by utilization of the construction
&_: of the FORTRAN language and by the FORTRAN callable implementation of the LCAP2
e operators. A similar flexibility for the interactive version of LCAP2 would be
- desirable. However, since FORTRAN is a compiler language, rather than an inter-
fi: pretive language, an interactive command language is needed to interpret the
;tu user's FORTRAN or FORTRAN like statements. Since such a command language was not
- available and no resources were available to develop one, a less flexible inter-
g active program was developed. By limiting the user inputs to numeric and simple
{:<: alphanumeric data and by extensive use of user prompts, a versatile and easy to
e use program was implemented.
~
JA'I.‘..
XS 3.0 BATCH LCAP2
‘_~ Use of the batch version of LCAP2 consists of the user writing his own FOR-
;?}j TRAN program. This allows the user to make full use of the FORTRAN language in
*;;; developing an analysis program. The principle involved in providing the user
'k;\ with this capability is simple. However, the actual operations involved are a
o 's, bit more complex. Description of this process is given in two parts: (1) job
. structure and (2) job submittal.
S 3.1 JOB STRUCTURE
o
o The basic operations of a batch LCAP2 job are:
'";” (1) Creation of FORTRAN program - main program and
] subroutines (optional)
%:%: (2) Compilation of the source code from (1) :
{:f: (3) Loading of routines from the LCAP2 and system libraries
o -
—X (4) Execution of the LCAP2 program from (2)
1j:: (5) (Optional) - Cataloging of data file if one is
N created by LCAP2
2N ‘
|28 ‘
.:'?::; 2
o
N
R

.
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(6) (Optional) - Loading and execution of the HARDCPY
program to produce hardcopy plo . created by LCAP2

To facilitate the development of the FORTRAN program by the user, the CDC
UPDATE! program is utilized. An LCAP2 library has been defined so that the first
part of the main program (see Appendix A), which contains many lines of COMMON
block and EQUIVALENCE statements, need not be written by the user. This block of
code is copied from the program library and added to the the user's FORTRAN code
to create the source code. The input (card images) for the UPDATE program will
be of the form:

XIDENT idname
¥INSERT START.1

%¥DECK MAIN

¥CALL LCAP2
CALL INITO (initialization of LCAP2 parameters)
CALL MINITO (initialization of matrix parameters)

(user's FORTRAN code)

CALL LEXIT (required if hardcopy plots are generated)
END

The ¥ in column 1 defines an UPDATE directive. The first directive, XIDENT
idname, specifies an identification name, idname, which can be 1 through 9 char-
acters long. The second directive, ¥INSERT START.1l, defines the location where
the input data to follow is to be inserted. The directive, XCALL LCAP2, will
write the code in COMDECK LCAP2 to the file COMPILE. This COMDECK LCAP2 contains
the main program statment and all of the COMMON block and EQUIVALENCE statements
required by the main program. The remaining input data are the user's FORTRAN
code whieh will be copied to the file COMPILE to complete the creation of the
main program.

The job control cards for setting up the above operations are given in the
next section.

3.2 JOB SUBMITTAL

Two forms for job submittal are given below. The first will be an explicit
one which includes a complete list of control cards required. The second is a
shortened form which attaches and uses a procedure to generate the control
cards.

1 The UPDATE program maintains and updates source decks for libraries under
the SCOPE 2.1, NOS 1, and NOS/BE 1 operating systems.

AEITFTLTRAT AT AT TETROR A LT s T T e v s T T T e T T T e TR Te e e e T R e aT e T e # -.‘—-71




:_'f:’_"f’._f':_- MO aEAA NG A AR e At At - e ot aliis v Sir - Bl S Nat O AR - oM M ol A e oA " nab il AR e arll 2ol s oMl S 008 288 AR MR SO0 Rel ama o 2 4 1

( control cards for accounting )

FILE,TAPE30,BT=1. (optional, use only if old data
ATTACHC(TAPE3O0,1fn,ID=..... »ST=PFé) is to be restored) .
ATTACHC(OLDPL,8LCAP2PLX,ID=9487) (attach LCAP2 program library )

UPDATE.

FTINCI=COMPILE,R=3) (compile output of UPDATE)

FILE,TAPE31,BT=1. (optional, only if LCAP2

REQUEST(TAPE31, %PF) operator STORE is to be used)

RETURN(COLDPL)

ATTACHC(LCAPLIB,8LCAP2LIBX,ID=9487) (attach LCAP2 library)

ATTACHC(PLOTLIB, 3FTNPLOTLIB) (attach plot library)

LIBRARY(LCAPLIB,PLOTLIB)
LDSET(PRESET=ZERO)

LGO. (load and execute LCAP2 program)
CATALOG(TAPE31,8filename,ID=.....,5T=PF6) (optional, use only if LCAP2

STORE operator was used)
HARDCPY,ST=IBMDS. (omit argument if A3 plotter desired)
XEOR (end of record)

(UPDATE input deck as described
in previous section)

XEOR (end of record)
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(C control cards for accounting )

FILE,TAPE30,RT=1I.
ATTACH(TAPE30,1fn,ID=..... »ST=PF6)
ATTACH(X,8LCAP2CC,1ID=9487)

BEGIN, LCAP2CC, X.
CATALOG(TAPE31,8filename,ID=..... »ST=PF6)

HARDCPY,ST=IBMD3.
XEOR

(UPDATE input deck as described
in previous section)

- T - —————— T - - - -
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(optional, use only if old data

is to be restored)

(attach LCAP2 control card PROC)
(execute PROC)

(optional, use only if LCAP2

STORE operator was used)

(omit argument if A3 plotter desired)
(end of record)

(end of record)

In the second form, the file X will generate the same control cards as the

first form except for the (1) FILE,TAPE3O0,..

ALOGC(TAPE3l,....

..» (2) ATTACH(TAPE3O, ...
» and (4) HARDCPY. statements.

.» (3) CAT-
It is recommended that the sec-

ond form be used unless the user must change some of the control cards. An
example when this is necessary is if the print limit is exceeded. The statement
LGO. should be changed to LGO(PL=..... ) where the value of PL is the number of

print lines.
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4.0 INTERACTIVE LCAPZ

Unlike the batch version where the user creates a main FORTRAN program for
each job, the interactive version is compiled once and saved as a binary file to
be used by all users. Use of this binary file by the user is more complex than
simply attaching this file and executing it since some pre and post-processing
may be required.

If hardcopy (high resolution electrostatic) plots are to be produced, a -

plot file PLOT must be created and cataloged by Interactive LCAP2 on the CDC 835
computer. Since the HARDCPY program, which processes the PLOT file, resides on
the CDC 176 computer, a separate batch job must be sent to this computer to exe-
cute the HARDCPY program. A PROC (procedure) is used to automate this
post-processing task so that it will be transparent to the user. PROCs are also
used to automate attaching and cataloging of LCAP2 data files. The following
subsections describe the creation of the INTERACTIVE LCAP2 binary code and pro-
cedures.

T T '} c N
The basic operations in creating the binary code for Interactive LCAP2 are:
(1) Creation of FORTRAN main program
(2) Compilation of the source code for (1)
(3) Segment loading of routines from LCAP2 and system libraries
(4) Cataloging of binary program created in (2) and (3)

Like the batch version of the program, the UPDATE program is utilized to
facilitate the development of the FORTRAN main program. The same UPDATE COMDECK
LCAP2, with minor modifications, is used to create the first part of the main
program. The input (card images) for the UPDATE program is given by:

XIDENT XYZ
X/ CHANGE DEFAULT BUFFER LENGTH FOR FILES
XDELETE LCAP2.3,LCAP2.4

+,TAPE19=200, TAPE30=461,TAPE31=461, TAPE83=200

+,TAPE84=661, TAPE85=461, TAPE86=461, TAPE87=461, TAPE89=46461
t 74 DELETE REFERENCE TO COMMON BLOCKS MATRIX1 AND MDET1
%DELETE EL11163.2,EL11163.7
XINSERT START.1
XDECK MAIN
XCALL LCAP2 .
XCALL ACOM

CALL ILCAP2

END
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In the batch version, code for the first part of the main program was
copied from the UPDATE COMDECK LCAP2. For the interactive version a similar pro-
cess will be used except that modifications must first be made to COMDECK LCAP2.
Statements LCAP2.3 and LCAP2.4 are to be changed as indicated. These are contin-
uvation statements in the main program declaration statement which declare files
to be used by the program. In the batch version, which uses the CDC 176, buffer
space is allocated for the declared files in LCM (large core memory). In the
interactive version buffer space occupies SCM (small core memory) instead of
LCM. Since the default length is 2003 octal words per file and small core memory
is to be conserved, the buffer length for these files was reduced. Statements
EL11163.2 through EL11163.7, which declares common blocks MATRIX1 and MDET1, are
deleted since they are not needed for Interactive LCAPZ2. The directives ¥INSERT
START.1 through XCALL LCAP2 perform the same operations as described for the
batch version. The ¥CALL ACOM directive will declare common block ACOM. Subrou-
tine ILCAP2 is the executive routine for interactive LCAP2. Description of this
routine is given in Section 6.

4 J u TTAL FOR CREATION OF INTERACT AP2 NAR

The operations given in Section 4.1 are executed in the interactive mode of
the CDC 835 by the following PROC:

.PROC, XXXX, FF=#FILE.

ATTACHCOLDPL ,8LCAP2PL835,1D=9487) (attach LCAP2 program library)
UPDATE(I=FF)

FTNCI=COMPILE,L=0UTPUT) (compile output of UPDATE)
MAP(PART)

ATTACH(OLDLIB,8LCAP2L1B835,1ID=9487) (attach LCAP2 library)
ATTACH(PLOTLIB, 3FTNPLOTLIB) (attach plot library)
LIBRARY(OLDLIB,PLOTLIB)

RFL(120000) (request field length)
SEGLOADCI=FF) (segment loader)

LGO.

REVERT.

XEOR (end of record)

(UPDATE input deck as described
in Section 64.1)

%XEOR (end of record)

(SEGLOAD directives
see Appendix B)

¥EOR (end of record)
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To execute the PROC the following SENATOR and INTERCOM commands can be

used)
In SENATOR,

(1) SAVE TEMP.DATA
(2) END

In INTERCOM,
(3) REQUEST(ABS, XPF)
(4) ETL 300
(5) BEGIN, XXXX, TEMP

(6) REWIND ABS

(save above PROC file)
(return to INTERCOM mode)

(increase time limit)
(execute PROC, file ABS will be
the output of SEGLOAD)

(7) CATALOGC(ABS,8ABSINTLCAPZ,ID=9487,PH=..... )

The file ABS created above can be attached and executed by the user if no
pre and post-processing is required. Generally though, pre and post-processing
will be required. A PROC has been written to perform these operations so that
the whole process will be transparent to the user. This is described in the fol-

lowing section.
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4.3 PROC FOR LOADING AND EXECUTING INTERACTIVE LCAP2

The PROC INTLCAP2 describing the loading and execution of Interactive LCAP2
. is given below. The complexity of this process is the result of (1) hardcopy
: plots must be processed off-line in the batch mode using the CDC 176, (2) there
- is no higher level interactive command language available, and (3) the desire to
simplify user prompts as much as possible.
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.
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-2, USE OLD vy TAPE30 n TELL USER TO
LCAP2 DATA? ATTACHED? | ATTACH TAPE30

n Yy
PLOT DATA HWRITTEN TO FILE PLOT IF

ATTACH, LOAD - = - =» HARDCOPY PLOTS REQUESTED BY LCAP2
AND EXECUTE
FILE ABS

STORED DATA WRITTEN TO FILE TAPE31
- = - -»1 IF RESTORE OPERATOR WAS USED

ATTACH AND EXECUTE (1) CREATE PROCEDURE PROC1 TO
PROGRAM GENPROC CATALOG TAPE31 IF REQUIRED
TO AUTOMATE POST- |——=1 (2) CREATE FILE FOR BATCH PROCESSING
PROCESSING OF HARDCOPY PLOT FILE

(SEE APPENDIX D)

!

EXECUTE PROCEDURE
PROC1

.c i

BATCH FILE TO

»

cDc 176 TO
PROCESS HARDCOPY

3 PLOTS IF REQUIRED

5

o Block Diagram for PROC INTLCAP2
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The top part of the block diagram describes the pre-processing to check if
the user has attached the file to be used for restoring previously stored LCAP2
data. The middle part of the block diagram describe the use of the Interactive
LCAP2 program. The output blocks from the dotted lines describe data that must
be processed after the program exits from ABS.

In order to automate the process to perform the post-processing to catalog
TAPE3]l and to process the hardcopy PLOT file, the program GENPROC is first exe-
cuted. The program will first interrogate a file written by Interactive LCAPZ2 to
see if hardcopy plots are to be produced and if TAPE3l is to be cataloged. The
user 1is then prompted for information required for completing this
post-processing operation. A procedure PROCl is then written for cataloging
TAPE31l. Next, a batch file will be created for processing the hardcopy plots.
The control cards, which contain accounting information, are automatically
written for the user using system routines to pick this information from data
initially logged in by the user.

After GENPROC has been completed, the procedure PROCl, which was just writ-
ten by GENPROC, will be executed. The batch file created by GENPROC will then be
batched from the CDC 835 to the CDC 176.

The code for the procedure INTLCAPZ2 is given in Appendix C.

The code for the program GENPROC is given in Appendix D.

5.0 LCAP2 DATA FORMAT

To simplify program development, fixed size arrays are used by LCAP2 to
represent polynomials, transfer functions and matrices. Polynomials up to
degree 49 and transfer functions up to degree 49 over 49 can be accommodated.
The matrices used for transfer function evaluation by Cramer's method can be as
large as 30 x 30.

Y AL _FO

Polynomials in LCAP2 can be represented in coefficient or in root form. A
polynomial in x is represented in coefficient form by

., I

\

\ i
/ a x
i

~

i=0

10
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A real array of dimension 51 is used to represent this data. The degree n of
this polynomial is stored in the first element of the array. The coefficients
a of the polynomial are stored in ascending order starting with the second

i

element of the array.

adecimdeadeadnainsbolil. Moo b olionte i

A polynomial in x is represented in root form by

Bad

~
X
+
—
~

where n is the number of roots, alpha is a complex root, u is the number
i
of roots at the origin and a is the low order non-zero coefficient. A complex
u
array of dimension 50 is used to represent this data. The number of roots, n,
is stored in the real part of the first element of the array. The low order
non-zero coefficient, a , is stored in the imaginary part of the first element
u
of the array. The complex roots are stored in successive elements starting with
the second element of the array.

To input coefficient data using the PLDC operator, the array POLY is used
to enter coefficient data. To input root data using the PLDR operator, the com-
plex array ROOT is used to enter the root data. For typical use these are the
only polynomial FORTRAN arrays which the user needs to be concerned with. All
other polynomials used will be referenced with indices as arguments of the LCAP2
operators.

The polynomials which can be referenced with indices as arguments of LCAP2
operators are designated as POLY1l, POLY2, POLY3, etc. The first five POLYi's are
stored in COMMON/SCMBLK/. All additional POLYi's where i is larger than five are
stored on file TAPE84. The format used to represent this data is the same as that
described above.
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2.2 TRANSFER FUNCTION FORMAT

Transfer functions in LCAP2 can be represented in coefficient or in root
form. A transfer function in x is represented in coefficient form by

A real array of dimension 102 is used to represent this data. The degree n of

the numerator is stored in the first element of the array. The coefficients a
i

of the numerator are stored in ascending order starting with the second ele-

ment of the array. The degree m of the denominator is stored in the fifty-

second element of the array. The coefficients b of the denominator are stored

j
in ascending order starting with the fifty-third element of the array.

A transfer function in x is represented in root form by

N B
u x
a X I (—+1)
u -alpha
i=1 i
e
s v x .
N b x I ¢ +1)
S v -beta
::‘i j=1 3
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where m is the number of numerator roots, alpha is a numerator root, u is the
i
number of numerator roots at the origin, a is the low order non-zero coeffic-
~ u
ﬁ{: ient of the numerator, m is the number of denominator roots, beta is a denom-
3
.. inator root, v is the number of denominator roots at the origin, and b is the
v
low order non-zero coefficient of the denominator. A complex array of dimension
N 100 is used to represent this data. The number of numerator roots, n, is stored
h}: in the real part of the first element of this array. The low order non-zero co-
i efficient, a , of the numerator is stored in the imaginary part of the first
) u
- first element of this array. The complex numerator roots, alpha (i=l,n), are
i
stored in successive elements starting with the second element of this array.
The number of denominator roots, m, is stored in the real part of the fifty-
first element of this array. The low order non-zero coefficient, b , of the
v
denominator is stored in the imaginary part of the fifty-first element of this
array. The complex denominator roots, beta (j=1,m), are stored in successive
b1
elements starting with the fifty-second element of this array.

To input transfer function data using the SPLDC, ZPLDC or WPLDC operators,
corresponding to s, z or w plane loading, the arrays POLYN and POLYD are used to
enter the coefficient data for the numerator and denominator, respectively. To
input transfer function data using the SPLDR, ZPLDR or WPLDR operators, corre- ]
sponding to s, z or w plane loading, the complex arrays ROOTN and ROOTD are used 4
to enter root data for the numerator and denominator, respectively. For typical
use, these are the only transfer function FORTRAN arrays which the user will K
need to be concerned with. All other transfer functions used will be referenced :
with indices as arguments of the LCAP2 operators. 1

A
E
j

The s plane transfer functions which can be referenced with indices as

arguments of LCAP2 operators are designated as SPTFl, SPTF2, SPTF3, etc. The

first five SPTFi's are stored in COMMON/SCMBLK/. All additional SPTFi's where i

is larger than five are stored on file TAPE85. Corresponding to the s plane, z

and w plane transfer functions are designated as ZPTFl, ZPTF2, ZPTF3, etc. and

WPTF1, WPTF2, WPTF3, etc., respectively. The first five ZPTFi's and first five

- WPTFi's are also stored in COMMON/SCMBLK/. All additional ZPTFi's are stored on

[ AR

.;: file TAPE86 and all additional WPTFi's are store on file TAPES87.
.\ .
o 5.3 MATRIX FORMAT
'. a
E; Cramer's method for transfer function evaluation is given in Example 11 of
.\j Ref. 1 and in Example 12 of Ref. 2. The matrix M(s) can have polynomial elements
hg up to degree four. To input this data into matrices MO, M1, M2, M3 and M4 are
%; defined by
N
4
@

r 1.
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4 3 2 1
M(s) =Més + M3Is + M2s + ML s+ MO ]

A real array of dimension 30 x 30 is used to represent each of these input matri-
ces. The user's dimension of these matrices is specified by the parameter MXM.
The highest order of the polynomial elements is specified by the parameter MDEG.

Although a matrix of dimension 30 x 30 can be entered with up to fourth -
order polynomial elements, there is a restriction that the determinant of this
matrix, as computed by the operators DTERM or DETRM, must vield a polynomial of
degree less than fifty. This restriction is due to the fixed size polynomial
arrays used to save this determinant polynomial.

4 VECT FORMAT

The original determinant operator, DTERM, required the user to manually
change column elements of the matrix in order to obtain the numerator polynomial
of a transfer function via Cramer's method. The new version of the determinant
operator, DTERM, automatically substitutes the forcing vector into a desired
column of the matrix M(s). This forcing vector is B(s) which can have polynomial
elements up to degree four. To input this data input vectors B0, Bl, B2, B3 and
B4 are defined by

4 3 2 1
B(s) =B4s + B3s + B2s + Bl s + 0

A real array of dimension 30 is used to represent each of these input vec-
tors. The user's dimension of these input vectors is specfied by the parameter
MXM. The highest order of the polynomial elements is specified by the parameter
MDEG. polynomial.
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6.0 SYBROUTINES

A Description of each routine in the LCAP2 subroutine library is given in
this section.

. ADDP
b, Identification
'5: SUBROUTINE ADDP - Add Polynomials (Coefficient Form)
.. CDC FORTRAN 4
N E. A. Lee
\ Aerospace Corporation
|
2 Purpose
:ﬁ Add coefficients of two polynomials
N Usage
2 CALL ADDP(A,B,C)
{‘
ﬁ A input - Polynomial coefficient array (LCAPZ format)
o B input - Polynomial coefficient array (LCAP2 format)
{ C output - Polynomial coefficient array (LCAPZ2 format)
2
- 1. EPAD]1 (preset=1.E10) in COMMON/HEADDB/ is used to test for negligible coef-
: ficients.
Method
- Coefficients of polynomials A and B are added and stored in polynomial C. A test
:' is then made to see if the highest order coefficient is smaller than all the oth-
3 er coefficients by 1/EPADl. If it is, then it is considered to be negligible and .
~ is set to zero and the order of the polynomial reduced by one. This test is then :
repeated.
1
B !r. !- .c

The degree of the polynomials must be less than 50.

. R jrem )

- COMMON blocks: HEADDB
LCAP2 routines: PCHEK,PEQUAL,PZERO

L4
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Identificati

<, Al

SUBROUTINE AUXM1 - Auxiliary Subroutine Used With MULE For Computing Determinant
Of A Complex Matrix

e
9%

CDC FORTRAN 6
E. A. Lee
Aerospace Corporation -

¥ Y s

4

Compute determinant of a matrix with complex elements. When MROOT] is

called, AUXM]l is used by subroutine MULE to compute the eigenvalues of the

i determinant polynomial of a matrix. This subroutine is to be used for the batch
b version only.

i A
0,
(WSRO ) WOV OV LD T .- { SRR DRSNS T T

- Usage

f" CALL AUXMI1(RTX,FRTX,SC)

" RTX input - Complex root iterant supplied by MULE

ﬁ; FRTX output - Complex determinant of matrix computed by CXMTX1 f
e SC - not used

~'/A' 1
< ]
4 1. Matrix data and the computed complex determinant, DET, are stored in ]
. COMMON/MDET1/. See description for MROOTI. )
o )
:Q; 2. RTMAX (preset=1.E7) in COMMON/HEADDB/ is used to determine when to termi- ;
A; nate iterative procedure by MULE. When MAX{RTX) exceeds RTMAX, all eigen-

L values should have been found. FRTX is then set to zero so that MULE will

terminate searching for the eigenvalues. If roots to be found are very
large, RTMAX should be increased so that it is at least 1.EG larger than

{§ the largest known root.

. Determinant is computed by CXMTX1. See description for MROOT1.
.-:' .
- :
2>
EAE
L. Maximum dimension of matrix is 30 x 30. Highest order polynomial element is
W four. *
\f;: Use for batch version of LCAP2 only. If used for interactive version, pro-
j{. gram length will be increased because blank common will not be shared by matrix
v and plot data.
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HEADDB,MATRIX1,MDET]

COMMON blocks:
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CXMTX1

LCAP2 routines:
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; Identificati

f:f SUBROUTINE AUXM2 - Auxiliary Subroutine Used With MULE For Computing Determinant
-t Of A Complex Matrix

e CDC FORTRAN 4

o, E. A. Lee

} Aerospace Corporation .

e
- Burpose

o

;r;: Compute determinant of a matrix with complex elements. When MROOT2 is
s called, AUXM2 is used by subroutine MULE to compute the eigenvalues of the
A determinant polynomial of a matrix. This subroutine is to be used for the inter-
AN active version only.
b2
} Z;f': Usage

- *l.

.- ':-.

.

CALL AUXM2(RTX, FRTX,SC)

Cul

;;{ RTX input - Complex root iterant sugplied by MULE
fu:- FRTX output - Complex determinant of matrix computed by CXMTX1
{tf: sC - not used
| 1. Matrix data and the computed complex determinant, DET, are stored in blank
‘\y. common /7. See description for MROOTZ2.
.}QS 2. RTMAX (preset=1.E7) in COMMON/HEADDB/ is used to determine when to termi-
{}f nate iterative procedure by MULE. When max(RTX) exceeds RTMAX, all eigen-
o values should have been found. FRTX is then set to zero so that MULE will
! terminate searching for the eigenvalues. If roots to be found are very
N large, RTMAX should be increased so that it is at least 1.E4 larger than
ENTY the largest known root.
s
’ L]
r\e 3. AUXM2 is similar to AUXM1 except that blank common // is used instead of
] COMMON/MATRIX1/ and COMMON/MDET1/.
. Method
* .’:: -
; Determinant is computed by CXMTX1. See description for MROOTZ2.
o)
NG
: Restrictions 4
AN
Q;ﬁ Maximum dimension of matrix is 30 x 30. The degree of the polynomial ele-
:{{d ments must not be greater than 4.
N
o
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Use for interactive version of LCAP2 only. If used for the batch version,
the user must keep track of what data is in blank common if frequency response
and determinant operations are intermixed.
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Requirements

A I AP

COMMON blocks: HEADDB,//
LCAP2 routines: CXMTX1
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:l& SUBROUTINE AUXP - Auxiliary Subroutine Used With MULE For Computing Roots Of
- A Polynomial
N CDC FORTRAN 6
E. A. Lee .
. Aerospace Corporation
N
"
\ a
}i‘ Evaluate a polynomial in coefficient form. When subroutine PROOT is
i called, AUXP is used by MULE to compute the roots of a polynomial.
N
R Usage
o
}¢Q CALL AUXP(S,FS,SC)
.’:\
- ] input - Complex root iterant supplied by MULE
<53 FS output - Complex value of polynomial evaluated at S
‘QQE sSC - not used
39
/ \iﬁ
o) 1. Coefficients of the polynomial are in polynomial array POLYC (LCAP2 format)
i of COMMON/CMPOLY/. (They were copied from the arguments of subroutine PROOT
R into the array POLYC.)
i Method
S
" The polynomial is evaluated in double precision.
L]
5 Reatrictions

The degree of the polynomial must be less than 50.

R o
L

e

PP VLI LN

o 4K

Reayirements

,l

gt

COMMON blocks: CMPOLY
LCAP2 routines: none
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Identificati
SUBROUTINE AUXPl - Evaluate Polynomial (in coefficient form) With A Complex
Argument R
CDC FORTRAN 4 .
E. A. Lee 1
¢ Aerospace Corporation 2
Purpose -
) Evaluate a polynomial, in coefficient form, for a given complex value of

the independent variable.

Usage

CALL AUXP1(POLY,S,FS)

POLY input - Polynomial coefficient array (LCAP2 format)

S input - Complex value of independent variable
FS output - Complex value of polynomial evaluated at S
Metheod

Yhe polynomial is evaluated in double precision.

Restricti
The degree of the polynomial must be less than 50.
Reayirements

COMMON blocks: none
LCAP2 routines: none

S e i e e e e N N e g e
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‘ Identificati

?;: SUBROUTINE AUXRT1l - Evaluate Polynomial (in root form) Hith A Complex Argument
oot CDC FORTRAN 4

{i. E. A. Lee

Rans Aerospace Corporation

»

?: Burpose

~5: Evaluate a polynomial, in root form, for a given complex value of the inde-
WL pendent variable.

‘e Usage

':f

i} CALL AUXRT1(ROOT,S,FS)

4

‘QH ROOT input - Complex polynomial root array (LCAP2 format)

v S input - Complex value of the independent variable

.ﬁ; FS output - Complex value of polynomial evaluated at S

)

Y

Lu

f‘.f B L. ! .

\‘
: - The degree of the polynomial must be less than 50.

if Reauirements

:jt COMMON blocks: none

U LCAP2 routines: XTRACT

s
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Identification

SUBROUTINE AXXMRN - Evaluate Function Used To Compute Numerator Of Multirate
Transform

CDC FORTRAN 4

E. A. Lee

Aerospace Corporation

Purpose

Evaluate function used to compute numerator of multirate transform by
Sklansky's frequency decomposition method. When subroutine MRXFM is called,
AXXMRN is used by subroutine MULE to compute the numerator roots.

Usage

CALL AXXMRN(X,FX,SC)

X input - Complex root iterant supplied by MULE

FX output - Complex value of function evaluated with X

SC - not used

1. Function to be evaluated is defined in subroutine MRXFM and placed in COM-

MON/COMAXX/ . See description for MRXFM.

Method

(to be documented later)
Restricti

The degree of the polynomial must be less than 50.
Requirements

COMMON blocks: COMAXX,ITEST,HEADDB, TEMPRT
LCAPZ2 routines: EJKN

23




Identificati

SUBROUTINE BILNWZ - BPilinear Transformation of Polynomial Coefficients From
W To Z Plane

CDC FORTRAN 4

E. A. Lee

Aerospace Corporation

Purpose

Transform coefficients of w plane polynomial to z plane polynomial using
the bilinear transformation.

Usage

CALL BILNKWZ(PIN,POUT)

PIN input - KW plane polynomial coefficient array (LCAP2 format)
POUT output - Z plane polynomial coefficient array (LCAP2 format)

Method

Algorithm by A. C. Davies. (IEEE Trans. On Circuits and Systems, pp
792-794, Nov. 1974)

Restricti

This method is not very accurate for higher order polynomials since it uti-
lizes only the coefficients of the polynomial. See description for WZXFM which
is more accurate since the roots of the polynomials are used.

Reauirements

COMMON blocks: none
LCAP2 routines: none

26
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Identificati

SUBROUTINE BILNZW - Bilinear Transformation of Polynomial Coefficients From
Z To H Plane
CDC FORTRAN 64

E. A. Lese
Aerospace Corporation

Purpose

Transform coefficients of z plane polynomial to w plane polynomial using
the bilinear transformation.

Usage

CALL BILNZHW(PIN,POUT)

PIN input - Z plane polynomial coefficient array (LCAP2 format)
POUT output - H plane polynomial coefficient array (LCAP2 format)

Method

Algorithm by A. C. Davies. (IEEE Trans. On Circuits and Systems, pp
792-796, Nov. 1974)

The code for this is routine is in subroutine BILNKWZ.
Restricti

This method is not very accurate for higher order polynomials since it uti-
lizes only the coefficients of the polynomial. See description for ZHXFM which
is more accurate since the roots of the polvynomials are used.

Requirements

COMMON blocks: none
LCAP2 routines: none

25
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SUBROUTINE BPRINT1l - Print Out B Vector
CDC FORTRAN 4

S €E. A. Lee

. Aerospace Corporation

e Burpose
f:f Print out vectors B0, Bl, B2, B3, and B% which are used in evaluating a
o transfer function by Cramer's method. BPRINT1l is to be used only for the batch .
O version of LCAP2.
Usage

CALL BPRINT1

‘gfi 1. B vector data is in COMMON/MATRIX1/. They are described below:
N Parameter Description
R
3:& MATDIM DIMENSION of vectors B0,Bl1,B2,B3,B3,B4
A MXM Dimension of vectors (1-30)
) MDEG Highest degree of polynomial element (0-6)
( BO Vector for coefficients of s%x0
e Bl Vector for coefficients of skxl
e B2 Vector for coefficients of s¥x2
o B3 Vector for coefficients of sX¥3
A B4 Vector for coefficients of sxx4
' Method
'Cjé Only the non-zero elements of the vectors are printed out.
Ay
o Reavirements
;:.';1
COMMON blocks: MATRIX1,PRNCTL
TS, LCAPZ routines: none
"l\ o
)
A
Y
R
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ification

SUBROUTINE BPRINT2 - Print Qut B Vector
CDC FORTRAN ¢

E. A. Lee

Aerospace Corporation

Purpose

Print out vectors B0, Bl, B2, B3, and B4 which are used in evaluating a
transfer function by Cramer's method. BPRINT2 is to be used only for the inter-
active version of LCAP2.

Usage
CALL BPRINT2
B vector data is in blank common /7. They are described below:
Parameter Description

MATDIM DIMENSION of vectors BO,Bl1,B2,B3,B4

MXM Dimension of vectors (1-30)

MDEG Highest degree of polynomial element (0-9)
BO Vector for coefficients of s¥x0

Bl Vector for coefficients of sxxl

B2 Vector for coefficients of s¥x2

B3 Vector for coefficients of skx3

B4 Vector for coefficients of s¥x4

Method

Only the non-zero elements of the matrices are printed out.

Requiremenis

COMMON blocks: PRNCTL,//
LCAP2 routines: none




Identificati

SUBROUTINE CNGCO - Interactive Input Routine To Change Transfer Function
Coefficients

CDC FORTRAN 4

E. A. Lee.

Aerospace Corporatxion

Purpose

Prompts user for data to change coefficients of an existing transfer func-
tion.

Usage
CALL CNGCOCINDX)

INDX input - Index of transfer function to be changed

1. Transfer functions will be stored in the s, w or z plane as determined by
the flag PLN in COMMON/ACOM/. Set PLN=1HS, 1HW or 1HZ for s, w or z plane,
respectively, before calling CNGCO.

Method

Program will print out the transfer function coefficients and ask the user
if the data is correct. If not, the user can (1) change the degree or (2) change
the coefficients of either or both the numerator or the denominator.

The code for this routine is in subroutine COEFF.
Restricti

The degree of the transfer function must be less than 50.
Requirements

COMMON blocks: ACOM,HEADDB, TFTEMP
LCAP2 routines: FETTFX,PEQUAL,STRTFX
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Identificat;

SUBROUTINE CNGCOP - Interactive Input Routine To Change Polynomial
Coefficients

CDC FORTRAN 4

E. A. Lee

Aérospace Corporation

Purpose

Prompts user for data to change coefficients of an existing polynomial.

Usage

CALL CNGCOPCINDX)

INDX input - Index of polynomial to be changed

Method

Program will print out the polynomial coefficients and ask the user if the
data is correct. If not, the user can (1) change the degree or (2) change the
coefficients.

The code for this routine is in subroutine COEFP.
Restricti

The degree of the polynomial must be less than 50.
Reaujrements

COMMON blocks: ACOM,HEADDB
LCAP2 routines: FETPY,STRPY
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( Identification :
< ]
:{ SUBROUTINE CNGRT - Interactive Input Routine To Change Transfer Function ]
:} Roots R
~ CDC FORTRAN 4 :
oy E. A. Lee.
n Aerospace Corporation
‘ Purpose
;: Prompts user for data to change roots of an existing transfer function.
Usage
‘2
- CALL CNGRT(INDX)
;T INDX input - Index of transfer function to be changed
;o 1. Transfer functions will be stored in the s, w or z plane as determined by
j:{ the flag PLN in COMMON/ACOM/. Set PLN=1HS, 1HH or 1HZ for s, w or z plane,
S respectively, before calling CNGRT.
‘” 2
f{‘ Program will print out the transfer function roots and ask the user if the
s, data is correct. If not, the user can (1) add root values, (2) delete root
- values, (3) change root values or (4) change the gain value.
-,
S The code for this routine is in subroutine IROOT.
TN
o
:{« The degree of the transfer function must be less than 50.
AR
7 )
; Requirementis
:% COMMON blocks: ACOM,HEADDB,TFTEMP,//
- LCAP2 routines: FCNW1,FCNW2,FETTFX,PROOT,PSYNTH, RTCMNT,RTEQU,
-~ STRTFX, XTRACT
i
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Identification

SUBROUTINE CNGRTP - Interactive Input Routine To Change Polynomial
Root

CDC FORTRAN 6

E. A. Lee
Aerospace Corporation

Purpose

Prompts user for data to change roots of an existing polynomial.
Usage

CALL CNGCOP(INDX)

INDX input - Index of polynomial to be changed

Method

Program will print out the polynomial roots and ask the user if the data is
correct. If not, the user can (1) add root values, (2) delete root values, (3)
change root values or (4) change the gain value.

The code for this routine is in subroutine IROOTP
Restricti

The degree of the polynomial must be less than 50.

uireme

COMMON blocks: ACOM,HEADDB,TFTEMP,//
LCAPZ routines: FETPY,PROOT,PSYNTH,RTCMNT,STRPY
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o COEFF
Identificati
‘x:_'.
\.: SUBROUTINE COEFF - Interactive Input Routine For Transfer Function Data In
'::~::; Coefficient Form
,:{,'_‘ CDC FORTRAN 6
i F. P. Fernandez and E. A. Lee.
. Aerospace Corporation .
N
.::‘ Burpose
:‘: Prompts user for data to load in transfer function coefficients.
A Usage
s
b"h
-:: CALL COEFF(INDX)
‘:'_:.'; INDX output - Index used to store transfer function which the
s user entered in response to a prompt
A %
=
J-:T 1. Transfer functions will be stored in the s, w or z plane as determined by
::s.? the flag PLN in COMMON/ACOM/. Set PLN=1HS, 1HH or 1HZ for s, w or z plane,
o respectively, before calling COEFF.
-"g
:::;': Program will prompt the user for transfer function coefficients. After
.:-::: data entry, the program will print out the transfer function and ask the user if
{-:, the data is correct. If not, the user can (1) change the degree or (2) change the
' coefficients of either or both the numerator or the denominator. The program
25 then prompts the user for the number where this transfer function is to be
:.:-_.1 stored. This number is returned to the calling program to be used, if necessary,
.-_:,': for further proc¢essing of LCAP2 operators.
P
o Restrictions
AP
3% The degree of the transfer function must be less than 50.
L:,: R . !
N
- COMMON blocks: ACOM,HEADDB, TFTEMP
N LCAP2 routines: FCNW1,FETTFX,PEQUAL,STRTFX .
By
"Ny
N
.:)]
.L..l

32
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Identificati

SUBROUTINE COEFP - Interactive Input Routine For Polynomial Data In

Coefficient Form
CDC FORTRAN 4
F. P. Fernandez and E. A. Lee
Aerospace Corporation

Purpose

Prompts user for data to load in polynomial coefficients.
Usage

CALL COEFP(INDX)

INDX output -~ Index used to store polynomial which the user
entered in response to a prompt

Method

Program will prompt the user for polynomial coefficients.
entry, the program will print out the polynomial and ask the user if the data is
correct. If not, the user can (1) change the degree or (2) change the coeffi-
cients. The program then prompts the user for the number where this polynomial
is to be stored. This number is returned to the calling program to be used, if

necessary, for further processing of LCAP2 operators.
Restrictions
The degree of the polynomial must be less than 50.

Reauirements

COMMON blocks: ACOM,HEADDB
LCAP2 routines: FETPY,STRPY
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Identificati
SUBROUTINE CPPRN - CP (Central Processing) Time Print Out
CDC FORTRAN ¢ :
E. A. Lee 4
Aerospace Corporation ~ I
.\ 9
‘.: Purpose s
S d
) Print out CP time used from beginning of job. This allows the user to ‘
N determine how much computing time is required for various operations.
A
N Usage
N
.- CALL CPPRN ]
s
ad 1 Flag INTFLG (preset=0) in COMMON/INTCOM/, if .NE.O, will suppress the
N printout. The printout is intended to be used for the batch version of
T LCAP2.
-
YL
o Method
o
( Calls system routine SECOND(T) and prints out T.
0 .
W) Reguirementis
Y COMMON blocks: INTCOM
a0
W' LCAP2 routines: none
"
?V
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s
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ntification

-
L.t

SUBROUTINE CPYPS - LCAPZ2 Operator, Copy Polynomials Into S Plane Transfer
Function -

CDC FORTRAN 4

E. A. Lee

Aerospace Corporation

KRS Ty SR

Purpose

% Copy polynomials into an s plane transfer functions using LCAP2 indices.
For transfer function evaluation by Cramer's method, this operator is used to
define a transfer function after two polynomial determinants have been computed
with the use of the DETRM operator.

gga ge

CALL CPYPS(I,J,K)

I input - Index of s plane transfer function where results are to be stored
J input - Index of poly. to be used to define numerator of SPTFi, i=I

K input - Index of poly. to be used to defi.ie denominator of SPTFi, i=I
Method

Copies coefficients of polynomials into a transfer function. If the roots
of the polynomials are also defined, these roots are also copied into the trans-
fer function.

Restricti
The degree of the polynomials must be less than 50.
Reauirements

COMMON blocks: PRNFLG, TFTEMP
LCAP2 routines: ENDLINE,FETPY,OPPRN,PEQUAL,PYPRNL,RTEQU,STRTFX, TFPRNG
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Identificati
'-? SUBROUTINE CPYPWH - LCAP2 Operator, Copy Polynomials Into W Plane Transfer
fo Function
~! CDC FORTRAN &
e E. A. Lee Y
Aerospace Corporation ~ B
ji This operator is similar to CPYPS except that it is for a w plane transfer '
f;\ function instead of a s plane transfer function. ]
w The code for this routine is in subroutine CPYPS. ;
\ l
ot :
.{. B
:_’; !
= CPYPZ I
Pd 4
N Identificati
:;$ SUBROUTINE CPYPZ - LCAP2 Operator, Copy Polynomials Into Z Plane Transfer %
5 Function )
:ﬂ CDC FORTRAN 4
¢ E. A. Lee
{ Aerospace Corporation
d
Yy
fnf This operator is similar to CPYPS except that it is for a z plane transfer
-:/ function instead of a s plane transfer function.
~
o The code for this routine is in subroutine CPYPS.
,ix
‘-..
s
~
Ay

A "l‘ . 1
/0N if

.
'y

! i

5
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Identificati

SUBROUTINE CPYSP - LCAP2 Operator, Copy S Plane Transfer Function Into Polynomials
CDC FORTRAN 4

E. A. Lee

Aerospace Corporation

Burpose

Copy s plane transfer function into polynomials using LCAP2 indices.
Usage

CALL CPYSP(I,J,K)
I input - Index of s plane transfer function to be used in copying

J input - Index of polynomial equated with the numerator of SPTFi, i=I
K input - Index of polynomial equated with the denominator of SPTFi, i=I

Method
Copies coefficients of transfer function into polynomials. If the roots of
the transfer function are available, the roots are also stored in the polynomi-
als.
triction

The degree of the polynomials must be less than 50.

Requirements

COMMON blocks: PRNFLG, TFTEMP
LCAP2 routines: ENDLINE,FETTFX,0PPRN,PEQUAL,PYPRNG,RTEQU,STRTFX, TFPRN1
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Identificati
SUBROUTINE CPYWP - LCAP2 Operator, Copy W Plane Transfer Function Into Polynomials
CDC FORTRAN 4

E. A. Lee

Aerospace Corporation

This operator is similar to CPYSP except that it is for the w plane trans-
fer function instead of the s plane transfer function.

The code for the routine is in subroutine CPYSP.

Identificati
SUBROUTINE CPYZP - LCAP2 Operator, Copy Z Plane Transfer Function Into Polynomials
CDC FORTRAN 4

E. A. Lee

Aerospace Corporation

This operator is similar to CPYSP except that it is for the z plane trans-
fer function instead of the s plane transfer function.

The code for this routine is in subroutine CPYSP.
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‘i - dentification

I
A
:r:: SUBROUTINE CRELIM - Common Root Elimination
TRy CDC FORTRAN 4
et E. A. Lee
“?) Aerospace Corporation
:. Pyrpose
Eliminate common roots between two complex root arrays in LCAP2 format.
o Usage
\
»ﬁ”: CALL CRELIM(ROOTN,ROOTD,XROOTN,XROOTD,IQCOM,IQR,IQZ,IPCOM,IPR,IPZ,COMROT)
"
3\
;{?L ROOTN  input - Complex polynomial root array (LCAPZ format) for numerator
:Sﬁ ROOTD input - Complex polynomial root array (LCAPZ format) for denominator
XROOTN output - Complex polynomial root array (LCAPZ format) for numerator
A4 XROOTD output - Complex polynomial root array (LCAPZ2 format) for denominator
1;«: IQCOM output - Number of complex roots of numerator
:vj: IQR output - Number of non-zero real roots for numerator
:af 1Qz output - Number of roots at zero for numerator
:I“J IPCOM output - Number of complex roots for denominator
4 : IPR output - Number of non-zero real roots for denominator
i IPZ output - Number of roots at zero for denominator
:5{5 COMROT output - Complex polynomial root array (LCAPZ2 format) for the common roots
o
S
i}}: 1. CRELIM tolerance parameters, ECRE]l (preset=2.E-4) and ECRE2 (preset=1.E-38)
- are in COMMON/HEADDB/ .
:ﬁgf 2. Diagnostic flag, PRN1l, (preset=0) in COMMON/HEADDB/, if .NE., will pro-
1NN vide additional printout for check out.
‘s’:'
~:f See description of SELCR.
s Restrictions
l‘\.::‘:
'::: The degree of the polynomial must be less than 50.
Y
* Reauirements
N
Yo COMMON blocks: HEADDB
"N LCAP2 routines: RCLAS,RTPRNO
-’::o':
!.A'.v.
@i
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T CXMIX1
u
..--\Q
-:':-:: SUBROUTINE CXMTX1 - Determinant Of A Complex Matrix
:.‘ CDC COMPASS Assembly Language
o H. J. Nertz
o Aerospace Corporation
o Purpose
-
~§_\ Compute determinant of a matrix with complex elements.
)
ey Usage
A
_:::' CALL CXMTX1(A,NVAR,DET,NADIM)
> 4
e
N A input - Complex matrix (DIMENSIONCNADIM,i), where i .GE. NVAR)
o NVAR input - Rank of the matrix
— DET output - Complex value of determinant of the matrix
= NADIM input - Row dimension of A
=
o Method
::\‘j This subroutine is written in CDC COMPASS assembly language for faster exe-
( cution time. A FORTRAN version of this routine is also available.
e Reauirements
o
o COMMON blocks: none
-;-_-: LCAP2 routines: none
NN
S
4 )
-‘_‘,
: :: ~
Y
o
)
‘\- .
V'
o
A%
%8
A
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Identificati
SUBROUTINE DAYPRN - Date Print Out
CDC FORTRAN 4

E. A. Lee
Aerospace Corporation

Purpose
Print out date of execution.
Usage
CALL DAYPRN
Method
Calls system routine DATE(A) and prints out the date.
Requirements

COMMON blocks: none
LCAP2 routines: none
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Identification

SUBROUTINE DETRM - LCAP2 Operator, Determinant Of Matrix With Polynomial Elements
(0ld Version)

CDC FORTRAN 4

E. A. Lee

Aerospace Corporation

Purpose

Compute polynomial determinant of a matrix with polynomial elements
defined by:

4 3 2 1
M(s) =Més + M3iIs + M2s + ls + 0

The determinant is found by solving for its roots directly and then com-
putang its coefficients.

This subroutine is for the batch version of LCAP2. For interactive LCAPZ2,
see subroutine IDETRM.

Usage
CALL DETRM(I)
I input - Index where polynomial determinant is to be stored

1. Before DETRM is used, the matrix parameters must first be initialized by
calling MINITO (only once).

2. Matrix parameters are in COMMON/MATRIX1/. They are to be set before MROOT1
is called. These parameters are defined below:

Parameters Preset Description
MXM 1 Dimension of matrices (1-30)
MDEG 0 Highest degree of polynomial element (0-4)
MO 0 Matrix for coefficients of s¥x0
M1 0 Matrix for coefficients of sXxl
M2 0 Matrix for coefficients of sxx2
M3 0 Matrix for coefficients of sX%x3
MG 0 Matrix for coefficients of sxx4
3. When this operator is used for transfer function evaluation via Cramer's

method, the user must manually change the appropriate elements of the
matrix to account for the forcing vector. An improved version of this oper-
ator, DTERM, will perform the substitution of the forcing vector automat-
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ically. Use DTERM instead of DETRM. The old version of the determinant
operator will be maintained for compatability with old deck setups.

Method

See description for MROOT1.
Restrictions

The dimension of the matrix must not be greater than 30 x 30. The polynomi-
al elements of the matrix must be of degree 4 or less. The degree of the computed
polynomial determinant must be less than 50.

Requirements

COMMON blocks: INTCOM,PRNCTL,TFTEMP
LCAP2 routines: HOLLI,MPRINT1,MRO00T1,O0PMESG,PPRN1,RTPRN2,STRPY

LN L

e

s

78
[ A
s 2 2

— e
)
et e
]

-
. 0 ”

....

R LA
R AR

43

B e s
o

.
1@

., %




-----------------------------

............

Identificati

SUBROUTINE DTERM - LCAP2 Operator, Determinant 0f Matrix HWith Polynomial Elements
(New Version)

CDC FORTRAN 4

E. A. Lee

Aerospace Corporation . i

Bucpose

Transfer function evaluation by Cramer's method for the system described by

M(s) X(s) = B(s)u

G 3 2 1
Més + M3Is + M2s + Mls+ MO

where M(s)

4 3 2 1
B4s + B3 s + P2s + Bls+ BO

B(s)

MO, M1, M2, M3, MG are square matrices of dimension MXM
BO, Bl, B2, B3, BG4 are vectors of dimension MXM

State vector of dimension MXM
Scalar input

X(s) =
u:

is given by

x (s) det M (s)
j j

u det M(s)

where M (s) is equal to M(s) with column j replaced by B(s).
j
The operator DTERM will compute the determinant of M (s). Substitution of

J
B(s) into column j will be done automatically by the program.

The determinant is found by solving for its roots directly and then com-
puting its coefficients.

This subroutine is for the batch version of LCAP2. For interactive LCAP2,
see subroutine IDTERM.
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Usage

CALL DTERM(I,J)

-

input - Index where polynomial determinant is to be stored
J input - Column where B(s) is to be substituted into
(J=0 interpreted to mean no column substitution)

. l. Before DTERM is used, the matrix parameters must first be initialized by
calling MINITO (only once).

2. Matrix parameters are in COMMON/MATRIX1/. They are to be set before MROOT1
is called. These parameters are defined below:

Parameters Preset Description

MXM 1 Dimension of matrices and vectors (1-30)
MDEG 0 Highest degree of polynomial element (0-4)
MO 0 Matrix for coefficients of s¥x0

Ml 0 Matrix for coefficients of s¥xl

M2 0 Matrix for coefficients of sx¥2

M3 0 Matrix for coefficients of s¥x3

M4 0 Matrix for coefficients of sXX4

BO 0 Vector for coefficients of sXx0

Bl 0 Vector for coefficients of s¥x]

B2 0 Vector for coefficients of s¥x2

B3 0 Vector for coefficients of s¥%x3

B4 0 Vector for coefficients of sxx4

Method

If j is not zero, B(s) is substituted into column j of M(s). Subroutine
MROOT]1 is then called to compute the determinant. Column j of M(s) is then
restored to its original value.

Restrictions

The dimension of the matrix must not be greater than 30 x 30. The polynomi-
al elements of the matrix must be of degree 6 or less. The degree of the computed
polynomial determinant must be less than 50.

Requirements

COMMON blocks: INTCOM,MATRIX1,PRNCTL, TFTEMP
° LCAP2 routines: BPRINT1,HOLLI,LEXIT,MPRINT1,MRO0T1,O0PMESG,PPRN1,RTPRN2,
STRPY
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( Identification

o X
o SUBROUTINE DOTLINE - Print Out One Row Of Dots ;
< CDC FORTRAN

- E. A. Lee

Aerospace Corporation

Eurgose

Print out one row of dots to be used for delimiting operations.

5 ,". ‘A,.‘A."-IS)

Usage .

P

3
)
'n

CALL DOTLINE

1. Flag PRNFLG3 (preset=1) in COMMON/PRNCTL/, if .EQ.0, will suppress the
printout.

2

Requirements

v "'.l‘
ted s

COMMON blocks: PRNCTL
LCAP2 routines: none
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‘1 Identification

g

;:$ COMPLEX FUNCTION EJKN — COMPUTE eXX%(j(2piXxk/n))

A CDC FORTRAN 6

{:i E. A. Lee

vy Aerospace Corporation

L J

\:}i Purpose

{3; ) Compute exponent of j(2.%piXk/n) used in evaluating frequency decompos-
:_;3 ition operations. Used by subroutine AXXMRN when subroutine MRXFM is called to
S compute the multirate z transform by Sklansky's frequency decomposition method.
A

p - Usage

o CALL EJKNCK)

ol 1. All other arguments and results are in COMMON/COMAXX/. See description for
e MRXFM.

fﬂf Method

For improved computational efficiency, a table look up in COMMON/COMAXX/ is
used if k is .LE. 10. This table is created in subroutine MRXFM by calling EJKNI
for k=1,..,n. If kK is larger than 10, ithe complex exponent is comp''ted for each
call instead of using a table look up. The table look up can be extended past 10
elements if user needs warrant it.

2N
p, e,
‘e .
)

s

'.?*n\
[y

[4

~ Requirements
"

' COMMON blocks: COMAXX
i LCAP2 routines: none
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Identificati

COMPLEX FUNCTION EJKNI ~ Initialization of Complex Function EJKN
CDC FORTRAN 4

E. A. Lee

Aerospace Corporation

l' [
AN

b

e Initialization of complex function EJKN(k). Look up table is created and
TN stored in COMMON/COMAXX/. See description for EJKN.

Usage
CALL EJKNI(k)
1. Argument k is defined in description of EJKN.
A4 Method
:E See description for EJKN.
~
> Code for this routine is in subroutine EJKN,
¢ Requirements

- COMMON blocks: COMAXX
. LCAP2 routines: none
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Identificati

SUBROUTINE ELPLOT]1 - Plot Routines Utilizing Aerospace Routines
CDC FORTRAN 4

E. A. Lee

Aerospace Corporation

Burpose
Plot routine for producing higher resolution hardcopy plots.
Usage

CALL ELPLOT1(XVAR,YVAR,CVAR,XTITLE,YTITLE,ATITLE, INFLG)

XVAR input - array of the independent variable
YVAR input - array of the dependent variable
CVAR input - array of input quantities

CVAR(1) -~ plot segment
0 = complete plot 1

first call of a
continuation plot
final call of a
continuation plot
CVAR(Z) -~ Number of values in each array
CVAR(3) =~ Starting point for x axis of plot
CVAR(4) - Max. acceptable value along the x axis

If CVAR(3)=CVAR(4), auto.scaling for x axis
CVAR(5) =~ Units per inch along the x axis
CVAR(6) =~ Constant added to all x values before plotting
CVAR(7) - Constant all x values are multiplied by before plotting
CVAR(8) - Start point for y axis of plot x axis
CVAR(9) =~ Units per inch along the v axis

If =0, auto. scaling for 10 inch y axis
CVAR(10) - Constant added to all y values before plotting
CVAR(11) -~ Constant all y values are multiplied by before plotting
CVAR(12) - Max. x distance (.01 inch) without lifting pen
CVAR(13) - Max. y distance (.01 inch) without lifting pen
CVAR(14) - Intensity of line (2 to 28), nominal is 16
CVAR(15) - Intensity of zero line
CVAR(16) - .EQ. 0 for linear plot, .NE.O for semi-log plot
CVAR(17) - Number of cycles for semi~log plots

0 = automatic, 2 = two cycles, 3 = three cycles
CVAR(18) - Grid pattern for 835 film plotter

=GHNICO for Nichols plot grid

=3HSQR for 10x10 grid

=6HZPOLAR for polar plot
CVAR(19) - Number of additional lines of annotation, (0-3)
CVAR(20) - y position for additional annotation

2 = continuation 3
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AR CVAR(21) - =0 for point plot

(.' =1 for x, with numeric labeling, =-1 without

- =2 for o, with numeric labeling, =-2 without
-ﬁg} CVAR(22) - Numeric for labeling when CVAR(21) .GT. 0

W CVAR(23) - =0 for line plot

s =1 for step plot

-

’ Method .

This subroutine utilizes the Aerospace plot routines. This subroutine was
. written before the availability of the portable graphics routines such as CAL-
:}; COMP and GCS.

Requirements

aa

COMMON blocks: INTCOM
LCAP2 routines: CPPRN,HOLLI,OSCALE
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Identification

SUBROUTINE ENDLINE - Print Out One Row Of Dashes
CDC FORTRAN 4

E. A. Lee

Aerospace Corporation

Purpose

Print out one row of dashes and the CP (Central Processing) time. This
enables the user to determine the computer time required for various operations.

Usage
CALL ENDLINE

1. Flag PRNFLG3 (preset=1) in COMMON/PRNCTL/, if .EQ.0, will suppress the
printout.

2. Interactive flag INTFLG (preset=0) in COMMON/INTCOM/, if .NE.O, will sup-
press print out of CP time. (INTFLG set to 1 for interactive LCAP2)

Requirements

COMMON blocks: INTCOM,PRNCTL
LCAP2 routines: none
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Ideantification

COMPLEX FUNCTION EVLRRT - Evaluate Transfer Funtion In Root Form For A

Given Complex Value
CDC FORTRAN 6

E. A. Lee
Aerospace Corporation

Burpose

Evaluate transfer function in root form for a given complex value.

Usage

EVLRRT(ROOT,S)
ROOT input - Complex transfer function root array (LCAP2 format)
S input - Complex value of the independent variable
EVLRRT output - Complex value of transfer function evaluated at S
Method

The code for the routine is in subroutine EVLRT.
Restricti

The degree of the transfer function must be less than 50.
Requirements

COMMON blocks: none
LCAP2 routines: XTRACT
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Identificati

COMPLEX FUNCTION EVLRT - Evaluate Polynomial In Root Form For A
Given Complex Value

CDC FORTRAN ¢

E. A. Lee

Aerospace Corporation

Purpose

Evaluate polynomial in root form for a given complex value.

Usage

EVLRT(ROOT,S)

ROOT input - Complex polynomial root array (LCAP2 format)
S input - Complex value of the independent variable
EVLRT output - Complex value of polynomial evaluated at S

Restricti
The degree of the polynomial must be less than 50.
Reauirements

COMMON blocks: none
LCAP2 routines: XTRACT
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Identificati

COMPLEX FUNCTION EVMRRT - Evaluate Transfer Function Using Frequency

Decomposition
CDC FORTRAN 4
E. A. Lee
Aerospace Corporation

Burpose

Evaluate multirate transfer function in root form for a given complex
value. The multirate transfer function is defined by Sklansky's frequency decom-

position method.

Usage
EVMRRTC(IPLANE, TFR, NRATIO, XN)

IPLANE input - =1 for z plane, =-1 for w plane

TFR input - Transfer function root array (LCAP2 format) at the faster

sampling rate
NRATIO input - Ratio of output/input sampling periods

XN input - Complex frequency at the faster input sampler used

to evaluate the frequency response

EVMRRT output - Complex value of transfer function response evaluated at XN

Method

Subroutine EVLRRT is used to evaluate the transfer
frequency decomposition method.

Restricti

functions in Sklansky's

The degree of the transfer function must be less than 50.

Regquirements

COMMON blocks: none
LCAP2 routines: EVLRRT
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‘\ Identification

5:: COMPLEX FUNCTION FAUXH - Evaluate Response Of User-Supplied W Plane Transfer
b Function
S CDC FORTRAN &
Y E. A. Lee

* Aerospace Corporation

I
B S
1 Purpose

o

}i Evaluate response of user-supplied w plane transfer function. The w plane
‘ function is defined by a user-supplied subroutine.
)

02 Usage
o FAUXH(CFUNC)

T

™ CFUNC input - Name of user-supplied subroutine. Must be declared with

s an EXTERNAL statement in the calling program.

{f: FAUXH output - Complex value of the response

‘.l

2% 1. Independent w plane frequency used in evaluation of the response is com-
:x puted by the program using real frequency U in COMMON/FRQBLK/ and sampling
N period SAMPT in COMMON/HEADDB/.

o Reauirements

[l

vl

<. COMMON blocks: FRQBLK,HEADDB
: W LCAP2 routines: none
N
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Identificati

COMPLEX FUNCTION FAUXWM - Evaluate Multirate Response Of User-Supplied
W Plane Transfer Function

CDC FORTRAN &

E. A. Lee

Aerospace Corporation

Purpose

Evaluate multirate response, by Sklansky's frequency decomposition method,
of user-supplied w plane transfer function. The w plane transfer function is
defined by a user-supplied subroutine.

Usage
FAUXWM(CFUNC,M, T)

CFUNC input - Name of user-supplied subroutine. Must be declared with
an EXTERNAL statement in the calling program.

M input - Ratio of output/input sampling periods

T input - Sampling period of slower output sampler

FAUXWM output - Complex value of the response

1. Independent w plane variable used in evaluation of the response is computed
by the program using real frequency U in COMMON/FRQBLK/.

Reauirements

COMMON blocks: FRQBLK,HEADDB
LCAP2 routines: none

l.l
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Identi ficati

- COMPLEX FUNCTION FAUXZ - Evaluate Response 0f User-Supplied Z Plane Transfer
e Function

:i{ CDC FORTRAN 4

- E. A. Lee

oL - Aerospace Corporation

.'\(

P

?‘ Purpose

ii Evaluate response of user-supplied z plane transfer function. The z plane

function is defined by a user-supplied subroutine.

Usage

fff{?

FAUXZ(CFUNC)

o =
Pakd
N .

CFUNC input - Name of user-supplied subroutine. Must be declared with
. an EXTERNAL statement in the calling program.
~ FAUXZ output - Complex value of the response

¢*. 1. Independent z plane frequency used in evaluation of the response is com-

LN puted by the program using real frequency U in COMMON/FRQBLK/ and sampling
period SAMPT in COMMON/HEADDB/.

<) .
v Reauirements

COMMON blocks: FRQBLK,HEADDB
LCAP2 routines: none
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(; Identificati
A 'h\ Q“
b e
xn f: COMPLEX FUNCTION FAUXZM - Evaluate Multirate Response 0f User-Supplied
Cu) Z Plane Transfer Function
b CDC FORTRAN 4
(> E. A. Lee
B} ? Aerospace Corporation -
o Purpose
AR
2}§j Evaluate multirate response, by Sklansky's frequency decomposition method,
NS of user-supplied z plane transfer function. The z plane transfer function is
| defined by a user-supplied subroutine.
¥ Usage
o,
i FAUXZM(CFUNC, M, T)
Wil
i CFUNC input - Name of user-supplied subroutine. Must be declared with
fuiu: an EXTERNAL statement in the calling program.
1:::. M input - Ratio of output/input sampling periods
.:;ﬁ: T input - Sampling period of slower output sampler
‘:%:- FAUXZM output - Complex value of the response
- J.n N
! 1. Independent z plane variable used in evaluation of the response is computed
.éby by the program using real frequency U in COMMON/FRQBLK/.
< ,"-:
{x,:‘ R . !
)
S COMMON blocks: FRQBLK,HEADDB
3 LCAP2 routines: none
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ECNPLN
entificatio

FUNCTION FCNPLN - Compute Hollerith Word For IPLANE Flag
CDC FORTRAN 4

E. A. Lee

Aerospace Corporation

Purpose
. Compute Hollerith word for IPLANE flag word.
Usage
FCNPLNCIPLANE)
IPLANE input - =0, -1, 1
FCNPLN output - = 1HS if IPLANE = 0
= 1HW if IPLANE = -1
= 1HZ if IPLANE = 1

Requirements

COMMON blocks: none
LCAP2 routines: none
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Identificati

FUNCTION FCNW1 - Hollerith Representation of Transfer Function (Coefficient
Form) ldentifier
CDC FORTRAN 4
E. A. Lee
Aerospace Corporation -

Burpose

Compute Hollerith representation of transfer function (coefficient form)
identifier.

Usage
FCNW1(IPLANE,I)

IPLANE input - =0 for s plane, =-1 for w plane, =1 for z plane
1 input - Integer between 0 and 100

FCNW1 output ~ =6HSPTFi, i = I, for IPLANE = 0
=6HWPTFi, i = I, for IPLANE = -1
=6HZPTFi, i = I, for IPLANE =1

Requirements

COMMON blocks: none
LCAP2 routines: HOLLI
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Identificati

FUNCTION FCNW2 - Hollerith Representation of Transfer Function (Root
Form) Identifier

CDC FORTRAN 6

E. A. Lee

Aerospace Corporation

Purpose

Compute Hollerith representation of transfer function (root form) identi-
fier.

Usage
FCNW2(IPLANE,I)
IPLANE input - =0 for s plane, =-1 for w plane, =1 for z plane
I input - Integer between 0 and 100
FCNHW1 output - =6HROOTi, i = I, for IPLANE = 0
=6HROOTi, i = I, for IPLANE = -1
=6HROOTi, i = I, for IPLANE =1

Method
The code for this function is in FCNH1.
Requirements

COMMON blocks: none
LCAP2 routines: HOLLI
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K Identification
Jl
4<h.
i) SUBROUTINE FETPY - Fetch Polynomial
f-j.; CDC FORTRAN &
N E. A. Lee
5*? Aerospace Corporation
‘}qﬂ Purpose
At
R Fetch polynomial in LCAPZ format.
A
PN CALL FETPYCINDX,TFPOLY,TFROOT,IN)
<'$-;.
Aﬁ{ INDX input - Index of polynomial to be fetched
:};' TFPOLY output - Polynomial coefficient array (LCAP2 format)
_ TFROOT output - Complex polynomial root array (LCAP2 format), only if IN=0
s IN output -~ = 1 when only coefficients are available
}\: = 0 when both coefficients and roots are available
ot
ﬁ}ﬁ 1. If INDX .GT.5, polynomial data must have been previously saved using STRPY.
O
- 2. NPYCNT in COMMON/TFPCNT/ is the number of polynomial records on sequential
‘. . file TAPERG.
Dy Method
;:ﬁ If INDX is 1,2,.. or 5, the data is read from COMMON/SCMBLK/. If INDX is
s greater than 5, the polynomial data is read from the sequential file TAPE84.
2 ks
N Restriclions
'\::'1
Ny
e For INDX greater than 5, the index must have been previously used in a call
ff: to STRPY. In the batch program, if INDX has not been defined yet, the program
will abort. In the interactive program, if INDX has has not been defined vet,
v:Uﬂ the program will suspend the current LCAPZ operator and reenter (bypassing the
}ﬁﬁ: normal return) subroutine ILCAP2 at entry IRECOV. -
e
4;}}:: Reauirements
W COMMON blocks: HEADDB, INTCOM, SCMBLK, TFPCNT .
- LCAP2 routines: IRECOV
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FETSTF

Jdentjification

SUBROUTINE FETSTF - Fetch S Plane Transfer Function
CDC FORTRAN ¢

E. A. Lee

Aerospace Corporation

Purpose

To fetch s plane transfer function in LCAPZ format.
Usage
CALL FETSTFCINDX,TFPOLY,TFROOT,IN,ID)

INDX input - Index of s plane transfer function to be fetched
TFPOLY output - Transfer function coefficient array (LCAP2 format)
TFROOT output Complex transfer function root array (LCAP2 format),
only if IN and ID equal 0.

IN output - = 1 when only numerator coefficients are available

= 0 when both numerator coefficients and roots are available
ID output - = 1 when only denominator coefficients are available

= 0 when both denominator coefficients and roots are available
1. If INDX .GT.5 transfer function data must have been previously saved using

STRSTF or STRTFX.

2. NSPCNT in COMMON/TFPCNT/ is the number of s plane transfer function records
on the sequential file TAPES8S5.

Method

If INDX is 1,2,.. or 5, the data is read from COMMON/SCMBLK/. If INDX is
greater than 5, the transfer function data is read from the sequential file
TAPESS.

Restricti

For INDX greater than 5, the index must have been previously used in a call
to STRSTF or STFTFX. In the batch program, if INDX has not been defined vet, the
program will abort. In the interactive program, if INDX has has not been defined
vet, the program will suspend the current LCAP2 operator and reenter (bypassing
the normal return) subroutine ILCAP2 at entry IRECOV.
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Reauirements

COMMON blocks: HEADDB, INTCOM,SCMBLK, TFPCNT
LCAP2 routines: FCNW1,IRECOV

Identificati

SUBROUTINE FETTFX - Fetch Transfer Function
CDC FORTRAN &

E. A. Lee

Aerospace Corporation

Burpose

Fetch transfer function in LCAPZ2 format. Similar to FETSTF, FETHWTF and
FETZTF except the identifier for plane is included as an argument.

Usage

CALL FETTFX (IPLANE, INDX,TFPOLY,TFROOT,IN,ID)

IPLANE input =0 for s, =-1 for w, =1 for z plane
INDX input Index of transfer function to be fetched
TFPOLY output Transfer function coefficient array (LCAP2 format)
TFROOT output Complex transfer function root array (LCAP2 format),
only if IN and ID equal 0.
1 when only numerator coefficients are available
0 when both numerator coefficients and roots are available
1 when only denominator coefficients are available
0 when both denominator coefficients and roots are available

IN output

ID output

Hetheod

This subroutine calls either FETSTF, FETHTF or FETZTF. See description for
FETSTF.

Reauiremenis

COMMON blocks: HEADDB, SCMBLK, TFPCNT
LCAP2 routines: FETSTF,FETWTF,FETZTF
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Identificati

SUBROUTINE FETHTF - Fetch W Plane Transfer Function
CDC FORTRAN 4

E. A. Lee

Aerospace Corporation

Purpose

To fetch w plane transfer function in LCAP2 format.

Usage
CALL FETWTF(INDX,TFPOLY,TFROOT,IN,ID)

INDX input - Index of w plane transfer function to be fetched

TFPOLY output Transfer function coefficient array (LCAP2 format)

TFROOT output - Complex transfer function root array (LCAP2 format),
only if IN and ID equal 0.

IN output - = 1 when only numerator coefficients are available

= 0 when both numerator coefficients and roots are available
ID output - = 1 when only denominator coefficients are available

= 0 when both denominator coefficients and roots are available

1. If INDX .GT.5 transfer function data must have been previously saved using
STRHTF or STRTFX.

2. NWPCNT in COMMON/TFPCNT/ is the number of w plane transfer function records
on the sequential file TAPES86.

Method

If INDX is 1,2,.. or 5, the data is read from COMMON/SCMBLK/. If INDX is
greater than 5, the transfer function data is read from the sequential file
TAPES86.

The code for this routine is in subroutine FETSTF.
Restricti

For INDX greater than 5, the index must have been previously used in a call
to STRHWTF or STFTFX. In the batch program, if INDX has not been defined vet, the
program will abort. In the interactive program, if INDX has has not been defined
vet, the program will suspend the current LCAP2 operator qnd reenter (bypassing
the normal return) subroutine ILCAP2 at entry IRECQV.
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Requirements
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COMMON blocks: HEADDB, INTCOM,SCMBLK, TFPCNT
LCAP2 routines: FCNW1l, IRECOV
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Identificati

SUBROUTINE FETZTF - Fetch Z Plane Transfer Function
CDC FORTRAN 4

E. A. Lee

Aerospace Corporation

urpo
To fetch z plane transfer function in LCAP2 format.
Usage
CALL FETZTF(INDX,TFPOLY,TFROOT,IN,ID)
INDX input - Index of z plane transfer function to be fetched
TFPOLY output - Transfer function coefficient array (LCAPZ2 format)

TFROOT. output - Complex transfer function root array (LCAPZ2 format),
only if IN and ID equal 0.

IN output - = 1 when only numerator coefficients are available

= 0 when both numerator coefficients and roots are available
ID output - = 1 when only denominator coefficients are available

= 0 when both denominator coefficients and roots are available
1. If INDX .GT.5 transfer function data must have been previously saved using

STRZTF or STRTFX.

2. NZPCNT in COMMON/TFPCNT/ is the number of z plane transfer function records
on the sequential file TAPE87.

Method

If INDX is 1,2,.. or 5, the data is read from COMMON/SCMBLK/. If INDX is
greater than 5, the transfer function data is read from the sequential file
TAPES87.

The code for this routine is in subroutine FETSTF.
Restricti

For INDX greater than 5, the index must have been previously used in a call
to STRZTF or STFTFX. 1In the batch program, if INDX has not been defined yet, the
program will abort. In the interactive program, if INDX has has not been defined
yet, the program will suspend the current LCAP2 operator and reenter (bypassing
the normal return) subroutine ILCAP2 at entry IRECQV.
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< Resuirements

! COMMON blocks: HEADDB, INTCOM, SCMBLK, TFPCNT
y LCAP2 routines: FCNW1,IRECOV
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Identificati

SUBROUTINE FPLOT - Frequency Response Plotting Routine
CDC FORTRAN 6

E. A. Lee

Aerospace Corporation

Purpose

Compute frequency rasponse plots such as the Bode, Nichols and Nyquist
plots.

Usage

CALL FPLOT(NI,DEGPT,DBPT,OMEGPT,CXR,CXI, FDBMX)

NI input - Number of plot points

DEGPT input - Array of degree points

DBPT input - Array of DB points

OMEGPT input - Array of omega points

CXR input - Array of real part of response

CcXI input -~ Array of imaginary part of response
FDBMX input -~ Maximum DB value of array DBPT

1. The plot options are determined by the variables in COMMON/HEADDB/. See
description for SFRENQ.

2. Additional annotation on the right portion of the Nichols plot can be cre-
ated with a user-supplied subroutine USRNOTE.

Method
This subroutine is a driver to ELPLOTI.
Restricti
The number of plot points must not be greater than 1500.

COMMON blocks: AWORDS,HEADDB,PLOT1
LCAP2 routines: DAYPRN,ELPLOT1,GRAF1,0SCALE,USRNOTE

F— 69




Identificati

SUBROUTINE FPLOT1 - Frequency Response Plotting Routine
CDC FORTRAN 4

E. A. Lee

Aerospace Corporation

Purpose

Compute frequency response plots such as the Bode, Nichols and Nyquist
plots. Includes code for prompting by interactive LCAP2.

Usage
CALL FPLOT1(NI,DEGPT,DBPT,OMEGPT,CXR,CXI,FDBMX, IREDO)

NI input - Number of plot points

DEGPT input - Array of degree points

DBPT input - Array of DB points

OMEGPT input - Array of omega points

CXR input - Array of real part of response

CX1 input - Array of imaginary part of response

FDBMX input - Maximum DB value of array DBPT

IREDO output - (For interactive LCAP2 only) .NE.0 if user wants to
redefine frequency range from calling program. This
flag can be tested by the calling program so that FPLOT1
can be called again.

1. The plot options are determined by the variables in COMMON/HEADDB/. See
description for SFREQ.

2. NPLOTS in COMMON/PLOT1/ is the number of hardcopy plots created. This var-
iable is used at the end of a job to determine how many hardcopy records
have been generated.

3. Interactive flag INTFLG(preset=0) of COMMON/INTFLG/ must be set .NE.0 for
interactive LCAP2.

6. Additional annotation on the right portion of the Nichols plot can be cre- -
ated with a user-supplied subroutine USRNOTE.

Mathod
This subroutine is a driver to ELPLOT].
Restricti

The number of plot points must not be greater than 1500.
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3 EREQS
- Y
j{ SUBROUTINE FREQS ~ LCAP2 Operator, Frequency Response Using A \
. User-Supplied Function h
o~ CDC FORTRAN 4 \
E. A. Lee 3
e Aerospace Corporation -
A
s ]
Oy Purpose 1
f:' Compute frequency response of an arbitrary s plane transfer function. :
4
_. Usage
-‘:.J
Y CALL FREQS(FAUX1)
::? FAUX1 input - Name of user-supplied subroutine. Must be declared with an
;‘ EXTERNAL statement in the calling program.
f:; 1. Frequency response parameters are in COMMON/HEADDB/. See description of
;*; SFREQ. The user need not be concerned with passing the arguments for com-
':i puting the frequency recponse. It is automatically done by LCAP2.
3
a"y o
{ Hethod
NN This subroutine call FREQSL.
(R
NS Restrictions
LAY
i
FREQS is to be used only for the batch version of LCAP2.
LA .
N Reaquirements
N:.\
- COMMON blocks: SCMBLK
:}: LCAP2 routines: FREQS2.FREQW2,FREQZ2
;.'.::‘ -
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52 SUBROUTINE FREQSI1 - Interactive Prompts For Frequency Response Operators
o CDC FORTRAN 4
- E. A. Lee
- Aerospace Corporation
o Purpose
%Q ’ Interactive code to prompt user for frequency response parameters.
A Usage
Ny
N
:i; CALL FREQSIICIENTRY,MULTI,IPRN1)
~
\I‘
A IENTRY input - =1 for s plane
X =2 for z plane
Ad =3 for w plane
S =4 for multirate z plane
- =5 for multirate w plane
{{' MULTI input - .NE.O for multirate sampling
:{{ IPRN1 output - =0 to suppress tabular printout of response
e .NE.0 to print out response
{
e Method
&2 This subroutine is called by subroutine FREQS3. This code was not placed
:? into FREQS3 so that it can be placed into a higher tree for the segment loader.
t -
A Requirements
< COMMON blocks: FRQBLK,HEADDB
‘;: LCAP2 routines: none
-
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SUBROUTINE FREQSZ2 - Frequency Response Of An S Plane Transfer Function
In LCAP2 Format

CDC FORTRAN 4

E. A. Lee

Aerospace Corporation

Purpose

Compute frequency response of an s plane transfer function. The transfer
function can be specified in the standard LCAP2 format or it can be an arbitrary
user-defined transfer function. A user defined transfer function does not have
to have the same limitations as the standard LCAP2 format.

CALL FREQS2(A,FAUX)

A input - Transfer function coefficient array (LCAP2 format)

FAUX input - Name of complex function to be used for evaluating the
transfer function. (Must be declared with an EXTERNAL
statement in the calling program). If array A is to be
evaluated, enter SFAUX,

1. Frequency response parameters are in COMMON/HEADDB/. See description of
SFREQ. The user need not be concerned with passing the arguments for com-
puting the frequency response. It is automatically done by LCAP2.

2. Computed response variables are stored in blank common /7. See description
for SFREQ.
Method

Arguments of this subroutine determine the transfer function to be used. If
the second argument is SFAUX, the code in FREQS]1 and SFAUX is written so that the
array A will be usaed as the transfer function. If the second argument is not
SFAUX, the user must supply his own complex function to evaluate a transfer
function. For an example see description for SFAUX1.

Reauirements

COMMON blocks: 7/
LCAP2 routines: FPLOT],FREQS3
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FREQS3

Identificatio

SUBROUTINE FREQS3 -
CDC FORTRAN ¢

E. A. Lee

Aerospace Corporation

Purpose

Compute frequency response of a transfer function. This subroutine is
called by FREQS2.

Usage

CALL FREQS3CIENTRY,A, FAUX)

IENTRY input - =0 for s plane, =-1 for w plane, =1 for z plane

A input - Transfer function coefficient array (LCAP2 format)

FAUX input - Name of complex function to be used for evaluating the
transfer function. (Must be declared with an EXTERNAL
statement in the calling program). If array A is to be
evaluated, enter SFAUX if IENTRY=1, ZFAUX i€ IENTRY=2
or 4, WFAUX if IENTRY=3 or 5.

1. Frequency response parameters are in COMMON/HEADDB/. See description of
SFREQ. The user need not be concerned with passing the arguments for com-
puting the frequency response. It is automatically done by LCAP2.

2. Computed response variables are stored in blank common /7/. See description
for SFREQ.
Method

Requirements

COMMON blocks: FRQBLK,HEADDB,INTCOM,//
LCAP2 routines: FREQSI1
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Identificati

SUBROUTINE FREQW - LCAP2 Operator, W Plane Frequency Response Using A
User-Supplied Function

CDC FORTRAN 4

E. A. Lee

Aerospace Corporation

Burpose

Compute w plane frequency response of an arbitrary w plane transfer func-
tion.

Usage
CALL FREQW(FAUX1)

FAUX1 - Name of user-supplied subroutine. Must be declared with an

EXTERNAL statement in the calling program.

input

1. Frequency response parameters are in COMMON/HEADDB/. See description of

SFREQ. The user need not be concerned with passing the arguments for com-
puting the frequency response. It is automatically done by LCAP2.
Method
This subroutine calls FREQW1.
The code for this routine is in subroutine FREQS.
Restricti
FREQW is to be used only for the batch version of LCAP2.
Reauirements

COMMON blocks: SCMBLK
LCAP2 routines: FREQSZ,FREQW2, FREQZ2
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Identificati

SUBROUTINE FREQWM1 - Multirate Frequency Response Of A W Plane Transfer
Function In LCAP2 Format (Batch Version)
CDC FORTRAN 4

E. A. Lee
. Aerospace Corporation

0% Purpose
e
e - Compute the multirate (fast input, slow output) frequency response of a w
% plane transfer function. The transfer function can be specified in the standard
\ LCAP2 format or it can be an arbitrary user-defined transfer function. A
$‘ N user-defined transfer function does not have to have the same limitations as the
hey standard LCAP2 format. FREQUM]1 is to be used for the batch version of LCAP2.
T Usage
a‘:.-,
S CALL FREQWM1(A, FAUX)
o
.?zi A input - Transfer function coefficient array (LCAPZ format)
o FAUX input - Name of complex function to be used for evaluating the
e transfer function. (Must be declared with an EXTERNAL
K4ty statement in the calling program). If array A is to be
O evaluated, enter WFAUX.
AN
AL 1. The sampling period, SAMPT, of COMMON/HEADDB/ and the integer ratio of the
l;ﬂ% (output/input) sampling periods, MMTGER, of COMMON/FRQBLK/ must be set
e before FREQWM] is called.
N

’ 2. Frequency response parameters are in COMMON/HEADDB/. See description of
o SFREQ. The user need not be concerned with passing the arguments for com-
L;{{ puting the frequency response. It is automatically done by LCAP2.
._9:,:-
R 3. Computed response variables are stored in blank common /7/. See description
S for SFREQ.
N Method
'y \:. .
ftis Sklansky's frequency decomposition method is used to compute the frequency
*\,. response.

L2

Arguments of this subroutine determine the transfer function to be used. If
SO the second argument is WFAUX, the code in FREQWMl1 and WFAUX is written so that
DY the array A will be used as the transfer function. If the second argument is not
sjg WFAUX, the user must supply his/her own complex function to evaluate a transfer
:fx' function. For an example see description for SFAUX1.
‘-‘:.'
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- The code for this routine is in subroutine FREQS1.

(. Restrictions

1. This is to be used only for the batch version of LCAP2.
~ Requirements

COMMON blocks: FRQBLK,HEADDB,//
LCAP2 routines: FPLOT

z
:
SRR N

- 78

4 AT AT AT AT T A
sl. > "

S
Cal="




.l;*'.g'".
RN -
- A A A&

2.4 &

Il'.
LM

Y

o

-

.“‘l B
NIy

»

;X2

QXXM

s Sl

) ‘l
R,

(O
c"a ..‘ ‘.l

;o “.
ROUNIR L 10

.
.

s> .
.
.

‘ﬁt“

FREQWMZ2

Identification

SUBROUTINE FREQWM2 - Multirate Frequency Response Of A W Plane Transfer
Function In LCAP2 Format (Interactive Version)

CDC FORTRAN 4

E. A. Lee

Aerospace Corporation

Purpose

Compute the multirate (fast input, slow output) frequency response of a w
plane transfer function. The transfer function can be specified in the standard
LCAP2 format or it can be an arbitrary user-defined transfer function. A user
defined transfer function does not have to have the same limitations as the
standard LCAP2 format. This is to be used only for interactive version of LCAP2.

Usage

CALL FREQWM2(A, FAUX)
A input =~ Transfer function coefficient array (LCAP2 format)
FAUX input - Name of complex function to be used for evaluating the

transfer function. (Must be declared with an EXTERNAL
statement in the calling program). If array A is to be
evaluated, enter WFAUX.

1. The sampling period, SAMPT, of COMMON/HEADDB/ and the integer ratio of the
(output/input) sampling periods, MMTGER, of COMMON/FRQBLK/ must be set
before FREQWMZ is called.

2. Frequency response parameters are in COMMON/HEADDB/. See description of
SFREQ. The user need not be concerned with passing the arguments for com-
puting the frequency response. It is automatically done by LCAP¥.

3. Computed response variables are stored in blank common /7. See description
for SFREQ.
Method

Sklansky's frequency decomposition method is used to compute the frequency
response.

Arguments of this subroutine determine the transfer function to be used. If
the second argument is WFAUX, the code in FREQWM2 and WFAUX is written so that
the array A will be used as the transfer function. If the second argument is not
WFAUX, the user must supply his own complex function to evaluate a transfer
function. For an example see description for SFAUX1.
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To improve segment loading in the interactive version of LCAP2, the code in
FREQH1 was segmented into FREQS2, FREQS3 and FREQSI1l. Subroutine FREQS2 is a
driver routine to FREQS3. The code for this routine is in subroutine FREQS2.

Restricti

FREQWM2 is to be used only for the interactive version of LCAP2. If used
for the batch version a larger memory length will be required for loading.

Requirements

COMMON blocks: FRQBLK,HEADDB,//
LCAP2 routines: FPLOT1,FREQS3 ”
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Identificati

SUBROUTINE FREQW1 - Frequency Response 0f A W Plane Transfer Function
In LCAP2 Format (Batch Version)

CDC FORTRAN 4

E. A. Lee

Aerospace Corporation

Purpose

Compute frequency response of a w plane transfer function. The transfer
function can be specified in the standard LCAP2 format or it can be an arbitrary
user-defined transfer function. A user-defined transfer function does not have
to have the same limitations as the standard LCAP2 format. FREQHW]l is to be used
for the batch version of LCAP2.

Usage

CALL FREQW1(A,FAUX)

A input - Transfer function coefficient array (LCAP2 format)

FAUX input - Name of complex function to be used for evaluating the
transfer function. (Must be declared with an EXTERNAL
statement in the calling program). If array A is to be
evaluated, enter HWFAUX.

1. The sampling period, SAMPT of COMMON/HEADDB/ must set before FREQW] is
called.

2. Frequency response parameters are in COMMON/HEADDB/. See description of
SFREQ. The user need not be concerned with passing the arguments for com-
puting the fraquency response. It is automatically done by LCAP2.

3. Computed response variables are stored in blank common //. See description
for SFREQ.
Method

Arguments of this subroutine determine the transfer function to be used. If
the second argument is WFAUX, the code in FREQW1 and WFAUX is written so that the
array A will be used as the transfer function. If the second argument is not
WFAUX, the user must supply his own complex function to evaluate a transfer
function. For an example see description for SFAUX1.

The code for this routine is in subroutine FREQS1.
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Restrictions
FREQHW1 is to be used only for the batch version of LCAP2.
Reaquirements

COMMON blocks: FRQBLK,HEADDB,”//
LCAP2 routines: FPLOT
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FREQKWZ
Identification

SUBROUTINE FREQW2 - Frequency Response O0f A W Plane Transfer Function
In LCAP2 Format (Interactive Version)

CDC FORTRAN 4

E. A. Lee

Aerospace Corporation

Purpose

Compute frequency response of a w plane transfer function. The transfer
function can be specified in the standard LCAP2 format or it can be an arbitrary
user-defined transfer function. A user-defined transfer function does not have
to have the same limitations as the standard LCAP2 format. FREQWZ2 is to be used
only for the interactive version of LCAP2.

Usage

CALL FREQWZ2(A, FAUX)

A input - Transfer function coefficient array (LCAP2 format)

FAUX input - Name of complex function to be used for evaluating the
transfer function. (Must be declared with an EXTERNAL
statement in the calling program). If array A is to be
evaluated, enter WFAUX.

1. Frequency response parameters are in COMMON/HEADDB/. See description of
SFREQ. The user need not be concerned with passing the arguments for com-
puting the frequency respcrnse. It is automatically done by LCAP2.

2. Computed response variables are stored in blank common /7. See description
for SFREQ.
Method

Arguments of this subroutine determine the transfer function to be used. If
the second argument is WFAUX, the code in FREQW2 and WFAUX is written so that the
array A will be used as the transfer function. If the second argument is not
WFAUX, <the user must supply his own complex function to evaluate a transfer
function. For an example see description for SFAUXL1.

To improve segment loading in the interactive version of LCAP2, the code in
FREQW1 was segmented into FREQS2, FREQS3 and FREQSI1. Subroutine FREQS2 is a
driver routine to FREQS3. The code for this routine is in subroutine in FREQS2.
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Restricti

FREQW2 is to be used only for the interactive version of LCAP2. 1f used for
the batch version a larger memory length will be required for loading.

Reaquirements

COMMON blocks: 7/ ‘
LCAP2 routines: FPLOT1
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Identificati

SUBROUTINE FREQZ - LCAP2 Operator, Z Plane Frequency Response Using A
User-Supplied Function

CDC FORTRAN 4

E. A. Lee
Aerospace Corporation

Purpose
Compute frequency response of an arbitrary z plane transfer function.
Usage
CALL FREQZ(FAUX1)

FAUX1 input - Name of user-supplied subroutine. Must be declared with an
EXTERNAL statement in the calling program.

1. Frequency response parameters are in COMMON/HEADDB/. See description of

SFREQ. The user need not be concerned with passing the arguments for com-
puting the frequency response. It is automatically done by LCAP2.

Metheod

This subroutine calls FREQZ1.

The code for this routine is in subroutine FREQS.
Restricti

FREQZ is to be used only for the batch version of LCAP2.
Reaquirements

COMMON blocks: SCMBLK
LCAP2 routines: FREQSZ,FREQW2, FREQZ2
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oY
N SUBROUTINE FREQZM1 - Multirate Frequency Response 0f A Z Plane Transfer
S Function In LCAP2 Format (Batch Version)
o CDC FORTRAN 4
E. A. Lee
7. Aerospace Corporation °
';: urpo
.ff Compute the multirate (fast input, slow output) frequency response of a z
) plane transfer function. The transfer function can be specified in the standard
X" LCAP2 format or it can be an arbitrary user-defined transfer function. A
g{ user-defined transfer function does not have to have the same limitations as the
:} standard LCAP2 format. FREQZM] is to be used for the batch version of LCAPZ2.
M Usage
O CALL FREQZM1(A, FAUX)
:? A input - Transfer function coefficient array (LCAPZ format)
};: FAUX input - Name of complex function to be used for evaluating the
I transfer function. (Must be declared with an EXTERNAL
‘ statement in the calling program). If array A is to be
o evaluated, enter ZFAUX.
A
\j 1 The sampling period, SAMPT, of COMMON/HEADDB/ and the integer ratio of the

(output/input) sampling periods, MMTGER, of COMMON/FRQBLK/ must be set
before FREQZM] is called.

=4
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o 2. Frequency response parameters are in COMMON/HEADDB/. See description of
:: SFREQ. The user need not be concerned with passing the arguments for com-
s;' puting the frequency response. It is automatically done by LCAP2.
\ -
'Q; 3. Computed response variables are stored in blank common /7. See description
> for SFREQ.
."l
7o Hethod .
*!
;}: Sklansky's frequency decomposition method is used to compute the frequency
Sur response.
Arguments of this subroutine determine the transfer function to be used. If *
the second argument is ZFAUX, the code in FREQZMl and ZFAUX is written so that
the array A will be used as the transfer function. If the second argument is not
\ ZFAUX, the user must supply his/her own complex function to evaluate a transfer
function. For an example see description for SFAUX1.
L |
o]
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The code for this routine is in subroutine FREQS1.

Restrictions
FREQZM1 is to be used only for the batch version of LCAP2.

Requirements

COMMON blocks: FRQBLK,HEADDB,//
LCAP2 routines: FPLOT
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Identificati

SUBROUTINE FREQZM2 - Multirate Frequency Response OF A Z Plane Transfer
Function In LCAP2 Format (Interactive Version)

CDC FORTRAN 4

E. A. Lee

Aerospace Corporation

Purpose

Compute the multirate (fast input, slow output) frequency response of a z
plane transfer function. The transfer function can be specified in the standard
LCAP2 format or it can be an arbitrary user-defined transfer function. A
user-defined transfer function does not have to have the same limitations as the
standard LCAP2 format. FREQZMZ2 is to be used for the interactive version of
LCAP2.

Usage
CALL FREQZM2(A, FAUX)

A input - Transfer function coefficient array (LCAP2 format)

FAUX input - Name of complex function to be used for evaluating the
transfer function. (Must be declared with an EXTERNAL
statement in the calling program). If array A is to be
evaluated, enter ZFAUX,.

1. The sampling period, SAMPT, of COMMON/HEADDB/ and the integer ratio of the
(output/input) sampling periods, MMTGER, of COMMON/FRQBLK/ must be set
before FREQZM2 is called.

2. Frequency response parameters are in COMMON/HEADDB/. See description of
SFREQ. The user need not be concerned with passing the arguments for com-
puting the frequency response. It is automatically done by LCAP2.

3. Computed response variables are stored in blank common //. See description
for SFREQ.

Method

Sklansky's frequency decomposition method is used to compute the frequency
response.

Arguments of this subroutine determine the transfer function to be used. If
the second argument is ZFAUX, the code in FREQZM2 and ZFAUX is written so that
the array A will be used as the transfer function. If the second argument is not
ZFAUX, the user must supply his/her own complex function to evaluate a transfer
function. For an example see description for SFAUX1.




To improve segment loading in the interactive version of LCAP2, the code in
FREQZ]l was segmented into FREQS2, FREQS3 and FREQSI1. Subroutine FREQS2 is a
driver routine to FREQS3.

The code for this routine is in subroutine FREQS2.

trictions

FREQZM2 is to be used only for the batch version of LCAP2. If used for the
¢ batch version a larger memory length will be required for loading.

[ 3 .
R R Requirements

COMMON blocks: /7
LCAP2 routines: FPLOT1,FREQS3
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NG FREQZ1
#t‘ SUBROUTINE FREQZl - Frequency Response Of A Z Plane Transfer Function
.ix; In LCAP2 Format (Batch Version)
¢:a CDC FORTRAN 4
E. A. Lee
5 Aerospace Corporation *
»r
A
" Burpose
‘-l
~) Compute frequency response of a z plane transfer function. The transfer
R function can be specified in the standard LCAP2 format or it can be an arbitrary
s user—-defined :ransfer function. A user-defined transfer function does not have
g:ﬁ to have the same limitations as the standard LCAP2 format. FREQZl is to be used
1508 for the batch version of LCAP2.
5:5
\: Usage
ks
e CALL FREQZ1(A,FAUX)
':'\:'.
;\f A input - Transfer function coefficient array (LCAP2 format)
1*:: FAUX input - Name of complex function to be used for evaluating the
iﬁﬂ transfer function. (Must be declared with an EXTERNAL
{ statement in the calling program). If array A is to be
A evaluated, enter ZFAUX,
N
N | The sampling period, SAMPT of COMMON/HEADDB/ must set before FREQZ]1 is
N called.
~ N
Y
. 2. Frequency response parameters are in COMMON/HEADDB/. See description of
~ SFREQ. The user need not be concerned with passing the arguments for com-
< puting the frequency response. It is automatically done by LCAP2.
By
A
\j 3. Computed response variables are stored in blank common //. See description
N for SFREQ.
. Method

.‘-- I.

Arguments of this subroutine determine the transfer function to be used. If
the second argument is ZFAUX, the code in FREQZl and ZFAUX is written so that the

‘-"ﬁv& § O %,

'fﬁ array A will be used as the transfer function. If the second argument is not
- ZFAUX, the user must supply his/her own complex function to evaluate a transfer
NN function. For an example see description for SFAUXI1. “
L] ."
_fs The code for this routine is in subroutine FREQS1.
% W~
".'A.f
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L Identification

N

j}g SUBROUTINE FREQZ2 - Frequency Response O0f A Z Plane Transfer Function

)}: In LCAP2 Format (Interactive Version)

oy CDC FORTRAN 6

h E. A. Lee

- Aerospace Corporation he
T
¥ \"‘
20 Burpose

:g- Compute frequency response of a z plane transfer function. The transfer

i function can be specified in the standard LCAP2 format or it can be an arbitrary

Sx‘ user-defined transfer function. A user-defined transfer function does not have
*}} to have the same limitations as the standard LCAP2 format. FREQZ2 is to be used
}xi only for the interactive version of LCAP2.

at

W Usags

v“. .

CALL FREQZ2(A,FAUX)

\S

-~

jx‘ A input - Transfer function coefficient array (LCAPZ2 format)

:# FAUX input - Name of complex function to be used for evaluating the

b transfer function. (Must be declared with an EXTERNAL
{' statement in the calling program). If array A is to be
e evaluated, enter ZFAUX,

r
;{t‘ 1. Frequency response parameters are in COMMON/HEADDB/. See description of
}}: SFREQ. The user need not be concerned with passing the arguments for com-
o puting the frequency response. It is automatically done by LCAPZ.
..;. 2. Computed response variables are stored in blank common //. See description
e for SFREWQ.

R

'!.\'

Lt Method

-

Arguments of this subroutine determine the transfer function to be used. If
< the second argument is ZFAUX, the code in FREQZ2 and ZFAUX is written so that the
array A will be used as the transfer function. If the second argument is not

‘ﬂQ? ZFAUX, the user must supply his/her own complex function to evaluate a transfer
-:{: function. For an example see description for SFAUX1.
> To improve segment loading in the interactive version of LCAP2, the code in
FREQZ1 was segmented into FREQS2, FREQS3 and FREQSI1. Subroutine FREQS2 is a -

o, driver routine to FREQS3.

SN

¢5 The code for this routine is in subroutine FREQS2.
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Restricti

FREQZ2 is to be used only for the interactive version of LCAP2. If used for
the batch version a larger memory length will be required for loading.

Requirements

COMMON blocks: 7/
LCAP2 routines: FPLOT1
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?:: SUBROUTINE GRAF1l - Aerospace Printer Plot Routine
- CDC FORTRAN 4

X B. Gold, modified by 0. Drummond & E. A. Lee

. Aerospace Corporation

Yo Purpose

jﬁ‘ GRAF1 provides the means to plot one to ten functions on a single full page
-i}: of printer output paper. .
N Usage
o
;Rﬁ CALL GRAF1(NP,NFCN, X, F,XMN, XMX, YMN, YMX, NDUM, OPT, KDIM, LOGFLG, ICYCLE)
-7

<y NP input - Number of plot points
- NFCN input - Number of functions to be plotted

34 X input - Array of the independent variable

:%; F input - Array of the dependent variable

st XMN input - Minimum x axis

s XMX input -~ Maximum x axis

;{f YMN input - Minimun y axis

. YMX input - Maximun y axis

‘_ . NDUM input - Number of columns used for x axis

gf\ OPT input - .EQ.0 for different range on both axis
)?x .EQ.1 for same range on both axis

o KDIM input - Row dimension of F
s LOGFLG input - .NE.O for semi-log plot

Gant ICYCLE input - Number of cycles on x axis (1,2 or 3)
N.'"'l, 8 . !

- COMMON blocks: none

> LCAP2 routines: none
o
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xj: SUBROUTINE HEADINi - Heading Statement For Entering Plot Titles
RN (i=1,5)
YA CDC FORTRAN 4

Xy E. A. Lee

- . Aerospace Corporation

ifi Purpose

_.f_:.-

U

f:; ? Simple FORTRAN statement for entering Hollerith data into the plot array
s HEAD of COMMON/HEADDB/ used for labeling plot titles.
\

ji{f Usage

-

o CALL HEADINi(INDX,HWORD)

~ INDX .input - Pointer to array HEAD of COMMON/HEADDB/ where array
Ak WORD will be copied into

(f: WORD input - Hollerith data with format 10H... if i=1

AN 20H... if i=2
(< W
[ 50H... if i=5

AR
{ ] 1. First line of plot title is in HEAD(i),i=1,7

2 Second line of plot title is in HEAD(i),i=8,14

:}2 Third line of plot title is in HEAD(i),i=15,21

N Fourth line of plot title is in HEAD(i),i=22,28
y ._:. -

N 2. Example: CALL HEADINZ2(8,20HTHIS IS AN EXAMPLE ) will yield,
N HEAD(3)=10HTHIS IS AN

o) HEAD(4)=10HEXAMPLE

'\-I.'

N

55 which will appear as the second line of the plot title.

':. 3. First line of plot title will appear at the top of the plot.
:?c Second line will begin a YANOT units from the bottom of page
}}, . (full scale defined from 0-10 units). YANOT (preset=9.6) is
e in COMMON/HEADDB/ .
e equi e
A ]

. COMMON blocks: HEADDB

N LCAP2 routines: none

o
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Identificati
i{, SUBROUTINE HELP - Help Subroutine For Interactive LCAP2
¥ CDC FORTRAN 6
‘.'; E. A. Lee
g Aerospace Corporation
- Purpose
:-::‘_'- Help subroutine for interactive LCAP2. User is prompted for:
R
L 1. General descripticn
A
Y 2. List of polynomial operators
Y
F--

_f::: 3. List of s plane transfer function operators
.:\-

"o 4. List of z plane transfer function operators

‘ 5. List of w plane transfer function operators
.-{

" 6. List of miscellaneous operators
AN
o 7. Llist of polynomial, s,w,z plane and misc. operators
Ly
N 8. Explain use of list directed input for data entry
e 9. Exit HELP
;'::' Usage
O CALL HELP
e
v Restrictions
~
B, Used only by the interactive version of LCAP2.

NN Reauirements
o COMMON blocks: none
RO LCAP2 routines: none
’s-’;‘
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Identificati

FUNCTION HOLLI - Converts Integer To Hollerith Characters Left Justified
CDC FORTRAN 4

E. A. Lee

Aerospace Corporation

Purpose

Converts integer to Hollerith character left justified.
Usage

HOLLICI)

I input - Integer between 0 and 100, or else -1 or -2

HOLLI output - Hollerith representation of I, left justified, if I is
between 0 and 100.

2HN if I=-1

2HD if I=-2

Blank otherwise

equirement

COMMON blocks: none
LCAP2 routines: none
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Identificati

SUBROUTINE IARGO - Interactive Driver Routine For Operators With No Input
Argument

CDC FORTRAN 4

E. A. Lee
Aerospace Corporation

Purpose

Interactive driver routine for LCAP2 operators with no input arguments.
LCAP2 operators END, NOP, RESTORE and STORE are processed in this subroutine.

Usage

CALL IARGO(CJEXIT)

JEXIT output - .EQ.1 if operation END is found
.EQ.0 if operation END is not found

1. This routine is called by ILCAP2.
Requirements

COMMON blocks: ACOM, INTCOM,PRNCTL
LCAP2 routines: IRSTOR,ISTORE
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Identification

SUBROUTINE IARG1A - Interactive Driver Routine For Operators With One Input
Argument

CDC FORTRAN 4

E. A. Lee

Aerospace Corporation

Purpose

Interactive driver routine for some of the LCAP2 operators with one input
argument. LCAP2 operators PCNGC, PCNGR, PEQU, PLDC, PLDR, PPRN, PRTS, SELCR,
SNORM, SPCNGC, SPCNGR, SPEQU, SPLDC, SPLDR, SPPRN, SPRTS, WELCR, WNORM, WPCNGC,
WPCNGR, WPEQU, WPLDC, WPLDR, WPPRN, WPRTS, ZELCR, ZNORM, ZPCNGC, ZPCNGR, ZPEQU,
ZPLDC, ZPLDR, ZPPRN, ZPRTS, CPYSP, CPYKWP, CPYZP and DETRM are processed in this
subroutine.

Usage

CALL IARGlA

1. This routine is called by ILCAP2.

Method

Prompting for arguments of the LCAP2 operators (transfer function or polyno-
mial number, or new data) is done in this subroutine. The appropriate subrou-
tine is then called to implement the operator. For the operator PEQU, SPEQU,
WPEQU, or ZPEQU, the user is prompted for the number where the resultant polyno-
mial or transfer function is to be stored.

Requiremen

COMMON blocks: ACOM,HEADDB, INTCOM,PRNCTL

LCAP2 routines: CNGCO,CNGCOP,CNGRT,CNGRTP,COEFF,COEFP,CPYSP,CPYPW,CPYZP,
ENDLINE, IDETRM, IDTERM, IRGOT, IROOTP, PEQU, PPRN, PRTS, SELCR,
SNORM, SPEQU, SPPRN, SPRTS, KELCR, NNORM, HPEQU, HPPRN, HPRTS,
ZELCR,ZNORM, ZPEQU, ZPPRN, ZPRTS
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Identificati

SUBROUTINE IARG1D - Interactive Driver Routine For Operators With One Input
Argument

CDC FORTRAN 4

E. A. Lee

Aerospace Corporation

Purpose
Interactive driver routine for some of the LCAP2 operators with one input

argument. LCAP2 operators SFREQ, SLOCI, STIME, WFREQ, HWMRFQ, WLOCI, ZFREQ,
ZMRFQ, ZLOCl, ZTIME are processed in this subroutine.

Usage

CALL IARG1B

1. This routine is called by ILCAP2.

Methed

Prompting for arguments of the LCAP2 operators (transfer function or polyno-
mial number, or new data) is done in this subroutine. The appropriate subrou-
tine is then called to implement the operator.

equirement

COMMON blocks: ACOM,HEADDB,PRNCTL

LCAP2 routines: COEFF,FREQS, FREQW, FREQZ, IR0OOT,SFAUX1,SFREQ,SLOCI,STIME,
WFAUX1, WFREQ, WLOCI, WMRFQ, ZFAUX1,ZFREQ,ZLOCI, ZMRFQ,
ZTIME
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Identificati

SUBROUTINE IARG2 - Interactive Driver Routine For Operators With Two Input
Arguments

CDC FORTRAN 4

E. A. Lee

Aerospace Corporation

Purpose

Interactive driver routine for some of the LCAP2 operators with two input
argument. LCAP2 operators PADD, PSUB, PMPY, SPADD, SPSUB, SPMPY, SPDIV, WPADD,
WPSUB, WPMPY, WPDIV, ZPADD, ZPSUB, ZPMPY, ZPDIV, CPYPS, CPYPW and CPYPZ are pro-
cessed in this subroutine.

Usage

CALL IARG2

1. This routine is called by ILCAP2.

Method

Prompting for arguments of the LCAP2 operators (transfer function or polyno-
mial number, or new data) is done in this subroutine. The appropriate subrou-
tine is then called to implement the operator. The user is then prompted for the
number where the polynomial or transfer function is to be stored.

Requirements

COMMON blocks: ACOM,PRNCTL

LCAP2 routines: COEFF,COEFP,CPYPS,CPYPW,CPYPZ,IR00T,IR0O0OTP,PADD,PMPY,
PSUB, SPADD, SPDIV, 5PSUB, HPADD, WPDIV, WPMPY, WPSUB, ZPADD,
ZPDIV,ZPMPY,ZPSUB
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Identificatio ?
O A
o SUBROUTINE IDETRM - Interactive Input Of Matrix Data And Calculation s
N 0f Determinant y
}}: CDC FORTRAN 4
- E. A. Lee
Aerospace Corporation *
N Purpose
RSN
;? Interactive input of matrix data and calculation of determinant. i
\4’
\. Usage
= CALL IDETRM
';% 1. Before IDETRM is used, the matrix parameters must be initialized by calling
RO MINIT2 (once only).
“T 2. Matrix data is stored in blank common /7. Since blank common is also used
) for storing plot points, the matrix data is also stored in sequential file
i TAPE83 so that it can later be loaded back into blank common when
b necessary.
( Method
;;: Upon entry blank common // is either restored with old matrix data from
g TAPE83 or else it is zeroed out. The program then prompts the user for matrix
?1: data. Subroutine MR0OOT2 is called to compute the determinant polynomial. The
- user is then prompted for the number where this polynomial is to be stored.
& Restrictions
>~
,:? The dimension of the matrix must not be greater than 30 x 30. The polynomi-
:{ al elements of the matrix must be or degree 4 or less. The degree of the computed
o polynomial determinant must be less than 50.
T Reauirements
,I$7 COMMON blocks: ACOM,PRNCTL,TFTEMP,/”/
~nj LCAP2 routines: ENDLINE,HOLLI,MPRINTZ2,MRO0TZ2,0PPRN,PPRN1,RTPRN2,
oo STRPY
N *
.
S
" ;’.
L
S 102




'J"J

. ¥,
-

A1

NN

AR St A K R A A TR
+

> Al
it i e e e I R I S

Identification

SUBROUTINE IDTERM - Interactive Input 0f Matrix Data And Calculation
0f Determinant (New Version)

CDC FORTRAN 4

E. A. Lee

Aerospace Corporation

Purpose

Interactive input of matrix data and calculation of determinant with auto-
matic substitution of the forcing vector as described in subroutine DTERM.

Usage

CALL IDTERM

) Before IDTERM is used, the matrix parameters must be initialized by calling
MINIT2 (once only).

2. Matrix data is stored in blank common //. Since blank common is also used
for storing plot points, the matrix data is also stored in sequential file
TAPE83 so that it can later be loaded back into blank common when
necessary.

Methed

Upon entry blank common // is either restored with old matrix data from
TAPE83 or else it is zeroed out. The program then prompts the user for matrix and
forcing vector data. Subroutine MROOT2 is called to compute the determinant pol-
vynomial. The user is then prompted for the number where this polynomial is to be
stored.

Restrictions

The dimension of the matrix must not be greater than 30 x 30. The polynomi-
al elements of the matrix must be or degree 4 or less. The degree of the computed
polynomial determinant must be less than 50.

Requirements
COMMON blocks: ACOM,PRNCTL,TFTEMP,//

LCAP2 routines: BPRINT2, ENDLINE,HOLLI,MPRINT2,MR00T2,0PPRN,PPRN1,RTPRN2,
STRPY
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Identificati

SUBROUTINE ILCAP2 - Interactive LCAP2 Executive Subroutine
CDC FORTRAN 4§

E. A. Lee

Aerospace Corporation

Burpose

Executive subroutine for Interactive LCAP2. This subroutine is to be called
by a short main progranm.

Usage
CALL ILCAP2

Methed

The first part of this subroutine connects the input and output files to
the terminal and initializes the program for interactive use. The program then
prompts the user for the LCAP2 operation desired. The operation entered is then
read and the appropriate subroutines called to perform the specified operation.

This routine may also be entered at entry IRECOV by a direct call from sub-
routine FETPY, STRSTF, STRWTF, or STRZTF (bypassing the normal returns) when an
undefined argument for an LCAP2 operator is detected.

When the END operator is specified by the user the following operations are
performed before the program is termirated. Three words are written to file
TAPES89 for post processing of plots and data files by a seperate INTERCOM pro-
gram. The terminal is then disconnected from the input and output files.

Reauirements

COMMON blocks: ACOM,HEADDB, INTCOM,PLOT1
LCAP2 routines: HELP,IARGO,IARG1A,IARGIB,JARG2,INITO, INTXFM,LEXIT,
MINIT2
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Identificati
SUBROUTINE INITO - Initialization Of LCAP2 Parameters
CDC FORTRAN 4

E. A. Lee
Aerospace Corporation

Burpose
Initialization of LCAP2 parameters.

Usage

CALL INITO

1. This routine must be called before any LCAP2 subroutines are called.

2. Data in COMMON/SCMBLK/ is initialized in this routine.

3. PRNFLG1 flags of COMMON/PRNCTL/ are initialized in this routine.

4. This subroutine should only be called once since it initializes the hard-

copy plot counter and the counters for the sequential files used for stor-
ing s, w and z plane transfer functions.

Requirements

COMMON blocks: FRQBLK,HEADDB,LENGTH, OVCOM,PLOT1,PRNCTL,SCMBLK, TFPCNT
LCAP2 routines: none
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INTXFM
Identificati

YA~ SR

-‘:, SUBROUTINE INTXFM - Interactive Driver Routine For The Transform Operators
- CDC FORTRAN 6 )
E. A. Lee 1
Aerospace Corporation i
}_'.;j Purpose ;
'_::: Interactive driver routine for LCAP2 transformation operators. LCAP2 . )
- operators SKXFM, SZXFM, SWMRX, SZMRX, WZXFM, ZWXFM, ZVCNG, WMRXFM, ZMRXFM, $
A WSXFM, and ZSXFM are processed in this subroutine. i
;ﬁ‘}
o Usage :
¢ 1
-3 CALL INTXFM j
) 1. This routine is called by ILCAP2.
o
o Method ;
-~
S 0] 4
:: Prompting for arguments of the LCAP2 operators (transfer function number or
‘ new data) is done in this subroutine. The appropriate subroutine is then called
‘_ to implement the operator. The user is then prompted for the number where the
~ resultant transfer function is to be stored. ﬁ
2 |
W) : L
'_‘-l
t.'J
) COMMON blocks: ACOM,HEADDB,PRNCTL ]
. LCAP2 routines: COEFF, IROOT, SWHMRX, SWXFM, SZMRX, SZXFM, WMRXFM, WSXFM, WZXFM, I
-'_‘¢ ZMRXFM, ZSXFM, ZVCNG1 , ZWXFM
‘J L
N\ .
P ]
N ]
o <
i
e {
- e y
\
) *
j-\
's'_!
._-;.:
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Identification

SUBROUTINE IROOT - Interactive Input Routine For Transfer Function Data In
Root Form

CDC FORTRAN 4

F. P. Fernandez and E. A. Lee

Aerospace Corporation

Purpose
Prompt user for data to load in transfer function root data.

Usage

CALL IROOTCINDX)

INDX output - Index used to store transfer function which the user
entered in response to a prompt

1. The transfer function will be stored as an s, w or Z plane transfer func-
tion as determined by flag PLN of COMMON/ACOM/. Set PLN=1HS, 1HHW or 1HZ for
s, w or z plane, respectively, before calling this subroutine.

Method

Program will prompt the user for transfer function root data. After data
entry, the program will print out the transfer function and ask the the user if
the data is correct. If not, the user can (1) add root values, (2) delete root
values, (3) change root values or (4) change the gain value. The program then
prompts the user for the number where this transfer function is to be stored.
This number is returned to the calling program to be used, if necessary, for
further processing of LCAP2 orperators.

e iction

The number of roots of the transfer function must be less than 50.

Requirements

COMMON blocks: ACOM,HEADDB,TFTEMP,//
LCAP2 routines: FCNW1,FCNW2,FETTFX,PROOT,PSYNTH,RTCMNT,RTEQU, STRTFX,
XTRACT
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Identification

SUBROUTINE IROOTP - Interactive Input Routine For Polynomial Data In Root Form
CDC FORTRAN &

F. P. Fernandez and E. A. Lee

Aerospace Corporation

Purpose

Prompt user for data to load in polynomial roots.

Usage
CALL IROCOTPCINDX)

INDX output - Index used to store polynomial which the user entered
in response to a prompt

Hethod

Program will prompt the user for polynomial data. After data entry, the
program will print out the polynomial and ask the user if the data is correct. If
not, the user can (1) add root values, (2) delete root values, (3) change root
values or (4) change the gain value. The program then prompts the user for the
number where this polynomial is to be stored. This number is returned to the
calling program to be used, if necessary, for further processing of LCAP2 opera-
tors.

Reatricti
The number of roots of the polynomial must be less than 50.

Reaguirements

COMMON blocks: ACOM,HEADDB,TFTEMP,//
LCAP2 routines: FETPY,PROOT,PSYNTH, RTCMNT,STRPY,XTRACT
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Identification
SUBROUTINE IRSTOR - Restore Polynomial, Transfer Function And Matrix Data

For Interactive LCAP2
CDC FORTRAN 4

C. L. Wong and E. A. Lee
Aerospace Corporation

Burpose

Restore data from a previous interactive or batch job for a restart capa-
bility in Interactive LCAP2.

Usage
CALL IRSTOR

Method

Reads in data stored on TAPE30 and copies it into COMMON/SCMBLK/ and the
sequential files TAPE8G, TAPES85, TAPE86, TAPE37 and TAPES83. For more details
see description for ISTORE.

Restrictiona
File TAPE30 must be attached before executing LCAP2.
Requirements

COMMON blocks: ACOM,HEADDB, INTCOM,SCMBLK, TFPCNT,//
LCAP2 routines: BPRINTZ, ENDLINE,MPRINT2,PYPRNL, TFPRN1
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Identificati

SUBROUTINE ISTORE - Store Polynomial, Transfer Function and Matrix Data
For Interactive LCAP2

CDC FORTRAN 4

C. L. Wong and E. A. Lee

Aerospace Corporation

Burpose

Store data from an LCAP2 interactive job for a restart capability. This
data can be accessed in a subsequent interactive or batch job by using the
RESTORE operator.

Usage
CALL ISTORE

1. The routine will prompt the user for 70 alphanumeric characters to be used
to identify the data to be stored. This information will be printed out
when this data is restored in a subsequent job.

Method

Data will be saved on file TAPE3l. The first record will be alphanumeric
information entered by the user in response to a prompt. The second record will
be information from COMMON/TFPCNT/ which describes the number of polynomials and
transfer functions saved on various files. The third record will be LCAP2
parameters from HEAD(101) through HEAD(900) of COMMON/HEADDB/.

Polynomials and s, w and z plane transfer functions with LCAP2 indices 1
through 5 are stored in COMMON/SCMBLK/. These polynomials and transfer
functions, regardless if they have been used by the user, will be the next data
copied onto file TAPE3l. Next, polynomials from file TAPE84 will be copied onto
file TAPE3l. Then s, w and z plane transfer functions from files TAPE85, TAPE86
and TAPE87, respectively, will be copied onto file TAPE3l. Finally, matrix data
from TAPE83 will be copied onto file TAPE31l.

Requirements

COMMON blocks: ACOM,HEADDB, INTCOM, SCMBLK,TFPCNT,//
LCAP2 routines: BPRINTZ2,ENDLINE,MPRINT2,PYPRN], TFPRN1
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ITITLE
Identification
SUBROUTINE ITITLE - Interactive Input Routine For Entering Title On Plots
CDC FORTRAN 4

E. A. Lee
Aerospace Corporation

Purpose

Interactive input routine for entering title on plots. Used by subroutine
FPLOT1.

Usage

CALL ITITLECHEAD)
HEAD output ~ Hollerith array (dimension of at least 7 words)
Method

Terminal will prompt the user for one line of alphanumeric input (70 char-
acters or less) for labeling title of plots. The data will be returned in array
HEAD in COMMON/HEADDB/.

uireme

COMMON blocks: none
LCAP2 routines: none
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Identificati

SUBROUTINE LEXIT - LCAP2 Exit Routine
CDC FORTRAN §

E. A. Lee

Aerospace Corporation

Purpose

Exit routine with call to plot routine to "clear out™ plot buffer before
terminating program.

o taaas
=

CALL LEXIT

Method

Counter NPLOTS in COMMON/PLOT1/ is checked to see if any records were writ-
: ten to the hardcopy file. If .NE.O, subroutine ENPLOT is called before exiting
< program with CALL EXIT.
“~

Reavirements

NS COMMON blocks: PLOT1
SR LCAP2 routines: none
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.f: Identificati
(~

-f;' SUBROUTINE MATROT2 - Compute Determinant Polynomial Of A Matrix
3 Using A User-Supplied Function

CDC FORTRAN 4

E. A. Lee

Aerospace Corporation

tenbntcbiednleadai, A

- Burpose
. Compute determinant polynomial of a matrix with polynomial elements using a
~ user-supplied function.

-3 ) Usage
i:ﬁ CALL MATROT1(POLY1,R00T,AUXSUB,N,NRTS)
:E POLY1  output - Polynomial coefficient array (LCAPZ array)
- ROOT output - Polynomial root array (LCAP2 array)
~ AUXSUB input - Name of user-supplied subroutine. Must be declared with
{i< an EXTERNAL statement in the calling program.
:3 N input - Dimension of matrix
N NRTS input - Max. number of roots to be found
b | I If the user-supplied subroutine is AUXM1l, then this subroutine will yield
L . results identical to subroutine MROOT1.
4,
’;f 2. User-supplied subroutine can be written so that the dimension of the matrix
- and the degree of the polynomial elements are different than those of
cud MROOT1.
A Method
\': "
,:3 Generalized root finding subroutine MULE and the user-supplied subroutine ¥
P are used to determine the roots of the determinant. As part of the iterative
:_ root finding procedure, MULE will pass a root iterant to the user-supplied sub-
= routine which will then evaluate the matrix at this frequency.
- Reauirements
:%' COMMON blocks: MDET1,HEADDB,CMPOLY ;
o LCAP2 routines: MULE,PEQUAL,PSYNTH,PZERO,RCLAS,RTPRNO,RZERO i
. . :
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Identificati
SUBROUTINE MINITO0 - Initialization of LCAP2 Matrix Parameters
CDC FORTRAN 4

E. A. Lee
Aerospace Corporation

Burpose
Initialization of LCAP2 matrix parameters used for evaluation of transfer

function by Cramer's method. MINITO is to be used only for the batch version of
LCAP2.

Usage

CALL MINITO
1. This routine must be called before subroutine MROOT1 or DETRM is used.
2. Matrix data is in COMMON/MATRIX1/.

Method

The matrix data in COMMON/MATRIX1/ which are initialized are:

Parameter Initialized Description
Value
MATDIM 30 DIMENSION of square matrices MO,M1,M2,M3,M4
MXM 1 Dimension of matrices (1-30)
MDEG 0 Highest degree of polynomial element (0-4)
MO 0 Matrix for coefficients of s¥x0
Ml 0 Matrix for coefficients of s¥xl
M2 0 Matrix for coefficients of s¥X2
M3 0 Matrix for coefficients of sXX3
M4 0 Matrix for coefficients of s¥X4

Unlike MINIT2 (the interactive version of MINITO0), matrix data is not in
blank common, which can be over written by plot data which shares blank common.
The user does not have to be concerned with the availability of this data once
this routine is entered.

Reauirements

COMMON blocks: MATRIX1,MDET1
LCAP2 routines: none
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v MINIT2
,. Identificatio
.‘{-:
:}} SUBROUTINE MINIT2 - Initialization of LCAP2 Matrix Parameters

o CDC FORTRAN 4

e E. A. Lee

N Aerospace Corporation

:f; Purpose

Ji% . Initialization of LCAPZ matrix parameters used for evaluation of transfer

- function by Cramer's method. MINIT2 is to be used only for the interactive ver-
\ sion of LCAP2.

:*: Usage

N

A

- CALL MINIT2

2

1. This routine must be called before subroutine MR0OOT2 or IDETRM is used.

:z 2. Matrix data is in blank common /7.

s

ol Method

.::,
( To save memory, blank common // is shared by matrix data and plot data.

f: The matrix data in blank common which are initialized are:

o

"X Parameter Initialized Description

- Value

‘a; MATDIM 30 DIMENSION of square matrices MO,M1,MZ2.M3,M4

A MXM 1 Dimension of matrices (1-30)

N MDEG 0 Highest degree of polynomial element (0-4) 1
-:a MO 0 Matrix for coefficients of s¥x0 :
-2 M1 0 Matrix for coefficients of sxxl

\" M2 0 Matrix for coefficients of sX%x2

S M3 0 Matrix for coefficients of s¥x3
' MG 0 Matrix for coefficients of s¥¥%§

-:} NDIMA 30 Dimension of square matrix AMATRIX \

- AMATRIX 0 Complex matrix used to evaluate determinant !
.‘.n

= After initialization, this data is also saved on sequential file TAPE83 so ]
o * that blank common can be restored if it is over-written by plot data. ?
':'. 4
- Reauirements ]
L 1
Dy COMMON blocks: 7/ K
" LCAP2 routines: none
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Identificetion

SUBROUTINE MPRINT1 - Print Out Matrix Data

CDC FORTRAN 4

E. A. Lee

Aerospace Corporation -

Purpose

Print out matrices MO, M1, M2, M3 and M4 which describe a set of linear
transformed equations to be used for evaluating a transfer function by Cramer's
method. MPRINT] is to be used only for the batch version of LCAP2.

Usage
CALL MPRINT1

1. Matrix data is in COMMON/MATRIX1/. The matrix data are described below:

Parameter Description
MATDIM DIMENSION of square matrices MO,M1,M2,M3,M4
MXM Dimension of matrices (1-30)
MDEG Highest degree of polynomial element (0-4)
MO Matrix for coefficients of s¥x0 |
Ml Matrix for coefficients of s¥xxl !
M2 Matrix for coefficients of s¥x2
M3 Matrix for coefficients of sxx3
M4 Matrix for coefficients of s¥x4
Method

Only the non-zero elements of the matrices are printed out.
Reauirements

COMMON blocks: MATRIX1,PRNCTL
LCAP2 routines: none
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A\ Identificati
o~
“ SUBROUTINE MPRINT2 - Print Out Matrix Data
:’.-.::- CDC FORTRAN 4
A E. A. Lee
¥ R Aerospace Corporation
‘l'::E Purpose
§' " Print out matrices MO, M1, M2, M3 and MG which describe a set of linear
_‘.\' transformed equations to be used for evaluating a transfer function by Cramer's
N > method. MPRINT2 is to be used only for the interactive version of LCAP2.
< Usage
A
o CALL MPRINT2
-z 1. Matrix data is in blank common //. Data in this blank common used for the
o printout are described below:
’ :'_::; Parameter Description
\.':-
::: MATDIM DIMENSION of square matrices MO,M1,M2,M3,M4
i MXM Dimension of matrices (1-30)
S n MDEG Highest degree of polynomial element (0-6)
::.-'_' MO Matrix for coefficients of sXx0
AN M1 Matrix for coefficients of s¥xl
N M2 Matrix for coefficients of s¥x2
AL M3 Matrix for coefficients of sXx3
e MG Matrix for coefficients of s¥X4
59 Method
Wl
203 Only the non-zero elements of the matrices are printed out.
Q)
Y. Reauirements
= COMMON blocks: PRNCTL,/’
\ LCAP2 routines: none
.\':'_-'
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L Identification
AN
;}j SUBROUTINE MROOT1 - Compute Determinant Polynomial Of A Matrix
R CDC FORTRAN 4
., E. A. Lee
=i Aerospace Corporation
S
R Purpose
; \.‘;\
BEN Compute polynomial determinant of a matrix with polynomial elements
AR defined by:
A ~ 4 3 2 1
Y M(s) =M¢s + M3Is + M2s + Mls+ MO
.fq This operator is used as one of the steps in evaluating a transfer function via
AN Cramer's method. MROOT1 is called by DETRM and DTERM. When called by DTERM, col-

umn substitution with the forcing vector will have been performed already.

RIDY Usage
n
-.':: CALL MROOT1(POLY1l,R00T)
-\
..*\
: POLY1 output - Polynomial coefficient array (LCAP2 format)
‘* ROOT output - Polynomial root array (LCAPZ2 format)
SR
FS}: 1. Before MROOT1 is used, matrix parameters must first be initialized by call-
v ing MINITO (once only).
“,J 2. Matrix parameters are in COMMON/MATRIX1/. They are to be set before MROOT1
o is called. These parameters are defined below:
! < Parameter Preset Description
&?tf MXM 1 Dimension of matrices (1-30)
—~— MDEG 0 Highest degree of polynomial element (0-4)
—~— MO 0 Matrix for coefficients of sXX0
YA M1 0 Matrix for coefficients of sxxl
o M2 0 Matrix for coefficients of s¥%x2
o M3 0 Matrix for coefficients of s¥¥%3
s MG 0 Matrix for coefficients of s¥¥4
o
5 Method ‘

»
!y
>

£5

rA

Generalized root finding subroutine MULE and auxiliary subroutine AUXM1

\s“\ are used to determine the roots of the determinant. As part of the iterative
\\3\ root finding procedure, MULE will supply AUXMl with a root iterant which AUXM1
;',“ will then use to evaluate the matrix
s 118
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4 3 2 1
Mis) =M4s + M3iIs + M2s + Ml s+ MO

for s = root iterant.

The complex determinant of the above evaluated matrix is then computed by
subroutine CXMTX1 and returned to MULE.

The evaluated matrix whose determinant is to be computed by CXMTX1 and the
resultant determinant are stored in COMMON/MDET1/. These parameters are
described below:

Parameter Description

NR input Dimension of matrix

DET output Complex determinant

NDIMA input Row dimension of AMATRIX

AMATRIX input Complex array of dimension NDIMA x NDIMA
striction

The dimension of the matrix must not be greater than 30 x 30. The polynomi-
al elements of the matrix must be degree 6 or less. The degren of the computed
polynomial determinant must be less than 50.

MROOT1 is to be used only by Batch LCAP2.

Requirements

COMMON blocks: CMPOLY,HEADDB, MATRIX1,MDET1,MPAR
LCAP2 routines: AUXM1,AUXP,MULE,PEQUAL,PSYNTH,PZERO,RCLAS,RTPRNO,RZERO
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Identificati

SUBROUTINE MRO0OT2 - Compute Determinant Polynomial Of A Matrix
CDC FORTRAN ¢

E, A. Lee

Aerospace Corporation

Burpose

Compute polynomial determinant of a matrix with polynomial elements
defined by:

4 3 2 1
M(s) =Mé¢s + MiIis + M2s + Mls+ MO

This operator is used as one of the steps in evaluating a transfer function via

Cramer's method. MRO0OT2 is called by IDETRM and IDTERM. When called by IDTERM
column substitution with the forcing vector will have been performed already.

Usage
CALL MROOT2(POLY1,RO0T)

POLYl output - Polynomial coefficient array (LCAP2 format)
ROOT output - Polynomial root arcray (LCAP2 format)

1. Before MROOT2 is used, matrix parameters must first be initialized by call-
ing MINTI2 (once only).

2. Matrix parameters are in blank common /7. They are to be set before MROOT2
is called. These parameters are defined below:

Parameter Preset Description
MXM 1 Dimension of matrices (1-30)
MDEG 0 Highest degree of polynomial element (0-4)
MO 0 Matrix for coefficients of sXx0
Ml 0 Matrix for coefficients of sXX]
M2 0 Matrix for coefficients of s¥X2
M3 0 Matrix for coefficients of sXXxJ
MG 0 Matrix for coefficients of s¥¥X4
Method

Generalized root finding subroutine MULE and auxiliary subroutine AUXM1
are used to determine the roots of the determinant. As part of the iterative
root finding procedure, MULE will supply AUXM1l with a root iterant which AUXMI1
will then use to evaluate the matrix

120
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4 3 2 1
Mis) = MGs + M3Is + M2s + MlLs+ MO

{ o
.

for s = root iterant.

[

. \':
,%:% The complex determinant of the above evaluated matrix is then computed by
e subroutine CXMTX1 and returned to MULE. The evaluated matrix whose determinant
v is to be computed by CXMTX1 and the resultant determinant is stored in blank
' u common //. These parameters are described below:
i:: Parameter Description
??2 . NR input Dimension of matrix
Yol DET output Complex determinant
\ NDIMA input Row dimension of AMATRIX
(Sﬁ' AMATRIX input Complex array of dimension NDIMA x NDIMA
e, _‘
.‘.t. - -
-Qf Restrictions
2* The dimension of the matrix must not be greater than 30 x 30. The polynomi-
4 al elements of the matrix must be degree 4 or less. The computed polynomial
e determinant must be less than 50.
o
ﬁ\: MROOT2 is to be used only by Interactive LCAP2.
~;.:'4
. R . £
L\
s COMMON blocks: CMPOLY,HEADDB, INTCOM,MPAR,//
.xﬁ- LCAP2 routines: AUXM2,AUXP,MPRINT2,MULE,PEQUAL,PSYNTH,PZERO,RCLAS,RTPRNG,
o RZERO
‘-‘::‘
:y
.
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o MRXFM
‘; Identificati
f; SUBROUTINE MRXFM - Multirate Z Plane Transform (In Rational Form) by
::. Sklansky's Frequency Decomposition Method
Ny CDC FORTRAN 4
s E. A. Lee

Aerospace Corporation .

‘ Purpose
it: Compute multirate z transform, in rational form, by Sklansky's frequency
L= decomposition method.

\

o Usage
AN
;"-‘
tﬁ* CALL MRXFM(XROOTJ,XROOTI,TSLOKW,NRATIO)

N
- XROOTJ input - Complex z plane transfer function root array (LCAP2 format)
a4 of input at faster sampling rate
Koy XROOTI output - Complex z plane transfer function root array (LCAP2 format)

‘. of output at the slower sampling rate

[ TSLOW input =~ Sampling period of slower output sampler
,*x NRATIO input - Ratio of slower/input sampling periods
)

{ Method
‘.‘ -

‘;A Zeroes of the function defined by Sklansky's frequency decomposition meth-
sﬁ' od are found by using the generalized root finding subroutine MULE and auxiliary
;i subroutine AXXMRX. To improve the computational accuracy, the calculations are

performed in the zeta plane rather than in the z plane. (See description of sub-
' routine ZZETAXM for definition of the zeta plane)

SN
. Restrictions
an
::; The degree of the transfer functions must be less than 50.

) Reauirementa
s:_'

s
e COMMON blocks: COMAXX,HEADDB,ITEST, TEMPRT

.:{. LCAP2 routines: AXXMRN, EJKNI, EVLRRT,EVMRRT,MULE,RCLAS,RREQU,RTPRNO,

S XTRACT ,ZETAZXM, ZZETAXM

oy

b .
N
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Identificati

SUBROUTINE MULE - General Root Finding Subroutine

CDC FORTRAN 4 ‘

J. F. Holt 4

. Aerospace Corporation i
r

4

Burpose

To determine the zeroes of any analytic function F(Z) using complex arith- 4
metic. Both real and complex roots can be obtained. 1

Usage ]

CALL MULECKN,N,JG,NP,NJG, NRT,MRT,MXC,MAXIT, JMAX,RXZ, NREV, MAK, 4
+IMGZ,RTS,EP1,EP2,EP3,EP4,EP5,S5T1,5T2,ST3, SKU, SKL , AUX) :

KN input - No. of known or previously computed roots

These roots must be stored in RTS(1) - RTS(KN)
N input - No. of roots to be found for this call to MULE
JG input - Initial guess option for the user

NP input - output flag. If
=2, Suppress all internal printing
=1, Print only the final iteration of each root
=0, Print all iterants
NJG input - Complex conjugate option. If
=0, Accepts conjugate (if complex) as root
=1, Do not use conjugate as next guess
NRT output - No. or roots which actually converged (see Ref. 3 for criteria)
MRY output - Approx. no. of equal or close roots
MXC output - No. of roots which iterated MAXIT times
MAXIT input - Max. number of iterations allowed per root
JMAX input - After JMAX iterations, if conv. .LE. .01 (rel conv.),
use EP2 (if Z(JMAX) .LE. 1) as new guess. Otherwise,
use Aitken's delta sq. to compute new guess.

RXZ input - Scale factor for special searching procedure after
JMAX iterations have occurred.
NREV input - Option to reverse root(KN+l thru KN+n) and repeat iteration.

=1 If (MXC) non-zero, reverse roots and repeat solution
=0 Exit from subroutine after N roots obtained

MAK input - After JMAX iterations perform Aitken delta sq. extrapolation.
every MAK iterations. Recommend MAK=6 or more.

* IMGZ input - If .EQ. 0, set imag. part of root to zero
L RTS input -~ Root array for guesses if used
:}i output - Complex array of roots found (dimension of at least KN+N)
5 EP1 input - Relative error criterion
}ﬂ EP2 input - Extremely small guess (abs. value) to be used after JMAX
»@

2

123

. " l.. l‘ l.‘

5 'r".'vs




:
e aaa

iterations if current iter. less than 1.

S d.

EP3 input - Criteria for perturbing initial guesses
EPG input - Criteria for determining true zero for complex parts |

EPS input - Criteria for determining absolute zero

ST1 input - Standard starting value

ST2 input - Standard starting value

ST3 input -~ Standard starting value

SKU input - Scalar (abs. value) to prevent overflow of F(Z)

SKL input - Scalar (abs. value) to prevent underflow of F(2) .

AUX input - Function evaluation subroutine (CALL AUX(RT,FRT,SC))
where RT=current iterant, FRT=F(RT), SC=scalar exponent

l. See listing of MULE for a more complete description of the arguments.

Method

Uses an improved version of Muller's method which has been combined with
AITKEN's delta square extrapolation, an automatic scaling procedure and a simple
but efficient searching technique. See Ref. 3 for a more complete description.

Restricti

The user must provide an auxiliary subroutine (see AUX) which evaluates the
function F(Zi) given iterant Zi. The name of the auxiliary subroutine must be
defined as an argument in the calling sequence and also through the use of the
EXTERNAL statement in the calling program or subroutine.

Reauirements

COMMON blocks: none
LCAP2 routines: none

...
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SUBROUTINE NORM - Normalize Transfer Function

Identificati
::'v.':

2

= CDC FORTRAN 4

it E. A. Lee

'.*; Aerospace Corporation

= Purpose

-?f, Normalize the coefficients of a transfer function.

Usage

f{; CALL NORM(PNI,PDI,RTNI,RTDI,INI,IDI)

f:f PNI input Polynomial coefficient array (LCAP2 format) of numerator
}:: output Normalized polynomial coefficient array (LCAP2 format) of
L numerator

" PDI input Polynomial coefficient array (LCAP2 format) of denominator
e output Normalized polynomial coefficient array (LCAP2 format) of
:;;- denominator

g:: RTNI input Complex polynomial root array (LCAP2 format) of numerator
:{\: output Normalized complex polynomial root array (LCAP2 format) of
S numerator
) RTDI1 input Complex polynomial root array (LCAP2 format) of denominator
F{k output Normalized complex polynomial root array (LCAP2 format) of
l:?. denominator

.\j INI input =0 if numerator coefficients and roots are available

L =1 if only numerator coefficients are available

y : IDI input =0 if denominator coefficients and roots are available

- =] if only denominator coefficients are available

T

.;{ 1. Normalization parameters are in COMMON/HEADDB/. They are to be set befors
.{y NORM is called. See description for SNORM.

. Restrictions

\‘

o The degree of the transfer function must be less than 50.

s

A Reauirements

‘.::s

A COMMON blocks: INTCOM,HEADDB

7 . LCAP2 routines: none

£
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Identificati
SUBROUTINE OPMESG - Operation Message
CDC FORTRAN 6

E. A. Lee
Aerospace Corporation

Burpose

Print out summary of LCAP2 operations. Message supplied as a Hollerith
array in the calling sequence.

Usage

CALL OPMESG(INTFLG,MESAGE,NLINE)

INTFLG input - .EQ.0 for batch version, .NE.0 for interactive version

MESAGE input =~ Hollerith array of dimension nX5 where n must be equal
or greater than the value of NLINE

NLINE input - Number of lines of message

1. For the batch version the message will be enclosed by a rectangular box,
i.e.,

133333333333 3333 8333333333338 3382 2833222342232
% *

% 3
13333333323 3333333233333383333 3333833333333 3

2. For the interactive version the message will be preceded by an
arrow, i.e.,

-——
3. If PRNFLG3 (preset=1) of COMMON/PRNCTL/ .EQ.0, printout is suppressed.
Reauirements

COMMON blocks: PRNCTL
LCAP2 routines: none
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OPPRN
: Identificati
:;f SUBROUTINE OPPRN - Operand Message
{{: CDC FORTRAN 4
e E. A. Lee
e Aerospace Corporation
AN Purpose
. " a,
‘.1'
xi: Print out summary of LCAP2 operations using tables.
e
\.‘ 2
;::' CALL OPPRN(I,J,K,ICODE, JCODE,KCODE,IOPT, IPLANE, IARG)
)
_i% I input -~ First argument, i=I
e J input -~ Second argument, j=J
e K input - Third argument, k=K
0 ICODE input - =1 POLY(1) =
NS =3 ROOT(i) =
e (the character - below designates s, w or z
= as determined by the value of IPLANE)
o =5 -PTF(i)=
R =6 -ROOT(i) =
LS JCODE input - = POLY(3)
0 z ROOT(3)
¢ - = ROOTS OF
}{' = PSYNTHC(ROOT(3))
- =6 -PTF(5)
L =7 -ROOT(3)
‘ = PSYNTH(-R0OOT(J))
{: = (POLYN/POLYD)
:{ =10 (ROOTN/ROOTD)
54 =11 NUMERATOR OF
e =12 DENOMINATOR OF
% =13 WZXFM OF
‘e =14 ZWXFM OF
e =15 NORMALIZATION OF
N =16 SWXFM OF
o =17 SZXFM OF
2 =18 ZMRXFM OF
T =19 WMRXFM OF
® . IOPT  input - =1 +
rd -
- = -
. = %
_..:,. = /
\’:: = (blank)
'@
Cd
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KCODE input - = POLY(k)
=3 ROOT (k)
= PSYNTH(ROOT (k)
s =PTF(k)
s ~ROOT (k)
= PSYNTH(-R0OOT(k))

IPLANE input - .EQ.0 for s plane, .LT.0 for w plane, .GT.0 for z plane
IARG input - .NE.O if there is no third part to the printout,
i.e., no KCODE

Restricti

If PRNFLGS (preset=1l) of COMMON/PRNCTL/ .EQ.0, printout will
suppressed.

Reauirements

COMMON blocks: INTCOM,PRNCTL
LCAP2 routines: HOLLI
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Identificati

SUBROUTINE OSCALE - Optimum Plot Scale
CDC FORTRAN 4

., 4 "s M
RAA

1»
-
-
L)

7

7

5-} E. A. Lee

] Aerospace Corporation

v Purpose ]
=

%\j Compute optimum plot scale based upon multiple of 2., 2.5, 5. or 10. units

{24 - per inch.

A\

5

CALL OSCALECYMIN,YMAX,YDELTA,YLNTH) }

YMIN input -~ Minimum value of data to be plotted
output - Minimum value of optimum scale

YMAX input Maximum value of data to be plotted
output - Maximum value of optimum scale

YDELTA input - Length of plot scale

AR A )

»_
Ky o
. LN
I
IR it ccboiniioniia o Bl B

.S; YLNTH input - Full scale in inches
- .‘ B ! - ! -
A
‘:4 YMAX must be .GE. YMIN. )
X }
o Requirements 1
\'o' «
S COMMON blocks: none !
- LCAP2 routines: none q
n.‘: 1
S %. |
=
N,
by
N :
.\‘.' h
WS .
WS >
LA 4
> 1
! [y
L 1
T 3
1
;: y
o

’
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PACK
L i
.':“.-
S SUBROUTINE PACK - Pack Root Information Into Word
g CDC' FORTRAN 4
T E. A. Lee

Aerospace Corporation

Purpose

Pack root information into the real part of a complex variable. The first
word of a complex root array (LCAP2 format) contains this packed information.

Usage
CALL PACK(ROOT,NUM, ICOM,IR,12)

ROOT input - Complex variable
output - Complex variable with real part containing packed
root information (imaginary part unchanged)
NUM input Total Number of roots
ICOM input Number of complex roots
IR input - Number of real roots not at the origin
1z input Number of roots at the origin

Method

The first word of a complex array, in LCAP2 format, is used to store infor-
mation characterizing a polynomial. The real part of this word is packed as: bit
1 is the unit digit, bit 2 is the tens digit, .. etc.

Decimal Digit Description
1,2 Total number of roots
3,4 Number of complex roots (an even number)
5,6 Number of real roots not at the origin
7,8 Number of roots at the origin
Example: NUM = 8
ICOM= 4
IR =3
Iz =1

CALL PACKCROOT,NUM, ICOM,IR,I12)

would yield, value of REAL(ROOT(1)) = 103048

.l
.
LN S

The imaginary part of the first word of a complex root array in LCAP2 for-
mat is the low order non-zero coefficient of the polynomial. This value is not
affected by this subroutine.

:.,"::l ‘}l’
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none

The code for this routine is in subroutine XTRACT.
none

COMMON blocks:
LCAP2 routines:
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Identificati

SUBROUTINE PADD - LCAP2 Operator, Polynomial Add
CDC FORTRAN 4

E. A. Lee

Aerospace Corporation

Purpose

Add two polynomials using LCAP2 indices.
Usage

CALL PADD(I,J,K)
I input - Index of resultant polynomial sum

J input - Index of first polynomial to be added
K input - Index of second polynomial to be added

Restricti
The degree of the polynomials must be less than 50.
Requirements

COMMON blocks: PRNCTL, TFTEMP
LCAP2 routines: ADDP,ENDLINE,FETPY,OPPRN,PROOT,PYPRN1,PYPRNG,STRPY

132




g T e, e AN AN A AL A
Ao I O AT T LA A A AT SN A AR .wlx—'_-‘_ R Al SN .v.v,'.'_'.'_'._ EACAE BRI NG

LS.
2 1
N {
>
e
SN PCHEK
n"* .y
Identificati
}.-\‘
t{& SUBROUTINE PCHEK - Polynomial Check For Extraneous Coefficients
k::\-: CDC FORTRAN 4
RN E. A. Lee
N

Aerospace Corporation
Purpose |

Check polynomial coefficient array to see if the degree is between 0 and
69. If it is not, zero out all elements of the array.

Also zero out undefined coefficients of the array which correspond to coef-
ficients larger than the degree of the polynomial.

Usage {
CALL PCHEK(P)
P input - Polynomial coefficient array (LCAP2 format) 1

output - Polynomial coefficient array (LCAP2 format) wilh undefined
coefficients set to zero. 1

Requirements

COMMON blocks: none
LCAP2 routines: PZERO
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L) entiicats

o

A SUBROUTINE PEQU - LCAP2 Operator, Polynomial Equal
:x; CDC FORTRAN 4

g E. A. Lee

Aerospace Corporation
Purpose

Equate polynomials using LCAP2 indices.
Usage

CALL PEQU(I,J)

I input - Inaex of resultant polynomial
J input - Index of polynomial to be equated with
estriction

PECAR el A A S I A TR e e e
. Pl . -t

The degree of the polynomials must be less than 50,

Reauirements

COMMON blocks: TFTEMP

LCAPZ routines: ENDLINE,FETPY,OPPRN,PEQUAL,PYPRN1,PYPRN4,RTEQU,STRPY
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SUBROUTINE PEQUAL - Equate Polynomial Coefficient Arrays
CDC FORTRAN 4

E. A. Lee

Aerospace Corporation

A’.‘l‘""
s fefe e
Al
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LA™

Equate polynomials in coefficient form.

Usage

“

l"
e

CALL PEQUAL(P1,P2)

Pl input - Polynomial coefficient array (LCAP2 format)
P2 output - Polynomial coefficient array (LCAP2 format)
Restriction

The degree of the polynomials must be less than 50.
Reauirements

COMMON blocks: none
LCAP2 routines: none
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Identificati

SUBROUTINE PLDC - LCAP2 Operator, Polynomial Load In Coefficient Form
CDC FORTRAN 4

E. A. Lee

Aerospace Corporation

Burpose

Load coefficients into polynomial coefficient array, POLYi.
Usage

CALL PLDC(I)
I input - Index where polynomial is to be stored

1. Polynomial coefficients are entered with polynomial array POLY (LCAP2 for-
mat) which are in COMMON/HEADDB/. They are to be set before PLDC is called.

2. The calling program must include COMMON/HEADDB/ and the appropriate DIMEN-
SION and EQUIVALENCE statements for POLY.

3. The roots of POLYi will not be automatically computed. If this is desired,
follow this operation with the operator PRTS(I).

Restricti
The degree of the polynomials must be less than 50.
Requirements

COMMON blocks: INTCOM,HEADDB, TFTEMP
LCAP2 routines: ENDLINE,OPMESG,PEQUAL,PPRN1,PYPRNG,STRPY
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Identificati

SUBROUTINE PLDR - LCAP2 Operator, Polynomial Load In Root Form
CDC FORTRAN 4

€E. A. Lee
- Aerospace Corporation

o Purpose

- Load roots in polynomial root array, ROOT. After the roots have been
o loaded, the coefficients of the polynomial are computed and stored in the poly-
\ nomial coefficient array POLYi.

Y

*

o Usage

'\::-
“ﬁ CALL PLDR(I)

v I input - Index where polynomial is to be stored

“

-

{f: 1. Polynomial roots are entered with polynomial root array ROOT (LCAP2 format)

:}: which is in COMMON/HEADDB/. They are to be set before PLDR is called.

et~

“:‘ 2. The calling program must include COMMON/HEADDB/ and the appropriate DIMEN-
{ SION and EQUIVALENCE statements for ROOT.

2 Restrictions

::- The degree of the polynomials must be less than 50.

h . B - !

xd‘

" COMMON blocks: INTCOM,HEADDB, TFTEMP

'{: LCAP2 routines: ENDLINE,OPMESG,PSYNTH,PYPRNG,RTEQU,RTPRN2,STRPY
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Identificati

SUBROUTINE PLQ - Synthesize Polynomial From Lags and Quadratics

CDC FORTRAN 4

E. A. Lee

Aerospace Corporation .

A A A A s e aem a-

Purpose {

Synthesize or compute polynomial from a product of first order lags and
quadratics.

Usage

CALL PLQCNTAU, TAU, NQUAD, OMEGA, ZETA,POLY)

NTAU input - Number of first order lags

TAU input - Array of time constants (dimension must be at least
the value of NTAU)

NQUAD input - Number of quadratic terms

OMEGA input - Array of quadratic frequencies (dimension must be
at least the value of NQUAD)

ZETA input - Array of quadratic damping coefficients (dimension

at least the value of NQUAD)
POLY output -~ Polynomial coefficient array (LCAP2 format)

Restricti

The degree of the polynomial formed must be less than 50.

Requjrements

COMMON blocks: none
LCAP2 routines: PMULT,PZERO




SUBROUTINE PMULT - Polynomial Multiply (Coefficient Form)

o) CDC FORTRAN &
5}: E. A. Lee
. Aerospace Corporation

Purpose

Y
T .l
) a
L]

‘. l:(‘
.

Multiply two polynomials in coefficient form.

MR

sage
CALL PMULTC(A,B,C)
A input - Polynomial coefficient array (LCAP2 format)

B input - Polynomial coefficient array (LCAP2 format)
C output - Polynomial coefficient array (LCAP2 format) of product

Method

Double precision is used for the intermediate calculations.
Restrictions
The degree of the polynomials must be less than 50.

Requjirements

COMMON blocks: none
LCAP2 routines: none
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Identifitati

SUBROUTINE PMPY ~ LCAP2 Operator, Polynomial Multiply
CDC FORTRAN 4
E. A. Lee
Aerospace Corporation
urpo

Multiply two polynomials using LCAP2 indices.

sage

CALL PMPY(I,J,K)

I input - Index of resultant polynomial product
J input - Index of polynomial multiplicand

K input - Index of polynomial multiplier
Method

If only the coefficients of the j-th and k~th polynomials are available,
the product is computed by multiplication of the coefficients. If the roots of
the j-th and k-th polynomials are available, the product is computed by combin-
ing the roots. The coefficients of the product are then formed from these roots. |

rictijon
The degree of the polynomials must be less than 50.

uirement

COMMON blocks: TFTEMP
LCAP2 routines: ENDLINE,FETPY,OPPRN,PMULT,PSYNTH,PYPRN1,PYPRNG, RTMPY,
STRPY
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Identificati
SUBROUTINE PPADD - Transfer Function Addition (Coefficient Form)
CDC FORTRAN 4

E. A. Lee
Aerospace Corporation

Purpose

Add two transfer functions, in coefficient form, by rationalization.
Usage

CALL PPADD(R1,R2,R3)
Rl input - Transfer function coefficient array (LCAP2 format)

R2 input - Transfer function coefficient array (LCAPZ2 format)
R3 output - Transfer function coefficient array (LCAP2 format) of sum

Method

After rationalization is completed, a check is made to determine if there
are any common roots at the origin between the numerator and the denominator. If
there are any, they are cancelled.

riction
The degree of the transfer functions must be less than 50.

Requirements

COMMON blocks: HEADDB
LCAP2 routines: ADDP,PEQUAL,PMULT,SUBP

L i AR Bt
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N PPEQU
- Identificati
f?: SUBROUTINE PPEQU - Equate Transfer Function Arrays
fﬁ_ CDC FORTRAN 4
- E. A. Lee
s Aerospace Corporation
:}: urpo
o
1;: Equate transfer functions in coefficient form.
> > CALL PPEQUCP1,P2)
n
)
f: Pl input - Transfer function array (LCAP2 format)
1: P2 output - Transfer function array (LCAP2 format)
'S o
ﬁ" riction
-'\
'I\
Ny The degree of the polynomials must be less than 50.
N2
A
:;; The code for this routine is in subroutine PEQUAL.

ment

- :t".
L&A

'S’

COMMON blocks: none
LCAP2 routines: none
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dentificatio
SUBROUTINE PPMPY - Multiply Two Transfer Functions (Coefficient Form)
CDC FORTRAN 4
E. A. Lee
Aerospace Corporation

Purpos

Multiply two transfer functions in coefficient form.

Usc e

CALL PPMPY(A,B,C)
A input - Transfer function coefficient array (LCAP2 format)
B input - Transfer function coefficient array (LCAP2 format)

C output - Transfer function coefficient array (LCAP2 format) of product
Method

Two separate calls to subroutine PMULT are used to compute the numerator
and denominator.

Restrictio
The degree of the transfer functions must be less than 50.
equiremen

COMMON blocks: none
LCAP2 routines: PMULT
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Identificati

SUBROUTINE PPRINT - Print Out Polynomial Coefficients With Integer

Identifier
CDC FORTRAN 4
E. A. Lee
Aerospace Corporation .
Purpose

Print out polynomial coefficients with integer identifier.
Usage
CALL PPRINT(POUT, IDENT)

POUT input - Polynomial coefficient array (LCAP2 format)
IDENT input - Identifier (.GT.0) used for labeling printout.

Methed

Coefficients are printed out in ascending order.
Restricti

The degree of the polynomial must be less than 50.
Requirements

COMMON blocks: none
LCAP2 routines: none
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i Identification

g

:::{. SUBROUTINE PPRN - LCAP2 Operator, Print Out Polynomial

o CDC FORTRAN ¢

2:;. E. A. Lee

>N Aerospace Corporation

‘_l;"_:: Print out polynomial using an LCAP2 index.
el -

oo Usage
A CALL PPRNCI)

AN

lq;:; I input - Irdex of polynomial to be printed out

o

o Method

Ad
Roots of the polynomial are printed out only if they defined ( previously

.-::.- computed or loaded in). Coefficients of the polynomial are printed out in

- ascending order.

I
o~ Restricti
\ .

The degree of the polynomial must be less than 50.

NN .

ol Reauirements

\fp

:}f. COMMON blocks: INTCOM, TFTEMP

LCAP2 routines: ENDLINE,FETPY,OPMESG, PYPRN4

:),-.

,.

o)

'?3.‘

-

.:\'

. :‘\

._;...

AT

.:.. j
o

N i
S 145 1
'l:: :
.‘~ 1
Vot {
Sy 4
2 ‘

. {

3 ]
" . - RN

-~
[l
)

0



SR A

Identificati

SUBROUTINE PPRN1l - Print Out Polynomial Coefficient Array
CDC FORTRAN ¢

E. A. Lee

Aerospace Corporation

Purpose

Print out polynomial coefficient array with identifiers using tables.

Usage
CALL PPRN1(IFLAG,POLY,IDENT,IPLANE)

IFLAG input - =0 No heading
=1 DEGREE OF POLY(I) IS
=2 DEGREE OF POLY is
=3 DEGREE OF NUMERATOR OF -PTF(I) IS
DEGREE OF DENOMINATOR OF -PTF(I) IS
(the character - above is s, w or z as
determined by the value of IPLANE)

POLY input - Polynomial coefficient array (LCAP2 format)
IDENT input - Identifier (0-99) used for labeling printout
IPLANE input - =0 for s plane, =-1 for w plane, =1 for 2z plane
Reauirements

COMMON blocks: none
LCAP2 routines: HOLLI




l'
e

] ..41_

‘A

<X

55 %

18

-

‘l"l 4,
¥

A .
—‘a‘.l
e

.
-’

P

.

-

.-
2

LSS

.
.

F P
0
‘)('}‘:‘\-‘

.

s
o

& 2,4,

';.“

L

el
b

s

X7

<
54%%

a
."u'.'- hY

."

5

0

4,

-

."ﬁ :l“

-
.

{.

[

o
..

Identificati

SUBROUTINE PPSUB - Transfer Function Subtraction (Coefficient Form)
CDC FORTRAN 4

E. A. Lee

Aerospace Corporation

Burpose

Subtract two transfer functions, in coefficient form, by rationalization.

Usage

CALL PPSUB(R1,R2,R3)

Rl input - Transfer function coefficient array (LCAP2 format)
(minuend)

R2 input - Transfer function coefficient array (LCAP2 format)
(subtrahend)

R3 output - Transfer function coefficient array (LCAP2 format) of
difference

Method

After rationalization is completed, a check is made to determine if there
are any common roots at the origin between the numerator and the denominator. If
there are any, they are cancelled.

The code for this routine is in subroutine PPADD.
Restricti

The degree of the transfer functions must be less than 50.
Reauirements

COMMON blocks: HEADDB
LCAP2 routines: ADDP,PEQUAL,PMULT,SUBP

147

AR Aa AR

T '(,.- »

AARR
,-




ANUNY

PR A S A

- "T'Wi\‘Y N
[ ]
hOS

X

.l‘. -'..

XA
P

NS

Identificati

SUBROUTINE PPZERO - Zero Out Transfer Function Coefficient Array
CDC FORTRAN 6
E. A. Lee
Aerospace Corporation
Purpose
Zero out polynomial coefficient array.
Usage
CALL PPZERO(P)

P input - Transfer function coefficient array (LCAP2 format)
output - Transfer function coefficient array (LCAP2 format) zeroed out

Method
The code for this routine is in subroutine PZERO.
Requirements

COMMON blocks: none
LCAP2 routines: none
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Identification

N SUBROUTINE PROOT - Polynomial Root Finder
CDC FORTRAN 4

N E. A. Lee
Aerospace Corporation
Burpose
Find roots of a polynomial.
Usage
: CALL PROOT(POLY,RO0T)
ﬁ: POLY input - Polynomial coefficient array (LCAP2 format)
;- ROOT output - Complex polynomial root array (LCAP2 format)
" Method
- Generalized root finding subroutine MULE and auxiliary subroutine AUXP are
- used to determine the roots. Before MULE is called to compute the roots of the
- polynomial, array POLY must first be copied into POLYC of COMMON/CMPOLY/ so that
MULE and AUXP has the proper interface.
Restrictions
Cal
- The degree of the polynomial must be less than 50.
Requirements

, COMMON blocks: CMPOLY,HEADDB
’ LCAP2 routines: AUXP,MULE,PEQUAL,PPRN1,RCLAS,RTPRNO,RZERO
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e PRTS 9
<R 3
(;ﬁ Identification
~
a: SUBROUTINE PRTS - LCAPZ2 Operator, Find Roots 0f A Polynomial
e CDC FORTRAN 4
ey E. A. Lee
Aerospace Corporation
LS
Purpose
“~
L Find roots of a polynomial using an LCAP2 index.
! \ -‘
ni:
Usage
\
1003 CALL PRTS(1i)
i3
':4 I input - Index of polynomial
1 \j
e Restrictions
Y
If the roots of POLYi were previously computed or loaded in, the program
will not recompute the roots from the coefficients. A message to this effect
will be printed.
‘; The degree of the polynomial must be less than 50.
>4 Reaui t
s
wy
',ﬁ COMMON blocks: INTCOM, TFTEMP .
\ ; LCAP2 routines: ENDLINE,FETPY,HOLLI,OPMESG,PROOT,PYPRNL,PYPRNG, STRPY
\:“
S o
.\:‘.
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Identification

SUBROUTINE PSUB - LCAP2 Operator, Polynomial Subtract
CDC FORTRAN 4

E. A. Lee

Aerospace Corporation

Purpose
Subtract two polynomials using LCAP2 indices.

Usage

CALL PSUB(I,J,K)

I input - Index of resultant polynomial difference

J input - Index of first polynomial (minuend)

K input - Index of second polynomial (subtrahend)
estricti

The degree of the polynomial must be less than 50.

Requirements

COMMON blocks: TFTEMP

LCAP2 routines: ENDLINE,FETPY,OPPRN,PROOT,PYPRN1,PYPRNG,STRPY
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Identificati

SUBROUTINE PSYNTH - Synthesize Polynomial Coefficients From The Roots
CDC FORTRAN 4

E. A. Lee

Aerospace Corporation

Purpose

Synthesize or compute the coefficients of a polynomial from its roots.
Usage

CALL PSYNTH(ROOT,POLY)

ROOT input - Complex polynomial root array (LCAP2 format)
POLY output - Polynomial coefficient array (LCAP2 format)

Method
Double precision is used for intermediate calculations.
riction
The degree of the polynomial must be less than 50.

Requirements

COMMON blocks: none
LCAP2 routines: PACK,RCLAS,XTRACT

Alternate Entry

P

SUBROUTINE PSYNTH1 - Same as PSYNTH except that is assumes that the root

array has already been classified by a prior call to subroutine RCLAS.
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Identification

SUBROUTINE PYPRN1 - Print Out Polynomial Coefficients and Roots
CDC FORTRAN 4

E. A. Lee

Aerospace Corporation

Purpose

Print out polynomial coefficients and roots (if available) under control of
PRNFLG1.

Usage

CALL PYPRNI(I,POLY,R0O0T,IN)

1 input - Identifier (0-99) used for labeling printout
POLY input - Polynomial coefficient array (LCAP2 format)
ROOT input - Complex polynomial root array (LCAP2 format)
IN input - =1 for coefficient form only

=0 for coefficient and root form
1. If PRNFLGl (preset=1) in COMMON/PRNCTL/ .EQ.0, printout is suppressed.

Method

Uses subroutine RTPRN2 to print out the roots and subroutine PPRN1l to print
out the coefficients.

Restrictions
The degree of the polynomial must be less than 50.

Requirements

COMMON blocks: PRNCTL
LCAP2 routines: none
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-.'\ >
v
L, PYPRNG
-'ih ificatio
;}I: SUBROUTINE PYPRNG - Print Out Polynomial Coefficients and Roots
. CDC FORTRAN 6
Py E. A. Lee
3 Aerospace Corporation
5 Burpose

' Print out polynomial coefficients and roots (if available) under control of
N PRNFLG4.

A
NN Usage
&
"}:3 CALL PYPRN4(I,POLY,R00T,IN)
'ﬁfﬁ 1 input - Identifier (0-99) used for labeling printout
’ POLY input - Polynomial coefficient array (LCAP2 format)
if% ROOT input - Complex polynomial root array (LCAP2 format)
N IN input - =1 for coefficient form only
SN =0 for coefficient and root form
o 1. If PRNFLG4 (preset=1) in COMMON/PRNCTL/ .EQ.0, printout is suppressed.
{
8s Method
;}: Uses subroutine RTPRN2 to print out the roots and subroutine PPRN1 to print
N out the coefficients.
N . 8 ! - ! -
A .-,~
}“:: The degree of the polynomial must be less than 50.
~
v Reauirements
f.:.-,
D COMMON blocks: PRNCTL
S LCAP2 routines: none
Ay
e:{
sl
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S

- 7 LI Y

;b

154

At e




Identification

SUBROUTINE PZERO - Zero Out Polynomial Coefficient Array
CDC FORTRAN 4

E. A. Lee

Aerospace Corporation

Eureose

Zero out polynomial coefficient array.

Usage

CALL PZERO(P)

P input - Polynomial coefficient array (LCAP2 format)
output - Polynomial coefficient array (LCAP2 format) zeroed out

Requirements

COMMON blocks: none
LCAP2 routines: none
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Identificati

SUBROUTINE RCLAS -~ Classify Polynomial Root Array
CDC FORTRAN 4

E. A. Lee

Aerospace Corporation

Purpose

Classify polynomial roots by complex roots, non-zero real roots and zero
roots.

Usage

CALL RCLAS(ROOTS,ICOM,IR,IZ)

ROOTS input - Complex polynomial root array (LCAP2 format)
output - Complex polynomial root array (LCAP2 format) with
roots classified
ICOM output - Number of complex roots found (an even number)
IR output -~ Number of non-zero real roots found
12 output - Number of zero roots (at the origin)

1. The pargmeters ERCNJ, ERCX and ERCZ (preset=1.E-4, 1.E4 and 1.E5, respec-
tively) used in the classification of the roots are in COMMON/HEADDB/.

2. The real part of ROOTS(1) is a packed word containing (1) total number of
roots, (2) number of complex roots, (3) number of non-zero real roots and

(4) number of zero roots. See description of XTRACT for details.

3. If PRN3 (preset=0) of COMMON/HEADDB/ .NE.0, diagnostic printout will be

produced.
Method
1. A root is considered complex if ABS(real/imag).LT.ERCX for imag.NE.O.

2. If imag.NE.0 and ABS(real/imag).GT.ERCX, imag part will be set to zero.
3. If real .NE.D and ABS(imag/real).GT.ERCX, real part will be set to zero.

4. Each pair of complex roots is checked to see if the roots are conjugates.
They are conjugated if the following are true:

SQRTC((REAL(ROOTS(I))-REAL(ROOTS(I+1)))xx2 + (AIMAG(ROOTS(I))
+ AIMAG(ROOTS(I+1)))%%2).LE.ERCNJ

5. A root is considered to be zero if its absolute value is .LT.ERCZ.
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Restricti

The degree of the polynomial must be less than 50.
Requirements

COMMON blocks: HEADDB
LCAP2 routines: PACK,RTPRNO
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. MA (I=1,5)
(; Identificati
:;;‘ SUBROUTINE REMARKi - Print Out Remarks, (i=1,5)
Sl CDC FORTRAN 4
\i\: E. A. Lee
~ Aerospace Corporation

} .

R Purpose
:}\'
:ﬁﬁ Single FORTRAN statement for printing out Hollerith data.
\-"“.4 r
S0 ]

) ysage
\

L/

P
’
R

CALL REMARKi(A)

N

wbH A input - Hollerith data with format 10H... if i=1

$s ‘ 20H... if 1=2

S 30H... if i=3
GO0H... if i=6
S0H... if i=5

LN LY

A AN A0

1. Example: CALL REMARK2(20HTHIS IS AN EXAMPLE ) will print out,

'}
[
4
(]

THIS IS AN EXAMPLE

Requirements

» r
- *.‘1 “l & 4 St ey
.l

N COMMON blocks: none
By LCAP2 routines: none
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dentificatio

SUBROUTINE RESDU - Residues For Partial Fraction Expansion
CDC FORTRAN 4

E. A. Lee

Aerospace Corporation

Purpose
Compute residues for partial fraction expansion.

Usage

CALL RESDU(MUI,IPCOM,IPR,IPZ,QROT,PROT,GAMMA, LAMBDA, XKRL)

MUI input -~ Number of poles at the origin
IPCOM input Number of complex poles (an even number)
IPR input Number of real (non-zero) poles
I1PZ input Number of poles at the origin
QROT input Complex polynomial root array (LCAP2 format) for num.
PROT input Complex polynomial root array (LCAP2 format) for denom.
GAMMA output Complex array of residues for the poles not at the origin
LAMBDA output Complex array of residues for the poles at the origin
XKRL input Root locus gain
striction

The degree of the transfer function must be less than 50.

The number of non-zero poles must not be greater than the order of the
numerator.

No multiple poles are allowed except for those at the origin.

Multiple

poles not at the origin can be represented by distinct poles displaced from each
other by a small amount.

The number of multiple poles at the origin must be 5 or less.

equireme

COMMON blocks: HEADDB
LCAP2 routines: none
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Identificati

SUBROUTINE RESTORE - Restore Polynomial, Transfer Function And Matrix Data
CDC FORTRAN 6

C. L. Wong and E. A. Lee

Aerospace Corporation

Purpose

Restore polynomial, transfer function and matrix data from a previous batch
or interactive job for a restart capability in Batch LCAP2.

Usage

CALL RESTORE(CIPRNFG)
IPRNFG i-put - =0 for no printout of restored data
Method

Reads in data stored on TAPE30 and copies it into COMMON/SCMBLK/ and the
sequential files TAPE84, TAPE85, TAPE86, TAPE87 and TAPE83. For more details
see description for STORE.

Restricti

File type for TAPE30 must be declared with 'FILE,TAPE30,BT=1."' File TAPE30
must be attached before executing LCAP2.

Reauirements

COMMON blocks: ACOM,HEADDB,PRNCTL,MATRIX1,MDET1,SCMBLK, TFPCNT,//
LCAP2 routines: BPRINT1,ENDLINE,MPRINT1,O0PMESG,PYPRN1, TFPRN1
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Identificati

SUBROUTINE RLOCIN]1l - Interactive Input Routine For Root Locus
CDC FORTRAN 4

E. A. Lee

Aerospace Corporation

Purpose

Interactive input routine for root locus.

Usage
CALL RLOCIN1(CIUNIT,IEXIT,NIT,XL,XR,YTOP,YBOT,IPRN1)

IUNIT input - Tape unit used to save sets of data computed
IEXIT output - =1 on exit from RLOCIN2 if user wants to reenter root
locus parameters
=2 on exit from RLOCIN2 if user does not want a plot
NIT output - Number of records written on TAPE IUNIT

XL input - Auto scaled min x
XR input - Auto scaled max x
YTOP input - Auto scaled max vy
YBOT input - Auto scaled min y

IPRN1 output - =1 on exit from RLOCIN1l if user wants to suppress
tabular printout of the roots, =0 otherwise

Method

Subroutines RLOCIN]1 and RLOCINZ2 are called by RLOCUS1. RLOCIN] is used for
inputing root locus gain parameters and for selecting method for incrementing
the gains. Subroutine RLOCINZ is used for inputing plot parameters.

Requirements

COMMON blocks: HEADDB,//
LCAP2 routines: GRAF1,ITITLE

‘a ‘l

ernat ntr

o

L

SUBROUTINE RLOCINZ2 - Interactive input routine for root locus.

o

3 I
.
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7,
"
02 RLOCUS]
e
(l I ! ! o E. ! -
oS
_:i SUBROUTINE RLOCUS1 - Root Locus
{vq CDC FORTRAN 4
‘o E. A. Lee
rﬁf‘ Aerospace Corporation
NN ur e
,\'3:~
f,;l Compute and plot root locus. This routine is called by SLOCI, WLOCI and
'S zLocr.
S S
N
\ Usage
P
i ) CALL RLOCUS1CIPLANE, INDXI,PN,PD,RTN,RTD,INI,IDI,XPOINT,YPOINT)
]
:?: IPLANE input - =0 for s plane, =-1 for w plane, =1 for z plane
e~ INDXI input - not used anymore
4 PN input -~ Polynomial coefficient array (LCAP2 format) of numerator
. PD input - Polynomial coefficient array (LCAP2 format) of denominator
o RTN input - Complex polynomial root array (LCAPZ2 format) of numerator
’**: RTD input - Complex polynomial root array (LCAP2 format) of denominator
’i% INI input - =0 if numerator coefficients and roots are available
) =1 if only numerator coefficients are available
4 1Dl dnput - =0 if denominator coefficients and roots are available
u}a =1 if only denominator coefficients are available
: : XPOINT output - Array of x component of root locus points (DIMENSION=1500)
) YPOINT output - Array of y component of root locus points (DIMENSION=1500)
A
Hf: 1. For the batch version, the root locus parameters are in COMMON/HEADDB/.
B These parameters are to be set before this subroutine is called.
L
s 2. For the interactive version, the user is prompted for the root locus param-
_:jg eters.
1yt
&
*f; 3. Flag INTFLG (preset=0) of COMMON/INTCOM/ is used to determine if program is
- in interactive or batch mode. If .NE.0O, program is in the interactive mode.
= Hethod
AN
NN The root locus is computed by evaluating the roots of the polynomial (PN +
WA GAINXPD) where GAIN is the varied gain and PN and PD are the numerator and denom-
&l inator polynomials, respectively. .
S8l
::I: File TAPE19 is used to save root locus plot points.
59
4
:js If in the interactive mode, RLOCIN]l and RLOCINZ are called.
ot
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Restrictio
The degree of the transfer function must be less than 50.
Requirements
COMMON blocks: AWORDS,HEADDB, INTCOM,PLOTI1

LCAP2 routines: ADDP,ANOTAT,DATE,DAYPRN,ELPLOT1,GRAF1,0PPRN,PROOT,
PZERO,RLOCIN1,RLOCINZ,RTEQU, RTPRNO
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. Identi ficati
. ¥
s
::: SUBROUTINE RPRINT - Print Out Transfer Function Coefficient With Integer
Lo Identifier
CDC FORTRAN 4
E. A. Lee L4
o Aerospace Corporation
o
o Burpose
Print out transfer function coefficients with an integer identifier. (This
is a very old routine which will eventually be phased out)
) Usage
37
3
_Q CALL RPRINT(R,I)
'.ﬂ
R input - Transfer function coefficient array (LCAP2 format)
¥ I input - Identifier (.GT.0) used for labeling printout
&
{t' Restrictions
-“!
Y
iy The degree of the transfer function must be less than 50.
Requirements
o
NS COMMON blocks: none
_,:: LCAP2 routines: none
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SUBROUTINE RRTADD - Add Transfer Functions (Root Form)
CDC FORTRAN 4

AN E. A. Lee

Aerospace Corporation

~
}: Purpose
:\ . Add two “ransfer functions in root form.
oy ]
. sage i
\
i?’ CALL RRTADD(RTJ,RTK,RTI,PI)
;] | RTJ input - Complex transfer function root array (LCAPZ format)
e RJK input - Complex transfer function root array (LCAP2 format)
RTI output - Complex transfer function root array (LCAP2 format) of sum
- PI output - Transfer function coefficient root array (LCAP2 format)
::; of sum
t;‘ 1. Flag PRN8 (preset=0) of COMMON/HEADDB/ if .NE.O, will print out common
. roots eliminated.
{
N tho
ﬁ: Common roots, if any, are first factored from the denominator of the j-th :
N and k-th transfer function. The transfer functions are then added and rational-
. ized. The factored common denominator roots, if any, are then recombined. Sub- g
routine CRELIM is called to remove any common roots between the numerator and .
" denominator. Finally, the coefficients of the resultant transfer function are ;
o~ computed from the roots. K
2 !
o’ Requirements :
) ;
L
COMMON blocks: HEADDB
ﬂ; LCAP2 routines: ADDP,CRELIM,PROOT,PSYNTH,RPRN,RTEQU,RTMPY, SUBP
N
- A rnate Entr
-
f:: SUBROUTINE RRTADl - Same as RRTADD except that it will bypass elimination
- of common roots of the final sum. (RRTAD1 is called by WTRANS)
\.‘
>
@
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RRTEQU

dentjficatio
SUBROUTINE RRTEQU - Equate Transfer Function Root Arrays
CDC FORTRAN 4

E. A. Lee
Aerospace Corporation

Purpose

Equate transfer functions in root form.
Usage

CALL RRTEQU(RI1,R2)

Rl input - Complex transfer function root array (LCAP2 format)
R2 output - Complex transfer function root array (LCAP2 format)

Method

The code for this routine is in subroutine RTEQU.
Restricti

The degree of the transfer function must be less than 50.
Reauirements

COMMON blocks: none
LCAP2 routines: none
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RRTSUB
entification
SUBROUTINE RRTSUB - Subtract Transfer Functions (Root Form)
CDC FORTRAN 4

E. A. Lee
Aerospace Corporation

Purpose
Subtract two transfer functions in root form.
Usage

CALL RRTSUB(RTJ,RTK,RTI,PI)

RTJ input - Complex transfer function root array (LCAP2 format)
(minuend)

RJK input - Complex transfer function root array (LCAP2 format)
{(subtrahend)

RTI output - Complex transfer function root array (LCAP2 format) of
difference

PI output - Transfer function coefficient root array (LCAP2 format)
of difference

1. Flag PRN8 (preset=0) of COMMON/HEADDB/ if .NE.0O, will print out common
roots eliminated.

Method

Common roots, if any, are first factored from the denominator of the j-th
and k-th transfer function. The transfer functions are then subtracted and
rationalized. The factored common denominator roots, if any, are then
recombined. Subroutine CRELIM is called to remove any common roots between the
numerator and denominator. Finally, the coefficients of the resultant transfer
function are computed from the roots.

The code for this routine is in subrou ine RRTADD.
Requirements

COMMON blocks: HEADDB
LCAP2 routines: ADDP,CRELIM,PROOT,PSYNTH,RPRN,RTEQU,RTMPY,SUBP
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Identificati

SUBROUTINE RRTPRN - Print Out Transfer Function Roots With Hollerith Identifier
CDC FORTRAN 4

E. A. Lee

Aerospace Corporation

Purpose

Print out transfer function root array with a Hollerith Identifier.
Usage
CALL RRTPRN(TFR,WORD)

TFR input - Complex transfer function root array (LCAP2 format)
WORD input - Hollerith word used to label the transfer function

Restricti
The degree of the transfer function must be less than 50.
Reauirements

COMMON blocks: none
LCAP2 routines: XTRACT

Alternate Entries

SUBROUTINE TFRPRN - Same as RRTPRN,
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e SUBROUTINE RRZERO - Zero Out Transfer Function Root Array
. CDC FORTRAN 4 ]
E. A. Lee !
* Aerospace Corporation 3
Purpose 1
" Initialize transfer function root array to zero. i
Usage !
4
CALL RRZERO(R) ;
R input - Complex transfer function root array (LCAP2 format) )
output - Complex transfer function root array (LCAP2 format)
Method
The code for this routine in is subroutine RZERO.
Requirements
COMMON blocks: none }
LCAP2 routines: none R
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Identificatio

SUBROUTINE RTCMNT - Root Comment For Interactive Use
CDC FORTRAN 4

E. A. Lee ,
Aerospace Corporation -

AR NS ’,~

- ..c "- ,l ,l “' .

A Purpose

- Print comment to interactive user on format used to enter root data. If
user desires, program will print out an example.

Mgt o 4 e o

A Usage
. CALL RTCMNT

e Requirements 1

i

COMMON blocks: ACOM

LCAP2 routines: none
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Identification
SUBROUTINE RTEQU - Equate Polynomial Root Array
CDC FORTRAN 4

E. A. Lee
Aerospace Corporation

Purpose

Equate polynomials in root form.
Usage

CALL RTEQU(R1,R2)

Rl input - Complex polynomial root array (LCAP2 format)
R2 output - Complex polynomial root array (LCAP2 format)

Restrictions
The degree of the polynomial must be less than 50.

Requirements

COMMON blocks: none
LCAPZ2 routines: none

Alternate Entr

SUBROUTINE REQU - Same as RTEQU
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Identificati
SUBROUTINE RTEQl - Find Number Of Real Roots Equal To (1.,0.)
CDC FORTRAN 4

E. A. Lee
Aerospace Corporation

Purpose
Find number of real roots which are equal or very close to (1.,0.). These
roots are moved to the end of the list of non-zero roots. This routine is used

by subroutine ZWTRANS.

Usage

CALL RTEQ1(ROOT,L)

ROOT input - Complex polynomial root array (LCAP2 format)
L output - Number of roots found equal to (1.,0.)
Requirements

COMMON blocks: HEADDB
LCAP2 routines: XTRACT

Alternate Entry

SUBROUTINE RTEQZ - Same as RTEQl except that the criteria for roots equal
to or very close to (-1.,0.) instead of (1.,0.).
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Identificati

SUBROUTINE RTMPY - Multiply Polynomials (Root Form)
CDC FORTRAN 4

E. A. Lee

Aerospace Corporation

Purpose
' Multiply two polynomials in root form.
Usage
CALL RTMPY(ROOT1,R00T2,R00T3)
ROOT1 input -~ Complex polynomial root array (LCAP2 format)

ROOT2 input - Complex polynomial root array (LCAP2 format)
ROOT3 output - Complex polynomial root array (LCAPZ format) of product

Method
The product ROOT3 is obtained by collecting the roots from ROOT1 ROOT2.
Restricti

The degree of the polynomials must be less than 50. If the degree of the
resultant polynomial is greater than 649, the program will be terminated.

Reaujrements

COMMON blocks: none
LCAP2 routines: RCLAS,REQU

Alternate Entry Name

SUBROUTINE RTADD - Same as RTMPY.
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Identificati
SUBROUTINE RTPRN - Print Out Polynomial Roots With Hollerith Identifier
CDC FORTRAN 4

E. A. Lee
Aerospace Corporation

Purpose

Print out polynomial root array with a Hollerith Identifier.

Usage

CALL RTPRNCTFR,HORD)

TFR input - Complex polynomial root array (LCAP2 format)
WORD input - Hollerith word used to label the polynomial

Method

The code for this routine is in subroutine RRTPRN.
Restricti

The degree of the polynomial must be less than 50.
Requirements

COMMON blocks: none
LCAP2 routines: EXTRACT
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RTPRNO
d ificati
SUBROUTINE RTPRNO - Print Out Roots Of A Polynomial
CDC FORTRAN 4
E. A. Lee
Aerospace Corporation
Purpose
Print out roots of a polynomial.
Usage

CALL RTPRNOCROOT)

ROOT input - Complex polynomial root array (LCAPZ2 format)

Method
The printout has the following form:
NO REAL IMAG OMEGA ZETA

1
2

Restrictions

The roots in the array R0OOT are assumed to have been classified by a prior
call to RCLAS. If not, the complex roots may not have their omega and zeta values

printed out.
uirement

COMMON blocks: none
LCAP2 routines: XTRACT
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Identificati

SUBROUTINE RTPRN2 - Print Out Polynomial Root Array
CDC FORTRAN 4

E. A. Lee

Aerospace Corporation

Purpose

Print out polynomial or transfer function roots with identifiers using
tables.

Usage

CALL RTPRN2(IFLAG,ROO0T,IDENT,IPLANE)

IFLAG input - =0 no heading
=] THE ROOTS OF ROOT(IDENT) ARE
=2 THE ROOTS OF ROOT ARE

3 THE NUMERATOR ROOTS OF -ROOT(IDENT) ARE

THE DENOMINATOR ROOTS OF -ROOT(IDENT) ARE
=G THE ROOTS OF POLY(IDENT) ARE

(The character - above designates s, w or z

as determined by the value of IPLANE)

=5 THE ROOTS OF POLY ARE

ROOT input - Complex polynomial root array (LCAP2 format)
IDENT input - root array identifier (1-99)

IPLANE input - =0 for s plane, =-1 for w plane, =1 for z plane
Requirements

COMMON blocks: none
LCAP2 routines: FCNW2,HOLLI,RTPRNO
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:5: SUBROUTINE RZERO - Zero Out Polynomial Root Array
o CDC FORTRAN 4
o E. A. Lee
o Aerospace Corporation

. Purpos
Initialize polynomial root array elements to zero.
* Usage

CALL RZERO(R)

R input - Complex polynomial root array (LCAP2 format)
output - Complex polynomial root array (LCAP2 format)
Requirements

COMMON blocks: none
LCAP2 routines: none
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SELCR

SUBROUTINE SELCR - LCAP2 Operator, Eliminate Common Roots Of S Plane
Transfer Function

CDC FORTRAN 4

E. A. Lee

Aerospace Corporation

Purpose

Eliminate common roots from an s plane transfer function using an LCAP2
index.

Usage

CALL SELCR(I)

e

.
s

LR

I input - Index of s plane transfer function

1. Common root elimination parameters ECREl (preset=2.E-4) and ECRE2
(preset=1.E-8) are in COMMON/HEADDB/.

Method

If a numerator root nrt and a denominator root drt are found such that
ABS(drt/nrt - (1.,0.)).LT.ECRE1l for nrt.NE.O or ABS(drt).LT.ECRE2 for nrt.EQ.O,
roots nrt and drt are considered to be common roots and will be eliminated from
the transfer function.

Requirements
COMMON blocks: INTCOM,PRNCTL,TFTEMP

LCAP2 routines: CRELIM,ENDLINE,FCNPLN,FETTFX,0PMESG,OPPRN,PROOT,PSYNTH,
RREQU, RTPRNO, STRTFX, TFPRN1, TFPRN4

178

A
BOYR

.ﬂ‘ .- f > - > - _'. s " "ot . ,“-." -.‘..‘ - ° X " ‘.' et . o - . " b.' . " A -.' -" Go : .' -‘ ..’ - ." M ) -- _‘-A '. *
. . - - .. Ta - - N M - - -



SFAUX
Identification

COMPLEX FUNCTION SFAUX - Evaluate S Plane Transfer Function Coefficient Array
CDC FORTRAN 4

E. A. Lee

Aerospace Corporation

Purpose

Evaluate s plane transfer function coefficient array (LCAP2 format) for use
in computing the frequency response. This complex function can be be used by
subroutine FREQS1 or FREQS2 to evaluate the transfer function specified by its
first argument. It can also be used by user-supplied subroutines similar to

SFAUX1.
Usage
" SFAUX(TFC)
TFC input - Transfer function coefficient array (LCAP2 format)

SFAUX output - Complex value of response

1. Independent s plane frequency to be used in evaluating the response is
determined in subroutine FREQS]1 or FREQSZ2.

uirements

COMMON blocks: FRQBLK,HEADDB, LENGTH
LCAP2 routines: none
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B Identification
‘;;; COMPLEX FUNCTION SFAUX1 - Evaluate S Plane Transfer Function Coefficient Array
-] CDC FORTRAN 4
A E. A. Lee
Aerospace Corporation b
»\_n
e Purpose
”

This complex function is similar to SFAUX except that it is written so that
it can be easily modified by the user to allow creation of a user-defined s plane
A\ transfer function.

Coe
P

# Usage
N SFAUX1(TFC)

ATQ TFC input - Transfer function coefficient array (LCAP2 format)
N SFAUX1 output - Complex value of response

n

LA
o Method
I3
N This complex function has only one line of code
(

,?i SFAUX1=SFAUX(TFC)
:ﬁfﬁ so that it will yield the same results as SFAUX.
il To create a user defined s plane transfer function, a different value is
_ 1_ returned for SFAUX1. For example, if the function is
2
R0 SPTF2 + SPTF4/2.
i:% the user would change the FORTRAN code to
SFAUX1=SFAUX(SPTF2) + SFAUX(SPTF4)s2.
..\.}\‘
~~-‘:l\
o Restrictions
.\ h‘ . - - -

" The argument TFC must be an array in memory. Since only the first five s
*Lft plane transfer functions are in COMMON/SCMBLK/ and all others are on a disk s
:::; file, only SPTFl, SPTF2, SPTF3, SPTF4 and SPTF5 can be used to create a
»;:f user~defined s plane transfer function. However, the user can define additional
e transfer function coefficient arrays in a separate labeled common block to be
=ﬁ}: accessible by SFAUX. Subroutine FETSTF can be used to copy transfer functions

*': from the disk file to the transfer function in this common block.

N
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Requirements
COMMON blocks: FREQBLK, HEADDB, SCMBLK
LCAP2 routines: SFAUX
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32 'SFRE

(‘ 4 Identification

e}i

2

::a SUBROUTINE SFREQ - LCAP2 Operator, S Plane Frequency Response
-'Q«‘ CDC FORTRAN 6

25 E. A. Lee

. Aerospace Corporation

‘.A »

2 Purpose

e

j\j Evaluate s plane frequency response using an LCAPZ2 index. Automatic fre-
J:J quency mode available to allow program to dynamically choose its own frequency
\ points to vield a smooth plot of the response.

2

AN Usage

-

Sy CALL SFREQ(I)

e I input - Index of s plane transfer function

\l
jﬁtﬂ 1. Frequency response parameters are in COMMON/HEADDB. They are to be set
.jn§ before SFREQ is called. These parameters are defined below:

o
j}ﬁ parameter preset description
\ FAUTO 1 .NE.O for automatic frequency mode. Uses NOMEG
e and OMEGA array.
O .EQ.0 for user-supplied frequency points. Uses
2 FREQl, FREQ2, ..., FREQ5 arrays.
uiﬁf NOMEG 2 Number of frequency points entered in OMEGA array
S for use in auto. frequency mode (max=20)
X OMEGA Array of frequency points for auto. freq. mode .
o~ (Units defined by RAD). “
o~ 1. OMEGA(1)=first frequency point used in auto. mode
{ﬁ; 10 OMEGA(2)=second frequency point used in auto. mode
“
\l
o . .

a4 OMEGA(NOMEG)=last freq. point used in auto. mode
N RAD 1 .NE.O for rad/sec, .EQ.0 for HZ
'{fﬂ FBODE 1 .NE.O for Bode plot

:?: FNICO 0 .NE.O for Nichols plot
f\ju PMARG 0 .NE.O for plotting phase margin instead of phase
AN for Nichols plot
O FNYQS 0 .NE.0 for Nyquist plot

e NQDB 0 .NE.O for Nyquist plot in db

:fa GRAFP 1 .NE.O for printer (low resolution) plot

i{y FILM 0 .NE.O0 for hardcopy (high resolution) plot
u:»: FDLAY 0 Time delay (dead time) (s plane only)

"}E DEGMN -360. Minimum defined phase in frequency response

".‘ (Phase defined from DEGMN to DEGMN+360.)
o 182
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CYCLE 0 .EQ.0 for automatic selection of 2 or 3 cycle
scale for Bode plots. (1 cycle not available)
FREQL(1) 1 Starting freq. point for first segment of
user specified values
FREQ1(2) 10 End freq. point for second segment of user
specified values
FREQL(3) 1 Delta frequency for third segment of user
specified values
— ’ FREQk(1) 0 Starting freq. point for k-th segment X
'.: FREQk(2) 0 End freq. point for k-th segment X
ks FREQk(3) 0 Delta frequency for k-th segment
ﬂnﬂ* . (k=2,5) (¥ - only if FAUTO0.EQ.0)
- DBMAX 0 Maximum db for plotting frequency response
- DBMIN 0 Minimum db for plotting frequency response
ooy (Auto. scaling if DBMAX=DBMIN)
{f{_ FXYDL .5 Nyquist plot scale in units per inch
RN (Auto. scaling if FXYDL=0)
N FXYMN -2.5 Nyquist plot parameter - minimum real and imaginary
> value plotted.
R SAMPT 1. Sampling period for use in w or z plane freq. response
:jy 2. Computed response variables are in blank common //. These variables are
;ib defined below:
n.'_“
; : Variables Description
- NI Number of plot points
o XPOINT Array of db of the response (DIMENSION=1500)
\iﬂ YPOINT Array of phase of the response (DIMENSION=1500)
N OMEGPT Array of real frequencies (DIMENSION=1500)
';' CXR Array of real part of response (DIMENSION=1500)
A CXI Array of imag part of response (DIMENSION=1500)
N
W Method
33
:?{ If the automatic frequency mode is selected (FAUT0=0), the program will
e choose frequency values for evaluating the transfer function such that succes-
}t sive delta db and delta phase values will be within specified limits to yield a
smooth plot. The program evaluates the first point using f = OMEGA(l). Then
choosing deltaf = OMEGA(1)/20 initially, the next frequency to be used is com-
puted as f = f + deltaf. Evaluating the next point using this value of f, the
’ delta db and delta phase is compared to the specified limits. If either is too
s large, deltaf is halved and the response is recomputed. If both are too small,
v ¢ deltaf is doubled and the response is recomputed. The limits for the delta db
.f: response is EDB1/2 and EDBl. The limits for the delta phase response is EDEG1/2
}: and EDEG1l. Simultaneously with computing the next f to be used, a comparison is
ﬁs made with the next value of OMEGA(i). If f is larger than OMEGA(i), f will be
‘ﬂ: replaced with the value of OMEGA(i). This will ensure that the user specified
\:'- 183
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frequency values will be inserted into those computed by the program. This proc-
ess will continue until the last value OMEGA(NOMEG) is used.

o N Since the plot points computed to generate a smooth plot will, in many cas-
}:Q es, be very large, only a portion of the computed response will be printed out.
:l:: The printout is controlled by the delta db and delta phase parameters, EDB2 and
‘igi. EDEG2, respectively. A printout is made only if either of these two limits are

exceeded.

-

s
»

Also as part of the automatic frequency mode, a comparison is made on del-
taf to keep (deltaf/f) within the limits of MNDW and MXDW. The lower limit MNDHW
is necessary to prevent an excessive number of plot points around frequencies
with low damping coefficients. The upper limit MXDW will ensure enough points to
yield a smooth Bode plot.

.
PaAE]

'

o

Sy
N

The above parameters used in the automatic frequency mode are in
COMMON/HEADDB/. They can be changed by the user. These parameters are defind

below:

parameter preset description

EDB1 1. Min. delta db for plotting
= EDB2 2. Min. delta db for printout

EDEG1 4. Max. delta phase for plotting

EDEG2 10. Max. delta phase for printout

; MNDKW .0005 Min relative frequency step size
{ . MXDKW .2 Max. relative frequency step size
~$::Q MXITF 3000. Max. no. of iterations in auto. mode
YD
JQ#; Hith either the automatic or the non-automatic frequency mode, the program
?i;. will automatically check for the gain and phase crossover. When found, interpo-
ko lation is used to find the exact crossover frequency and the response computed
e at that frequency.

DN
?;ﬁﬁ In the non-automatic frequency mode (FAUT0=0) the user can define up to
‘;\fﬁ five sets of frequencies to be used in computing the response. Each of these
W sets are specified by a three element array of the form FREQk(i), i=1,3

described above under Usage. If FREQk(1l) = a, FREQk(2) = b, and FREQk(3) = c,
the k-th set of frequencies specified is:

n;.;‘_

by &
s e a

N
A

a, atc, at2¢c, ..., atjc, b

L) '.
XX
a s

s %N

where j is the largest integer such that (a+jc) is less than b. Each successive
FREQk array must define an increasing set of frequencies such that the first
value of the segment is always larger than the last value of the preceding seg- .
ment. When FREQk(3) is not larger than FREQk(1l), as in the case with the preset
values for k = 2,5, those segments will not be used.
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Requirements

COMMON blocks: FRQBLK,INTCOM,PRNCTL,TFTEMP,//

LCAP2 routines: ENDLINE, FCNPLN, FETTFX, FREQS2, FREQW2, FREQZ2, OPMESG, SFAUX,
HFAUX, ZFAUX
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SFREQY
Identificati

SUBROUTINE SFREQY - Evaluate Frequency Response O0f An S Plane Transfer
Function Coefficient Array

CDC FORTRAN 4

E. A. Lee

Aerospace Corporation

Purpose

Evaluate frequency response of an s plane transfer function coefficient
array. User supplies name of the array.

Usage
CALL SFREQY(TFC)
TFC input - Transfer function coefficient array (LCAP2 format)

1. Frequency response parameters are in COMMON/HEADDB/. See description of
subroutine SFREQ for definition.

Restricti

If LCAP2 defined transfer function coefficient arrays are to be used, only
the first five transfer functions for each plane are available since the others
are on disk files. However, a user common block can be defined so that these oth-
er transfer functions can be first transferred from disk file to memory with
subroutine FETSTF so that SFREQY can be used.

Reauirements

COMMON blocks: none
LCAP2 routines: FREQSZ2,SFAUX
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SLOCI
Identification

SUBROUTINE SLOCI - LCAP2 Operator, S Plane Root Locus
CDC FORTRAN 4

E. A. Lee

Aerospace Corporation

Purpose

Evaluate s plane root locus using an LCAP2 index. Automatic gain selection

is available to supplement user selected gains.

Usage

CALL SLOCIC(I)

I input - Index of s plane transfer function to be evaluated

1. Root locus parameters are in COMMON/HEADDB/. They are to be set before

SLOCI is called. These parameters are defined below:

parameter preset description
NLOCI 2 Number of root locus gains entered in array KGAIN
(max=25)
KGAIN Array of values used for computing root locus gains
.5 KGAIN(1)=first user-specified root locus gain
2. KGAIN(2)=second user-specified root locus gain

KGAIN(NLOCI)=last root locus gain

(Gains computed and used only if they are between

KGAIN(1) and KGAIN(NLOCI) )
KFLG 0 .EQ.0 to increment gain by multiplying by KDELT
.NE.O to increment gain by adding by KDELT

KDELT 1.E4 Value for changing gains (preset to large value so
that no additional gains are computed by the program)

ITLOC 50 Max. no. of differenet gains computed for root locus
GRAFP 1 .NE.O for printer (low resolution) plot
FILM 1] .NE.O for hardcopy (high resolution) plot
RLXMN 0 Minimum x axis for plot
RL XMX 0 Maximum x axis for plot
(Auto. scaling of x axis if RLXMN=RLXMX=0)
RLYMN 0 Minimum y axis for plot

RLYMX 0 Maximum y axis for plot
(Auto. scaling of y axis if RLYMN=RLYMX=0)
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Method

r Root locus is computed by evaluating the roots of the polynomial (PN +
. GAINXPD) where GAIN is the varied gain and PN and PD are the numerator and denom-
N inator polynomials of the transfer function.

i Requirements

. COMMON blocks: INTCOM,PRNCTL,TFTEMP,//
DN LCAP2 routines: ENDLINE,FCNPLN,FETTFX,0PMESG,RLOCUS]1, TFPRN1
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Identificati
SUBROUTINE SNORM - LCAP2 Operator, Normalize S Plane Transfer Function
CDC FORTRAN 4

E. A. Lee
Aerospace Corporation

Purpose
Normalize s plane transfer function using an LCAP2 index. Normalization can

be either with respect to the low order non-zero coefficient or the high order
coefficient of the denominator.

Usage
CALL SNORM(I)
I input - Index of the s plane transfer function

1. Normalization parameters are in COMMON/HEADDB/. They are to be set before
SNORM is called. These parameters are defined below:

parameter preset description
KNORM 1. Value used for normalizing the transfer function
NRMFG 0 If .EQ.0, the low order non~zero coefficient of the

denominator is set equal to the value of KNORM and

all other coefficients are normalized to this value.
If KNORM=1., the low order non-zero coefficient of the
numerator is the Bode gain.

If .NE.O, the high order coefficient of the denominator
is set equal to the value of KNORM and all other coeffi-
cients are normalized to this value. If KNORM=1., the
high order coefficient of the numerator is the root
locus gain.

Restrictions
~ KNORM cannot be zero.

Requirements

. COMMON blocks: INTCOM,PRNCTL,TFTEMP
LCAP2 routines: ENDLINE,FCNPLN,FETTFX,NORM,OPMESG, STRTFX, TFPRN1, TFPRNG



SPADD
ificatio
AT SUBROUTINE SPADD - LCAPZ Operator, S Plane Transfer Function Add
et CDC FORTRAN 4

n&\ E. A. Lee
Aerospace Corporation

o Purpose
Add two s plane transfer functions using LCAP2 indices.
Usage

RN CALL SPADD(I,J,K)

.l~
-

input - Index of resultant transfer function sum
input - Index of first transfer function to be added
K input - Index of second transfer function to be added

A
o
e

~ riction
\

The degree of the transfer function must be less than 50.
ujremen

At COMMON blocks: PRNCTL,TFTEMP
- LCAP2 routines: ENDLINE,FETTFX,O0PPRN,PPADD,RRTADD, STFTFX, TFPRN1, TFPRNG
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(; Identification
LN
j:ﬁ SUBROUTINE SPDIV - LCAP2 Operator, S Plane Transfer Function Divide
I CDC FORTRAN 4
St E. A. Lee
Aerospace Corporation
L
fii‘ Purpose
}:i
?5} Divide two s plane transfer functions using LCAP2 indices.
>
Usage
18]
U CALL SPDIV(I,J,K)

\( I input - Index of resultant transfer function
N J input - Index of dividend transfer function
= K input - Index of divisor transfer function

Restrictions

The degree of the transfer functions must be less than 50.
Requirements
O COMMON blocks: PRNCTL, TFTEMP

o LCAP2 routines: ENDLINE,FETTFX,0PPRN,PMULT,PSYNTH,RTMPY,STRTFX, TFPRNI1,
TFPRNG
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d ifi ion
SUBROUTINE SPEQU - LCAP2 Operator, S Plane Equal
CDC FORTRAN 4

E. A. Lee
Aerospace Corporation

Purpose
Equate s plane transfer functions using LCAP2 indices.
Usage

CALL SPEQU(I,J)

I input - Index of resultant transfer function
J input - Index of transfer function to be equated with
Restrictions

The degree of the transfer functions must be less than 50.

equiremen

COMMON blocks: OVCOM,PRNCTL,TFTEMP
LCAPZ routines: ENDLINE,FETTFX,OPPRN,PPEQU,RRTEQU,STRTFX, TFPRN1, TFPRN4
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Identification

SUBROUTINE SPLDC - LCAP2 Operator, Load Coefficients Into S Plane Transfer
Function

CDC FORTRAN 4

E. A. Lee

Aerospace Corporation

Purpose
Load coefficients into s plane transfer function using an LCAP2 index.
Usage
CALL SPLDC(I)
I input - Index where transfer function is to be stored
1. Transfer function coefficients are entered with polynomial coefficient
arrays POLYN and POLYD (LCAP2 format) which are in COMMON/HEADDB/. They are

to be set before SPLDC is called.

2. The calling program must include COMMON/HEADDB/ and the appropriate DIMEN-
SION and EQUIVALENCE statements for POLYN and POLYD.

3. The roots of SPTFi will not be automatically computed. If this is desired,
follow this operation with the operator SPRTS(I).

Restrictions
The degree of the transfer function must be less than 50.

Requirements

COMMON blocks: INTCOM,HEADDB,PRNCTL,TFTEMP
LCAP2 routines: ENDLINE,FCNPLN,OPMESG,PEQUAL,PPRN1,STRTFX, TFPRNG
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Identification

SUBROUTINE SPLDR - LCAP2 Operator, Load S Plane Transfer Function In
Root Form

CDC FORTRAN 4

E. A. Lee

Aerospace Corporation

Purpose
Load roots into s plane transfer function using an LCAP2 index.

Usage
CALL SPLDR(I)

I input - Index where transfer function is to be stored

1. Transfer function roots are entered with polynomial coefficient arrays
ROOTN and ROOTD (LCAP2 format) which are in COMMON/HEADDB/. They are to be

set before SPLDR is called.

2. The calling program must include COMMON/HEADDB/ and the appropriate DIMEN-
SION and EQUIVALENCE statements for ROOTN and ROOTD.

R rictio
The degree of the transfer function must be less than 50.
Requirements

COMMON blocks: INTCOM,HEADDB,PRNCTL,TFTEMP
LCAP2 routines: ENDLINE,FCNPLN, OPMESG,PSYNTH,RTEQU,RTPRN2,STRTFX, TFPRNG
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) PMPY
l‘ Identification

~

\:_\

:{ SUBROUTINE SPMPY - LCAP2 Operator, S Plane Transfer Function Multiply
x;x CDC FORTRAN 4

A E. A. Lee

Aerospace Corporation

a0 Purpose

\'jw
7:{: Multiply two s plane transfer functions using LCAP2 indices.

o

. Usage
A

g CALL SPMPY(I,J,K)

A

:{: I input - Index of resultant transfer function product

:} J input - Index of first transfer function to be multiplied

v K dinput - Index of second transfer function to be multiplied
o

:i: Method

:}: If only the coefficients of the j~th and k-th transfer functions are avail-
o able, the product is computed by multiplication of the coefficients. If the
- roots of the j-th and k~th transfer functions are available, the product is com-
“ puted by combining the roots. The coefficients of the product are then formed
- from these roots.
.\j
s?j Restrictions

S

-5 The degree of the transfer function must be less that 50. |
-\2 Requirements

Ny
ASK
7 COMMON blocks: TFTEMP
<ﬁ: LCAPZ routines: ENDLINE,FETTFX,0PPRN,PMULT,PSYNTH,RTMPY,STFTFX, TFPRN1, p
PR 4 TFPRNG
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N SPPRN
‘; . o .
S Identification
o
}:ﬁ SUBROUTINE SPPRN - LCAP2 Operator, Print Out S Plane Transfer Function
200! CDC FORTRAN 6
;ﬁ{ E. A. Lee

Aerospace Corporation

Ca

)
[Sgr

s Purpose

\;;j Print out s plane transfer function using an LCAP2 index.
'.5,-.:

.. ., - !
o CALL SPPRN(I)
A0
;\?- I input - Index of transfer function to be printed out
R

’ Method

{*: Roots of the transfer function are printed out only if they are defined
:sﬁf (previously computed or loaded in). Coefficients of the transfer function are
e printed out in ascending order.

o

. uiremen
{
iuiﬁ COMMON blocks: INTCOM, TFTEMP
::a: LCAP2 routines: ENDLINE, FCNPLN,FETTFX,OPMESG, TFPRNG
50
) s
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Identifi ion
SUBROUTINE SPRTS - LCAP2 Operator, Find Roots Of S Plane Transfer Function
CDC FORTRAN 4

E. A. Lee
Aerospace Corporation

Purpose
Find roots of an s plane transfer function using an LCAP2 index.
Usage
CALL SPRTS(I)
I input - Index of s plane transfer function
Method

Roots of the numerator and denominator are computed by subroutine PROOT.

Restrictions

If the roots of SPTFi were previously computed or loaded in, the program
will not recompute the roots from the coefficients. A message to this effect

will be printed.

Requirements

COMMON blocks: INTCOM,PRNCTL,TFTEMP
LCAP2 routines: ENDLINE,FCNPLN,FCNW1,FETTFX,0PMESG,PROOT,STRTFX, TFPRN1,
TFPRNG
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(: Identificati
SUBROUTINE SPSUB - LCAP2 Operator, S Plane Transfer Function Subtract
RN CDC FORTRAN 4

E. A. Lee
Aerospace Corporation

Pyurpose
Subtract two s plane transfer functions using LCAPZ2 indices.
- Usage

1\
i\-n CALL SPSUB(I,J,K)

(]

input - Index of resultant transfer function difference
input - Index of first transfer function (minuend)
input - Index of second transfer function (subtrahend)

LA
2 Ee
N

" Restrictions
The degree of the transfer functions must be less than 50.
i Requirements

N COMMON blocks: PRNCTL,TFTEMP
N LCAP2 routines: ENDLINE,FETTFX,O0PPRN,PPSUB,RRTSUB,STRTFX, TFPRN1, TFPRN4G

.
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STIME

Identification

SUBROUTINE STIME - LCAPZ Operator, Inverse Laplace Transform And Time Response
CDC FORTRAN ¢4

E. A. Lee

Aerospace Corporation

Purpose

Compute inverse Laplace transform and the time response using an LCAP2
index.

Usage
CALL STIME(I)
I input - Index of s plane transfer function

1. Time response parameters are in COMMON/HEADDB/. They are to be set before
STIME is called. These parameters are defined below:

parameter preset description
TSTEP 1 .NE.O for step response; .EQ.0 for impulse response
TMAGN 1. Magnitude of input for time response
TZERO 0 Start time for evaluating time response
TEND 1. End time for evaluating time response
TDELT 1, Delta time for evaluating time response
TMAGN 1. Magnitude of input for time response
GRAFP 1 .NE.O for printer (low resolution) plot
FILM 0 .NE.0 for hardcopy (high resolution) plot
TXMIN 0 Minimum x axis for plot
TXMAX 0 Maximum x axis for plot

(Auto. scaling of x axis if TXMIN=TXMAX)
TYMIN U] Minimum y axis for plot

TYMAX 0 Mamimum y axis for plot
(Auto. scaling of y axis if TYMIN=TYMAX)

oy !!Iethog

"y

:f The partial fraction expansion of the s plane transfer function times
${ (1/s), if the input is a step function, is first computed. By utilizing the
X5 inverse Laplace transform, the analytical solution is computed and printed out.

s b

This analytical solution is then evaluated over the range of time values speci-~
L J -
fied.
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N Restricti

The degree of the transfer function must be less than 50.

Due to the algorithm used to implement the partial fraction expansion, the
following restrictions on the form of the s plane transfer function apply. Mul-
tiple poles are not allowed except for those at the origin. The poles at the ori-
gin (including the pole due to the 1/s term if the input is a step function) must
be 5 or less. Also, the degree of the numerator must not be greater than the num- -
ber of poles not at the origin.

Requirements
COMMON blocks: INTCOM,PRNCTL,TFTEMP,//
LCAP2 routines: ENDLINE,FCNPLN,FETTFX,0PMESG,PROOT,STIME]Ll,STFTFX, TFPRN1,
ZTIME]
A
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:
- SUBROUTINE STIMEl1l - Inverse Laplace Transform and Time Response &
- CDC FORTRAN ¢ .
~ E. A. Lee

< Aerospace Corporation
o Purpose

N

-} Compute inverse Laplace transform and time response. This subroutine is

i called by STIME.
\ Usage

%: CALL STIME1(PNS,PDS,RTNS,RTDS)

L

'-l

= PNS  input - Numerator polynomial coefficient array (LCAP2 format)

- PDS  input - Denominator polynomial coefficient array (LCAP2 format)

RTNS input - Complex numerator polynomial root array (LCAP2 format)

fF RTDS input - Complex denominator polynomial root array (LCAPZ format)

.1

N 1. Time response parameters are in COMMON/HEADDB/. See description of STIME.
XN

R Method
t

; Subroutine STIME2 is called to compute the analytical solution and STIME3
e is called to evaluate the time response.

o3

d

:{ For interactive LCAPZ2 the user is prompted for the type of input and the

od beginning and end times to be used for evaluating the response. The user is also

given the option to suppress tabular output of the response.

- Reauirements

S COMMON blocks: CMELIM,CMRESD,CMTIME,HEADDB, INTCOM,//

. LCAP2 routines: GRAF1,ITITLE,STIME2,STIME3,TSPLOT,ZTIME2
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STIMEZ

Identjfication

SUBROUTINE STIMEZ2 - Compute Analytical Solution of Inverse Laplace Transform
CDC FORTRAN 4

E. A. Lee

Aerospace Corporation

Purpose

Compute analytical solution of inverse Laplace transform. This subroutine
is called by STIMEL.

Usage

CALL STIMEZ(PNS,PDS,RTNS,RTDS, IPRN1,IPRNZ,IPRN3)

PNS input Numerator polynomial coefficient array (LCAP2 format)
PDS input - Denominator polynomial coefficient array (LCAP2 format)
RTNS input - Complex numerator polynomial root array (LCAP2 format)
RTDS input -~ Complex denominator polynomial root array (LCAP2 format)
IPRN1l input .NE.O for printout of common roots found

IPRN2 input .NE.O0 for printout of partial fraction coefficients
IPRN3 input .NE.O0 for printout of analytical solution

1. Time response parameters are in COMMON/HEADDB/. See description for STIME.

2. Qutput is saved in COMMON/CMELIM/, COMMON/CMRESD/ and COMMON/CMTIME/ for
use by subroutine STIME3. The parameters in these common blocks are
described below:

parameter description
(with dimension)

COMMON/CMEL IM/

QROT(50) Complex root array of the numerator (LCAP2 format)
PROT(50) Complex root array of the denominator (LCAP2 format)
IQCOM Number of complex roots of the numerator

IQR Number of non-zero real roots of the numerator

I1QZ Number of roots at the origin of the numerator
IPCOM Number of complex roots of the denominator

IPR Number of non-zero real roots of the denominator
IPZ Number of roots at the origin of the denominator
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COMMON/CMRESD/

GAMMA(50)

LAMBDA(10)

COMMON/CMTIME~/

A(25)
B(25)
C(25)
ALPHAL1(25)
ALPHA2(25)
BETA1(25)
BETA2(25)

Method

Complex array of partial fraction coefficients of the poles
not at the origin

Complex array of partial fraction coefficients of the poles
at the origin origin

Coefficient array for analytical expression of the response
”

See description for STIME.

Requirements

COMMON blocks:

LCAP2 routines:

CMELIM,CMRESD,CMTIME, HEADDB
CRELIM,RESDU,RTPRNG
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Identificati

SUBROUTINE STIME3 - Compute S Plane Time Response From Analytical Solution
CDC FORTRAN 4

E. A. Lee

Aerospace Corporation

Burpose

Compute s plane time response from analytical solution computed by STIME2.
This subroutine is called by STIME]l.

Usage
CALL STIME3CTPOINT,YPOINT,NI,IPRN1)

TPOINT output - Array of time points (DIMENSION=1500)
YPOINT output - Array of response points (DIMENSION=1500)

NI output - Number of response points

IPRN1 input - .NE.O for tabular printout of time response

1. Time response parameters are in COMMON/HEADDB/. See description
for STIME.

2. Parameters for the analytical solution as computed by subroutine

STIME2 is in COMMON/CMELIM/, COMMON/CMRESD/ and COMMON/CMTIME/.
Reauirements

COMMON blocks: CMELIM,CMRESD,CMTIME,HEADDB
LCAP2 routines: LEXIT
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Identificati

:{ SUBROUTINE STORE - Store Polynomial, Transfer Function and Matrix Data
. CDC FORTRAN ¢
C. L. Hong and E. A. Lee

. e
L., 4

° Aerospace Corporation
Burpose

- Store data from an LCAP2 batch job for a restart capability. This data can
be accessed in a subsequent batch or interactive job by using the RESTORE opera-
tor.
Usage

CALL STORE(IPRNFG)
IPRNFG input - =0 for no printout of data stored

1. TJo identify the data stored, enter alphanumeric information in HEAD(64)
through HEAD(70) of COMMON/HEADDB/ before calling STORE. This information
will be printed out when this data is restored in a subsequent job.

Method

Data will be saved on file TAPE3l. The first record will be alphanumeric
information copied from HEAD(64) through HEAD(70) of COMMON/HEADDB/. The second
record will be information from COMMON/TFPCNT/ which describes the number of
polynomials and transfer functions saved on various files. The third record
will be LCAP2 parameters from HEAD(101) through HEAD(900) of COMMON/HEADDB/.

Polynomials and s, w and z plane transfer functions with LCAP2 indices 1
through 5 are stored in COMMON/SCMBLK/. These polynomials and +transfer
functions, regardless if they have been used by the user, will be the next data
copied onto file TAPE31l. Next, polynomials from file TAPE84 will be copied onto
file TAPE3l. Then s, w and z plane transfer functions from files TAPE8S5, TAPE86
and TAPE87, respectively, will be copied onto file TAPE3l. Finally, matrix data
from COMMON/MATRIX1/ and MDET1 will be copried onto file TAPE3l.

Restricti

) Aol L L L X kPt

N File type for TAPE3]l must be declared with "FILE,TAPE31,BT=I."?
Reauirements

COMMON blocks: ACOM,HEADDB,MATRIX1,MDET1,PRNCTL,SCMBLK, TFPCNT
LCAP2 routines: BPRINT1,ENDLINE,MPRINT1,OPMESG,PYPRN1, TFPRN1

M )
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STRPY
Identjfication
SUBROUTINE STRPY - Store polynomial
CDC FORTRAN 4
E. A. Lee
) Aerospace Corporation -
)ﬁ: Purpose
\’.
?g Store polynomial in LCAP2 format.
Usage
CALL STRPYCINDX,TFPOLY,TFROOT,IN)
INDX input - Index of polynomial to be stored

TFPOLY input - Polynomial coefficient array (LCAP2 format)
TFROOT input - Complex polynomial root array (LCAP2 format), only if IN=0
IN input - =1 for coefficient form only

=0 for coefficient and root form

Method

If INDX .LE.5, polynomial data will be saved in COMMON/SCMBLK/. If INDX
.GT.5 the polynomial data will be written on sequential file TAPE84. The count-
er NPYCNT in COMMON/TFPCNT/ is the number of polvynomial records on sequential
file TAPE84. This counter is incremented by one after the store is completed.

Requirements

COMMON blocks: SCMBLK, TFPCNT
LCAP2 routines: none

pmppeny
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Identification

SUBROUTINE STRSTF - Store S Plane Transfer Function

CDC FORTRAN 4
E. A. Lee

. Aerospace Corporation

Purpose

Store s plane transfer function in LCAPZ2 format.

Usage

CALL STRSTF(INDX,TFPOLY,TFROOT,IN,ID)

INDX input
TFPOLY 1input
TFROOT input

IN input
ID input
Method

If INDX

Requirements

COMMON blocks:
LCAP2 routines: none

.LE.5, transfer function data will be saved in COMMON/SCMBLK/. 1If
INDX .GT.5 the transfer function data will be written on sequential file TAPES85.
Counter NSPCNT in COMMON/HEADDB/ is used to keep track of the number of records
written on file TAPE85. This counter is incremented by one after the store oper-
ation is completed.

STRSTF "

Index of s plane transfer function

Transfer function coefficient array (LCAP2 format)
Complex transfer function root array (LCAP2 format)
=1 for numerator coefficient form only

=0 for numerator coefficient and root form

=1 for denominator coefficient form only

=0 for denominator coefficient and root form

SCMBLK, TFPCNT
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Identificati

SUBROUTINE STRTFX - Store Transfer Function
CDC FORTRAN 4

E. A. Lee

Aerospace Corporation

Purpose

Store transfer function in LCAPZ format.

Usage

CALL STRTFXCIPLANE, INDX,TFPOLY,TFROOT,IN,ID)

IPLANE input - =0 for s plane, =-1 for w plane, =1 for z plane
INDX input - Index of transfer function
TFPOLY input - Transfer function coefficient array (LCAP2 format)
TFROOT input - Complex transfer function root array (LCAP2 format)
IN input - =1 for numerator coefficient form only

=0 for numerator coefficient and root form
1D input - =1 for denominator coefficient form only

=0 for denominator coefficient and root form

Methed

If INDX .LE.S5, transfer function data will be saved in COMMON/SCMBLK/. If
INDX .GT.5 the transfer function data will be written on a sequential file.
TAPE85, TAPE86 and TAPE87 are used, respectively for s, w and z data. Counters
NSPCNT, NWPCNT and NZPCNT in COMMON/TFPCNT/ are used to keep track of records
written on files TAPE8S5, TAPE86 and TAPE87, respectively. This counter is incre-
mented by one after the store operation is completed.

Requirements

COMMON blocks: none
LCAP2 routines: STRSTF,STRHWTF,STRZTF
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Identificati

SUBROUTINE STRWTF - Store W Plane Transfer Function
CDC FORTRAN 4

E. A. Lee

Aerospace Corporation

Subroutine STRHTF is similar to subroutine STRSTF except that it is for the
w plane instead of the s plane.

STRZTF
ificati

SUBROUTINE STRZTF - Store Z Plane Transfer Fun:tion
CDC FORTRAN 4

E. A. Lee

Aerospace Corporation

Subroutine STRZTF is similar to subroutine STRSTF except that it is for the
Z plane instead of the s plane.
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XN Identification
Y
r::; SUBROUTINE SUBP - Subtract Polynomials (Coefficient Form)
-4 CDC FORTRAN 4
. E. A. Lee
Aerospace Corporation -
- Purpose
‘%'i Subtract coefficients of two polynomials
sage 1
) |
:¢: CALL SUBP(A,B,C)
e :
; A input - Polynomial coefficient array (LCAP2 format) (minuend)
B input - Polynomial coefficient array (LCAP2 format) (subtrahend)
, C output - Polynomial coefficient array (LCAP2 format)
>
.Y
':{i 1. EPAD]l (preset=1.E10) in COMMON/HEADDB/ is used to test for negligible coef-
e ficients.
Method
2
~od Coefficients of polynomial B are subtracted from coefficients of polynomial A
{éa and stored into polynomial C. A test is then made to see if the highest order
o~ coefficient is smaller than all the other coefficients by 1/EPADl. If it is,
. then it is considered to be negligible and is set to zero and the order of the
polynomial reduced by one. This test is then repeated.
’ﬁ The code for this routine is in subroutine ADDP.
Y
AR 3 :
'iﬁ
The degree of the polynomials must be less than 50.
S Resuirements
L COMMON blocks: HEADDB

A LCAP2 routines: PCHEK,PEQUAL,PZERO
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Identification

SUBROUTINE SHMRX - LCAP2 Operator, S to W Plane Multirate Transform
CDC FORTRAN 4

E. A. Lee

Aerospace Corporation

Purpose

Compute multirate (slow input, fast output) s to w plane transform using
LCAP2 indices. The zero order hold, if included, is at the slower input sampling
rate. The ratio of the output/input sampling rates must be an integer. (note:
the w is not the w' defined by the Tustin's bilinear rule)

Usage
CALL SKWMRX(I,J)

I input - Index of w plane transfer function
J input - Index of s plane transfer function

1. SHMRX parameters are in COMMON/HEADDB/. They are to be set before SHMRX is
called. These parameters are defined below:

parameter preset description
DELAY 0 Time delay, (enter negative value for time advance)
SAMPT 1. Sampling period of the faster output sampler
NTGER 1 Integer ratio of output/input sampling rates
(or, input/aoutput sampling periods)
ZOH 1 .NE.O for inclusion of zero order hold at the input
Method

Partial fraction expansion of the s plane transfer function (including the
1/s from the zero order hold if there is one) is computed by subroutine RESDU.
The w transform (at the faster output sampling rate) of each term of the expan-
sion is then computed. Next, the terms of the expansion are summed and ratio-
nalized. Roots of this intermediate transfer function are then found. This
result is multiplied by the discrete contribution of the zero order hold (which
is at the slower input sampling rate) to yield the desired transform.

R ictions

The algorithm used for computing the partial fraction expansion requires
the following constraints on the s plane transfer function. Multiple poles are

not allowed except for those at the origin. The poles at the origin (including
the 1/s from the zero order hold if there is one) must be 5 or less. Also, the -
L
211 f}




degree of the numerator must not be greater than the number of poles not at the
origin.
Reayirements

COMMON blocks: INTCOM,HEADDB,PRNCTL,TFTEMP
LCAP2 routines: ENDLINE,FETTFX, OPPRN,PPEQU, PROOT,RREQU,STRTFX, TFPRN1,
TFPRNG, WMRTRAN, HZTRANS
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Identificati

SUBROUTINE SHXFM - LCAP2 Operator, S to W Plane Transform
CDC FORTRAN 4

E. A. Lee

Aerospace Corporation

Burpose

Compute sampled-data transform from s to w plane using LCAP2 indices.
(note: this w is not the w' defined by the Tustin's bilinear rule)

Usage
CALL SHXFM(I,J)

I input - Index of w plane transfer function
J input - Index of s plane transfer function

1. SHXFM parameters are in COMMON/HEADDB/. They are to be set before SHXFM is
called. These parameters are defined below:

parameter preset description
DELAY 0 Time delay, (enter negative value for time advance)
SAMPT 1. Sampling period
Z0H 1 .NE.O for inclusion of zero order hold
Method

Partial fraction expansion of the s plane transfer function (including the
1/s from the zero order hold if there is one) is computed by subroutine RESDU.
The w transform of each term of the expansion is then computed. Next, the terms
of the expansion are summed and rationalized. Roots of this intermediate trans-
fer function are then found. This result is multiplied by the discrete contrib-
ution of the zero order hold to yield the desired transform.

Restricti

The algorithm used for computing the partial fraction expansion requires
the following constraints on the s plane transfer function. Multiple poles are
not allowed except for those at the origin. The poles at the origin (including
the 1/s from the zero order hold if there is one) must be 5 or less. Also, the
degree of the numerator must not be greater than the number of poles not at the
origin.
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Identification

SUBROUTINE SZMRX - LCAP2 Operator, S to Z Plane Multirate Transform
CDC FORTRAN 4

E. A. Lee

Aerospace Corporation

Purpose

Compute multirate (slow input, fast output) s to z plane transform using
LCAP2 indices. The zero order hold, if included, is at the slower input sampling
rate. The ratio of the output/input sampling rates must be an integer.
Usage

CALL SZMRX(I,J)

I input - Index of z plane transfer function
J input - Index of s plane transfer function

1. SZMRX parameters are in COMMON/HEADDB/. They are to be set before SZMRX is
called. These parameters are defined below:

parameter preset description
DELAY 0 Time delay, (enter negative value for time advance)
SAMPT 1. Sampling period of the faster output sampler
NTGER 1 Integer ratio of output/input sampling rates
(or, input/output sampling periods)
ZOH 1 .NE.O for inclusion of zero order hold at the input
Method

Partial fraction expansion of the s plane transfer function (including the
1/s from the zero order hold if there is one) is computed by subroutine RESDU.
Since calculations performed in the w plane are more accurate than those in the
z plane, the w transform (at the faster output sampling rate) of each term of the
expansion is then computed. Next, the terms of the expansion are summed and
rationalized. Roots of this intermediate transfer function are then found.
This result is multiplied by the discrete contribution of the zero order hold
(which is at the slower input sampling rate) to yield the w plane form of the
desired transform. Next, subroutine WZTRANS is called to transform the roots w

plane roots to the z plane. The coefficients of the z plane transfer function
are then computed.

The code for this routine is in subroutine SWMRX,

215
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Restricti

The algorithm used for computing the partial fraction expansion requires
the following constraints on the s plane transfer function. Multiple poles are
not allowed except for those at the origin. The poles at the origin (including
the 1/s from the zero order hold if there is one) must be 5 or less. Also, the
degree of the numerator must not be greater than the number of poles not at the
origin.

Requirements

COMMON blocks: INTCOM,HEADDB,PRNCTL, TFTEMP
LCAP2 routines: ENDLINE,FETTFX,O0PPRN,PPEQU,PROOT,RREQU,STRTFX, TFPRNL,
TFPRNG, WHMRTRAN, KZTRANS
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Identificati

SUBROUTINE SZXFM - LCAP2 Operator, S To Z Plane Transform
CDC FORTRAN 4

E. A. Lee

Aerospace Corporation

Purpose

Compute sampled-data transform from s to z plane using LCAP2 indices.

Usage

CALL SZXFM(I,J)
I input - Index of z plane transfer function
J input - Index of s plane transfer function

1. SZXFM parameters are in COMMON/HEADDB/ . See description for SWXFM.

Method

Partial fraction expansion of s plane transfer function (including the 1l/s
from the zero order hold if there is one) is computed by subroutine RESDU. Since
calculations performed in the w plane are more accurate than those in the =z
plane, the w transform of each term of the partial fraction expansion is com-
puted. Next, the terms of the expansion are summed and rationalized. Roots of
this intermediate transfer function are then found. This result is multiplied by
the discrete contribution of the zero order hold to yield the w plane form of the
desired transform. Next, subroutine WZTRANS is called to transform the w plane
roots to the z plane. The coefficients of the z plane transfer function are then
computed.

estrictions

Same restrictions on s plane transfer function that apply for SHXFM. For
higher order s plane transfer functions, the w plane transform will be more
accurate than the z plane transform. To determine differences in numerical accu-
racies, compute both w and z plane transforms and compare frequency responses.

Requirements

COMMON blocks: HEADDB,PRNCTL, TFTEMP
LCAP2 routines: ENDLINE,FCNPLN,FCNW1,FCNW2,FETTFX,HOLLI,OPPRN,PROOT,
STRTFX, TFPRN1, TFPRNG, HTRANS , HZTRANS
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Identificati

COMPLEX FUNCTION TFAUX - Transfer Function Evaluation

CDC FORTRAN 6

E. A. Lee

Aerospace Corporation .

Burpose

Evaluate transfer function coefficient array (LCAP2 format). The frequen-
cy value to be used is specified explicitly as an argument.

Usage
TFAUXC(TFC, X)
TFC input - Transfer function coefficient array (LCAP2 format)
X input - Complex frequency used to evaluate the transfer function

TFAUX output - Complex value of the response
Restrictio

The degree of the transfer function must be less than 50.
Bequirements

COMMON blocks: none
LCAP2 routines: none
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oy TFPRN1

A
( I' !.E. !.

:? SUBROUTINE TFPRN1l - Print Qut Transfer Function

n; CDC FORTRAN 4

i E. A. Lee

s Aerospace Corporation

[ ]

1 Purpose

: Print out transfer function coefficients and roots under control of
N PRNFLG1.

R

. Usage

.t CALL TFPRNICIPLANE,I,TFPI,TFRI,IN,ID)

:2 IPLANE input - =1HS for s plane, =1HW for w plane, =1HZ for z plane
o I input - Identifier (.GT.0) used for labeling printout

N TFPI input - Transfer function coefficient array (LCAPZ format)
by TFRI input - Complex transfer function root array (LCAP2 format)
}] IN input - =1 for numerator coefficient form only

& =0 for numerator coefficient and root form

- ID input - =1 for denominator coefficient form only

N =0 for denominator coefficient and root form

1. Flag PRNFLGl (preset=1) in COMMON/PRNCTL/ if .EQ.0 will suppress the print-
S out.

Reauirements

COMMON blocks: PRNCTL
LCAP2 routines: PPRN1,RTPRN2
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Identificati

SUBROUTINE TFPRN4 - Print Out Transfer Function
CDC FORTRAN 4

E. A. Lee

Aerospace Corporation

Purpose

Print out transfer function coefficients and roots under control of
PRNFLGG.

Usage
CALL TFPRNGCIPLANE,I,TFPI,TFRI,IN,ID)

IPLANE input - =1HS for s plane, =1HW for w plane, =1HZ for z plane

I input - Iden?ifier (.GT.0) used for labeling printout
TFPI input - Transfer function coefficient array (LCAP2 format)
TFRI input - Complex transfer function root array (LCAP2 format)
IN input - =1 for numerator coefficient form only

=0 for numerator coefficient and root form
ID input - =1 for denominator coefficient form only

=0 for denominator coefficient and root form

1. Flag PRNFLGS (preset=1) in COMMON/PRNCTL/ if .EQ.0 will suppress the print-
out.

Requirements

COMMON blocks: PRNCTL
LCAP2 routines: PPRN1,RTPRN2
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SUBROUTINE TSPLOT - Time Response Plot
CDC FORTRAN 4

E. A. Lee

Aerospace Corporation

Purpose

Plot time response computed by either STIME or ZTIME. This subroutine is
called by STIME]1 or ZTIMEL.

Usage
CALL TSPLOT(NI,TPOINT,YPOINT)
NI input - Number of plot points in arrays TPOINT and YPOINT
TPOINT input - Array of time points (DIMENSION=1500)
YPOINT input - Array of time response points (DIMENSION=1500)

1. Time response plot parameters are in COMMON/HEADDB/. See descrip*ion of
STIME.

uirem

COMMON blocks: AWORDS,HEADDB,PLOT1
LCAP2 routines: ELPLOT1,0SCALE

221




i .
et takm 0L 0L0,

* /4 /2,

S NOT

Identification

SUBROUTINE USRNOTE - User Note For Additional Labeling Of Nichols Plot
CDC FORTRAN ¢4

E. A. Lee

Aerospace Corporation

Purpose

This is a dummy subroutine to satisfy the loader if the user does supply
his/her own code for this routine. USRNOTE is intended to be used for additional
annotation on the right portion of the Nichols plot.
saqe

CALL USRNOTE

1. Code has been written for specific Aerospace studies to provide additional
annotation of the Nichols plot. An example will be given in a future
revision of this report.

R ireme

COMMON blocks: none
LCAP2 routines: none
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WELCR
Identificatio

SUBROUTINE HKELCR - LCAP2 Operator, Eliminate Common Roots Of W Plane
Transfer Function

CDC FORTRAN 4

E. A. Lee

Aerospace Corporation

Purpose

Eliminate common roots from a w plane transfer function using an LCAP2
index.

sage
CALL MWELCR(I)
I input - Index of w plane transfer function
1. Common root elimination parameters ECREl1 (preset=2.E-4) and ECRE2

(preset=1.E-8) are in COMMON/HEADDB/.
M od

1f a numerator root nrt and a denominator root drt are found such that
ABS(drt/nrt - (1.,0.)).LT.ECRE1 for nrt.NE.O or ABS(drt).LT.ECRE2 for nrt.EQ.O,
roots nrt and drt are considered to be common roots and will he eliminated from
the transfer function.

The code for this routine is in subroutine SELCR.
Reaujrements
COMMON blocks: INTCOM,PRNCTL,TFTEMP

LCAP2 routines: CRELIM,ENDLINE, FCNPLN,FETTFX, OPMESG, OPPRN,PROUT,PSYNTH,
RREQU,RTPRNO, STRTFX, TFPRN1, TFPRN4
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Identificati

COMPLEX FUNCTION WFAUX - Evaluate W Plane Transfer Function Coefficient Array
CDC FORTRAN 4

E. A. Lee

Aerospace Corporation

Purpose

Evaluate w plane transfer function coefficient array (LCAP2 format) for use
in computing the frequency response. This complex function can be used by sub-
routine FREQW1 or FREQW2 to evaluate the transfer function specified by is first
argument. It can also be used by user-supplied subroutines similar to WFAUX1.

This subroutine can also evaluate the multirate (fast input, slow output)
response of the transfer function.

Usage
WFAUX(TFC)

TFC input - Transfer function coefficient array (LCAP2 format)
WFAUX output - Complex value of response

1. Independent w plane frequency used in evaluation of the response is com-
puted by the program using real frequency X of COMMON/FRQBLK/ and sampling
period SAMPT of COMMON/HEADDB/.

2. If MMTGER of COMMON/FRQBLK/ is .GT.0, the multirate response is computed by
using Sklansky's frequency decomposition method. MMTGER is the ratio of the
(output/input) sampling periods and SAMPT is the sampling period of the
faster input sampler.

Method

The code for this routine is in subroutine ZFAUX.
Requirements

COMMON blocks: FRQBLK,HEADDB, LENGTH
LCAP2 routines: none
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:“ COMPLEX FUNCTION WFAUX1 - Evaluate W Plane Transfer Function Coefficient Array :
o CDC FORTRAN 4 )
~ E. A. Lee 3'.
M Aerospace Corporation %
4

Purpose ‘
}: This complex function is similar to WFAUX except that it is written s> that K
o it can be easily modified by the user to allow creation of a user-defined w plane 3
transfer function. g
\

o Usage R
K F
e WFAUX1(TFC) B
;: TFC input - Transfer function coefficient array (LCAP2 format)

HFAUX1 output - Complex value of the response

~ Method

iﬂ This complex function has only one line of code
% WFAUX1=WFAUXC(TFC)

$‘Q

5 so that it will yield the same results as WFAUX.

-

.: To create a user-defined w plane transfer function, a different value is

R returned for WFAUX1. For example, if the function is

,{ WPTF2 + WPTFar2.

o the user would change the FORTRAN code to

;? WFAUX1=WFAUX(WPTF2) + WFAUX(WPTF4)-2.

o

t Restrictions

»

o, The argument TFC must be an array in memory. Since only the first five w

: plane transfer functions are in COMMON/SCMBLK/ and all others are on a disk

N . file, only HWPTFl, HWPTF2, WPTF3, WPTF4 and HPTF5 can be used to create a

> user-defined w plane transfer function. However, the user can define additional

et transfer function coefficient arrays in a separate labeled common block to be

o accessible by WFAUX. Subroutine FETWTF can be used to copy transfer functions

) from the disk file to the transfer function in this common block.

{

- 225

»

}

Cd

¢

T

..? - . - . m m w, " g% e ava o~ . . - Ta " e .. LIPS I ) .. - ‘::
i 4”\"\.{*;“*.""-.‘ AR ' IO A0y S '-;'*;1'.:" At '-\".\.\'.'- DTN NS SN LT,




FRQBLK,HEADDB, SCMBLK

COMMON blocks:

CFUNC, HFAUX

LCAP2 routines:
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Identification
SUBROUTINE WFREQ - LCAP2 Operator, W Plane Frequency Response
CDC FORTRAN 4

E. A. Lee
Aerospace Corporation

Purpose
Evaluate w plane frequency response using an LCAP2 index. Automatic fre-

quency mode available to allow program to dynamically choose its own frequency
points to vield a smooth plot of the response.

Usage
CALL WFREQ(I)
I input - Index of w plane transfer function
1. Frequency response parameters are in COMMON/HEADDB. They are to be set
before WFREQ is called. See description of SFREQ for the complete list of

definitions of these parameters. The parameter SAMPT is described below:

parameter preset description
SAMPT 1 Sampling period

Method

Same as that described in detail in description of SFREQ.

In the automatic frequency mode (FAUTO0=0) the program will avoid using fre-
quency values at or near the half sampling frequency. W plane frequencies (im-
aginary part) greater than 1000. will not be used.

The code for this routine is in subroutine SFRENQ.

Requirements
COMMON blocks: FRQBLK,INTCOM,PRNCTL,TFTEMP,//

LCAP2 routines: ENDLINE, FCNPLN, FETTFX, FREQS2, FREQW2,FREQZ2, OPMESG, SFAUX,
WFAUX, ZFAUX
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Identificati
SUBROUTINE WFREQY - Evaluate Frequency Response O0f A W Plane Transfer
Function Coefficient Array
CDC FORTRAN 4

E. A. Lee .
Aerospace Corporation

Purpose

Evaluate frequency response of a w plane transfer function coefficient
array. User supplies name of the array.

Usage

CALL WFREQY(TFC)
TFC input - Transfer function coefficient array (LCAP2 format)

1. Frequency response parameters are in COMMON/HEADDB/. See description of
subroutine SFREQ for definition.

Restricti

If LCAP2 defined transfer function coefficient arrays are to be used, only
the first five transfer functions for each plane are available since the others
are on disk files. However, a user common block can be defined so that these oth-
er transfer functions can be first transferred from disk file to memory so that
WFREQY can be used.

Requirements

COMMON blocks: FRQBLK
LCAP2 routines: FREQWZ2,HWFAUX
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Identi ficati

SUBROUTINE WLOCI - LCAP2 Operator, W Plane Root Locus
CDC FORTRAN 4

E. A. Lee

Aerospace Corporation

Purpose

Evaluate w plane root locus using an LCAP2 index. Automatic gain selection
available to supplement user selected gains.

Usage
CALL HWLOCI(I)
I input - Index of w plane transfer function to be evaluated
1. Root locus parameters are in COMMON/HEADDB/. They are to be set before

WLOCI is called. See description of SLOCI for a complete list of def-
inition of these parameters.

Method

Same as that described in detail in description of SLOCI.
The code for this routine is in subroutine SLOCI.

Requirements

COMMON blocks: INTCOM,PRNCTL,TFTEMP,//
LCAP2 routines: ENDLINE, FCNPLN,FETTFX,0PMESG,RLOCUS], TFPRN1

229

~.\. .\ \

oo
c e

ATt et -'-' ” - . '. Y
TN NS e
'MMMMA-. AL;,_‘-;"L‘ ,u._(.p;

F-“—"‘T? e vor it A 'J"

PR

~
-

v
LR Ja 2.3

.Jz e T e

- A

[T



Patiie DA Sl Sl S R Sl At A 6 A LIS Al Yt Sl P i oL o
. A S AR S LA S AAAE A A A .5

HMFAUX
Identificati

COMPLEX FUNCTION WMFAUX1 - Evaluate Multirate W Plane Transfer Function
CDC FORTRAN ¢4

E. A. Lee

Aerospace Corporation

Purpose

Evaluate multirate (fast input, slow output) response of a w plane transfer
function in coefficient form for use in computing the frequency response. This
complex function can be used by subroutines FREQWMI or FREQWMZ2 to evaluate the
transfer function specified by its first argument.

Usage
WMFAUX(TFC,M,T)
TFC input - Transfer function coefficient array (LCAPZ2 format)
M input - Integer ratio of output/input sampling periods
T input - Sampling period of slower outout sampler

WMFAUX1 output - Complex value of response

Method

Sklansky's frequency decomposition method is used to evaluate the transfer
function.

jremen

COMMON blocks: FRQBLK,HEADDB
LCAP2 routines: WFAUX
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Identification

SUBROUTINE WMRFQ - LCAP2 Operator,
CDC FORTRAN 4

E. A. Lee

Aerospace Corporation

W Plane Multirate Frequency Response

Purpose

Evaluate multirate (fast input, slow output) frequency response of a w
plane transfer function using an LCAP2 index.

Usage

CALL WMRFQ(I,M)

I input - Index of w plane transfer function

M input - Integer ratio of output/input sampling periods

1. The input w plane transfer function is at the faster sampling rate.

2. Frequency response parameters are in COMMON/HEADDB/. See description of
SFREQ.

3. The sampling period, SAMPT, is for the slower output sampler.

Method

The frequency response is evaluated by direct application of Sklansky's
frequency decomposition. No explicit rational representation of the slower out-
put transform is computed. If an explicit representation of the slower output
transfer function is desired, see LCAP2 operator WMRXFM.

Requirements

COMMON blocks:
LCAP2 routines:

INTCOM, FRQBLK,PRNCTL, TFTEMP
ENDLINE, FCNPLN, FCNH1, FETTFX, FREQWMZ, FREQZM2, OPMESG,
TFPRN1, HFAUX, ZFAUX
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Identificati

SUBROUTINE WMRFQY - Evaluate Multirate Frequency Response Of A W Plane
Transfer Function Coefficient Array

CDC FORTRAN 4
E. A. Lee
Aerospace Corporation

Burpose

Evaluate multirate (fast input, slow output) frequency response of a w
plane transfer function in coefficient form. User supplies the name of the

array.
Usage
CALL WMRFQY(TFC,M)

TFC input - Transfer function coefficient array (LCAP2 format) at the faster
input sampling rate

M input - Integer ratio of output/input sampling periods

1. Frequency response parameters are in COMMON/HEADDB/. See description of of
SFREQ.

2. The sampling period, SAMPT, is for the slower output sampler.

Method

If LCAP2 defined transfer function coefficient arrays are to be used, only
the first five transfer functions for each plane are available since the others
are on disk files. However, a user common block can be defined so that these oth-
er transfer functions can be first transferred from disk file to memory so that
WMRFRQY can be used.

Regquirements

COMMON blocks: FRQBLK
LCAP2 routines: FREQWMZ, HFAUX
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Identificati

SUBROUTINE WMRTRAN - Compute S To W Plane Transformation
CDC FORTRAN 4

E. A. Lee

Aerospace Corporation

Burpose

Compute multirate (slow input, fast output) s to w plane transformation.

This subroutine is called by SHMRX.

Usage

CALL WMRTRANCPNS,PDS,RTNS,RTDS,PNH,PDH, RTNH,RTDH, T, DELAY, IZOH)

PNS input - S plane numerator poly. coefficient array (LCAP2 format)
PDS input - S plane denominator poly. coefficient array (LCAP2 format)
RTNS input - S plane numerator poly. root array (LCAP2 format)

RTDS input - S plane denominator poly. root array (LCAP2 format)

PNW output - W plane numerator poly. coefficient array (LCAP2 format)
PDH output -~ H plane denominator poly. coefficient array (LCAPZ2 format)
RTNKW output -~ W plane numerator poly. root array (LCAPZ format)

RTDHW output - H plane denominator poly. root array (LCAP2 format)

T input - Sampling period

DELAY input - Time delay

IZ0H input - .NE.D for inclusion of zero order hold

1. NTGER, integer ratio of input/output sampling periods, of COMMON/HEADDB/

must be set before HMRTRAN is called.
Method

See description of SHMRX.

The code for this routine is in subroutine WTRANS.
Restricti

See description of SHMRX.
Reauirements

COMMON blocks: HEADDB, INTCOM,PRNCTL,//

LCAP2 routines: CRELIM,PEQUAL,PMULT,PPADD,PPRINT,PPZERO,PROOT,PSYNTH,
RESDU, RPRINT,RREQU,RRTADL, RRTPRN,RRZERO, RTADD, RTPRNO,

RZERO, TFRPRN
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Identificati

SUBROUTINE WMRXFM - LCAP2 Operator, Multirate (fast input, slow output
sampler) H Transform

CDC FORTRAN 4
E. A. Lee -
Aerospace Corporation

Burpose

Compute the output w transform of a fast to slow sampler using LCAP2
indices. This operation will yield a rational transfer function at the slower
sampling rate.

Usage

CALL WMRXFM(I,J)

I input - Index of resultant slower output w plane transfer function
J input - Index of faster input w plane transfer function

1. The integer ratio, output/input sampling periods, NTGER, of COMMON/HEADDB/
must be set before this subroutine is called.

Method

The faster input transfer function is first transformed to the z plane.
The output transfer function of a fast to slow rate sampler is then given in the
z plane by Sklansky's frequency decomposition method as,

n-l

1 N

- \ T/n j2%pixk/n

n /7 6 (z e )
A n
k=1

T/n
where G (z ) is the z plane transfer function at the faster sampling rate .

n

and n is the integer ratio of the output/input sampling periods. Using the root
form representation of the input transform, a rational representation of the
slower rate output transfer function is computed. This transfer function is then
transformed to the w plane.

The code for this routine is in subroutine ZMRXFM.
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Requirements

COMMON blocks: HEADDB,ITEST,PRNCTL,TFTEMP
LCAP2 routines: CRELIM,ENDLINE,FETTFX,MRXFM,OPPRN,PROOT,PSYNTH,RREQU,
RRTEQU,RTPRNO, STRTFX, TFPRN1, TFPRNG, WZTRANS , ZWTRANS
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o HNORM

&:ﬁ SUBROUTINE WNORM ~ LCAP2 Operator, Normalize W Plane Transfer Function
:) CDC FORTRAN 4
- E. A. Lee

Aerospace Corporation

Purpose
Normalize w plane transfer function using an LCAP2 index. Normalization can

be either with respect to the low order non-zero coefficient or the high order
coefficient of the denominator.

Usage
CALL HWNORM(I)
I input - Index of the w plane transfer function

1. Normalization parameters are in COMMON/HEADDB/. They are to be set before
WNORM is called. These parameters are defined below:

parameter preset description
KNORM 1. Value used for normalizing the transfer function
KNRMFG 0 If .EQ.0, the low order non-zero coefficient of the

denominator is set equal to the value of KNORM and

all other coefficients are normalized to this value.

If KNORM=1., the low order non-zero coefficient of the
numerator is the Bode gain.

If .NE.O, the high order coefficient of the denominator
is set equal to the value of KNORM and all other coeffi-~
cients are normalized to this value. If KNORM=1., the
high order coefficient of the numerator is the root
locus gain.

Methed

The code for this routine is in subroutine SNORM.

Restricti .

KNORM cannot be zero.

Requirements N

COMMON blocks: INTCOM,PRNCTL, TFTEMP
LCAP2 routines: ENDLINE, FCNPLN,FETTFX, NORM, OPMESG,STRTFX,TFPRN1, TFPRNG
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Identificati

SUBROUTINE WPADD - LCAP2 Operator, W Plane Transfer Function Add
CDC FORTRAN 4

E. A. Lee

Aerospace Corporation

Purpose
Add two w plane transfer functions using LCAP2 indices.

Usage

CALL WPADD(I,J,K)

I input - Index of resultant transfer function sum

J input - Index of first transfer function to be added
K input - Index of second transfer function to be added
Method

The code for this routine is in subroutine SPADD.
Restricti

The degree of the transfer functions must be less than 50.
Requirements

COMMON blocks: PRNCTL,TFTEMP

LCAP2 routines: ENDLINE,FETTFX,OPPRN,PPADD,RRTADD, STRTFX, TFPRN1, TFPRNG
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RO HWPDIV

(= - Identification

AT

L SUBROUTINE WPDIV - LCAP2 Operator, W Plane Transfer Function Divide
N CDC FORTRAN 4

R E. A. Lee

h Y

00 Aerospace Corporation

} -
Purpose

-\..-:::' Divide two w plane transfer functions using LCAP2 indices.
o Usaga
LY
AN CALL WPDIV(I,J,K)
k7 ) :
ALY I input - Index of resultant transfer function
"f:}:: J input - Index of dividend transfer function

Y K input - Index of divisor transfer function
o8 Methed
7_‘::' The code for this routine is in subroutine SPDIV.

..:-.'-' Restricti
i f
CRON The degree of the transfer functions must be less than 50.
AR

o Requirements

A
,.'\:"

N COMMON blocks: PRNCTL,TFTEMP

: LCAP2 routines: ENDLINE,FETTFX,0PPRN,PMULT,PSYNTH,RTMPY,STRTFX, TFPRN1,
ot TFPRN4
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entification
SUBROUTINE WPEQU - LCAP2 Operator, W Plane Equal
CDC FORTRAN 4
E. A. Lee
Aerospace Corporation
urpo
Equate w plane transfer functions using LCAPZ2 indices.

Usage

CALL WPEQU(I,J)

I input - Index of resultant transfer function
J input - Index of transfer function to be equated with
Method

The code for this routine is in subroutine SPEQU.
Restrictions
The degree of the transfer functions must be less than 50.
equirem

COMMON blocks: OVCOM,PRNCTL,TFTEMP
LCAP2 routines: ENDLINE,FETTFX,O0PPRN,PPEQU,RRTEQU,STRTFX, TFPRN1, TFPRN4




Identificati

SUBROUTINE WPLDC - LCAP2 Operator, Load Coefficients Into W Plane Transfer
Function

CDC FORTRAN ¢

E. A. Lee

Aerospace Corporation

Burpose

Load coefficients into w plane transfer function using an LCAP2 index.

Usage
CALL WPLDC(I)

I input - Index where transfer function is to be stored

1. Transfer function coefficients are entered with polynomial coefficient
arrays POLYN and POLYD (LCAP2 format) which are in COMMON/HEADDB/. They are
to be set before WPLDC is called.

2. The calling program must include COMMON/HEADDB/ and the appropriate DIMEN-
SION and EQUIVALENCE statements for POLYN and POLYD.

3. The roots of WPTFi will not be automatically computed. 1f this is desired,
follow this operation with the operator WPRTS(I).
Method

The code for this routine is in subroutine SPLDC.
Restricti

The degree of the transfer function must be less than 50,
Requirements

COMMON blocks: INTCOM,HEADDB,PRNCTL, TFTEMP
LCAP2 routines: ENDLINE,FCNPLN,OPMESG,PEQUAL,PPRN1,STRTFX, TFPRNG
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- HPLDR
w,
(‘ Identificati
}?a SUBROUTINE WPLDR - LCAP2 Operator, Load W Plane Transfer Function In
‘}:; Root Form
‘j\j CDC FORTRAN &
. E. A. Lee

Aerospace Corporation

Purpose
AR
.: : Load roots into w plane transfer function using an LCAP2 index.
o b
o
X Usage
LN
T CALL WPLDR(I)
o
:3: I input - Index where transfer function is to be stored
Ty
1. Transfer function roots are entered with polynomial coefficient arrays
"y ROOTN and ROOTD (LCAP2 format) which are in COMMON/HEADDB/. They are to be
O set before WPLDR is called.
0
5:: 2. The calling program must include COMMON/HEADDB/ and the appropriate DIMEN-
i‘: SION and EQUIVALENCE statements for ROOTN and ROOTD.
{
N The code for this routine is in subroutine SPLDR.
QAR
N
) The degree of the transfer function must be less than 50.
AN
;:;l
' j; COMMON blocks: INTCOM,HEADDB,PRNCTL, TFTEMP
o LCAP2 routines: ENDLINE,FCNPLN,OPMESG,PSYNTH,RTEQU,RTPRN2,STRTFX, TFPRNG
T
o
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Identificati

SUBROUTINE WPMPY - LCAP2 Operator, W Plane Transfer Function Multiply
CDC FORTRAN 4

E. A. Lee

Aerospace Corporation

Purpose

Multiply two w plane transfer functions using LCAP2 indices.

Usage
CALL WPMPY(I,J,K)
I input - Index of resultant transfer function product
J input - Index of first transfer function to be multiplied

K input - Index of second transfer function to be multiplied

Method

If only the coefficients of the j-th and k-th transfer functions are avail-
able, the product is computed by multiplication of the coefficients. If the
roots of the j-th and k-th transfer functions are available, the product is com-
puted by combining the roots. The coefficients of the product are then formed
from these roots.

The code for this routine is in subroutine SPMPY.
Restricti

The degree of the transfer function must be less that 50.
Reavirements

COMMON blocks: PRNCTL,TFTEMP

LCAP2 routines: ENDLINE,FCNW1,FCNW2,FETTFX,0PPRN,PMULT,PSYNTH,RTMPY,
STRTFX, TFPRN1, TFPRN%
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Jdentification

SUBROUTINE WPPRN - LCAP2 Operator, Print Out W Plane Transfer Function
CDC FORTRAN 4

E. A. Lee

Aerospace Corporation

urpo
Print out w plane transfer function using an LCAP2 index.
Usage
CALL HWPPRN(I)
I input - Index of transfer function to be printed out

Method

Roots of the transfer function are printed out only if they are defined
(previously computed or loaded in). The coefficients of the transfer function
are printed out in ascending order.

The code for this routine is in subroutine SPPRN.
Reauirements

COMMON blocks: INTCOM,TFTEMP
LCAP2 routines: ENDLINE,FCNPLN,FETTFX,0PMESG, TFPRNG
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Identificati

SUBROUTINE WPRTS ~ LCAP2 Operator, Find Roots Of W Plane Transfer Function
CDC FORTRAN 4

E. A. Lee

Aerospace Corporation

Purpose

Find roots of a w plane transfer function using an LCAP2 index.
Usage

CALL WPRTS(I)

I input - Index of w plane transfer function

Method
Roots of the numerator and denominator are computed by subroutine PROOT.
The code for this routine is in subroutine SPRTS.

Restricti
If the roots of WPTFi were previously computed or loaded in, the program

will not recompute the roots from the coefficients. A message to this effect
will be printed.

Reaquirements

COMMON blocks: INTCOM,PRNCTL,TFTEMP
LCAP2 routines: ENDLINE,FCNPLN,FCNW1,FETTFX,0PMESG,PROOT, STRTFX, TFPRN1,
TFPRN4

244



—

Fa 1 . p = =
O 24Ok

.}\..A. LU

ray s Ld
A AN

4 4
A8

i)
TR v

—
(]

B

A A ALK

1

[

» .
a 5

o -
»
&

>

G
a4

o L - o
-:"...: 'JIJ-P'.‘

[

'
1
¥
1

4
Y
u
>Y
<
Y

............

Identificati

.....

SUBROUTINE WPSUB - LCAP2 Operator, W Plane Transfer Function Subtract

CDC FORTRAN 4
E. A. Lee
Aerospace Corporation

Purpose

Subtract two w plane transfer functions using LCAP2 indices.

Usage

CALL WPSUB(I,J,K)

I input - Index of resultant transfer function difference
J dinput - Index of first transfer function (minuend)

K input - Index of second transfer function (subtrahend)
Method

The code for this routine is in subroutine SPSUB.
Restricti

The degree of the transfer functions must be less than 50.
Regquirements

COMMON blocks: PRNCTL,TFTEMP

W A S Te T TR LY,

LCAP2 routines: ENDLINE,FETTFX,OPPRN,PPSUB,RRTSUB,STRTFX, TFPRN1, TFPRN4G

245

bR )

=g

e SR N R

1 T e e

. -
NN

-y

-



h\:.

R
HSTRANL

N Ideptification
l\‘: SUBROUTINE WSTRAN1l - Transform W Plane Roots Into S Plane
CDC FORTRAN 4
™ E. A. Lee
Aerospace Corporation
2%
o Burpose
o’
:gg Transform w plane roots into "equivalent™ s plane roots. The transforma-
e, tion of the w plane roots to the s plane is not unique. The "equivalent™ s plane
\ roots are provided solely to aid the analyst in identifying and correlating w
oy plane roots. The computed s plane roots are not saved. This subroutine is
; called by WSXFM.

A Usage

~

0N

S CALL WSTRAN1CIPLANE,WPTF,HWROOT,SAMPT)

o _ :

:_: IPLANE input - .LT.0 for w plane, .GT.0 for z plane

j{- WPTF input - H plane transfer function coefficient array (LCAP2 format)
25 WROOT input - KW plane transfer function root array (LCAP2 format)
b T SAMPT input - Sampling period
\

. Method
5
\a? See description for WSXFM

A,

s Reauirements

S COMMON blocks: none

‘j}-;- LCAP2 routines: RTPRNO
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Identificati
SUBROUTINE WSXFM - LCAP2 Operator, Transform W Plane Roots Into S Plane
CDC FORTRAN 4

E. A. Lee
Aerospace Corporation

Purpose
Transform w plane roots into "equivalent™ s plane roots using an LCAP2
index. The transformation of the w plane roots to the s plane is not unique. The

"aequivalent™ s plane roots are provided solely to aid the analyst in identifying
and correlating w plane roots. The computed s plane roots are not saved.

Usage
CALL WSXFM(I)
I input - Index of w plane transfer function

1. Sampling period, SAMPT, of COMMON/HEADDB/ must be set before calling this
subroutine.

Method
Transformation of the roots from w to the s plane is defined by
s = In( (1+w)/7(1~w) ) 7/ SAMPT
When w = -1.0 or +1.0 the ™equivalent™ s plane root is undefined. If ABS(1l.-w)

is less than 1.E-5, the equivalent root is printed out as 999999.99. If
ABS(w+l.) is less than 1.E-5, the equivalent root is printed out as -999999.99.

Reauirements

COMMON blocks: INTCOM,HEADDB,PRNCTL, TFTEMP
LCAP2 routines: ENDLINE,FCNW2,FETTFX,0PMESG, TFPRN1,WSTRANL
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o SUBROUTINE WTRANS - Compute S To W Plane Transformation l
v: CDC FORTRAN 4 !
o E. A. Lee ‘

- Aerospace Corporation

- i
L

:i Compute s to w plane transformation. This subroutine is called by SHXFM.

Usage

AY

e

AN CALL WTRANS(PNS,PDS,RTNS,RTDS,PNW,PDH,RTNW,RTDW, T, DELAY, IZOH)
!ﬁi PNS input - S plane numerator poly. coefficient array (LCAP2 format)

f: PDS input - S plane denominator poly. coefficient array (LCAP2 format)

k RTNS input - S plane numerator poly. root array (LCAP2 format)
“j RTDS input - S plane denominator poly. root array (LCAP2 format)

o PNKW output - H plane numerator poly. coefficient array (LCAP2 format)

xj PDW output - W plane denominator poly. coefficient array (LCAP2 format)

::: RTNH  output - W plane numerator poly. root array (LCAP2 format)

o~ RTDH output - W plane denominator poly. root array (LCAPZ format)
) = T input - Sampling period
. DELAY input - Time delay

$¢ IZOH input - .NE.O for inclusion of zero order hold

N

o
Lo Method

J.'-:'

See description of SHXFM.

- Restrictions

1‘
; See description of SKWXFM.
— Requirements
::i: COMMON blocks: HEADDB, INTCOM,PRNCTL,”//

-:}: LCAP2 routines: CRELIM,PEQUAL,PMULT,PPADD,PPRINT,PPZERO,PROOT,PSYNTH, -
,\ﬂ- RESDU, RPRINT, RREQU, RRTADD, RRTPRN, RRZERQ, RTADD, RTPRNO,

-:«: RZERO, SUBP, TFRPRN
4 .
o
B

A

\..:
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SUBROUTINE WZXFM - LCAP2 Operator, W to Z Plane Transformation
CDC FORTRAN 4

E. A. Lee

Aerospace Corporation

Purpose

Compute w to z plane bilinear transformation using an LCAP2 index.

the w is not the w' defined by the Tustin's bilinear rule)
sage

CALL HWZXFM(I,J)

-

input - Index of computed z plane transfer function
input - Index of w plane transfer function to be transformed.

-

(note:

1. The sampling period, SAMPT, of COMMON/HEADDB/ must be set before calling

this subroutine.

Method

Bilinear +transformation is implemented by transformation of the w plane
roots. This method is more accurate than the method described by A.C. Davies

(see description of BILNWZ).

Requirements

COMMON blocks: INTCOM,PRNCTL, TFTEMP

LCAP2 routines: ENDLINE,FCNHW1,FCNW2,FETTFX,HOLLI,OPMESG,PROOT,STFTFX,

TFPRNL, TFPRNG, WZTRANS , ZHTRANS
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N
;ri: SUBROUTINE XTRACT - Extract Root Information From Packed HWord
SAE CDC FORTRAN 4
oy E. A. Lee
" Aerospace Corporation
ox Purpose
AAS
T
i._- Extract or unpack root information from the real part of a complex
}_.:: variable. The first word of a complex root array (LCAP2 format) contains this .
- packed information.
.
RN Usage
TR
‘::. CALL XTRACT(ROOT,NUM,ICOM,IR,I2)
Sy
o
"-' ROOT input - Complex variable
VA NUM  output - Total number of roots
".-\ ICOM output - Number of complex roots
:\::-. IR output - Number of real roots not at the origin
'::‘ " 1z output - Number of roots at the origin
LR
‘~ e !! !I l
AR The first word of a complex array, in LCAP2 format, is used to store infor-
;-::}: mation characterizing a polynomial. The real part of this word is packed as:
.-“:' (bit 1 is the unit digit, bit 2 is the tens digit, .. etc.)
(- L)
s
ok Decimal Digit Description
I 1,2 Total number of roots
Q\;- 3,64 Number of complex roots (an even number)
\::s.'{ 5,6 Number of real roots not at the origin !
...{'.' 7,8 Number of roots at the origin ‘
K 1
a (Example: REAL(ROOT(1)) = 103048 would yield, NUM=8, ICOM=4, IR=3, IZ=1) i
_.-:. i
:::::-' The imaginary part of the first word of a complex root array in LCAP2 for- -
.::~.:'. mat is the low order non-zero coefficient of the polynomial. This value is not
v affected by this subroutine.
S
by COMMON blocks: none
s LCAP2 routines: none
o
o
F N
o
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Identificati

SUBROUTINE ZELCR - LCAP2 Operator, Eliminate Common Roots Of Z Plane
Transfer Function

CDC FORTRAN 4

E. A. Lee

Aerospace Corporation

Purpose

Eliminate common roots from a z plane transfer function using an LCAP2
index.

Usage
CALL ZELCR(I)
I input - Index of z plane transfer function

1. Common root elimination parameters ECRE1 (preset=2.E-4) and ECRE2
(preset=1.E~-8) are in COMMON/HEADDB/.

Method

If a numerator root nrt and a denominator root drt are found such that
ABS(drt/nrt - (1.,0.)).LT.ECREl for nrt.NE.O or ABS(drt).LT.ECRE2 for nrt.EQ.O,
roots nrt and drt are considered to be common roots and will be eliminated from
the transfer function.

The code for this routine is in subroutine SELCR.
Requirements
COMMON blocks: INTCOM,PRNCTL,TFTEMP

LCAP2 routines: CRELIM,ENDLINE, FCNPLN, FETTFX,OPMESG, yt" RN, PROOT,PSYNTH,
RREQU, RTPRNO, STRTFX, TFPRN1, TFPRNG
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CDC FORTRAN 4
oA E. A. Lee
Aerospace Corporation

; SUBROUTINE ZEQl - Find Number of Roots Equal to One

R Purpose

« Find the number of roots which are equal to or are nearly equal to (1.,0.).
- These roots are moved to the end of the list of non-zero roots. g

Usage
CALL ZEQ1l(ROOT,L)

Ny ROOT input - Complex polynomial root array (LCAP2 format)
WA L output - Number of roots = (1.,0.) found.

. Requirements

- COMMON blocks: none
N LCAP2 routines: XTRACT
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Identificati

SUBROUTINE ZETAZXM - Zeta To Z Transformation
CDC FORTRAN ¢

E. A. Lee

Aerospace Corporation

Burpose

Compute transformation of zeta plane roots to z plane roots. This subrou-
tine is used by subroutine MRXFM.

Usage
CALL ZETAZXM(XRTF,YRTF,DELT)
XRTF input -~ Zeta plane polynomial root array (LCAP2 format)
YRTF output - Z plane polynomial root array (LCAP2 format)
DELT input - Reciprocal of radius defining zeta transform
Method
Zeta transformation is defined by:

z = (zeta % radius) + 1.

which maps the unit circle in the z plane into a circle in the left half zeta
plane with the origin at zeta = -radius.

The code for this routine is in subroutine ZZETAXM.
Requirements

COMMON blocks: none
LCAP2 routines: RCLAS,RTPRNO,XTRACT
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Identificati
-_‘

{j% COMPLEX FUNCTION ZFAUX - Evaluate Z Plane Transfer Function Coefficient Array

:a;; CDC FORTRAN %

sjk;: E. A. Lee

A Aerospace Corporation

o Purpose

0

-fH Evaluate z plane transfer function coefficient array (LCAP2 format) for use

'N{ in computing the frequency response. This complex function can be used by sub-

routine FREQZ1 or FREQZZ2 to evaluate the transfer function specified by its
S first argument. It can also be used by user-supplied subroutines similar to

.i;i ZFAUX1.
’é§§ This subroutine can also evaluate the multirate (fast input, slow output)
}*é response of the transfer function.
‘ Usage
ot
,xju ZFAUX(TFC)
A
f :? TFC input - Transfer function coefficient array (LCAP2 format)
e ZFAUX output - Complex value of response
i
.J&i 1. Independent z plane frequency used in evaluation of the response is com-
i:}~ puted by the program using real frequency X of COMMON/FRQBLK/ and sampling
~§H period SAMPT of COMMON/HEADDB/.
'-*‘\
ALY )
f 2. If MMTGER of COMMON/FRQBLK/ is .GT.0, the multirate response is computed by
g using Sklansky's frequency decomposition method. MMTGER is the ratio of the
- (output/input) sampling periods and SAMPT is the sampling period of the
**g faster input sampler.
X
?. A Reauirements
- COMMON blocks: FRQBLK,HEADDB,LENGTH
o LCAP2 routines: none
e -
RS
;lJ;: *
0N
R
b
*.._:.
o
IR 254
423
Y
3§ :'.4::
o,
_seo]

-

e ""..- .. .;-(‘.'- . ..-“\ .\1 -".‘-‘L‘.\. "l-." .‘1

\J




aLslg

[

e

= A A

A TN N

Eo |~
o i L

<

Identificati
COMPLEX FUNCTION ZFAUX1 - Evaluate Z Plane Transfer Function Coefficient Array
CDC FORTRAN 4

E. A. Lee
Aerospace Corporation

Purpose
This complex function is similar to ZFAUX except that it is written so that

it can be easily modified by the user to allow creation of a user-defined z plane
transfer function.

Usage
ZFAUX1(TFC)

TFC - input - Transfer function coefficient array (LCAP2 format)
ZFAUX1 output - Complex value of the response

Method
This complex function has only one line of code
ZFAUX1=ZFAUX(TFC)
so that it will yield the same results as WFAUX.

To create a user defined z plane transfer function, a different value is
returned for ZFAUX1. For example, if the function is

2ZPTF2 + ZPTF4rs2,
the user would change the FORTRAN code to

ZFAUX1=ZFAUXCZPTF2) + ZFAUX(ZPTFG)/2.

Restricti

The argument TFC must be an array in memory. Since only the first five z
plane transfer functions are in COMMON/SCMBLK/ and all others are on a disk
file, only ZPTFl, ZPTF2, ZPTF3, ZPTF4 and ZPTF5 can be used to create a
user-defined z plane transfer function. However, the user can define additional
transfer function coefficient arrays in a separate labeled common block to be
accessible by ZFAUX. Subroutine FETZTF can be used to copy transfer functions
from the disk file to the transfer function in this common block.
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Identificati
SUBROUTINE ZFREQ -~ LCAP2 Operator, Z Plane Frequency Response
CDC FORTRAN 4
E. A. Lee
Aerospace Corporation
"y
*:::« Purpose
‘:} Evaluate z plane frequency response using an LCAP2 index. Automatic fre-
\&ﬁ - quency mode available to allow program to dynamically choose its own frequency
PN points to yield a smooth plot of the response.
4
: Usage
L CALL ZFREQ(I)
;;;‘ I input - Index of z plane transfer function
Andns
s 1. Frequency response parameters are in COMMON/HEADDB. They are to be set
l:}ﬁ before ZFREQ is called. See description of SFREQ for the complete list of
\i{ definitions of these parameters. The parameter SAMPT is described below:
A
.
AR parameter preset description
| S SAMPT ) | Sampling period
NN
AN Method
1"\".
ﬁ}*: Same as that described in detail in description of SFREQ.
. The code for this routine is in subroutine SFREQ.
S
2N Reguirements
.Q\}’
x;g COMMON blocks: FRQBLK,INTCOM,PRNCTL,TFTEMP,//
‘\‘3 LCAP2 routines: ENDLINE,FCNPLN,FETTFX,FREQS2,FREQW2,FREQZ2,0PMESG, SFAUX,
- WFAUX, ZFAUX
i
‘.-"$'
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Identificati

SUBROUTINE ZFREQY - Evaluate Frequency Response O0f A Z Plane Transfer
Function Coefficient Array

CDC FORTRAN 4

E. A. Lee

Aerospace Corporation

Burpose

Evaluate frequency response of a z plane transfer function coefficient
array. User supplies name of the array.

Usage
CALL ZFREQY(TFC)
TFC input - Transfer function coefficient array (LCAP2 format)

1. Frequency response parameters are in COMMON/HEADDB/. See description of
subroutine SFREQ for definition.

Restricti

If LCAP2 defined transfer function coefficient arrays are to be used, only
the first five transfer functions for each plane are available, since the others
are on disk files. However, a user common block can be defined so that these oth-
er transfer functions can be first transferred from disk file to memory so that
ZFREQY can be used.

Reguirements

COMMON blocks: none
LCAP2 routines: FREQZ2,ZFAUX
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PR ZHOLLI
L Identification
::“ FUNCTION ZHOLLI - Converts Integer To Hollerith Characters, Zero Filled
Ty On The Left
pede CDC FORTRAN 4
s E. A. Lee |
. ; - Aerospace Corporation !
O i
o Purpose ‘
N Converts integer to Hollerith characters, zero filled on the left.
v Usage
N
g ZHOLLICI)
e
ikﬁ 1 input - Integer between 0 and 100, or else -1 or -2
- ZHOLLI output - Hollerith representation of I if I is between 0 and 100,
A (zero filled on the left if I is one digit)
e = 2HN if I=-1
byt = 2HD if I=-2
0 = Blank otherwise
{:é The code for this function is in function HOLLI.
'l ] :
3\ "'
o Requirements
¥ 'M"
..\.

COMMON blocks: none
LCAP2 routines: none

259




Identification

SUBROUTINE ZLOCI - LCAP2 Operator, Z Plane Root Locus
CDC FORTRAN 4

E. A. Leeo

Aerospace Corporation

Burpose

Evaluate z plane root locus using an LCAP2 index. Automatic gain selection
available to supplement user-selected gains.

Usage
CALL ZLOCI(I)
I input - Index of z plane transfer function to be evaluated
1. Root locus parameters are in COMMON/HEADDB/. They are to be set before

ZLOCI is called. See description of SLOCI for a complete list of def-
initions of these parameters.

Method

Same as that described in detail in description of SLOCI.

The code for this routine is in subroutine SLOCI.
Requirements

COMMON blocks: INTCOM,PRNCTL,TFTEMP,//
LCAP2 routines: ENDLINE,FCNPLN,FETTFX,0PMESG,RLOCUS]1, TFPRN1
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Identificati |

COMPLEX FUNCTION ZMFAUX - Evaluate Multirate Z Plane Transfer Function

CDC FORTRAN 6 i
E. A. Lee |
Aerospace Corporation ‘

Purpose

Evaluate multirate (fast input, slow output) response of a z plane transfer
function ccufficient array for use in computing the frequency response. This
complex function can be used by subroutines FREQZM1 or FREQZM2 to evaluate the
transfer function specified by its first argument.

Usage
ZMFAUX(TFC,NM,T)
TFC input - Transfer function coefficient array (LCAP2 format)
M input - Integer ratio of output/input sampling periods
T input - Sampling period of slower output sampler

ZMFAUX1 output - Complex value of response

Method

Sklansky's frequency decomposition method is used to evaluate the transfer
function.

Requirements

COMMON blocks: FRQBLK,HEADDB
LCAP2 routines: ZFAUX
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Identificati

SUBROUTINE ZMRFQ - LCAP2 Operator, Z Plane Multirate Frequency Response
CDC FORTRAN 4

E. A. Lee

Aerospace Corporation

Purpose

Evaluate multirate (fast input, slow output) frequency response of a z
plane transfer function using an LCAP2 index.

Usage
CALL ZMRFQ(I,M)

I input - Index of z plane transfer function
M input - Integer ratio of output/input sampling periods

1. The input z plane transfer function is at the faster sampling rate.

2. Frequency response parameters are in COMMON/HEADDB/. See description of
SFREQ.

3. The sampling period, SAMPT, is for the slower output sampler.

Method

The frequency response is evaluated by direct application of Sklansky's
frequency decomposition. No explicit rational representation of the slower out-
put transform is computed. If an explicit representation of the slower output
transfer function is desired, see LCAP2 operator ZMRXFM.

The code for this routine is in subroutine WMFRQ.

Requirements

COMMON blocks: INTCOM, FRQBLK,PRNCTL,TFTEMP
LCAP2 routines: ENDLINE, FCNPLN,FCNW1,FETTFX, FREQHMZ, FREQZM2, OPMESG, g
TFPRN1, WFAUX, ZFAUX
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Identificatio

SUBROUTINE ZMRFQY - Evaluate Multirate Frequency Response 0f A Z Plane
Transfer Function Coefficient Array

CDC FORTRAN 4

E. A. Lee

Aerospace Corporation

Burpose

Evaluate multirate (fast input, slow output) frequency response of a z
plane transfer function coefficient array. User supplies the name of the array.

Usage

CALL ZMRFQY(TFC,M)

TFC input - Transfer function coefficient array (LCAP2 format) at
the faster input sampling rate
M input - Integer ratio of output/input sampling periods
1. Frequency response parameters are in COMMON/HEADDB/. See description of
SFREQ.
2. The sampling period, SAMPT, is for the slower output sampler.
Reauirements

COMMON blocks: FRQBLK
LCAP2 routines: FREQZMZ2,ZFAUX
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Identificati

SUBROUTINE ZMRXFM - LCAP2 Operator, Multirate (fast input, slow output
sampler) Z Transform
CDC FORTRAN 4%
E. A. Lee
Aerospace Corporation *

Purpose
Compute the output z transform of a fast to slow sampler using LCAP2

indices. This operation will yield a rational transfer function at the slower
sampling rate.

Usage

CALL ZMRXFM(I,J)

L]

input - Index of resultant slower output z transfer function
input - Index of faster input z transfer function

-

1. The integer ratio, output/input sampling periods, NTGER, of COMMON/HEADDB/
must be set before this subroutine is called.

Method

The output transform of a fast to slow rate sampler is given by Sklansky's
frequency decomposition mathod as

n-l
1 N
N T/n j2¥%piXk/n
n /7 G (z e )
4 __ n
k=1
T/n
where G (z ) is the z plune transfer function at the faster sampling rate
n
and n is the integer ratio of the output/input sampling periods. Using the root -

form representation of the input transform, a rational representation of the
slower rate output transform is computed.

Requirements -

COMMON blocks: HEADDB, ITEST,PRNCTL, TFTEMP
LCAP2 routines: CRELIM,ENDLINE,FETTFX,MRXFM,OPPRN,PROOT,PSYNTH,RREQU,
RRTEQU,RTPRNO, STRTFX, TFPRN1, TFPRNG, WZTRANS , ZWTRANS
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Identificati
SUBROUTINE ZNORM - LCAP2 Operator, Normalize Z Plane Transfer Function
CDC FORTRAN 4

E. A. Lee
Aerospace Corporation

Purpose

Normalize z plane transfer function using an LCAP2 index. Normalization can
be either with respect to the low order non-zero coefficient or the high order
coefficient of the denominator.
Usage

CALL ZNORM(I)

I input - Index of the z plane transfer function

1. Normalization parameters are in COMMON/HEADDB/. They are to be set before
ZNORM is called. These parameters are defined below:

parameter preset description
KNORM 1. Value used faor normalizing the transfer function
KNRMFG 1] If .EQ.0, the low order non-zero coefficient of the

denominator is set equal to the value of KNORM and
all other coefficients are normalized to this value.

If .NE.O, the high order coefficient of the denominator

is set equal to the value of KNORM and all other coeffi-
cients are normalized to this value.

Method

The code for this routine is in subroutine SNORM.
Restricti

KNORM cannot be zero.
Reaquirements

COMMON blocks: INTCOM,PRNCTL, TFTEMP
LCAP2 routines: ENDLINE,FCNPLN, FETTFX,NORM,OPMESG,STRTFX, TFPRN1, TFPRNG
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ZPADD
Identificati

SUBROUTINE ZPADD - LCAP2 Operator, Z Plane Transfer Function Add
CDC FORTRAN 4

E. A. Lee

Aerospace Corporation

Purpose

Add two z plane transfer functions using LCAP2 indices.

Usage

CALL ZPADD(I,J,K)

I input - Index of resultant transfer function sum

J input - Index of first transfer function to be added
K input - Index of second transfer function to be added
Method

The code for this routine is in subroutine SPADD.
Restricti

The degree of the transfer function must be less than 50.
Reauirements

COMMON blocks: PRNCTL, TFTEMP

LCAP2 routines: ENDLINE, FCNPLN,FCNW1,FCNW2,FETTFX,0PPRN,PPADD,RRTADD,
STRTFX, TFPRN1, TFPRN%
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(; Identification

P SUBROUTINE ZPDIV - LCAP2 Operator, Z Plane Transfer Function Divide
o~ CDC FORTRAN 4

ot E. A. Lee

3 Aerospace Corporation
. ¢
,gt Purpose
1
’ﬁ: Divide two z plane transfer functions using LCAP2 indices.
N )

1% Usage

\

s CALL ZPDIV(I,J,K)

D5

_I{ I input - Index of resultant transfer function

A J input - Index of dividend transfer function
251

‘ K input - Index of divisor transfer function

~d

o Method
o
';S The code for this routine is in subroutine SPDIV.
' Restrictions

:f: The degree of the transfer functions must be less than 50.
;&f Requirements

g

. COMMON blocks: PRNCTL,TFTEMP
o LCAP2 routines: ENDLINE,FETTFX,OPPRN,PMULT,PSYNTH,RTMPY,STRTFX,
O TFPRN1, TFPRN4
o

o~
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Identification

SUBROUTINE ZPEQU - LCAP2 Operator, 2 Plane Equal
CDC FORTRAN 4

E. A. Lee

Aerospace Corporation

Burpose

Equate z plane transfer functions using LCAP2 indices.

Usage
G CALL ZPEQU(I.J)
e
- “1 *
SN I input - Index of resultant transfer function
e J dinput - Index of transfer function to be equated with
4 Method
3}?: The code for this routine is in subroutine SPEQU.
) e
Restrictions
The degree of the transfer functions must be less than 50.
2 Reavirements
S
AN COMMON blocks: OVCOM,PRNCTL, TFTEMP

LCAP2 routines: ENDLINE,FETTFX,O0PPRN,PPEQU,RRTEQU,STFTFX, TFPRN1, TFRPRNG




’

o a8

s e T,

.

l"
.

.
s s

.
a4

A ol
."?- -
[P

re s

—
-

A -
'. l‘ 5 "A'v 'Y
a / F S I X
- PR |

-
'»

‘s ‘e
LAPRAP

-’ "
) -
-« &

A ==
Y
e

Sy
2L

g
A,

.
.

X8

~
e
. JRRrs

YAy

IS

e
v,
[

)
Py
I

I'l
LN

Identificati

SUBROUTINE ZPLDC - LCAP2 Operator, Load Coefficients Into Z Plane Transfer

Function
CDC FORTRAN 4
E. A. Lee
Aerospace Corporation

Burpose

Load coefficients into z plane transfer function using an LCAP2 index.

Usage

CALL ZPLDC(I)

I input - Index where transfer function is to be stored

1. Transfer function coefficients are entered with polynomial coefficient
arrays POLYN and POLYD (LCAP2 format) which are in COMMON/HEADDB/. They are

to be set before ZPLDC is called.

2. The calling program must include COMMON/HEADDB/ and the appropriate DIMEN-

SION and EQUIVALENCE statements for POLYN and POLYD.

3. The roots of ZPTFi will not be automatically computed. If this is desired,

follow this operation with the operator ZPRTS(I).

Metheod

The code for this routine is in subroutine SPLDC.
Restricti

The degree of the transfer function must be less than 50.
Reauirements

COMMON blocks: INTCOM,HEADDB,PRNCTL, TFTEMP

LCAP2 routines: ENDLINE, FCNPLN,OPMESG, PEQUAL,PPRN1,STRTFX,

B N L .
. .. . » MR
A N T Y

------

TFPRNG
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Identificati

SUBROUTINE ZPLDR - LCAP2 Operator, Load Z Plane Transfer Function In
Root Form
CDC FORTRAN 6
E. A. Lee
Aerospace Corporation *

Purpose
Load roots into z plane transfer function using an LCAP2 index.

Usage
CALL ZPLDR(I)

I input - Index where transfer function is to be stored

1. Transfer function roots are entered with polynomial coefficient arrays
ROOTN and ROOTD (LCAP2 format) which are in COMMON/HEADDB/. They are to be
set before ZPLDR is called.

2. The calling program must include COMMON/HEADDB/ and the appropriate DIMEN-
SION and EQUIVALENCE statements for ROOTN and ROOTD.

Method

The code for this routine is in subroutine SPLDR.
Restricti

The degree of the transfer function must be less than 50.

Reguirements

COMMON blocks: INTCOM,HEADDB,PRNCTL, TFTEMP
LCAP2 routines: ENDLINE,FCNPLN, OPMESG,PSYNTH,RTEQU,RTPRN2,STRTFX, TFPRNG
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ZPMPY
Identificati
SUBROUTINE ZPMPY - LCAP2 Operator, Z Plane Transfer Function Multiply
CDC FORTRAN ¢4

E. A. Lee
Aerospace Corporation

Purpose
Multiply two z plane transfer functions using LCAP2 indices.
Usage

CALL ZPMPY(I,J,K)

I input - Index of resultant transfer function product

J input - Index of first transfer function to be multiplied

K input - Index of second transfer function to be multiplied
tho

If only the coefficients of the j~th and k-th transfer functions are avail-
able, the product is computed by multiplication of the coefficients.
roots of the j-th and k-th transfer functions are available, the product is com-
puted by combining the roots. The coefficients of the product are then formed

from these roots.
The code for this routine is in subroutine SPMPY.
estriction
The degree of the transfer functions must be less that 50.
Requirements

COMMON blocks: PRNCTL,TFTEMP

LCAP2 routines: ENDLINE,FCNW1,FCNW2,FETTFX,0PPRN,PMULT,PSYNTH,RTMPY,

STRTFX, TFPRN1, TFPRNG

If the
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ZPPRN

Identi ficati
SUBROUTINE ZPPRN - LCAP2 Operator, Print Out Z Plane Transfer Function
CDC FORTRAN 46

E. A. Lee
Aerospace Corporation

Purpose

Print ocut z plane transfer function using an LCAP2 index.

Usage

CALL ZPPRN(I)
I input - Index of transfer unction to be printed out

Metheod

Roots of the transfer function are printed out only if they are defined
(previously computed or loaded in). The coefficients of the transfer function
are printed out in ascending order.

The code for this routine is in subroutine SPPRN.

Requirements

COMMON blocks: INTCOM, TFTEMP
LCAP2 routines: ENDLINE,FCNPLN,FETTFX,O0PMESG, TFPRNG
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Identificati

SUBROUTINE ZPRTS - LCAP2 Operator, Find Roots 0f Z Plane Transfer Function
CDC FORTRAN 4

E. A. Lee

Aerospace Corporation

Burpose

Find roots of a z plane transfer function using an LCAP2 index.

Usage

CALL ZPRTS(I)

I input - Index of z plane transfer function

Metheod

Roots of the numerator and denominator are computed by subroutine PROOT.

The code for this routine is in subroutine SPRTS.
Restricti

If the roots of ZPTFi were previously computed or loaded in, the program
will not recompute the roots from the coefficients. A message to this effect
will be printed.

Reauirements

COMMON blocks: INTCOM,PRNCTL,TFTEMP
LCAP2 routines: ENDLINE,FCNPLN,FCNNW1, FETTFX,0PMESG, PROOT,STRTFX, TFPRN1,
TFPRNG
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(- Idantificati
(5"

:{: SUBROUTINE ZPSUB - LCAP2 Operator, Z Plane Transfer Function Subtract

: : CDC FORTRAN 4

Y E. A. Lee

> Aerospace Corporation

1 ]
S Purpose
f:;: Subtract two z plane transfer functions using LCAP2 indices.

. Usage :
\ i
u:u CALL ZPSUB(I,J,K)

R

A

N I input - Index of resultant transfer function difference
’:r{ J dinput - Index of first transfer function (minuend)

L K. input - Index of second transfer function (subtrahend)

ot Method
-’\J
P
';Qa The code for this routine is in subroutine SPSUB.

L]
£ et
. .

‘.
: The degree of the transfer functions must be less than 50.

LA

Reauirements

COMMON blocks: PRNCTL,TFTEMP
LCAP2 routines: ENDLINE,FETTFX,0PPRN,PPSUB,RRTSUB,STRTFX, TFPRN1, TFPRNG
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Identificati

SUBROUTINE ZSXFM - LCAP2 Operator, Transform Z Plane Roots Into S Plane
XY CDC FORTRAN 4

} E. A. Lee
! Aerospace Corporation

3:; Purpose
P :
‘1{; Transform 2z plane roots into "equivalent™ s plane roots using an LCAP2
}:} ’ index. The transformation of the z plane roots to the s plane is not unique. The
Y "aequivalent®™ s plane roots are provided solely to aid the analyst in identifying
A and correlating z plane roots. The computed s plane roots are not saved.
o
-
e Usage
. by
f\J:
ﬁ:} CALL ZSXFM(I)

I input - Index of z plane transfer function

iﬁ: 1. Sampling period, SAMPT, of COMMON/HEADDB/ must be set before calling this
Ei subroutine.
‘ ...l‘
N :" Transformation of the roots from z to the s plane is defined by
-
'fij s = InC z ) 7 SAMPT

The code for this routine is in subroutine WSXFM.
v Requirements

A COMMON blocks: INTCOM,HEADDB,PRNCTL, TFTEMP
AN LCAP2 routines: ENDLINE,FCNPLN,FCNW1, FCNK2,FETTFX, 0PMESG, TFPRN1, NSTRAN1
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Identificati

SUBROUTINE ZTIME - LCAP2 Operator, Inverse Z Transform And Time Response
CDC FORTRAN 4

E. A. Lee

Aerospace Corporation

Burpose

Compute inverse z transform and the time response using an LCAP2 index.
Usage

CALL ZTIME(I)
I input - Index of z plane transfer function

1. Time response parameters are in COMMON/HEADDB/. They are to be set before
ZTIME is called. These parameters are defined below:

parameter preset description
TSTEP 1 .NE.O0 for step response; .EQ.0 for impulse response
TMAGN 1. Magnitude of input for time response
TEND 1. End time for evaluating time response
TMAGN 1. Magnitude of input for time response
SAMPT 1. Sampling period
GRAFP 1 .NE.O0 for printer (low resolution) plot
FILM 0 .NE.O0 for hardcopy (high resolution) plot
TXMIN 0 Minimum x axis for plot
TXMAX 0 Maximum x axis for plot

(Auto. scaling of x axis if TXMIN=TXMAX)
TYMIN 0 Minimum y axis for plot

TYMAX 0 Mamimum y axis for plot
(Auto. scaling of vy axis if TYMIN=TYMAX)

Method

The inverse z transform is computed by the power series (long division)
method. HWhile this method of computing the time response is inherently less
accurate than the partial fraction method, results for typical transfer func-
tions are excellent. To provide a measure of the accuracy of the response, the
results are computed in double precision and compared.

The code for this routine is in subroutine STIME.
Restricti

The degree of the transfer function must be less than 50.
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Reauirements
COMMON blocks: INTCOM,PRNCTL,TFTEMP,//

LCAP2 routines: ENDLINE,FCNPLN,FCNW1, FCNW2, FETTFX, OPMESG, PROOT,STIMEL,
STRTFX, TFPRN1,ZTIMEL
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Identificati

SUBROUTINE ZTIMEl - Inverse Z Transform and Time Response

CDC FORTRAN 4

E. A. Lee

Aerospace Corporation

Burpose

Compute inverse z transform and time response. This subroutine is called

by ZTIME.

Usage

CALL ZTIME1(PNS,PDS,RTNS,RTDS)

PNS input - Numerator polynomial coefficient array (LCAP2 format)

PDS input - Denominator polynomial coefficient array (LCAP2 format)

RTNS input - Complex numerator polynomial root array (LCAP2 format)

RTDPS input - Complex denominator polynomial root array (LCAP2 format)

1. Time response parameters are in COMMON/HEADDB/. See description of ZTIME.
Method

Subroutine ZTIME2 is called to evaluate the time response.

For interactive LCAP2 the user is prompted for the type of input and the
beginning and end times to be used for evaluating the response. The user is also
given the option to suppress tabular output of the response.

The code for this routine is in subroutine STIMEL.

Reguirements

COMMON blocks: CMELIM,CMRESD,CMTIME,HEADDB, INTCOM,//
LCAP2 routines: DAYPRN,GRAF1,ITITLE,STIME2,STIME3, TSPLOT,ZTIME2
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Identificati

SUBROUTINE ZTIMEZ - Inverse Z Transform By Power Series Method
CDC FORTRAN 4

E. A. Lee

Aerospace Corporation

Purpose

Compute the inverse z transform by the power series method.

Usage

CALL ZTIME2(PNZ,PDZ,RTNZ,RTDZ,TPOINT,YPOINT,ZPOINT,NTERM)

PNZ input - Numerator polynomial coefficient array (LCAPZ2 format)
PDzZ input - Denominator polynomial coefficient array (LCAP2 format)
RTNZ ~ not used

RTDZ - not used

TPOINT output - Array of time points (DIMENSION=1500)

YPOINT output Array of time response points (DIMENSION=1500)
ZPOINT output Array of time response points (DIMENSION=1590)
NTERM output - Number of time points computed (max=1500)

1. Time response parameters are in COMMON/HEADDB/. See description for STIME.

Methed

The inverse z transform is computed by the power series (long division)
method. KWhile this method of computing the time response is inherently less
accurate than the partial fraction method, results for typical transfer func-
tions are excellent. To provide a measure of the accuracy of the response, the
results are computed in double precision and compared.

Restricti
Degree of the numerator must not be greater than the denominator.
Reauirements

COMMON blocks: HEADDB, INTCOM
LCAP2 routines: none
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X :
- SUBROUTINE ZVCHNGl - Z to (Z%¥n) Transformation X
N CDC FORTRAN 4
B E. A. Lea
. Aerospace Corporation
Purpose
. Compute transformation of the z plane transfer function to a faster z vari-
able by replacement of variables. Called by ZVCNG.
. Usage
) CALL ZVCHNG1(TFPZI,TFRZI,INI,IDI,TFPZJ,TFRZJ,INJ,1IDJ)
¢
hY TFPZI input -~ Transfer function coefficient array (LCAPZ format)
& at the slower sampling rate
& TPRZI input - Transfer function root array (LCAPZ2 format) at the
2 slower sampling rate
o INI input - =1 for numerator coefficient form only
.. =0 for numerator coefficient and root form
2 1DI input - =1 for denominator coefficient form only
,' =0 for denominator coefficient and root form
. TFPZJ output - Transfer function coefficient array at the faster
» sampling rate
. TPRZJ output - Transfer function root array at the faster sampling
" rate
f: INJ output - =1 for numerator coefficient form only
=0 for numerator coefficient and root form
; IDJ output - =1 for denominator coefficient form only
‘: =0 for denominator coefficient and root form
&
See description for ZVCNG
: Restricti
<.
- See description of ZVCNG.
% feuicenants
- COMMON blocks: HEADDB
:; LCAP2 routines: LEXIT,PPZERO
-7
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Identificati

SUBROUTINE ZVCNG - LCAP2 Operator, Z to (ZX%%n) Transformation
CDC FORTRAN 6

E. A. Lee

Aerospace Corporation

Purpose

Compute transformation of z plane transfer function to a faster z variable
by replacement of variables.

Usage

CALL ZVCNG(I,J)

I input - Index of resultant z plane transfer function expressed
in terms of the faster z variable
J dinput - Index of z plane transfer function to be operated upon

1. The integer ratio of faster/slower sampling rate, NTGER, of COMMON/HEADDB/
must be set before ZVCNG is called.

Methed

The z variable of the slower sampled transfer function is replaced by z¥¥n
and stored into the faster sampled transfer function. This subroutine calls
ZVCHNG1 .

Restricti

Since the format used to represent transfer function arrays in LCAP2 limits
the degree of the polynomials to less than 50, the degree of the j-th z plane
transfer function times NTGER must be less than 50.

Reauirements

COMMON blocks: PRNCTL,TFTEMP
LCAP2 routines: DOTLINE, ENDLINE, FCNK1,FETTFX,HOLLI,STRTFX, TFPRNL, ZVCHNG1
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= ZWTRANS
L i ficats
o
:{{ SUBROUTINE ZWTRANS - Bilinear Transformation of Z Plane Roots to W Plane Roots
v CDC FORTRAN 4
N E. A. Lee

Aerospace Corporation
v

S
L Burpose
-_‘--
'55 Compute bilinear transformation of z plane roots to w plane roots.
\<

'ii' CALL ZWTRANSCAROOT,ATF,BROOT,BTF)

;if AROOT input - Z plane transfer function root array (LCAP2 format)

. ATF input - Z plane transfer function coefficient array (LCAP2 format)

BROOT output - H plane transfer function root array (LCAPZ2 format)

O BTF  output - W plane transfer function coefficient array (LCAPZ2 format)

o Method

e

3N\

lfj Roots are transformed from the z plane to the w plane by the following:
A w = (z-1) 7 (2+1)

“
-:f The low order non-zero coefficients of the numerator and denominator of the 2z
‘I plane transfer function are computed so that the correct gain is maintained when
NN the transfer function is evaluated.

2
= COMMON blocks: none

LCAP2 routines: PPZERO,PSYNTH,RCLAS,RRZERO,RTEQ1,RTEQ2,XTRACT
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(. Ldentificati
-:g\:’
. :_"( SUBROUTINE ZWXFM - LCAP2 Operator, Z to W Plane Transformation
N CDC FORTRAN &
N E. A. Lee
e ¢ Aerospace Corporation
L) "\ 4
AN Purpose
\-';‘:.- ) Compute z to w plane bilinear transformation using an LCAPZ2 index. (note:
::: the w is not the w' defined by the Tustin's bilinear rule)
A o Usage
'."\‘:
A CALL ZWXFM(I,J)
S
;:-:: I input - Index of computed w plane transfer function
- J input - Index of z plane transfer function to be transformed.
:,\. 1. The sampling period, SAMPT, of COMMON/HEADDB/ must be set before calling
B2 this subroutine.
LY
<
-;‘_-..: m.bﬂd
A\ Bilinear transformation is implemented by transformation of the z plane
._-;f: roots. This method is more accurate than the method described by A.C. Davies
RO (see description of BILNKZ).
.}t-‘.
el The code for this routine is in subroutine HZXFM.
‘ Reauirements
.\.'
TN
"\".j COMMON blocks: INTCOM,PRNCTL,TFTEMP
:\ 4 LCAP2 routines: ENDLINE, FCNW1,FCNW2, FETTFX,HOLLI, OPMESG,PROOT,STRTFX,
J.:" TFPRN1, TFPRN4%, HZTRANS , ZWTRANS
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Idantification

SUBROUTINE ZZETAXM -~ Z to Zeta Transformation
CDC FORTRAN 4

E. A. Lee

Aerospace Corporation

Burpose

Compute transformation of z plane roots to zeta plane roots.

tine is used by subroutine MRXFM.

Usage

CALL ZZETAXM(XRTF,YRTF,DELT)

XRTF input - Z plane polynomial root array (LCAP2 format)
YRTF output - Zeta plane polynomial root array (LCAPZ2 format)
DELT input - Reciprocal of radius defining zeta transform
Method

Zeta transformation is defined by:

z = (zeta % radius) + 1.

This subrou-

which maps the unit circle in the z plane into a circle in the left half zeta

plane with the origin at zeta = ~radius.

Reauirements

COMMON blocks: none
LCAP2 routines: RCLAS,RTPRNO,XTRACT
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o APPENDIX A, COMDECK LCAPZ FOR PROGRAM UPDATE
‘;z. The FORTRAN code defining COMDECK LCAP2 for program UPDATE used in creating
:}j the main program for batch LCAP2 is given below:

.q.'l

$§ PROGRAM LCAP2CINPUT, 0" ™UT=/120,TAPES5=INPUT, TAPE6=0UTPUT

~ +,TAPE19, TAPE30, TAPE31 . . <PE83, TAPE84, TAPE85, TAPE86

¢ +,TAPE87,TAPESY

+)
_iﬁj COMMON/FRQBLK/U, X, THOPI ,MMTGER

A COMPLEX X

(T . COMMON/LENGTH/NDEGP1, NDEGP2

o COMMON/PLOT1/NPLOTS
. COMMON/PRNCTL/PRNFLG1, PRNFLG2, PRNFLG3, PRNFLG4, PRNFLG5
o COMMON/TFPCNT/NSPCNT, NWPCNT , NZPCNT , NPYCNT
’:(: COMMON/TFTEMP/TFPI(102),TFRI(100),INI,IDI,TFPJ(102),TFRJ(100),INJ
A +,IDJ,TFPK(102),TFRK(100), INK, IDK
‘:;: COMPLEX TFRI,TFRJ,TFRK

e COMMON/HEADDB/HEAD(70),DB(900)

‘DIMENSION POLYN(51),POLYD(51),POLY(51)

s COMPLEX OMEGA(20),FREQ1(3),FREQ2(3),FREQ3(3),FREQ4(3),FREQ5(3)
- COMPLEX ROOTN(50),R00TD(50),R00T(50)

:: EQUIVALENCE (DB(296),POLYN),(DB(347),POLYN),(DB(498),R00TN)

:} +, (DB(598),R00TD), (DB(245),POLY),(DB(398),R00T)

D EQUIVALENCE (DB(101),CONTP),(DB(103),CYCLE),(DB(104),DBMAX)
{ +,(DBC105),DBMIN), (DB(106),DEGMN), (DB(107),DELAY),(DB(108), ECRE1l)
DA +,(DB(109),ECRE2),(DB(110),EDB1 ),(DB(111),EDB2 ),(DB(112), EDEGl)
:JL +,(DB(113),EDEG2), (DB(114),EPAD1),(DB(115),EPMR1), (DB(116),FAUX )
‘$} +,(DB(117),EP1 ),(DB(118 ,EP2 ),(DB(119 ,EP3 ),(DB(120),EP% )
NN +,(DB(121),EP5 ),(DB(122),ERCNJ),(DB(123),ERCX ),(DB(126),ERCZ )
A +,(DB(126),FDLAY),(DB(127),FXYDL),(DB(128),FXYMN), (DB(129),FAUTO)

+,(DB(130),FBODE), (DB(131),FILM ),(DB(132),FNICO),(DB(133),FNYQS)

g3 +,(DB(134),GRAFP), (DB(135),ITLOC),(DB(136),NTGER), (DB(140),KDELT)
'5? +,(DB(141),KFLG ), (DB(142),MAXIT),(DB(163),MNDH ), (DB(144),MXDH )
nﬁ +,(DB(145),MXITF), (DB(146),NLOCI), (DB(147),NOMEG), (DB(148),NP )
ﬂx +,(DB(149),PMARG), (DB(151),PRN1 ),(DB(152),PRN2 ),(DB(153),PRN3 )
na +,(DB(156),PRNG ), (DB(155),PRN5 ),(DB(156),PRN6 )

- EQUIVALENCE (DB(157),PRN7),(DB(158),PRN8),(DB(159),PRN9)

an +,(DB(160),PRN10),(DB(161),PSTOP), (DB(162),PTYPE)},(DB(163),SAMPT)
::; +,(DB(1646),SHADE), (DB(165),TDELT), (DB(166),TEND ),(DB(167), TMAGN)
X +,(DBC(169),TSTEP), (DBC170), TXMAX), (DB(171),TXMIN),(DB(172), TYMAX)
e +,(DBC(173),TYMIN),(DB(1764),TXTRA), (DB(175),TZERO),(DB(176),NANOT)
ey +,(DB(177),XGAP ),(DB(178 ,YANOT),(DB(179 ,YGAP ),(DB(180),ZLINE)
J:: +,(DB(181),20H ),(DB(182),NRMFG),(DB(183),KNORM),(DB(184),KCLP )
< : +,(DB(185),ARFLG), (DB(186),RTMAX),(DB(187),RZER0D),(DBC188),RLYMN)
f\{ +,(DB(189),RLXMX), (DB(190),RLYMN), (DB{191),RLYMX), (DB(192),RLFG1)
N +,(DB(193),TZFLG),(DB(196),TZEP1),(DB(195),RAD ),(DB(199),NTGER)
¢«: +,(DB(137),XNCOL), (DBC138),XLINES),(DB(102),NQDB)

o +,(DB(200),KGAIN), (DB(225),0MEGA),(DB(698), FREQL),(DB(701), FREQ2)
= +,(DB(70464),FREQ3), (DB(707),FREQ4),(DB(710), FREQ5)
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REAL ITLOC,MTGER,KDELT,KFLG,MAXIT,MNDW.MXDW,MXITF,NLOCI, NOMEG

+, NP, NRMFG, KNORM, KCLP, NTGER, NQDB,KGAIN(25)

COMMON/INTCOM/ INTFLG,NSTORE, NDETRM
COMMON/MATRIX1/MATDIM, MXM, MDEG, MGESS(50),M0(30,30),M1(30,30)
+,M2(30,30),M3(30,30),M4(30,30)

REAL MXM,MDEG,M0,M1,M2,M3,M4

COMPLEX MGESS

COMPLEX DET,AMATRIX

COMMON/MDET1/NR, DET, NDIMA, AMATRIX(30,30) K

INTEGER OVARG, OVENTRY
COMMON/0OVCOM/OVARG, OVENTRY, 10V, JOV, KOV, IFAUX
+,0VCNTR1,0VCNTR2, OVCNTR3, OVCNTR4, OVCNTRS
COMMON/SCMBLK/XTFS(1520),XTFW(1520),XTFZ(1520),XPY(760)
COMMON/CMPOLY/POLYC(51)




APPENDIX B, SEGLOAD DIRECTIVES FOR LOADING INTERACTIVE LCAPZ ROUTINES

for interactive LCAP2 is

given

x W X X

LCAP2
LCAP2
LCAP2
LCAP2
LCAP2
LCAP2
LCAP2

The directives for defining the tree structure

below:

TREE LCAP2-ILCAP2-(IARGO,IARG1A,IARGZ,INTXFM,IARG1B)
SEGLOADER WILL NOT WORK PROPERLY IF SUBROUTINES WHICH ARE
PASSED AS ARGUMENTS IN CALLING STATEMENTS ARE INCLUDED IN
THE SEGLOADER DIRECTIVES. EXAMPLES ARE SFAUX,ZFAUX,FAUXNW,
ETC. SEGLOADER WILL PUT THESE SUBROUTINES IN THEIR CORRECT

PLACES.
INCLUDE
INCLUDE
INCLUDE
INCLUDE
INCLUDE
INCLUDE
INCLUDE

LEVEL1
PLOTS
STDGRD
PLTSYM
SYMBOL
NUPLOT
BUFF

GLOBAL FRQBLK,ACOM,LENGTH,PLOT1,PRNCTL, TFPCNT, TFTEMP
GLOBAL HEADDB, OVCOM, SCMBLK,CMPOLY, AWORDS, INTCOM
GLOBAL CMELIM,CMRESD,CMTIME, TEMPRT,ITEST,COMAXX

GLOBAL SEQCOM,CALCOM,PINOUC, PLBUFF

LEVEL

TREE SPLDC
TREE SFREQ
TREE SFSQR
TREE WSXFM
TREE SHMRX
TREE SHWXFM
TREE SZXFM
TREE ZVCNG
TREE WZXFM
TREE SPLDR
TREE SPADD
TREE SPEQU
TREE SPSUB
TREE SPMPY
TREE SPDIV
TREE SNORM
TREE SELCR
TREE SPPRN
TREE SPRTS
TREE STIME
TREE SLOCI
TREE WMRFQ
TREE PLDC

TREE PLDR
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A
20
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s TREE PPRN
(. ) TREE PRTS
o TREE PADD
D TREE PEQU
< TREE PMPY
o TREE CPYPS
o TREE CPYSP
) TREE PSUB )
— TREE ZFREQY
~ TREE ZMRXFM
‘e LEVEL
20N x
TREE COEFF
AN TREE COEFP
o TREE DOTLINE
o TREE ENDLINE
N TREE FCNPLN
w3 TREE FREQS-FREQS2-FPLOT1
- TREE IDETRM
Bl TREE IDTERM
e TREE INITO
TREE MRXFM
TREE NORM
TREE OPMESG
a TREE IRSTOR
n TREE IROOT
e TREE IROOTP
N TREE RLOCUS1
"D~ TREE STIME1-TSPLOT
s TREE ISTORE
‘ TREE WSTRAN1
- TREE WTRANS
e TREE ZWTRANS
o TREE ZWTRAN
e TREE ZTIMEX
ok TREE ZVCHNG1
* €36 J€ 3€ I I I JE I I I 3E IE IE I IE IE I I JE JE IE I IE IE IE I I I JE IE I IE JE IE I IE I JE I I I 36 € I I 3¢
ey LEVEL
CRA N, % .
. % DO NOT INCLUDE AXXMRN IN SEGMENT LOADER '
N TREE EJK
o, TREE BILNZW
-5 TREE EVMRRT
A TREE FETPY .
hy TREE FETTFX-FETSTF
L TREE ELPLOT1
o TREE MATROT2
=3 TREE FREQS3
*liy TREE MINIT2
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TREE OSCALE
TREE RPRINT

i |
.‘J

L
" TREE MROOT2-CXMTX1

a x DO NOT INCLUDE AUXM2 IN SEGMENT LOADER
L % LET SEGMENT LOADER DO IT

N TREE OPPRN

o TREE RLOCIN1
- TREE RRTADD

R TREE RTEQ1
e } TREE TFPRN1-TFPRNG-PYPRN1-PYPRNG-RTPRN1-RTPRN2

T TREE STIME2-STIME3-RESDU

A TREE STRTFX-STRSTF

o TREE PPADD

- TREE ZTIME2

a7 TREE ZZETAXM

%* ;3333333333333 333333 3333383333333 333333333333333333333332]

s LEVEL

e %
A TREE ADDP
M TREE BPRINT2

o TREE CRELIM

s TREE EVLRT

v TREE FREQSI1

e TREE MPRINT2

-7 TREE PROOT

D TREE PSYNTH

5 TREE PMULT

A TREE PPRINT
L TREE DAYPRN

- TREE FCNW1

TN TREE RTADD

-~ TREE RRTPRN

.,-: * b3 333333333333 333333333333333333333333333333333333333323333

s LEVEL

o %

e v TREE DCMPLX-DCXADD-DCXDIV~DCXEXP-DCXLOG-DCXMPY-DCXSUB

N TREE GRAF1 ‘
o TREE HELP 1
s TREE ITITLE ]
‘ TREE LEXIT

= TREE MULE i
2 TREE STRPY ]
s TREE PCHEK-PZERO :
‘. TREE PEQUAL 3
- TREE PPRN1-HOLLI :
ol TREE RCLAS-RTPRNO-XTRACT
d » TREE RTEQU

- TREE RZERO

R TREE CPPRN

A
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TREE RTCMNT

DIRECTIVES FOR PLOTLIB

TREE LEVEL2-NUMBER

TREE GENGRD-NEWGRD-LINGRD-LOGGRD-FRAMES~-LEVEL-IDFRAM-NAME
END
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APPENDIX C, PROCEDURE INTLCAP2 FOR INTERACTIVE LCAPZ

In Section 6.3 a block diagram for loading and executing Interactive LCAP2
is presented. The PROC (procedure) to implement this is given below:

.PROC.INTLCAP,FF=%#FILE.

REMARK.WOULD YOU LIKE TO RETRIEVE DATA FROM A PREVIOUS SESSION?
REMARK.TYPE (Y DR N):

REPLY, SH1.

IFE,SW1.EQ.TRUE,DR.

REMARK.

REMARK.HAVE YOU ATTACHED THE PERMANENT FILE CONTAINING YOUR DATA?
REMARK.TYPE (Y OR N):

REPLY, SH2.

IFE,SH2.EQ.FALSE,DA.

REMARK.

REMARK.GO ATTACH THE PERMANENT FILE USING TAPE30 AS THE LOCAL
REMARK.FILE NAME, THEN START OVER BY TYPING LCAP2.
EXIT.

ENDIF,DA.

ENDIF,DR.

OFFDF.

ATTACH(ABS,8ABSINTLCAP2,1D=9487)
REQUEST(TAPE31, XPF)

REQUEST(PLOT, *PF)

ONDF .

ABS.

OFFDF.

DISCONT OUTPUT.

SET,R16=0.

ATTACH(ZZ, 8GENPROC, ID=9487)

COMMENT. ZZ WILL CREATE PROC1 AND PROC1 WILL SET R1G=1 IF BATCH
COMMENT. JOB TO CDC 176 FOR HARDCOPY IS REQUIRED.
ONDF.

zz.

OFFDF.

DISCONT OUTPUT.

ONDF.

BEGIN,PROC1,TAPE3S8.

OFFDF.

IFE,R1G.EQ.1,DRI1G.

ONDF.

BATCH, TAPE39, INPUT.

ENDIF, DR1G.

LIBRARY.

RETURN, TAPE31,PLOT,ZZ,ABS.

ONDF.

REVERT.

This file is cataloged as permanent file 8INTLCAP2 with ID=9487.
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N PROG OC FOR INTERACTIV

In Section 4.3 program GENPROC which is used for post processing the out-

puts of Interactive LCAP2 is described. The code for this program is given
below:

OCOOOOOO0O0ODOO0OOODOO0OCO0O

9000

8900

8910

8920

PROGRAM GENPROC(CINPUT,OQUTPUT, TAPES=INPUT, TAPE6=0UTPUT, TAPE38
+, TAPE39,TAPE89)

PROGRAM FOR POST PROCESSING OF INTERACTIVE LCAP2 JOBS.

CALL CONNECT(SLINPUT)

CALL CONNECT(6LOUTPUT)

IUNIT=89

REWIND IUNIT

READCIUNIT)INPLOTS,NSTORE, NDETRM

IF USER HAS REQUESTED HARDCOPY PLOTS, NPLOTS WILL BE NON-ZERO

IF USER HAS STORED DATA (EXECUTED STORE OPERATION), NSTORE
HILL BE NON-ZERO

CALL JBADGE(BADGE)
CALL JPGMR(PGMR)

CREATE PROCEDURE FOR
(1) CATALOGING DATA FILE CREATED BY STORE OPERATION

(2) CATALOGING PLOT FILE CREATED BY HARDCOPY REQUEST

CREATE PROCEDURE AND WRITE TO TAPE IUNIT1

IUNIT1=38

REWIND IUNITI1

WRITE(IUNIT1,9000)

FORMAT(%.PROC,PROC1,P1=#FILE.%)

IF(NSTORE.EQ.0)GDO TO 20
}333333333333333 33333333333 288 3338333333333 833333334
WRITE(6,8900)

FORMAT(%0DATA FILE CREATED BY OPERATION STORE WILL BE CATALOGEDX
+,7% FOR YOU. ENTER 7 CHARACTER WORD TO BE USED AS FILE NAME:%)
READ(5,8910)HORD

FORMAT(A7)

WRITECIUNIT1,8920)WORD, BADGE

FORMAT(%CATALOG, TAPE31,8%,A7,%,1D=%,A5,1H.)

WRITE(IUNIT1,8930)

8930 FORMAT(XREMARK.»/

+XREMARK.DATA FILE HAS BEEN CATALOGED. TO USE THIS DATA FOR Ax/
+%XREMARK . FUTURE JOB, ATTACH THIS DATA FILE PRIOR TO USING®/
+XREMARK.INTERACTIVE LCAP2 AGAIN. THE ATTACH COMMAND WILL BE:%/
+XREMARK . %/

+XREMARK . %, 38 H 33 96 26 36 26 3 36 36 36 36 336 2 36 26 26 J€ 3¢ 3 36 36 36 3 I D I IHH I H KK )
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WRITE(IUNITI1,8940)WORD,BADGE
8940 FORMAT(XREMARK.X,1Hx,2X,*ATTACH, TAPE30,8%,A7,%,1D=%,
+A5,4H. X% /
+XREMARK . 3, 38 H 636 3 36 36 36 36 36 36 36 36 6 JE 36 36 36 36 J€ 36 JE 36 3¢ JE I I 3 3 I I I I H NN KX/
+X%REMARK . %)
c 6636 3 JEI€ 36 36 I 36 JE JE 36 3 IE I 36 JE IE 3 IE IE 6 3E 36 I 3E 3E I6 6 3E 36 36 3 IE 36 I IEIE IE JE IE I 3 I 26 3 36 IE 36 3 IE 36 3 3 I 36 3 JE 3¢ 36 3¢
20 CONTINUE .
IF(NPLOTS.EQ.0)GO TO 40 K
HWRITE(6,9022) ) i
9022 FORMAT(XO0ENTER 7 CHARACTER WORD TO BE USED TO CATALOG PLOT FILES:X
+)
READ(5,8910)WORD !
WRITECIUNITI1,WORD, BADGE ;
9010 FORMAT(XCATALOG,PLOT,8%,A7,%,ID=%,A5,1H.)
WRITEC(IUNIT1,9015)WORD, BADGE
9015 FORMAT(XREMARK.%/%REMARK.PLOT FILE CATALOGED ON CDC 835 ASX,
+% 8%,A7,%,1ID=,A5/%REMARK. (THIS FILE WILL BE PURGED UPON COMPLETIO
+N OF HARDCOPY PLOTS)X/X%REMARK. %)
WRITECIUNIT1,9018)
9018 FORMAT(XSET,RIG=1.%)
60 CONTINUE
WRITE(CIUNIT1,9020)
9020 FORMAT(XREVERT.X)
IF(NPLOTS.EQ.0)GO TO 500
c CREATE CONTROL CARD FILE FOR BATCHING HARDCPY JOB TO CDC 176.
c FILE SAVED ON TAPE IUNITZ2.
IUNIT2=39
REWIND IUNIT2
WRITE(6,9110)
9110 FORMAT(XO0ENTER LETTER TO DESIGNATE WHERE PLOT JOB WILL BE ROUTED T
+0%/
+% (D)BLDG D8 ,(F)BLDG A3, (J)BLDG 120, (K)BLDG A6, (N)BLDG D5%/
+% TYPE (D,F,J,K OR N):%)
GO TC 100
90 PRINTX,"PLEASE TYPE (D,F,J, OR K):"™
100 READ(5,9120)RESP
9120 FORMAT(Al)
IFCRESP.EQ.1IHD.OR.RESP.EQ.1HF)GO TO 130
IFC(RESP.EQ.1HJ.OR.RESP.EQ.1HK)GO TO 130
GO TO 90
130 DES=RESP
WRITECIUNIT2,9124)DES,PGMR
9126 FORMAT(ALl,A3,%,STMFZ,P3000,M5160000,ML40,T20.%)
CALL JUNAME(NAME)
CALL JOCJORDER)
CALL JLOC(LOC)
CALL JEXTC(EXT)
CALL Jccc(cce)
WRITECIUNIT2,9130)NAME, BADGE, PGMR, JORDER, LOC, EXT,CCC
9130 FORMAT(S8HACCOUNT(,6X,A10,7X,A5,1X,1HI,AG,A6,1X,A8,5X,A5,1X,A4
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L) WRITEC(IUNIT2,9140)
( 9140 FORMAT(%COMMENT. HARDCOPY JOB CREATED FROM INTERACTIVE LCAP2x)

:< IF(DES.EQ.1HD)WRITE(IUNIT2,9145)PGMR

. 91465 FORMAT(XMFLINK,OUTPUT,PRINT,PGMR=%,A3,

i{ +%, JOBCHR=D,CLASS=A,RJE=D8 ,MAIL=LCAP2PLT . %)

e: WRITECIUNIT2,9150)

s 9150 FORMAT(XATTACH(PLOTLIB,3FTNPLOTLIB)*/

{ +%LIBRARY(PLOTLIB) X/

~ +XFILE(PLTDATA,RT=5)%) .
a WRITECIUNIT2,9160)WORD, BADGE :
<. 9160 FORMAT(XATTACH(PLTDATA,8%,A7,%,1D=%,A5,%,ST=PF6)%/ k
- . +%COPY,PLTDATA,PLOT . %)

v~ HWRITE(6,9200)

\ 9200 FORMAT(%0DO YOU WANT HARDCOPY PLOTS PRODUCED IN D8 INSTEAD OF A37?

;v + (Y OR N):% ) 1
- READ(S5,9120)RESP
\ﬂ IF(RESP.NE.1HY)GO TO 140 o
A WRITECIUNIT2,9165) K
" 9165 FORMAT(XHARDCPY,ST=IBMDS8.x)

N GO TO 150

- 140 WRITECIUNITZ2,9170)

? 9170 FORMAT(XHARDCPY. %)

- 150 WRITECIUNIT2,9175)WORD, BADGE

2 9175 FORMAT(XRETURN,PLTDATA. %/ |
) +%PURGE, XXX, 8%,A7,%ID=%,A5,%,ST=PFé6 . %)
{ Cc 3636 36 36 36 € 36 3 36 36 3E 36 3€ I€ 6 JE 3¢ I 36 36 JE 36 IE 3 36 JE 36 JE I6 36 IE 36 6 36 K 36 36 JE 36 3 JE 36 36 36 36 36 36 3 36 I XK K H K X

o 500 CONTINUE

oA CALL DISCON(S5LINPUT)

:: CALL DISCON(6LOUTPUT)

Ls* END :

This program is compiled and cataloged as permanent file 8GENPROC with

.y I1D=9487. B
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