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ABSTRACT

STICAP (Sti1ff Caircuit Analysis Frogram) is a FORTRAN IV, Version
2.3, computer program written for the CDC-~6400-6600 computer series
and SCOPE 3.0 operating svstem. It provides the circuit analyst a
tool for automatically computing the transient responses and fre-
quency responses of large linear time invariant netwrorks, both stifsf
and non-stiff. The carcuit description and user's program inpuat
language is engineer-oriented, making simple the task of using the
program.

Three volumes of documentation are available for the STICAP
program; a theory manual, a user’s manual, and a system's programmers
manual. Volume I describes the engineering theories underlying
STICAP and gives further references to the literature. Volume II,
the user's manual explains user interaction with the program and
gives results of typical circuit design applications. Volume IIX
depicts the program structure from a system's programmers viewpoint

and contains flow charts and other softtirare documentation.
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CHAPTER I

LILPeDTITION

This document contains materizl describaing the internal progran
structure of the STICAP program. An overviewr of the corposite systen
structure 13 civen, The overlay structure is described, and the
routines composing each overlay are included, for each routine gen-
erate¢ under contract (IA81-90434--25. A Jdescraiption of the CORVAP and
Gear routines may be found in the references [1ll and [2] below, whic.
contain as ruch documentation as i1is aveoilable for these prograns.

The program is vritten using CDC FORTRAN 4, Version 2.3, It 18
machane compati®le vrith the CDC 6400-6600 computer series, and runs
under the SCOPT 3.0 operating systen. It is segmenied 1nloverlays of
70X or less using the SCOPL OVERLAY capability. RAll I/0 is accon-
plished using standard I/0 files. I/0 files are egquivalenced so that

File 5 1g used for input and File 6 for ouvtpuvt. Uo otheprfiles are

used by this program.

ORIGINAL PAGE IS
OF POOR QUALITY]

1. Pottle, C., “Program Cornap ~ TFTORTRAMN Computer Routine," Syscem
Theory Croup, School of Llectrical Endgineering, Cornell University.
Tthaca, 11. Y., 1968.

2. Gear, C. “1., RAlgorithn 407 - DIFSUD for Solution of Ordinaxy
Differencial Dauations [P2], Cowmmunications of the ACH, Iraxch,
1971' volo 14.., 1lo. 3; 185-130'



CHAPTRR IL

CASRLAY { TROCTURE

The fixst component of the program overlay structure (see Figure
1) consists of a root seqment (a main overlay) containing a super-—
visor routine STICAP, a cormmonly used routine USEDICH, and blocks of
labeled and unlabeled comwon core storage, also used by many routines.
The supervisor routine obtains control at initial execution and co-
ordinates the calling into core of the successive overlays. Thais 13
accomplished by means of subsequent primary overlays, of which each
successive one replaces the preceding, with the number called depen-
dent upon the mode of operation selected by the user.

The first praimary overlay consists of a block cf routines which
read the input circuirt descraiption cards, scaling card, and mode caxd.
The circurt descraption cards, whose format has been altered from
that of CORWAP, provide the user an easy reans of describing the cirx-
cuit. The scaling card, optionallv present, determines the f7ay the
circuit equations are to be scaled for nurerical computation of a
solution. The rode card deterrines the program mode, or method by
whiich the solution i1z to be obtained.

The second prinary overlay consists of the original program
CORMAP, minus the data input processing routines, vhose function has
been accomplished by the routines mentioned above. The routines of
this overlay process the circurt description data previously read,
to obtain the methenatical equations governing the circuit. If the
solution 18 to be obtained bv the CORNAP mode, the origanal CORNAP
routines containue processing the circurt equations.

In the event that either the CGear or liatrix mode 18 selected,

the third primary overlay is called into core. Data compiled by

2
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CORNAP 13 compacted into a more econorical form by the routine COMPAK.
The contrxol cards and data input cards for the rode selected are pro-~
cessed, and the final praimary overlay is called.

The final overlay routanes are determined by the mode selection.
In one case the routines of Gear are used for numerical integration;

in the other the matraix technigue is used to obtain the solution.



CHADPTER I1I

SISTREI CVERVIEW

An overvieu of the STICAP system indicacing the overall logical
flow of the program appears in the following pages. The figures
indicate the routines wvithin each overlay; the functions performed;

and the calling sequences, or flow of control.
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CHMAPTER IV

FUNCTIONS OF THE IIIDIVIDUAL ROUTINES ,cgﬁ,

Iq this section a brief description of the function performed
by each contractor supplied< routine 1s given, and the routines are
categorized by the overlay in vhach thney orerate. e remark that
occasionally a routine may oe used in several overlays; hence i1t nay
appear more than once. For a rore complete descraption of a routine,
the next section may be consulted.

The name and function of the various routines -71ll now ne
given.

I, Root Segment Routaines

1. USEFCM - Supplies the user a neans of specaifying the
independent sources of the circuxt.
2. STICAP ~ Bupervisor routine vhich coordinates the calling

intoc core of the praimaryv overlavs.

II. PFirst Primary Overlay

1. REED - Processes title card and scaling card; coordinates
routines vhich read CORMAP circuit description.

2. IMPUT -~ Reads caircuit description cards in a free format.

3. ODE ~ Neads :lode select card anC processes 1it.

4, NAPACK - Packs into one wrord tae first character of each
word from an array of words.

5. ATODZEC - Interprets Srcc forrat floating poiat numbers.

6. NAID - Scan routine for bresking out a name from a data

field of free forr: data.

*Some routines not contractor supplied are also indicated. Such
routines are Langley rouvtines or else Gear supplementary routines.



7. NODZE - Scan routine for breaking out an integer number
from a data f£i1eld of free form dars.

8. ECEQV - Changes alvhanumeric BCD characters into internal
integer format on the CDC « 6600 computer.

9. OUTPUT - Reads and processes cards indicating the circuit
outputs specified by the user.

10. 32rsSCAL - Reads scaling cards and stores scaling parameters.

III. Second Primary Overlay

CORNAP -~ The hody of routines composing the oricinal program
CORNAP, minus roucines which read into core “he circuit descrip-
tron cards. This overlay also contains the logical decisions
recuired for carvying out the vawvious print options, s'ch as

state eguations, transfer functions, etc.

IVv. Third Primary Overlay

1. B&PACK - Previously descrihed; fairst prirary overlay.

2. CROLGR - Coordinates the surroutines tthich read the
source order; initial condations, run controls card
grow, anJ end card for the Gear noce.

3. ICONSV - Reads and processes the initial conditions
card groups for exrther the Gear or :latrix modes.

4. SRCORD - Reads and processes the source order card
groups for the Gear modes.

5. RUNCTL - Reads and processes run control cards for
Gear node.

6. ATODEC - Previously described:; first prinary overlay.



10.

110

120
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DECIOV - Previouslv Jescribed: f{aixst priraxy overlay.
CROLiIX -- Cooxdinates che suhrovtines vhich read the source
definicion, initial conditions, run controls card grouns,
and the ®I'D card for the Iletraiy rode.

SRCITT ~ Interprets the source definition card groun for
the latri:z: rode.

RUIICRYL, -~ Reads and nrocesses run conrrols card groun for
the llatrixz node,

CO'PAX - Rearrances data tahles cuvitnut bv CORAP circuirt
translation rovcines inte a rore econcmical Zoxm.

CROLGEE - Controlling routine for tirird overlav.

Cear Prirary Overlay

llﬂ

20
3.

IITIER ~ Coordiraaces Cear'’s rouciae 2IFSHD for nurerical

integration and determines van the stop condition as

L}

reacned .

2IFSU3

l

Intecrates the circurt eguacions in the Gefr node.

DATPYMT -~ Prints output Jata.

DIFTG] -~ Evaluaces wie rigac nerbers of the state variable
diLfferentipl ecuations of the circuirt, given & specizilel
tire point.

PEDERV - Lvaluastes the Jaconian llatric of tae svstenm
equation for the cirxcun:.

DECOIT - LU Jdecor position rovtine used in tanden satn SOLVE
to solve a linear svster.

SOV -~ Second stage of a LU Cecomposition linear eguation

solver paixr of routines, used by DIFSU3Z,



VI.
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Matrix Primary Overlay

l'
2.

9.
10.

11.

iz,
13.

14.

15,

le.

17.

IATRIX - Calls matrix mode zecondary overlays.

SETSVE ~ A controlling routine for matrix mode, vhich also
obtains a sparse matrix code.

VANINV -~ Inverts a Vandermonde matrix.

EIGNV - Obtains system eigenvalues using QR transformation.
HESEN - Reduces a matrix to upper Hessenburg form.

QRTRAM - Performs a single double-step of the QR trans-
formation, avoiding complex algebra,

INTCL - Controls the closed form integration performed by
the matrix nmode.

SVECOS -~ Processes integration of COSINE inputs.

SVESIN -~ Processes integration of SINE anputs.

SVESTP - Processes integration of STEP inputs.

INIVAL ~ Integrates for impulse driving functions or other
driving functions with a specified initial value.

MPROD - Forms a matrix product.

BAT -~ Calculates the matrix exponential exp (AT} and
multiplies into a vector.

SCEVAL ~ Evaluates the Du vector, u the vector of independent
source inputs, ¥ = CX + Du the reguested output vector, at
a specified time.

TRANS ~ Evaluates transient closed form scolution at a
spacified time point.

STEADY ~ Evaluates steady state closed form solution at a
specified time point.

STORE - Stores symbolic steady state closed form solutaon.



18.
19,
20.

21.
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OUTENT =~ Controls prainting of matyrix mode outputs.
CLSOL ~ Prants symbolic closed form solutaions.

TABPNT ~ Prants tabular form of matrix mode solutions.
ATAN3 - Combines a sine and cosine function to obtain a

single sine function.



CHAPT 2 V
INDIVIDUAL ROUTIVE DLSCRIPTIONS /ﬂf?f
Subroutine: USEFCU
Turs routine allors cre user tae capandilicy of defanang the
forw of tae inpubt vectos for state~inruc and stece oucpgut ecuratvions
of the nevvork, for tue Goar nods:

9% - A% + B
at

were

£ 1s che state vector of the carcurt,

u 1s the vector if independent sources,

v 15 the vector of outputa reguested by the user.
The user must erther furnish FORTRAN equations defining the indepen-
dent sources, or else musc supply a youtine for computing thear
values, at a given time. The manner in viich thais amay be accomplished
is descrabed in the user’s manual.

Tne net effect of an entry to USEFCH must be the follouing:
Given an initial tine T and a vector array U, compute values of the
independent sources at taime T and store as the componeats of the
vector U. The order in wanich taese compoasnts are stored rnust corres-
pond to the ordex specrfied by the user vhen assembling the source

orcer cards groun (see user's manual).

L)
Inputs: a value of T and a vector arrav U

Outputs. Tne values of tne independent sources at tame T, stored
1n the array U, in the order specified by tne user's source ordex

cards.

ORIGINAL PAGE 1S
OF POOR QUALITY



Program LCLD

This onrograw reads the title card and calls IJPUT, OUTPUT, and
ZFSCAL to read the elements, output, and scaling card groups. The
card groupns are signaled by the following headexr cards:

*BLE_LHTS

*QUITPUTS

*SCALING
where the asterisks appear in column one. The elenent and outputs
card groups must alwvays appear. The scalang card group need he
present only 1f the circuit 1s to be scaled. The outvuts card
group must not be given hefore the elements card grous.
This program tien calls IMODR to interpret the mode card. The mode
card must appear afcer the above card gcroups.
The outputs from this routine are descrined in the comment cards

nreceding the suoroutines INPUT, OUTPUT, and ZFSCAL.

SUBROUTINE INPUT

This subroutine reads tne elements card group. All cards read
until the next card r7ath an asterisk an column 1 are considered
element carxds.
The cards are of the form

NAI'E M1 N2 VALUE
for passive elements or independent sources and

NANR 7l 112 VALUE*NATZ
for dependent sources. FALE,I11,N2, and VALUE must be seoarated by at

least one bhlank. The ascerisk betuveen VALUE and HATZ nead not be

oresent. MNAD 1o the user name for the circurt element. Tnis name
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must b2 no mnore than 4 caaracters long. Tne Eirse letter of tne

element name tells the type of elewent as follous.

Fairst Letter Element Type
v Voltage Source
I Currcent Source
R Pasascor
L Inductor
C Capacitor
K Coefficient of Coupling
M futual Inductance or Capacitance

N1 and 2 for non-mutual elements are the numoer of the nodes Letween
which the element s connected. The carcurt nodes should be numbered
compactly from zero, ailthough the failure to do so is non-fatal.
Hl 15 given a positive reference wvith respect to 12. For mutual
elements Ml and N2 are the name of the two elaments involved. For
dependent sources NAIEZ 1s tne name of the controlling element with
a Vor an I added to che bheginning of the name depending on vhether
the source i1s voltage or current controlled.

A fzature not normally employecl by the average user 15 the

following:

A capacitor may be forced into the —-proper tree- by placing
the *rord ctree after the description of the element.

NMAIE W1 112 VALUE TREER
An inductor may be forced into tiae cotree by similarly placing
the word cotree after the element descriptaion

NAD M1 112 VALUE COTREE



OUTPUT PARN ETERS

LIST A 3 curensiconal matrix raose I,J,K element talls
inforration J of the Ith elerent of type XK.

Tvoe
Dependent Voltage Source
Independent Voltage Source
Zero Valued Resistor or Inductor

Tree Forced Capacitor

o W b =

Capacitor

6 Resastor

7 Inductor

8 Cotree Forced Inductor

2 Zero Valued Capacitor
10 Independent Current Source
11 Dependent Current Source
12 Motual Element

Information

User Narme for Ilenent

Elemenc Value

W N e O

Zexro (later used to define outnuts)

4-5 For non-mutual elements the nodes netueen
hiich tne element is placed

=
§
W

For rmutual elements the nanes of the two
elements involved

Pq i:: A vector wunoss Ith clement i1s the number of elements
of type I (defined as in LIST).
C QN BC H An array naving two coluvns vhose Ith ror is the name

of the elerent vica controls tac Ith dependent
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source. Column 1 15 for derondent voltage sources
and column 2 1s for dependent current sources.

ICON An array constructed like COUBCH, “»ut vhose elements
tell the type of control of the fependenc soarces. 1
for veltage controlled and 2 for current controlled.

NODEG A vector vhose Ith element tells the nunher of ele-

ments and sources conaected to the Ith node.

HEX Tae number of nodes to rthich no elenents are connected.
NODES The largest nurbered node given by the user.

Subroutine: MODE (IIIODE,IPRINT)

Description: This subroutine reads the mode card to determine vhat

program mode 15 selected and what print options are chosen.

Program execution will be terminated 1f an error occurs in
descraibing the program mode. An error in describing a praint option
1s non~fatal, but the corresponding print reqguest will be ignored.

Input Parameters: iode Card - This card waill be ain the following

form
*MODE NAME, OPTION 1, OPTION 2, OPTIOI* 3
The card is 1in free form, except for an asterisk ain colurm one. The
assence of the as:erisk as non-fatel. [IONE VAME 1is the name of the
sclution program and 1s one of the following
GEAR
CORIAP
MATITIZ. ]
Taese nares nav he ahbhreviated or missnelled as long as the farst

letter of the first vord is correct.
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The ootiroas follouwing che rpane of the solution Jrograil are
praint reguests. The are separated Hy comas and are of the
followving form:

SOLUTION EQUATIONS

STATE ZQUATIONS

TRANSFDR FUICTIONS

These names may be akb»reviated or misspelled, as long as the
farst two letters are correct. The oxder in waich the nrant ortions
appear is wnsignificant, nor do all or any necd he present.

OQutput Parancters: IMODE - An integer telling what solution

program to use
IMODE = 1 CORIIAP

IMODL

2 CEAR
IMODE = 3 MATRIX

IPRINT -~ A vector telling whacr print options -rere requested.
IPRINT(I) 1s 1 1f option I was regquested and 0 1f 1t was
not. The elements of IPRINT relate the following:
IPRINT (1) State equataons
IPRINT{2) Transfer functions
IPRINT(3) Solution equalions

Additional Subroutines Reauired

APACK

Cxamples of Usage

l. Card read:
*CEAR MODE

Pae sworoutine *ould return



IMODE = 2

IPRINT (1)

i
e

IPATIIT(2) = O

il
>

IPRIPT(3)
2. Card rezd
*MATRIZ, SOLUTIOQI DQUATIONS, TRAINSFER FUNCTIONS

The suorcutine vould retura

IMODE = 3
IPRIUT(L) = O
IPRIVUT{Z) = 1

IPRIVNT(3) = 1
3. Card read

CORHAY , TRANSFER FUIICTIONS
Here the asteris™ in column 1 vvas omiceed. e subroucine “rould
return

IMODE = 1

]
& ]

IPRINT (1)

IPRINT(2) = 1

H
o

IPRINT(3)
L, Card read
*C,8T &0i7, TR
Here the names of tne solution rrongran and the nrant reguests ere
abonrevisted. Tue swiroutaine roul. return

IIon: = 1

fl
[

IPRINT (1)

it
-t

IPRIIT(2)

(W]

IPRILT(3) =
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Subroutine: APACK(NLET,ARRAY,NI'CRD)

Purnose: Yo pack the first character of an arrav of wvords into one

vrord.

Input Parameters: ARRAY - An array of words containing alpha-
numeric BCD characters.
TLET - The number of words in ARRAY

Output Paramerers: MNIORD - A word containing the first character

of the fivst word in ARRAY as 1ts first
character, the first character of the
second vord in ARRAY as 1ts second
characcer, and so on until ARRAY 1s
exhausted. The remainder of MIORD is
filled sath blanks.

Macnine Dependancy: Thas subroutine assumes 63 bit vords with 6

b1t alpha-numeric characters stored from the left.

Txample of Usage: ARRAY (1) = 3HABC
ARRAY(2) = 1HD
ARRAY(3) = 4HEFGH

CALL APACHK{3,ARRAY,N'IORD)
Upon return from the subroutine call, NWORD would contain 3HADE.

SubroutineSRequired:

RSHFT
system subroutines; not STICAP routines.
RSHFTA

Subroutine: ATODDC (NUFFLR, LSRT, LSTP, DEC, NERR)

Descgraiption: This suvroutine w7ill interpret a number vhich vas read
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from a card and gtoreé An an array ain alpha-numeric BCD characters.
Tace number may be in integer, decimal or exponential form.
The nﬁmbers and 1ts exronent are presumed positive 1f no sign 1is
given. Ilumbers in exponential form need not contain a decimal point.
All blanks tithan the input field are ignored.
The subroutine starts at some given point in the input field and
interprets until the first character not part of the number is
found. This does not necessarily mean a non-nuneric character.
The location of this character and the nuwber found is outputted by
the subroutine. If no number is found hefore a non-numeri¢ charac-
ter, such as a digit or a + or - sign, the number being interpreted
15 assumed to he & coefficient of 1.0. If no number a1s found before
the end of the input field, a 0.0 as given by the subroutine as the
nurber.

Limitations: The magnitude of the number found mwust he betireen

107220 an4 107290 an@ contain no greater than 15 digits.

Innut Parameters:

HUFFER - A vector containing the card read in 80AlL format.
LSRT - A starting location in NUFFER vhere interpreting is
to begin.

Outnut Parameters:

DEC - The number found.

ILSTP -~ The location in MUFFER of the next non-blank character
follovang the rumbher found. If the rest of the card
wvas blanlz, LSTP = 81

NERR - Error Code

ITBRR = 0 I error nresent
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NERR = 1 Zlumbher 1s more than 15 digits long

Fumher 1s not between 107290 and 101720 3n

g
g

magnitude.

Machane Dependancy: There is no machine dependancv within the

subroutine 1tself, hoever a function vhach rt calls, DECEQV, is
machine derendent.

Examples of Usage:

READ 10, (LUFFER(TI),I=1, 80)
10 FORIAT {80 Al)

(1) Card contains hhh2.147bbb. ..

CALL ATODEC{NUFFER,1,LSTP, DEC,MERR)
After the call

HUFFER remains unchanged

LSTP contains 81

DEC contains 2.147

NERR contains 0
{(2) Card contains bba=2SIN(4T)bb...

CALL ATODEC (NUFFELR, 5,LSTP,DEC,ITERR)
After the call

IIUFFER  remains unchanged

LSTP contains 6
DEC contains 2.9
NERR containg 0

(3) Card contains bis216E~3RXP (~¥)hb...

CALL ATODEC(MUFFER,,LSTP,DEC,NERR)
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NUFFER  remains unchanged
iSTP contains ¢

DEC contains .216
NERR contains 90

(4}

Card contains

~SIN3Zbbh

CALL ATODEC (MNUFFER,1,LSTP,DEC,IIEPR)

After the call

NUFFER remains
LSTP contains
DEC contains
NERR contains

Caxd contains

{5)

unchanged

bh3.1415926535897932bhb. ..

CALL ATODEC(NUFFER,1,LSTP,DEC,NERR)

After the call

NUFFER renains unchanged
LSTP undefained

DEC undefined

MERR contains 1

(6)

Card contains

bb~2.14E~-5bb21SIN{X)bbb...

CALL ATODEC{MUFFER,1l, LSTP, DEC,MERR)

After the call

remains unchanged

NUFFER

LSTP undefined

DEC contains ~2,14
IIERR gontawins 2



Subroutines required:

NCODE, DECEOV

Subroutine:

JAME (NUFFER,LSRT,LSTR, ITERR)

This subroutine scans a card iwage to find an element name.
This name must be less than 4 characters long.

Input Parameters:

NUFFER The card image in 80AL format.
LSRT Starting location where scanning 15 to begin

Output Parameters:

NIIORD Tne element name found.
LsTp Location of blank after the element name.
NERR Error code.

MERR = 0 Ho error present.

NERR

1 lame over 4 characters long.

NERR 2 lio name present (rest of card blank).

]

Additional Subhroutines Required-

APACK

Subroutine:

NCDE (NUFFER, LSRT,LSTP , NUM, NERR)

This subroutine scans a card image from a given starting
location to find the node nurber. The subroutine recuires this
node number to be followed by a blank. The largest node number

must be less than g4,
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Input Parameters-

NUFFER An array containing the card image ain 803A)L format.
LSRT The starting location where scanning is to begin.

Qutput Parameterg:

NUM The node number found.

LSTP The location of the first blank follouwing the
node number.

NERR Error code

MERR

It

0 HMNo error present

NERR = 1 A blank does not follow the number.

NERR = 2 Node number greater than 64.
3

MERR = Card after LSRT blank.
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Function: DECEQV (NCOEF, LCNT)

Function Purpose: Convert an intecer vhose digits are BCD characters

to an eguivalent f£loating »noint number.

Limitations: The integer being converted must be less than 15

digits long.

Input Parameters:

NCCEF - An integer array vhose Ith element is the Ith digit
of the integer being converted, read from the left
in A format,

LCNT -~ The number of digits in the number being converted.

Output Parameters-

DECEQV - The equivalent floating point number.

Machine Dependency: This function assumes 60 bit vords with alpha~

numeric characters in CDC 6000 series BCD code stored on the left.

Exanple of Usage:

MCOBF (1)} = lH2
MCOEF (2) = 1HSB
IICOEF (3) = 1H4
NMCOEF (4) = 1HS5
DEC = DECEQV (IICOEP, 4)
Upon return from the subroutine call DEC vould contain 2845.0.

Subroutines Required:

RSHFT (a sysctem subroutine; not a STICAP routine)

Subroutine: QUTPUT

This subroutine reads the output card group to determine the

element currents and voltages selected as circuit outputs. This
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subroutine will texminate circuit processing if no outputs are
selected or 1f all outputs contain errors.

211l cards read until a card wath an asteraisk in column 1 is
found are considered output cards. The cards are of the form

VNAITE
or

INAME
dependang on whether the voltage across or the current through NAME
is desired. Here NAME 1s the name of a circuit element given in the
elements card group.

Input Parameters:

iy ~ A vector of length 12 whose elements tell the number
of each of the 12 types of elements contained in the
carcuit.

LIST - A matrix vhose (I,1,J7) element tells the name of the
Ith element of tvpe J.

Ontput Parameters:

LIST - A matrix vhose (I,4,J) element gives the output ainforma-
tion for the Ith element of type J.
LIST (I,3,7)=0 No output taken from this element.
LIST (I,3,3)=1 Voltage across this element 15 an
output.
LIST (I,3,7)=2 Current through this element 1s an

output.

Subroutine: ZFSCAL
This subroutine reads the scaling card group. The circuit will

he scaled around a frequency or impedance value 1f one of the
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following cards are present

FREQUENCY = A

IM:PEDANCE = A
vhere & 1s a floating point number in free format. Scaling reguests
containing errors are ignored.

Input Parameters: None

Output Parameters:

ZSCALE ~ The impedance around which the circuirt 1s to be scaled.
FSCALE - The frequency around vhich the circuirt 1s to be scaled.

NUFFER - 2 vector containing the next header caxd.

Subroutine: COMPAK (EPS,KA,KSC,NDDRIV,MROWA,NLC,IIODE,IPRINT,FSCALE,

ZSCALE ,NAIILC)

Degcrintion: This subroutine takes information asserbled by CORNAP

subroutines and puts i1t in the form used by the GEAR and IIATRIX mode
subroutines.

This subroutine will terminate execution vhenever derivatives
of the inputs are required by the output eguations or whenever deriva-
tives of the inputs occur hagher than the farst degree.

TThenever the only derivatives of the inputs appear in the state
variable eguations and then only the first degree, the state variable

and output equations will be of the form

el

=A§_+B_1_J;+Blg_
“‘Y_..—: X"I’Dg_

o~ ——

The following substitutions are then made

e

- BL+ B + B

C*BL+D>D
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The new circurt egquations now take the form

= 2g + Bu

t Qe

= g * Du.

The names of the circuit outputs are augmented by addang an I or V
in front of the o0ld name depending on vhether the current through
this element or the voltage across this element 1s the output.

Inputs and Outputs: All inputs are brought in by the two arrays

BLOCK and NAMES stored in common and by the argument list of the
subroutine.
The following variables are inputs to the subroutine but are
not outputted.
KA,RSC,NMROUIA - Constants used to locate the 2, B, Bl, C, D,
and D1 matrices in BLOCK
Pl - Coefficient matrix of source deravatives in the
output egquations
The storage location of the remaining input and output variables are
given in Figure 1.

Machine Dependency: The process of adding an I or V in front of the

output names 18 machine dependent.
The addition of the I or V 1s a means of more readily identifying

current and voltage variables for printout and/or scaling purposes.
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Subroutine: CROLGR

Description: This subroutine calls the subroutines to read the

source ordering, initial conditions, and run controls card groups
and the end card. These card groups are signaled by header cards
hach contain asterisks in their first column. The names on these
header cards and the expected order in which they appear are:

* SOURCE ORDERING

* IMNITIAL CONDITICNS

* RUN COIITROLS

* END
The source ordering, initial conditions, and run controls card groups
need not appear in this order but must appear before the end card.
in this order, however, they w1ll process faster.

The source order card group must appear if more than one source
1s defined in the circuit description. Farlure to do this will re-
sult in termination of program execution.

If the run controls card group does not appear, the follornng
run controls are assumed:

ISTOP = 1
TO = 0.0
TSTART = 0.0
H = 104
HIIN = 0.0
MOTHOD = 1
IHITAY = 1
MAXPTS = 100

INCRUT = 3



A blank header card vill be assumed to be the end card. If the

end card does not appear, the end of file card is assumed to be the

end card.

An unrecognizahle header card vill result in termination of
program execution.
Usage: This subroutine 1s called by the main program vhen the Gear
option has been chosen, immediately after control is returned from

CORNAP .

Routine NMame- ICONSV

Function: Read cards containing the names and initial values of the
components of the initial state vector. Print all nonzero conditions
used by the program ands/or any diagnostic error messages generated.
Setting: At execution taime the '* INITIAL CONDITIONS® caxd has just
been processed, and the routine expects to read and process cards
containing the initial circuit conditions, stopping at the farst card
read vhich contains an * in colurmn 1.
Inputs:

Initial condition cards

NSTV - The number of state variables CORNAP obtains

NPSTV - The number of excess state variables?®

NAMSY - Mames of CORMNAP cobtained state variables

NAMLC ~ Names of excess state variables
Cutputs: Error diagnostics and/or state vector of initial conditions.
Components improperly formatted are set to zero. Excess components

are ignored.

*An excess state variable 1s a capacitor voltage or 1nducto; current
whose value is dependent upon other capacitor voltages or inductor
currents.
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Subroutine: SRCORD

Function: This subroutine reads the source order cards to determine
a corréspondence betveen the wvay the sources are ordered in the state
variable equations and the order in vhich they are computed and
stored by USEFCH.

Inputs:

NIN - The number of independent sources defined in the circuit
description.

NAIES - A vector containing the user names of the independent
sources in the same order they appear in the state
variable eguations.

Qutputs:

NORDER ~ A vector vhose Ith element is the position in the
Vector U(I) of USEFCK vhich corresponds to the position
of the Ith source in the state variable eguation as
ordered by thce circuit translation xoutines.

NUFFER -~ A vector containing the next control card.

Error messages are printed and the program terminated for the follow-
ing conditions:

(1) An input 1s specified more than once.

(2) An input specified i1s not found in “NAMES."

{3) Not all inputs defined in the circuit description are

specified on the source order cards.

Addational inputs: Thas subroutine vill read the source order cards.

These cards contain the names of the sources, one per card in free

format, in the order they are defined in USEFCN. All cards read are
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assumed to be source order cards, unless they contain an asterask
in column l. When a card containing an asterask in colurn 1 1s read,

1t 1s stored in NUFFER and the source ordeyr cards are assumed to be

complete.

Subroutine: RUNCTL

Besceription. This subroutine reads the run controls card group for

the Gear mode. The completion of this card group is Signaled by a
card wath an asterisk in column 1 or the end of file caxd,

Input Parameters: The run controls cards rnust be one of the

foliowing:
INITIAL TIMNE = D
STEP RODSPONSE
IMPULSE RESPONSE
PRINT START = A
STOP TIMLD = A
POINTS PRIMTED = I¥
EPS = A

ADAMS INTEGRATIOM

HIAX = A
HIIIN = A
HINIT = A

Here A 1S a floating point number and ¥ 1s an integer. A description
of the information conveyed by such cards is contained in the user's
manual for STICAP.

Output Parameters:

70 - Initiral value of tinme
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TSTART ~ Time at which output printings is to begin
ISTOP ~ Stop condition
ISTOP = 1 HMaximum number of points pranted
ISTOP = 2 Illaximum value of time
IHAXPTS - Maximum number of poants printed
TSTOP - Ilaximum value of time
H - Initral step size
EPS - Erxrror control
METHOD ~ Integration method
IETHOD = 0 Adams method

HETHOD

1 Stiff integration method
INCRMT -~ Mumber of integration steps between output printings
IA¥DER - IMaximum deraivative used by the integration method.
IIAXDER 13 set to 7 for (IETIOD = 1 and 8 for METHOD = 0.
HMAX - Maxinum integration step size allowed
HMIN « i1lanimum integration step size alloved
MPUT - Type of input
NPUT = 0 User defined
NPUT = 1 Impulse
NPUT = 2 Step
NUFFER - Vector containing the next header card. If an end of
file card was encountered, NUFFER(2) i1s set to 1HE
whaich will be interpreted as the end card.

Default Options: Unless specified by the run controls cards, the

following values are assumed.
ISTOP = 1

TO = 0.0
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TSTART = TO

WRUT = 0

HITAX (TSTOP~-T0) /10 1f TSTOP was specified.
HMIN = 0.0

HIMAX = 0.0 {interpreted as unbounded)

MAXPTS = 100

EPS = 1074

METHOD = 1

INCRMT = 3

H= 1074

MAXDER = 7

Machine Dependence: This subroutine itself is machine independent

but calls the machine dependent routines APACK and ATODLC.

Subroutines Required: APACK, ATODEC

Program: CROLMY

This subroutine calls the subroutines to read the source
definition, ainaitial conditions, and run controls card groups and
the END card. These card groups are signaled by header cards which
contain asterisks in their first columns. The names on these header
cards are

* SOURCE DEFIMITIONS

* INITIAL COMDITIONS

*  RUMT CONTROLS

* EMND
The END card must be the last card appearing. If i1t 1s not present,

the end of file card is interpreted as the END card.
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The run controls card group nust be present. The source defi-
nition card group must be present unless the impulse or step response
was specified in the run controls card group. If not execution trill

be terminated.

Subroutine: SRCINT

Description:

This subroutine interprets the source definition caxd group for
the matrix mode. This card group 1s signaled by a card wvitn an
asterisk in columa 1, followed by the words “SOURCE DEFINITIONS" in
free format. The subroutine assumes all cards following this card
up to the next card with an asteraisk in column 1 are source defini-
tion cards. These cards are of the forn

NAME = £q(t} + fo(t) + ... + fnlt)
vhere NAME is the name of a source defined in tne circuit descrip-
tion, and each fi(t)} is one of the following

A

A%*IMP

A¥*GIN(B*T)

A*SIN(B*T+C)

A*COG{B*T)

A*COS (B*T+C)
where A, B, and C are {loating point numbers in free format. The
asterisks indicating multiplicacion need not appear. A source des-
cription may be continued on additional cards by placing a dollar

siga (%) in column 1 of the cards on wvhich the description is
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continued as long as eacn £5(t) 1s completely described on only 1
card and the total number of functions describing a given source 1S
no more than 20. A sanusoidal or cosinusoidal function with a phase
angle is broken into a sinusoadal plus a cosinuscadal function witn
zero phase angle thus couating as two functions.

“his subroutine will terminate program execution 1f an error
occurs in a source description or 1f not all the sources defined in

the circuit description are described in the source definition cards.

Additional Input Parameters

HIN - The numnber of circuit inputs.

HAMIN - A vector containing the names of the circuit ainputs
in tne ordexr they appear in the state variable equa-
tions.

Output Parameters

NORDER =~ A vector relating the order the sources are defined
in the state variable eqguations wath the order chey
are defined in NSORCE, ISORCE, and SOURCE.

ISORCE - The number of functions descraibing source I is
ISORCE (K} vhere K = NORDLR(I)

NSORCE ~ Tae function type for the Jth function describing the
Ith source is prescribed by HSORCE(K,J) wvhere

K = NORDER(I), ana

HBORCE(K,J) = 1 step
NSORCE(K,Jd) = 2 sine
NSORCE(X,J) = 3 ¢cosine
NSORCE (K,J) = 4 impulse
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SQURCC ~ The magnitude of cae Jtn function of the Ita source 1is
contained 1n SOURCE(X,J,1l), where K = NORDDR(I) and
the angular velocity (for sine and cosine functions)
1s SOURCE(XK,J,2).

Machine Dependance — This subroutihe is machine independeni bhut calls

tne machine Jependent subroutines APACXK and ATODEC.

Subroutine: RUNCRL

This subroutine reads in the run controls card group for che
matrix method.

The completion of this card group is signaled by a card wath an
asterisk in column 1 or the end of file card.

Inrut Parameters

The run controls cards read must be one of the following
INITIAL TIMD = A
STEP RESPONSE
IMPULSE ReESPOIISE
PRINT START = A
STOP TIME = A

POINTS PRIUTED il

PLOT TIICEELDWT = A
where A 18 a floating point number and N i1s an integer.

Output Parameters

TO Initzal value of time

TSTART Time at which output prantings 1s to begin.
NPTS Number of output points to be pranted.

Py Type of inout

bT Time between output printings.
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Default Opcrons

If no inatial time 18 specified, 1t 1s assumed to be zero.

If no praiat start time is specified, 1t 1s assumed to hbe the
initial time.

If a stop time but no plot increment or points printed 1is
specified or 1f only the plot increment is specified, 100
time points will be prainted.

Machine Dependance

This subroutine 1is macnine independent but calls the machine

dependent routines APACK and ATODIC.

Program: CROLGM

This program calls COMPAKR to rearrange the variables 1n blank
common from the form supplied by CORNAP t¢ the form reguired by
GEAR and MATRIX. One of the subroutines CROLGR or CROLMX is then

called to read the card groups peculiar to the GEAR or the MATRIX

mode.
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Program INTGR

_Thas subroutine performs the integration of cthe state variable

eguations.

Tne upper limit of the integration may be given by specifying

the maximam value of the independent variable time or Ly specifying

the number of points printed.

If the maximum value of time 1s the
polation 1s used to devermine the values
the ston tine.

Tae following error condrtions ¥all
tion

1. Requested error is smaller than

problem.
2. Corrector convergence could not

than HMIN.

stop condition, inter—

of the state wvariables at

rerminate program gxocu-~

can »e nandled for this

be acnievad with H greater

3. The requested error could not be achieved with H egqual to

I'IMIL\T .

Input Parameters

HSTV Tne number of state variable eguations.
TO The lover integration limit.
X0 A vector containing the values of the ctate

variables measured at time TO.

TSTART The time at waich praintings is begun.
TSTOP Tne upper integracion limit
LAXPTS The maxiwmum nuasber of time points to bhe prainted.

IsTop The stop condition



ISTOP

fl

1 Maximum time points printed.
ISTOP = 2 Maximum value of tine.
HO The number of circuit outputs

NAMOUT A vector containing tue names of the circurt outputs

H Tne initvial integration step size.
HMIN The miainum integration step size.
HMAZL The maxirum integration step size permitted.

INCRMT The number of integration steps between prantings.

EPS The euclidean norm of a vector vhose Ith element 1s
the single step error of the Ith state variable davided
by the maxirum value of the Ith state variable pre-
viously encountered must be less than this value.

METHOD Tne integration metanod used.

METHOD

0 An Adams predictor corrector nethod.

METHOD

i

1 A multistep method suitable for stiff systems.
FAXDIR The mawaimunl derivative that shounld be used in the
maetaod. It must be less tunan 8 for Adams and 7 for

st1ff methods.

Subroucine:; DATPNT

This subroutane prints the output for the Gear mode. It
performs the calculation

Y(t) = ¢ x{t) + D u(t)
vhere Y(t) is the output vector at time T. x(t) i1s a vector con-
taining the values of the state variables at time T, and E(t) 1is a

vector contarining the values of the inputs at time 7.
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Input Parameters:

T - present wvalue of tine.

bi4 - a 8 x 30 maktrix. x(1,I) contains the value of tae Ith

state variable measured at time T.

c,D -~ constant matrices of the output eguation.

NO - number of circuit outputs.

NSTV -~ number of stace variable egquations.

NIN - number of inputs defined in the circuit descoriptron.

HORDER~ a vector telling the orxrder thwe inputs are Jdefined in
USEFCHM.

Output Parameters:

This subroutine praints the value of time and the values of the
outputs measured at thas time.

Subroutine Required: USEFCN

itlachine Dependengy: None

Subroucine: DIFFUN(T,X,DX)}

This subroutine evaluates the derivatives of the dependent
variaples X, wirth respect to tne independent variable T, using
the matrix eguation

§=AX+BU

Input Parameiters

WSTV The numper of state varisble eguations.
NIN The number of carcuit inputs
A System matrix

B Input matrix
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T Present value of tine

X X(1,I) contains the value of the Itn state
variable measured at time T.

U U{I) s the value of the NORDER(I}TH input
measured at time T

NORDER HORDER{I) is where the Kth source 1is located

Output Parameters

DY DY 1s a vector containing X measured at the

present values of X and T.

Subroutines Reguired

USEFCH

Soubroutine: PEDERV

Description: This subroutine supplires DIFSUB with the Jacobian

matrix of the state variable equation:
X=2x+Bu

vthicih 18, in fact, the A matrix.

Input Parameters:

M -~ numoeyr of grate variable equations.

A ~ system matrix stored ain core with the first column of A
in cae lst 30 storage locations, tne second column of A
ain the next 30 storage locaztions and sc forth.

Output Parameters:

PW -~ Jacobian matrix. This 1s cthe system matrix, A, wvith
each column stored in core starting in the core lecation

folloving the end of the previous column.
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Subroutines Required: Lone

Machine Dependancv: None

Exanmple of Usage:

Given the system matrix

1 4 7
A= |2 5 8
3 6 9
- -

A 15 supplied as

27 blanks 27 blanks 810 blanks

1'2,3(13'}3". .,b’4’5'63;)fb' L] -;b,?,g;gfb’b;o oo’b
PW 1s outputted as
821 blanks

Ay

l’2,3’4’5,6’7,8'97b'1~3’-'-,b

Subroutine: MATINV(A,N,JSING)

Purpose
Invert a matraix
Description of parameters
A - Input matrizx, destroyed in computation and replaced by
resultant inverse.
N - Order of matrix A
JSING - Incicates whether A 13 singular; ocae 1f not, minus one
1f 2t 1s.
Remarks

Matrix A must be a general matrix



Subroutines and function subprograms required: Hone
Method
-The standard Gauss-Jordan method i1s used. The determinant
1s also calculated. A determinantc of zero indicates that the matrix

1is sangular.

Suoroutine: DECOMP (Ii,PSAVE,J1)

Function:

Tais routine performs an LU decomposition of the NxI matrix
found in PSAVE. PSAVE i1s replaced by the matrices U and L, wath U
the main diagonal and above, L below the main diagonal. All main
diagonal elements of I are unity, so need not he stored.

If the PSAVE matrix is nonsingular, the routine reburns a
value of +1 for J1; i1f singular, Jl is set to -1l.

The routines DECOMP and SOLVE are lafted directly from

Forsythe and vloeller, Numerical Linear Algebra, p. 68

and are well discussed in this reference.

Subroutine: SOLVE(N,PSAVE,SAVE,N5)

Function.
This routine employs the LU decomposition of DECOMP stored in
PSAVE to solve for X the N eguations
(LU)x = b,
with various b supplied by CGear's subroutine. The result 1s stored
in SAVE. N5 1s a parameter ugsed for addressing the proper locations

in SAVE ain vhich X 1s to be stored
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For large systems (N greater than 5) the LU decomposition 1s
faster than the (MATINV) matrix inversion previously used by Gear
If desired, minor alterations to STICAR will restore the Gear
routine to 1ts previous form., These modifications are stated in
Gear's ACM DIFSUB description (see STICAP thecyy manual for the

complete reference).
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Program: I[IATRIX

This overlay solves the system of state variable equations by
perforﬁlng a spectral dscomposition of the transition matrix then
integrating in closed form. This technique is described in the paper:

"An Efficient lMatrix Algorithm for the Solution of Linear

Systems with Widely Separated Eigenmodes” ... by E. Young,

J. Heinbockel, and li. Ransom, Proceedings of the 4th ZAsilomar

Conference on Circuit and System Theory, Pacific Grove, Calif.,

1970.

Inputs to this program are described in the comments of the
three secondary overlays and in the programmer's manual.

This first seccondary overlay determines the eirgenvalues of the
system matraix, determines the inverse of the Vandermonde matrix given
by these ergenvalues, ané finally determines a sparse natrix code
for the system matriX.

CALL: OVERLAY({3HCOI1,4,1,0)

The next secondary overlay forms the transition matrix times
a vector

EXP (A*T) *V
as a finite series for the initzal condition vector and for each
driving vector. This expression is then integrated in close form
and the symbolic sclution evaluated at each time point at which out-
put 1s requested.

CALL OVERLAY({3HCO1,4,2,0)

This final secondary overlay prints the tzbulated results, and
1f requested, the close form solution.

CALL OVERLAY (3HCOI1,4,3,0)
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Program: SETSVE
This program calls EIGNV to determine the eigenvalues of the
system matraix and VANINV to form the inverse of the Vandermonde matria

given by these eigenvalues. Fanally this program determines a sparse

matrix code for the system matrix.

Input Parameters:

A ~ The system matrix.
N - The number of state eguations.

EPS - The value below which an element 2s felt to be zero.

Output Parameters:

C ~ A complex matrix containing the inverxse of the 'Jacobian
matrix.
KNZ -~ The nunber of non-~zero elements in the system matrix.
NZR,NZC - Vectors containing a sparse matrix code for the syster
matrix. The Ith non-zero element of the system matriz
1s located in row MZR(I) and column NZC(I}.
BNZ - A vector which replaces A 1in core which contains only the

non-zero elements of A.

Subroutine: VAMNINV
This subroutine forms the inverse of the Vandermonde matrix
given by the ergenvalues of the system matrax. The Vandermonde

matrix of the n elements A1, A2, « . ., Ap 1s the n X n watrix

e D

l l * L ] - 1
Al )&2 - - - An
2
V = Alz )\.22 L . . An

n~1 lzn-l ... Annnl
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The inverse of the Vandermonde matrix 1s formed an this subroutine

using a technique due to Kaufman.l

Let ;51 = [Vij}_l
n-3
2 akklnnjﬁk
=0
then Clj = q
1 (Ag=2p)
k#1

vhere the a, are the coefficients of the characteristic equation

n
1=1
= agA® + alkn“l +...ta, 12 F ap

In this subroutine the ap are formed from the recursive relationship

an = 1
0 L x
ay =~ =2 Ager T
k =1 k~-m “m
n
wvhere Tm = L h?
P=]

le note finally that 1f A; = A;, then Cyy = Cjk*-

Input Parameters:

N - The number of state variable eqguations.
ROOT - A complex vector whose elements are the eigenvalues of
the system matrix.

Output Parameters:

C - A complex matrix containing the Vandermonde inverse.

1. FKaufman, I., "Evaluation of an Analytical Function of a Companion
Matrix with Distinct Eigenvalues," 1969 Proceedings of IEEE
LEtterEl, PP. 1180"'1181::
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Subroutine: HESEN(A,M)

Supglléfr: NASA Routine™

This subroutine reduces a matrix through similarity transform-
ations to an upper-Hessenburg matrix. An upper-Hessenburg matrix 1i:
one in whaich all elements below the subdiagonal are zero.

This subroutine 1s the NASA Langley Research Center routine

HESSEN.

Input Parameters:

11 - The order of the matrix being reduced.
A - The matrix being reduced. This matrix is destroyed in the
computations.

OQutput Parametersg:

A - The reduced matrix vhich has veplaced ain anput matrix in

core.,

Subroutine: QRTRAN(A,Y,R,S51G,D)

Supplier: NASA Routine

This subroutine performs one double Q-R transformation on the

matrix A.
Let A = QOiRq
Ay = Ry = 0;7F 203 = O,R,
By = Ry0, = 0, a0, = 0,7 0,71 20,0,
vhare

Qq and Q, are unitary matrices

Ry and R, are right triaagular matrices.

Mot contractor supplied.
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A 1s then replaced an core by Aj.

This subroutine is the NASA Langley Research Center routine
QrR2.

Subroutine: EIGNV

Supplier: NASA Routine
This subroutine finds the eigenvalues of a rveal, non-symmetric
matrix using the double Q~R transformation.

This routine was slightly modified from the NASA Langley Resear

Center routine REIS.

Input Parameters:

KJN ~ The number of state variable equations.
A0 - The matrix wvhose eirgenvalues are being determined, -

Output Parameters:

ROOT -~ A complex vector containing the eigenvalues of the anvnt.
matrix with real eigenvalues stored first and each com—
plex eigenvalue followed immediately by its complex

conjugate.

Program: INTCL

This overlay calls the various integration routines to perform
the Elosed form integration for each function making up each circurt
input. The close form solution is then evaluated at each time point
reguested.

Input Parameters:

N The number of state variables.

NPTS The number of time points to be printed.
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TSTART The taime at which output printaings are to Qé
begun.

pT The time ancrement between output printings,

5,B,C.D Matrices in the input and output eguations.

NIN The number of cirecuit inputs.,

NO The number of ecircuirt outputs.,

X0 A vector containing the initial conditions of

the state variables.

INZ Tells vhether all anitial conditions are zero.
IN%Z = 1 if there are any non-zexro 1nitial
conditions.

NZR,NZC,RNZ Variables containing a sparse matrix code for
the system matrix,

IPRINT Tells whether or not the closed form solution i
to be printed.

NORDER A vector relating the way the sources are
defined in ISORCE, NSORCE and SOURCE with the
way they are defined an the output and state

variable equations.

ISORCE,SOURCE'

NSORCE Matrices containing information about sources.
See SCEVAL for description.

NSC The number of different angular velocities

exciting the circuit.

Cutput Parameters:

oyt A matrix containing the outputs evaluated ‘at

each time point.
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Subroutines reguired in this overlay:

STEADY, INIVAL, STORE, TRANS, SCEVAL

EAT, SVESTP, SVESIN, SVECOS, IIPROD

Subroutine:

SVECOS {(AlPL, OlIEGA)

This subroutine determines the response of the system due to

cosine driving functions.

Input Parameters:

N
NR
AMPL

OMEGA

ROOT

The number of state variable eguations.
The number of real eigenvalues of the system matrax.
The amplatude of the driving function.
The angular velocity of the cosine driving function.
A NX¥ complex matrix vhose columns are the V'S of the
expression
EXP (A*T)}*R = V1*EXP (LAIMBDA(1)*T)
+ V2*EXP (LAMBDA (2) *T)
+ .ee
+ VN*EXP (LAMBDA (N) *T)
vwhere
A 18 the system matrix.
R is the draiving vector.
LAMBDA(I) is the Ith eigenvalue of A.
and
T is tame.
The time at which the initial conditions of the system
were measured.
A complex vector of length ¥ contaxning the eigenvalues

of the systen matrix.
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Output Parameters:

CFCOS A NXN matraix containing the transient part of the

solution.

STYCOS A NX2 rectangular matrix containing the steady-state

portion of the solution.

Subroutine: SVESIN{AMPL,QMEGA)

This subroutine perxforms the integration of EXP(A(T-TAU))*R
*#SIN (OMEGA*X) from TO to t vhere A 18 a matrix and R is a vector.

Input Parameters:

N The nﬁmber of state variables.

OMEGA  The angular velocity of the driving function.

R A vector of N length associated with the drivang
fanction.

TC The initial value of time.

ROOT A vector containing the circuit eigenvalues.

P A matrix containang EXP (A*T)*R,

NR The number of real eigenvalues.

AMPL The amplitude of the driving function.

Output Parameters:

STYSIN A NX2 rectangular matrix containing the steady state
solution to the integration.

COEF A NXN matrix containing the transient part of the

solution.

Subroutine: SVESTP (AITPL)

This subroutine determines the responses due to step drivang

sources.
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Input Parameters:

N .
NR

ROOT

The number of state wvariable eguations.

The number of real eigenvalues of the system matrix.

A complex vector of length N containing the eirgenvalues
of the system matrix.

The time at vhich the initial values of the state variable
are measured.

A NXN complex matrix whose columns are the V'S of the

expression
BEXP (A*T)*R = V1*EXP {ROOT (1) *T)
e
+ UN*EXP (ROOT (N} *7)
where

A is the system matraix
R 18 the draiving vector
ROOT(I} 1s the Ith eigenvalue of A
and
T 1s time.
Where complex conjugates occur, the complex conjugate V

is omitted and the remaining V'S stored consecutively an P

AMPL The amplitude of the step functaion.

Output Parameters:

COEF A NX¥ matrix containing coefficients corresponding to the

ST

transient part of the response.

A vector of length N containing the steady state dc part

of the response.
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Subroutine: INIVAL(AIPL)

This subroutine is called to determine the solution correspondir
to the initial conditions or for impulse driving functions.

Input Parameters:

N Number of state varaables.

ROOT Vector containing the eigenvalues of the system matrix.

NR Number of real eigenvalues.

P A matrix containing EXP (A(T~-T0)) where A 1s the system
matrix.

AlPY, The amplitude of the impulse function.

Output Parameters:

COEFO A matrix contaxning the closed form solution.

Subroutine: NPROD{A,B,L,M,N)

This subroutine nultiplies a matrix A into a matraix B and
stores the product in B.

Input Parameters:

A A matrix dimensioned 10x30.
A matrix dimensioned to have 30 rows but havang a variable
nunber of columns. This matrix 1s destroyed during the -
computation.

L Number of rows in matrax A,

M Number of columns in matrix A and rows in matriz B.

N Humber of columns in matrix B.

Output Parameters:

B A matrix containing the product.



Subroutine:

BAT (V)

This subroutine fainds the expression

At
e~ . V

vhere A is the system natrix and ¥ is a given vector. This expression

28 given as

Here

At
e~ -y = y_lellt oot \_rnelnt
nn
k-1
v, =12 C,..A v
-1 iy il §
kel 1l

Ayrhgrees,dn axe the ergenvalues of A and [Cij} ig the anverse

of the Vandermonde matrix given by these eigenvalues. Since if

AJ = )Li*' 23

= V,* complex conjugate V's are not given.

Input Parameters:

N
NR
A

KNZ
NZR,NZC

The number of state variable equations.

The number of real eigenvalues in the system matrix.

A vector containing the non-~zero elements of the systen
matrix.

The number of non-zero elements in the system matrix,
o vectors containing a sparse matrix code for the
system matrix. The Ith non-zero element in the system
matrix is in row MZR(I) and column NZC(I).

A complex matrix containing the inverse of the Vander-
monde matrix given by the eigenvalues of the system

matrix.

Output Parametexs:

P

A matrix whose columns are the V's in the above expan-—

sion except that if Vj is complex, Re[V;] is stoxed

A
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in the Ith column of P and Im[V,] 1s stored in the

I+ith column of P. Vi3 whach as V,* 1s then omitted.

A

SCEVAL

This subroutine evaluates the expression

D*yU

where D*U i1g the matrix expression in the output equation

¥ = C*X + D*U

at each tame point at which output 1S requested and adds the result

to the contents of a matrix out which contains C*X at each output

time .point.

Input Parameters:

TSTART
pT
NUM
NIN
NO

NORDER

ISORCE

NSORCE

The taime at which output praintings are to start.
The time increment between output printings.
The number of output time points to be printed.
The number of circuit inputs.
The number of circurt outputs.
A vector relating the way the sources are defined in
ISORCE, NSORCE, and SOURCE waith the way they are ordere
in the state and output eguations.
A vector whose Ith element tells the number of functior
making up the NORDER(I) source.
A matrix whose I,J element tells the type of the Jth
function making up the HORDER({I) source.

NSORCE(I,J)=1 STEP

NSORCE(I,J)=2  SINE

NSORCE(I,J)=3 COSINE

NSORCE (I ,J)=4 IIPULSE
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SOCURCE A 3-dimensional matrix vhose I,7,1 element tells the
magnitude of source NSORCE(I,J), and whose I,J,2 element
tells (for sine and cosine functions) the angular
velocity of the function.

D The matrix relating the outputs to the inputs in the
output equaticon.

Quitput Parameters:

ouT A matrix containing the circuit outputs at the reguested

time poants.

Subroutine: TRANS

This subroutine calculates the transient portion of the solution
by substituting into the closed form expressions for the solutions.

Input Parameters:

N The number of state variable eguations.

NUM The number of different time values at which the output
15 to be measured. ]

TSTART The time at which the first measurement i1s to be made.

COEF A matrix containing the coefficients of the transient
portion of the solution.

ROOT A complex vector of N length containing the elgenvalues
of the system matrix,

MR The number of real eigenvalues of the system matrix.

DT The interval between time samples.

Qutput Parameters:

ouT A matrix containing the outputs at the reguested time

poants.



The values of the outputs are given at taime
TSTART+K*DT, K=0 'l F ;]-\TUII_J.

Additional Subroutines Reouired: None

Subroutine: STEADY (MTYPE,OMEGA)

This subroutine calculates the steady state portion of the
solution by substituting into the closed form solution. This cai—
culation i1s made at time

TO + K*DT K=0,1,...,N0i1~-1
where TO 15 the time at which printing is to begin,

NUM 1s the number of time poants at vhich printing s
to be rade,
and DT 1s the printing increnent.

Input Parameters:

N The number of state eguations.
MU The number of different time points at which priﬁtmng
18 to be pade.
TSTART The time at vhich the first printing is to be made.
NTYPE The type of driving function.
NTYPE = 1 Sane or cosine draving function.

NTYPE = 2 Step function.

STYSC A matrix containing the closed form steady state portic

of the solution for sine and cosaine draiving functions..
STP A vector containing the closed form steady state portic
of the solution for step functaons.

Output Parameters:

ouT A matrix containing the caircurt outputs at the requeste

time points.



- 62 -

Subroutine: STORE (OIEGA)

This subroutine stores the steady-state response for sine and
cosine drivaing functions. The subroutine will combine responses witl
the same angular velocities.

Input Parameters:

NO The number of carcuit outputs.

STYSC A matrix vhose I,l element contains the steady-state
sine response for the Ith output and whose I,2 element
contains the corresponding cosine response.

OMEGA  The angular velocity of the driving function.

Output Parameters:

NSC The nurber of different angular velocities encountered
so far.

ANGVEL A vector vhose Ith component contains the angular
velocaity of the Ith sine or cosine steady-state responsec

SICO A matrix whose 1,J,K a2lement contains the steady-state
response of the Kth output vith the Jth angular velocity
and whose 2,J,K element contains the corresponding

cosine response.

Program: OUTPNT

This overlay is used for prainting output information for the
matrix mode. Tabulated results are always printed. Close-form
solutions are printed only if requested.

Input Parameters:

IPRINT Tells whether or not the closed form solution 18 to be

printed.
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See CLSOL and TABPNT for additional input parameters.

Subroutine:

CLSOL

This subroutine prints the closed form solution for the

regquested outputs.

Input Parameters:

NO
NAMOUT
NSC

v

ANGVEL

S5I1CO

STP

MR

ROOT

The number of circuit outputs.
A vector containing the names of the circuit outputs.
Tne nurber of sine and cosine inputs.
A vector vhose Ith element 1s the angular velocity of=
the Ith sine or cosine input.
A matrix vhose 1,7,I element tells the steady-state
sinusoidal response of the Ith output due to the Jth
sine ox cosine input, and whose 2,7, element tells +tt
corresponding steady state cosinusoidal response.
& vector whose Ith element gives the steady-state steg
response for tha Ith output.
The number of state variables.
The number of real eigenvalues.
A complex vector containing the eigenvalues of the sys
matrix vith the real eigenvalues stored first and eact
cormplex ergenvalue folloued immediately by 1ts comple:
conjugate.
M matrix containing the transient solution. The tran-
slent solution for the Ith output is-

COEF (I ,T)Y*BXP [ROOT (.T) *¥T]

for ROOT{J)} a real eigenvalue. TTaen ROOT(J) 1s a com
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eigenvalue the solution corresvonding to ROOT(J) 13 com-
wined with the solution corresponding to the complex
conjugate of ROOT{(J) to give:
EXP [RE (ROOT (J) ) *7]
* [COEF(I,J) “SIN{I#¥(ROOT(J))*T)
+COBF (I ,J+1} *COS (IM{ROQT ({J) ) *T) ]
where RE(ROOT(J}) is the real part of ROOT{J) and

IIT(ROOT(J)}) 13 the imaginary part of ROOT(J).

TABPNT

This subroutine prints the tabulated results for the matraix

mode.

Input Paramcters:

TSTART
DT
NPTS

ouT

NO

NAMOUT

Subroutine:

Time at which prainting 1is to begin.

Time increment betveen output printings.

The number of time points to be printed.

A matrix vhose I,J elemert is the Jth output measured
at the Ith tire wvalue.

The number of circuit outputs.

A vector containing the names of the circuirt outputs.

ATAN3(X,Y)

This subroutine combines a sine function with a cosine function

vhere both functions have equal angular velocities but no phase angls

into a sine function with a phase angle. The phase angle is chosen

to be positive or negative such as to make the magnitude of the phass

angle less than pi/2.
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Input Parameters:

X The coefficient of the sine function.

Y The coefficient of the cosine function.

Oﬁtput Parameters:

X The coefficient of the resulting sine function.
|
Y The phase. angle in radians of the resulting sine function,

Note: Both input parameters are destroyed in the computations.



CHAPTER VI

FLOTICHARTS

This chapter contains the flowcharts for all contractor supplied

subroutines.
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