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PADC NCAP is a Fortran program which computes the transfer

functions of electronic circuits. Although the program is large

and its analytical technique complex , the modular structure ,

adherence to naming conventions for subprograms and variables ,

and numerous in—line comments allow NCAP to be readily adapted to

any computer with an appropriate Fortran compiler.

The program consists of eight phases , numbered 0 through 7.

Each phase performs a distinct portion of the circuit analysis

and operates independently o-f the other phases. The only

interphase commun ication is by shared disk files: the driver

file , which is a translation of the NCAP asterisk input cards to

a machine reada ble descript ion of the circuit analyses to be

performed , and the data file , wh ich contains all circuit element

input data , calculated device parameters , admit tance matrices ,

and transfer function vectors. Although several other disk files

are used by NCAP , their function is to conserve core storage and -

to ease the transmission of internally generated data between the

subprograms which comprise individual phases. Detailed

descriptions of the NCAP disk files are contained in the

narrative description of Phase 1.

- Phase 0 is the input processor for NCAP. It reads and -~
- interprets the input deck . mapping the input cards to appropriate

driver and data file records. Phase 1 cdlculates the device

parameters for each circui t element , collects and tdbulates the

circuit’ s frecuencies , and determines the size of the admittance ~~~~~~
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matr ices .  Phase 2 const ructs  the admittance mat r i ces ,  one for

each possible combination of the circuit’s frequencies. Phase 3

constructs the cu r ren t  vectors and calculates  the t r a n s f e r

functions for each frequency combination . Phase 4 pr ints the

results from the circuit analysis performed in Phases 1—3 and

controls frequency sweeping . Phase 5 controls linear component

sweeping , Phase 6 controls device modification , and Phase 7

controls generator modification.

Since numerous circuit analyses may be specified by a single

NCAP input deck , the path of execution through the program phases

is not necessarily sequential . Execution always begins at Phase

0 and proceeds sequentially through Phases 1—4 to perform the

first circuit analysis. From Phase- 4, program execution either

reverts back to Phase 1 to initiate a new analysis if frequency

sweeping is specified , or proceeds to Phase 5 if frequency

sweeping is not specified or after all such sweeps have been

satisfied . In a similar fashion , Phases 5, 6, and 7 may either

cycle back to Phase 1 or proceed on the next phase depend ing on

the linear component sweeping , device modification , and generator

modification s specified in the input deck. Program execution

ends with Phase 7 after the last (if any) generator modification

has  been effected .

Each phase is composed of a principle subprogram wh ich

con trols its general opera tion , a group of secondary subprograms

wh ich perform specific operations for individual circuit elements

or NCAP functions , and in some cases , additional support

~ subprograms which perform operdtions un icue to that phase . The

vii
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program is organized sequentially by phases . Within each phase ,

the principle subprogram appears first , followed by the

secondary and support subprograms in alphabetical order . A group

of shared support subprograms , such as those wh ich perform disk

input/output or complex arithmetic , follow Phase 7 and appear in

alphabetical order .

The principle subprograms of each phase are subroutines ,

with the exception of Phase 0 whose principle , in order to

satisfy the requirements of Fortran , is NCAP ’s main program .

These principle subroutines are named PHASEO , PHASE1,...,PHASE7.

With the exception of but two function subprograms , the remainder

of the NCAP subprograms are subroutines.

Wherever possible , the subprograms are named according to

specific conventions . Subprogram s which perform specific

functions related to circuit elements are prefixed or suffixied

with a device identifier’

GEN = Generator

JFET (or JF) = Junction Field Effect Transistor

LC Linear Components

LDS = Nonlinear Dependent Source

NC Nonlinear Components

NDS Nonl inear  Dependent Source

PT = Vacuum Pentode

SD Semiconducto r Diode

T ( or TRN ) = Pipolar Junction Transistor

VD = Vacuum Diode

VT = Vacuum Triode

viii
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Furthermore , within each phase the secondary subprogram names

contain functional identifiers :

IN = Read and interpret input car ds

CP = Calcu la te  parameters

MT = Crea te matrix elements

CUR = Calcula te curren t elements

Together the device and functional identifier . describe the

purpose of the subprogram ’ GENIN = input generator card

sequence , CPPT = calculate pentode parameters , MTT = cre ate

transistor matrix elements , CPMTVD = calculate parameters and

create matrix elements for vacuum diode, CURNDS = calculate

curren t elements for nonlinear dependent source .

At the suppor t level, subprograms which perform complex

arithmetic are prefixed by CX ( CXADD , CXDIV , etc) , while disk

I/O routines are suffixed by RD and WR ( DATARD , DRIVWR , etc.).

Support subprograms whose f u n c t i o n s  are too speci f ic  to be

categorized are named as descriptively dS possib le - LOCTF =

locate t r a n s f e r  f u n c t i o n , FRPRM = create f requency  pe rmuta t ion .

The pr ogram code for  sub rou t ines  PHA SE1 through PHA SE7 are

all organized alike. Execution through these routines is

controlled by reading and processing the driver file records

sequentially. Each drive r record contains a functional

identifier or mod e , which serves as the index of a computed GO

TO , selecting the proper code segment to process that record.

The coding for each driver function is arranged numerically by

mode within the subroutine and beg ins wi th the statement number

equal to the value of the mode. Additional statement numbers

ix 



within  a code segment are assigned in increments of 100. For

example , a section of transistor code would begin with statement

9 C the transistor dr iver  mode) , and proceed through 109, 209,

309 , and so on.

In a s imilar  fashion , the IN f ami ly  of subroutines ( input

card pr ocessors) share a common organization . Execut ion through

these subroutines is based on a computed GO TO using the card

type ident i f ie r  as an index. The coding for each card type is

arranged numerically within the subroutines and statement numbers

are allocated in increments of 100 within code segments .

The narrative descriptions of the NCAP subprograms which

follow are arranged in the order in which they appear in the

program ’ by phases , and wi th in  phases , by alphabetical order.

Each subprogram description contains a brief statement of

purpose , followed by a variable list , subroutines called , calling

programs , and a detailed narrative of the program code . Wherever

possible mathematical algorithms are summarized and tables of all

possible computed results are presented .

To avoid repetition , variables which are used globally are

listed only in the Phase 0 description or in the first principle

subprogr am in which they are used . In the secondary and support

subprogram descriptions , only local variables (or in some cases

less frequently used global variables) are listed .

Machine dependent code has been clearly identified in both

the program listing and narrative descriptions in order to ease

the adaptation of NCAP to various computer systems.

Functional flow diagr ams for each subprogram have been 
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included to provide an insight into the general flow of logic —

through the program . They are not intended to describe the

analytical techniques employed in the program or to depict the

program code in detai l .  Individual symbols of the flow diagrams

generally represent several line s of program code or complete J
code segments . Wherever possible, diagram symbols have been

labelled with  appropriate statement numbers from the program .
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NAME r MAIN

TYPE~ MAIN PROGRAM

GENERA L PURPOSE

-: Disk file definition , system ini t i a l i za tion ,

control of input phase

VARIABLES !

BUFF = I/O buffer for disk records

CARD = Input buffer for card image . One character

per word , alpha representation , left—justified

DATREC = Next available location on data file (20)

DRVREC = Driver file (21) address pointer

IMAGE = Print  buf fe r  for  inpu t card images

INP = Logical unit number of card reader

lOUT Logical unit numbe r of line printer

JAPT = Input error switch ’ off = 0 , on = 1

LNGTP = Length of data record in words

MAXIT = Total numbe r of frec’uency sweep iterations

MDESV = Mode of previous * car d

MISC = Driver record parameters uniaue to each made

MODE = Identifies circuit element , device model , or NCAP

func t ion

I = Drive file header

2 = Comment or no—op

3 = Generator —

__________ 
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4 — Linear Components J
5 Nonlinear Components

6 a Vacuum Diode

7 = Vacuum Triode

8 = Vacuum Pen tode

9 = Pipolar Junction Transistor

= Semiconductor Diode

Il Not used

r 
12 = Freauency Sweep

13 = Start Circuit

14 = En d Ci rcu i t

15 = Not used

.16=End

17 = P r i n t  Select

18 = Modify

19 = Not used

= Junction Field Effect Transistor

11 = Generator Modification

= Plot -

23 = Not used

24 = Linear Component Sweep

25 = Linedr Dependent Source

26 = Nonl inear  Dependen t Source

MODFY = Modify switch ’ 0 = Modify not in effect
I = Modify  in ef fect

NAPT = Erro r switch for node cdrd ’

0 = Node card present

3—lF
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.1 = Node card missing

NECHAP = Number of bits per character

NBWORD = Number of bits per word

NC HA R = Number of characters per word

NCOM = Number of successive comment cards

NCURV = Number  of curves def ined  by c i rcui t  analysis

NEW = Identifies input card being processed :
— 

—1 = U n i d e n t i f i e d  card , card out of order

0 = Parameter  card

l = N o t  used

2 = Comment card

>2 = *_card

NFR = Numbe r of f requency  values for abcissa of

~ plo t

NIT = FrecTuency sweep iteration counter

NLIST = Print select on/off switch~ 0 = on , 1 = off

NPLCT = Number of plot specifications in input deck

NVEC = Number of t.f. values for ordinate of plot

— 
NXT = Counter for d~ t~ values being inpu t

ORDER = Total number of nodes in circuit~

Order of admittance matrix

SCREC = Location of *START CIRCUIT driver record

STADD = Data file (20) address pointer

TIME = Time elapsed in sing le program segment

TSTART = Start time of single program segment

C 

TSTOP = Stop t ime of single program segment

TTOTA L = Totdl time elapsed all executions single
3-lG 
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program segment

TYPE = Ident i f ies  type of parameter card ’
1 ~~~~~~~

2 = Data values only

3 = Impedance

4 = Freauency

7 = Amplitude 
- 

-

8 = Resistor

L 
9 = Capacitor

10 = Inductor

- e 11 = Constants

12 = ?P

13 = C P

14 a AC

.LS Label

L6 = FP

17 — PB

1 8 = V C

1 9= C C

2 0 = V V

2 1 a C V

2 2 = O f f

23 — On

3— 111
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) SUBROUTINES CALLED : 
-

DECIF - PRCSS PTIME RANSIZE RSHIF T SHIFT

CALLING PROGRAMS’

- NONE -

DESCRIPTION ’

- NCAP ’s main program is the primary routine of Phase 0. It

performs initializa tion of system parameters and reads the input

deck . System initialization begins with the definition of NCAP~s

disk files. Because different Fortran compilers employ var ious

methods for specifying random access f i les , this funct ion  is

considered machine dependent. Therefore the structure and method

of accessing NCAP’s disk f i les  are presented here to enable the

• reader to translate the particular random access I/O requirements

of NCAP into appropriate file definition statements.

The data f i le , logical unit 20, contains the NCAP input data

and all internally generated data and results such as device

parameters , admittance matrices, and transfer function vectors.

The data file is structured as an unlimited number of contiguous

one — word physical records , each of which is ad dressable

according to its relative location in the file. A logical -

record , such as a device data record or d transfer function

vector , consists of an arbitrary number of physical records and

is accessed by the first word of the record and the record

length. The integer variables STADD and DATREC are used as data

file record pointers. Subroutine DATAWR causes data to be

wri tten from core storage to file 20, while subroutine DATARD

- 3—lI
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causes data to be read from file 20 to core storage .

The driver file , logical un i t  21 , is ~ mapping of the * —

input cards to disk storage . It contains the information

required to define the circui t and the circuit analyses to the

system , and is used to control the operation of the various NCAP

phases . The drive r file is initially created during Phase 0 as

input cards are processed , and is modified or updated as

necessary during subsequent phases. Each * — card in the input

deck maps to one or more d r iver  f i l e  records , which originate

from the first ten words of global common . The first three words

of each drive r record , MODE , STADD , and LNGTH , iden ti f y  the

function and define the boundaries of its associated data record

on file 20. The additional words MISC(1) through MISC(7) contain

parameters and pointers unique to each NCAP function . The driver

file is accessed by subroutines DRIVW P and DRIVPD . Individual

driver records are addressed by the record number stored in

DRVR EC. 
-

File 22 contains frequency ddta used as the abscissa for

plotting NCAP output. Each record contains ten frequency values ,

one for each of the ten possible plot specifications in the NCAP

input deck. The number of records in the file is maintained in

the integer word NFR and depend s upon the number of circuit

analyses performed in the NCAP run. File 22 is accessed directly

by ran dom f i l e  read/wri te sta temen ts.

File 23 contains the transfer function values used as the

ordinate for plotting NCAP output . Each record contains twenty ~~

words and stores one complex (two— word) transfer function vdlue

3—lJ
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for each of the ten possible plot specifications in the NCAP

input deck. The number of records in the file is maintained in

the integer word NVEC and depend s upon the number of circuit

-

‘ analysis performed in the NCAP run. File 23 is accessed directly

by random file read/write statements .

File 24 contains the transfer function table created in

Phase 3 by subroutine CONTRL . It is made up of the lower—order

transfer func tion vectors required by the current generator

su brou tines , and consists of a large n umbe r of con tiguous

one—word physical records, each of which is addressable . Each

logical record stores one complex transfer function vector whose

length depends upon the number of nodes in the circuit. Transfer

function vectors are accessed according to LOCT , the address of

the f i r s t word of th e record , and LT, the length of the record.

Transfer func tion values at a particular node are accessed by the

first word of the vector plus a displacement factor derived from

the node number . Subroutine TFWR and TFRD perform input/output

for file 24.

File 25 is used to store the current vector calculated for

on e f reauency combin ation in Phase 3. The f i le  contains one

logical record , the length of which is determined by the number

of nodes in the circuit. Current vector values for each node of

the circuit are individually addressable. Subroutines TFWR and

TFRC perform input/output for file 25.

The system initialization portion of Phase 0 begins with the
- 

~~- 4~~ definition of NCAP’S machine dependent character manipulation -

* par ameters  wh ich are tr a n s m i t ted to the su brou t in es wh ich use
3—1K
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them through the labe l led common area WORDSZ . The integer

variables NCHAR (numbe r of characters per w o r d ) ,  N B CHAR (numbe r

of bits per character), and NBWORD (number of bits per word)

describe precisely the word length of the host computer and its

• method of representing alphanumeric characters internally . The

alphanumeric left—justified blank , LELANK , is defined in a DATA

statement. The right—justified blank character, RELANK , is

calculated in the main program by a call to subroutine SHIFT.

Next the logical unit numbers of the primary input and

output devices, usually the card reader and line printer , are

stored in INP and lOUT respectively. The frequency sweep

parameters NIT and MAXIT , the plot parameters NCURV , NFR , and

NVEC , and the print select and plot switches NLIST and NPLOT are

initialized in the main program and updated and tested during the

execution of subsequent phases.

The input phase begins with the initialization of Phase 0

pointers , switches, and data areas . The data buffer BUFF(I) , 1=1,

250 is cleared and the driver file record numbe r DRVREC is set to

2, leaving an open record for the driver file header which is

generated internally at the conclusion of Phase 0. DATREC , the

next available storage location on data file 20, is ini t ia l ized

to 1, as is the data file address pointer STADD. The input error

switch is turned off by JAPT = 0, while the node card error

switch is initially turned on by NABT = 1. The data value and

comment card counts NXT and NCOM are cleared and the Start

Circuit driver record numbe r SCPFC is set to zero . 
-

Since the exact content  of ~he NC A P inp ut deck is not known
3-iL 
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in advance , input processing is not merely a matter of reading

and storing data in a prearranged fashion . Instead the

subroutines of Phase 0 act in concert to interpret  the input

cards , translating them into appropriate driver and data records

for use by subsequent NCAP phases.

The input deck consists of a series of *...control card

sequences which define circuit topology, circuit excitation ,

linear and nonlinear elements and models , solution modification ,

and output . Each such card sequence begins with an *_control

card defining its function , followed by parameter cards that

supply additional information and/or precise values for that

function .

Phase 0 is driven primarily by the *_control cards.

Whenever an * control card is encountered in the input stream ,

the previous function is closed by writing its driver and data

records to d isk , and a new function is opened . Parameter

(nonasterisk ) cards are passed along to a subroutine unique to

the function defined by the previous *...card . There the parameter

card is processed according to an anticipated format and its data

merged with any previous data for that f~,nction . Input continues

in this fashion until the *END card is processed , at which time

program control transfers to PHASEX .

Input processing is controlled by NCAP’S main program and —

begins by initializing the function identifier MODE to 1,

indicating that no input card sequences have yet been processed .
- 

- 

I 

A card is tead in left—justified alphanumeric format , one

character per word , into the integer array CARD. If an

3—1M-
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unanticipated end—of--f i le  is encountered , execution terminates

with a CALL EXIT. Otherwise the card image is transmitted to

subroutine DECIF where it is examined and assigned a funct ional
- integer code which is returned to the main program in NEW . Upon

return from DECIF , NEW<0 indicates an unidentified card wh ich is

not processed further , and after printing an appropriate error

message program control transfers to - read the next card .

Otherwise the card is either a comment (**) , an *_control card ,

or a parameter (non—asterisk) card . Comment cards , identified by

NEW=2 , are printed on the line printer but otherwise ignored by

-Phase 0.

When an *_control card is encountered in the input deck ,

subroutine DECIF returns a value of NEW>2 to the main program .

This causes the old function identified by MODE to be closed and

the new function identified by NEW to be opened . Control passes

from the main program , through subroutine PRCSS, to an

appropriate input processing subroutine which closes the previous .

*_function by writing its driver and data records to disk , and

pr inting any error messages associated with it. Upon return to

the main program the new *_ card is printed , the mode of the -
~

previous function is saved in MDESV , and the modify switch MODFY 
-

•

is turned off. The new function is opened by setting MODE=NEW and

- 
the data value counter , driver record parameters , and data buffer

-are reinitialized .

Parameter card images (NEW=0) are output on the line

printer , and then transmitted through subroutine PRCSS to an ~~~~,

appropriate input processing subroutine according to the vdlue of

3-iN
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MODE. There the card is reformatted and interpreted according to

the value of TYPE. Upon re turn  to the ma in pr ogram , control

transfers to read the next card.

Input continues - unt i l  the *END (MODE 16) card is

encountered . At th is  point the input processor ENDIN causes

program control to t rans fe r  to PRASE 1 if no errors were detected

in the input . Otherwise NCAP execution terminates.

I
I

— 

j  
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I
tJ AME ALPHA —

TYPE ’ SUBROUTINE —

GENERAL PURPOSES

Decodes and formats  an alphabetic input value by

converting the characters stored in CAR D (IPOS )

through CA RD(J—l )  to an alphanumeric value returned

in STRING(1) 
- 
I

VARIABLE S

CARD = Right—justified alphanumeric card image

i~os = Position of first character to be formatted

ISW = End of da ta switch~ Off  = 0,  On = 1

j  = Position of last character to be formatted+l

STRING = Alphanumeric string representation of input

value ,

SUBROUTINES CALLED’

SCAN

CALLING PROCRAMS~ - 
I

GENIN JFETIN LCIN LDSIN MODGIN

NCIN NDSIN NODEIN PLOTIN PSIN

SCIN

3—2C - 
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DE SCRIPTION

Subroutine ALPHA decodes and forwot ~ a f ree—form alphabetic 
-

Input val ue . Input to the rou t ine  is the r i g h t — j u s t i f i e d

alphanumeric card image stored in the integer array CARD and the

character position IPOS at which the datum begins.

The contiguous characters CARD (IPOS) through CARD(J—l) which

comprise the alphabetic input value are extracted from the card

image and converted to a left—justified alphanumeric string by

subroutine SCAN . The resulting alphabetic datum stored in the

integer STRING(1) is returned to the calling program without

further processing.

Additional arguments returned by subroutine ALPHA are the —

updated character position IPOS , which indicates the f i r s t 
- -

character position of the next value on the card , and the 
-

end—of—data switch ISW . 
-

I
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NAME ’ DATOUT

TYPE SUBR OUTINE

GENERA L PURPOSE ’

Writes input data to file 20 and driver records to file

21. Output is by—passed if input errors exist . Clears

I/O buffer ,

VARIABLES-~

J = Numbe r of parameters in the data record

N = Length of data record to be output (in

words)

SUBROUTINES CA LLED

DATAWP DRVOUT ERROR

CALLING PRO GRAM S~

PTIN SCI N SCIN TRNIN

VDIN VTIN JFETIN

DESCRIPTION’

Subroutine DATOUT handles the output of data and drive r

records for many of the Phase 0 input processing routines ,

closing the f u n c t i o n  def ined  by an *_ card sequence . Arguments

t r an s m i t t e d  to the subrou t ine  are J, the num ber of parameters

3-3C
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anticipated and N , the length of the data record in words . )
First  the input data is tested for e r ro rs .  Subrout ine

DATOUT exi ts  with an appropriate e r ror  message if any of the

following input e r rors  are detected :

1) The parame ter count NXT is less than the

anticipated number of data values

2) A node card was encountered in a modify card -

sequence (NA BT=~’ and MODFY = l)

3) The node card was missing from a circuit

element d e f i n i t i o n  (NAB T= 1 and MODFY = 0)

4) Th e inpu t error  switch is on (JAB T=l)

If no input e r ro rs  are detected , the data record is w r i t t e n

from the common data buffer BUFF to file 20 by subroutine DATAWR .

The data file record number DATREC is updated to point beyond the

new data record by DATREC = DAT REC + N.

Subroutine DRVOUT is called to complete the driver record

definition and to write it to file 21 , closing the function .

Subroutine DATOUT then returns to the calling program.

I

I 
—~~
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NAME : DECIF

TYPE: SUBROUTINE

GENERAL PURPOSE: -

Assigns functional identifiers NEW and TYPE to input

car d images

VA R IABLE S:

BLANK = Left—justified alphanumeric blank

CODES = Valid *_card functions

lAST = Left—justified alphanumeric asterisk

Il = Firs t character , first word of *..card

12 = First character , second word of *....card

NCODS = Number of valid *...card functions

NTPS = Number of valid parameter card designators

F - NUMS = Left—justified alphanumeric representation

of the charac ters

1 , 2 , . .. 9, 0, + , — , ., E

TYPE S = Valid paramete r card designators

SUBROUTINES CALLED :

- - E RROR

_ _ _ _ _ _ _ _ _

CALLING PROGRAMS :

- 

-

~ MAIN 

~
) -1

3 — 4 D
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DESCRI PTION :

Subroutine DECIF examines the card image transmitted to it

in the integer array CARD and assigns NEW and TYPE codes

according to its contents. The card image is stored in

left—justified alphanumeric format , one character per word in the

integer array CARD .

Although the system cannot anticipate the exact make—up of

an input  dec k , it does recognize five basic card types:

1) An *...control card containing an * followed by one

or more keywords. Such cards are classified by

TYPE=l and NEW=3 ,4,...26, depending on the keywords.

2) A parameter card containing an identifying keyword.

These cards are classified by NEW=0 and TYPE=

3 ,4,...23 depending on the keyword.

3) A parameter card containing only numeric values

and classified by NEW=0 and TYPE=2. -

4) A comment card containing ** in the first two non—

blank character positions. Comments are classified

by NEW 2.

5) An un ident i f iable card constituting an e r ro r  and

classified by NEW=—1.

The function of subroutine DECIF is to determine which of

these card types applies to the given card image and to assign

corresponding NEW and TYPE codes which serve as the basis for

further processing by Phase 0. A complete tabulation of NEW and

TYPE codes is presented below :

- - 3—4E
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NEW CODES DESCRIPTION

(MODE ) (Character  Pair)

— l None Er ror  Condition
4 

0 None Parameter  Card

1 None Dr iver  File Header

( Inte rna l ly  Created)

2 None Comment

3 G_ Generator

4 LC Linear  Componen ts

5 NC Nonlinear Components

6 VD Vacuum Diode

7 VT Vacuum Triode

8 VP Vacuum Pentode

9 T_ Transistor

10 SD Semiconductor Diode

11 xx Not Used

12 XX Frequency Sweep

(Internally Created)

13 SC St a r t  C i rcu i t

14 - EC End Circuit

15 XX Not Used

16 E_ End

17 PS Print Select

18 M_ Modify

19 XX Not Used 
~

“b
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20 J ~3unction Field Effect

Transistor

21 XX Generator Modification

(In te rna l ly  Crea ted)

22 P~ Plot

23 XX Not Used

24 XX Linear  Component Sweep
- 

(Internally Created )

25 LID Linear  Dependent Source

26 ND Nonlinear Dependent Source

TYPE TYPE S DE SCRIPTI ON

___ -- 
(Character Pair )

1 None *_ Contr o l  Card

2 None - Parameter Card With Only

Nu m eric  Valu es

3 IM Im pedance

4 FR Frequency

5 OR Orders for Print Select or

Plot

6 NC Nodes for P r in t Select or

Plo t

7 AM Ampli tude

8 P Res is tor

9 C Cdpacitor

I. Ind uctor

3-4G
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11 CO Constants for JFET

12 BP B—Parameters  for JFET

13 C? C—Parameters for  JFET

14 AC Analytic Parameters for  JFET

15 LA Label for Plot

16 EB Forward Bias

17 PB Reverse Bias

18 VC Voltage Control led Current

Source

19 CC Current Controlled Current

Source

20 vv Voltage Controlled Voltage

Source

21 CV Current Controlled Voltage

Source

22 OF P r in t  Select Off

23 ON Print Select On

Because the NCAP user exoresses his input in free—fotm ,
-

~ 
- -  

there is no requirement for card input to begin in column 1 or

that data values appear in particular card columns. A data value

is defined as a string of conUguous non—blank alphanumeric

characters , and although the order in which data are placed on

cards is critical , the spacing between data values is arbitrary.

Therefore subroutine DECIF must isolate the individual data

values on the card dfld then classify the card according to those

values .

3—41i—
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Classification begins by determining the presence or absence

of an * in the first non—blank character position . Starting at

CARD (l) the image is scanned column—by—column to locate the first

non—blank character. If no non—blanks are found , the card

con tains no data an d su brou t ine DECI F exi ts to the main prog r am

treat ing the blank card as a comment . O t h e r w i s e  the f i r s t

non— blank located in CARD(I) is tested for the presence of an ~~ .

If an * is found , the card is e i the r  an *_ cont ro l  card  or a

comment card . If CARD(I+l) is also an asterisk , a comment is

— assumed and classified by NEW=2. After incrementing the comment

count NCOM , subroutine DECIF exits to the main program .

If CARD(I+l) is not an asterisk , an *...control card is

asst~uted . The first character of each of the next two words is —

extracted and compared against the table of valid character pairs

stored in CODES(J) , J=l , NCODS. If a match is found , the card is

classified by TYPE=l and NEW=J+2. If no match is found , the

unidentifiable card is classified by NEW=—1 and exit occurs after

an appropriate error message is printed. 
-

In the event that the first non—blank character CARD (I) is

no t an as ter i sk , a parameter card is assumed and classified by

NEW=O. Such cards are further examined by comparing the first

two characters of the first word on the card against a table of

val id  ch arac t’er pairs stored in TYPES (J), J 1 , NTPS. If a match

is foun d , the card is classified by TYPE J+2 and exit occurs.

Otherwise the first non—blank character is compared against the

table of valid numeric characters stored in NUMS (J), J=1, 14. No

3—41
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match indicates an unidentifiable card wh ich is assigned NEW —1 .

If the character is a valid numeric , the card is assumed to

contain only numeric data values and is further classified by

- TYPE 2. In either event return is made to the main program where

fu r the r  processing of the card image takes place.
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NAME : DECIM

TYPE: SUBROUTINE

GENERA L PURPOSE:

Decodes and formats a decimal input value by converting the

characters stored in CARD(IPOS) through CARD(J—l) to a -

floating point number returned in X

VARIABLE S:

CARD = Right—justified alphanumeric card image

IPOS = Position of first character to be formatted

IS~ = End of data switch : Off 0 , On = 1

J = Position of last character to be formatted+1

STRING = Alphanumeric string representation of input

value

Y = Floating point value returned

~UPPO11TI~ FS CAi-t-FT~

C!~L I I~ C PPCCP~ MF

cFrI~ JFFTPc LCW £rEIN

rCIr ‘T SI r ’  P TI ’~T ~rir TPNI~

vrfl’ VTIr’
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DESCRIPTION S

Subrou t ine  DE CI 1~’ decodes and forrats a free—form decimal

inpu t value. Input to the routine is the right—justified

alphanumeric card image stored in the integer array CARD and the

-: character position IPOS at which the datum begins.

-The contiguous characters CARD(IPOS) through CARD(J—l ) which

comprise the decimal input value are extracted from the - card

image and converted to a right—justified alphanumeric string by

subroutine SCAN . The character string returned in the integer -

array STRING is then converted from alphanumeric representation

to a floating point value X by:

DECODE (STRING , l)- X

1 F O R M A T  (El2.0) -

Arguments returned by subroutine DECIM are the decimal input

value X , the updated character position IPOS which indicates the

first character position of the next data value on the card , and

the end—of—data switch ISW.

:.
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PA~ F -DPVOOT -

TYPE - SUP ROUTINF

CFNE RJ~L PUPPCSF

Completes d e f i n i t i o n  of d r i v e r  p a r a m et e r s  and wr i tes

d r iver  record to f i l e  21

VAPI J~PLFS-

JJ = I n t e rm e d i a t e  s to raqe  of £ ‘OEF

SUPBOUTflTES CALr FE

r RIV WP

CALLING PPeCPl~’S
-
~

DATC~JT E CIJJ FNEI T~’ LCII” - I C’SIt”

NCI1~T PSIN SCIN

DFSCPIPTIO~ -

S u b r o u t i n e  DPVCUT completes the d e f i n i t i o n  of d r i v e r  record

Parame ters for some of the Phase ~ input processing subroutines

and writes the driver record to file 21.

The MCPF of the present card seouence is saved in JJ and the

Cata record length is calculated by LNCTH CATPrC—ST1~CE. If the

- 
mo dif y switch is off (MCCFY=c~), the driver record i~ w r i t t e n  to -

file 21 from the first ten words of qioba]. cormo r by su b rou t inc
- r) r ? I V ~u~~. 

-
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A MODIFY card sequence carries the MODE of the device it

modifies during input processing , but is written to the drive r

file as MODE—l8. Therefore , if the card sequence being processed

is a modify function (MODFY=l) , MODE is set to 18 and the mode of

the device being modified is taken from MDESV and saved in JJ

before the driver record is written by subroutine DRIVWR.

Upon return from subroutine DRIVWR the record number for the

next data record STADD is taken from DATREC , the mode of the

present card seauence is reset from JJ , and subroutine DRVOUT

returns to the calling program .

3—6D
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I
NAME- ECINS

TYPE: SUBROUTINE

GENERA L PURPOSE

Processes *END CIRCUIT card

VARIABLES :

NON E

SUBROUTINES CALLED~
ERROR

- 

I CALLING PROGRAM S:

PRCS S

DESCRIPTION •

Subroutine ECIN is the input processor for the END CIRCUIT

card . Its function is to translate the end circuit definition

into an appropriate driver record for use by subsequent NCAP

phases.

Because there are no data cards associated with the end

circuit input, TYPE=l is the only code recognized by subroutine
- 

- 

ECIN. Any other value of TYPE constitutes an inpu t error which

is handled by subroutine ERROR before exit to- the calling

program.

3-7C
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If the start circuit drive r record number is undefined

(SCREC—ø) or the input error switch is on (JABT~l), subroutine (1
ECIN exits with an appropr iate error condition . Otherwise the

END CIRCUIT driver record is written to file 21 from the first 
-

-

ten words of global common by subroutine DRVOUT.

The end circuit drive r record is identified by MODE=]4. -

Because there is no data associatd with an end circuit funct ion ,

the driver parameters STADD and LNGTH are not applicable. The t

start circuit driver record number is stored in MISC(1). The

other MISC driver parameters are not used .

After the driver record has been written to disk , subroutine -

ECI N returns to the calling program. -

I i
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t’~ NAME : ENDIN

TYPE: SUBROUTINE — -

GENERAL PURPOSE •

Processes *END card , creates drive r file header , closes

Phase 0 processing

VARIABLES :

NONE

SUBROOTINES CALLED :

DRVOUT PHASE1 TIMOUT

CALLING P ROGRAM S :

PReSS

DESCRIPTION S

Subroutine ENDIN is the input processor for the END card.

Its function is to translate the end definition into an

appropriate driver record for use by subseauent NCAP phases and

to close the Phase 0 processing.

If errors were encountered in the input deck during Phase 0

processing (JART — 1), NCAP execution terminates with a CALL

EXIT.

Otherwise the END driver record is written to file 21- by

3—8C I !
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subroutine DRVOUT. The END driver record is identified by

L4ODE—16. Because there is no data associated with the end

function (it simply serves as a delimiter), the driver parameters

STADD and LNGTH are not applicable . The MISC driver parameters

are not used.

The Phase 0 processing is closed by creating the driver file

header and writing it to the first record of file 21. The header

record is identified by MODE—i and contains the next available

file 20 storage location in MISC (l) and MISC(4). The other

driver parameters are not used . The header record is written to

the driver file by subroutine DRVOUT and program control

transfers to subroutine PHASE]..

3-8D
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NAME GENIN J

TYPE : SUBROUTINE

GENERAL PURPOSE:

Processes *GENERATOR card sequence according to the va lue

of TYPE :

Type = 1 End of car d seauence

Type = 3 Impedance

Type = 4 Frecuency

Type = 6 Node

Type = 7 Ampli tu de

VARIABLE S:

AMP = Amp li tude values

CXONE = Floating point representation of complex

number (l.,0.)

FNO = User—assigned freauency numbers

- 
I FR EQ = Frequency values

IMPS = Impedance values

IMTRL = Impedance combination code

INC = Number of steps in frequency sweep

ISTAPT = Location of first character in impedance

combina tion

— ISTOP = Location of last character in impedance

combina tion + 1.

3-9H
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ISW — End of data switch : Off — 0, On — 1ITSV = Type code of last parameter card processed

ITYPE - Sweep type code, 0 No sweep

- 1 Linear

2 — Logarithmic

JRFCO - Address of driver record

* NFREQ - Number of freauencies this generator

NIMP - Number of impedances this gener ator

PELANK — Right—justified alphanumeric blank

STRING — Alphanumeric string representation of input

value

STOP — Stop value for sweep

TYPES = Valid frequency sweep types

SUBROUTINES CALLED

ALPHA CXDIV DECIM ERROR

GENOUT INTEG NODEIN

CALLING PROGRAMS :

PRCSS

DESCRIPTION :

Subroutine CENIN is the input processor for GENERATOR card

seauences. Its function is to decode the generator input data

— according to an anticipated format , translating the input into

appropriate data and driver records for use by subsequent NCAP

~ 
phases.



——-~~~
---—.----- —.

~
-----

Each call, to subrout ine  GENIN causes a s ingle  NC AP inpu t

card to be processed . The card image and its type code a re

transmitted through common storage to subroutine CENIN w h i c h

processes the card according to its type as follows :

TYPE — i End of Card sequence

The closing of a generator defini tion begins by t e s t ing  the

frequency and impedance specif icat ions for er r o r s . Each

generator definition must contain at least one frequency card

(N FPEO .GT.0 )  and e i ther  a cons tan t  impedance (N I M P = l )  or one

impedance card for each possible frequency combination

-
‘ 

(NIMP 2 
NFRE~ ) If an improper num ber of fr equencies  an d/or 

—

— impedances have been specified , subroutine GENIN exits with an

appropriate error condition .

Any undef in ed ampl i tude valu es ar e assigned th e de fau l t
— value -f

AMP (1 ,1) = l.a

AMP (2,1) -
= 0 . 0

The ampl i tude  data  is then stored in the common data buffer at

PUFF(1l) — B U F F ( 3 0 )  . Subrout ine  GEN OU T is cal led to complete the

definition of the generator driver and data records and to write

them to disk , after which subroutine C-ENIN returns to the c a l l i n g

program.
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~~, TYPE=3 Impedance_Card

The card type 
- 
card is saved in ITSV, the number of

impedances NIMP is incremented , and the IMP identifier is decoded

by subroutine ALPHA . The real part of the impedance value is

decoded and formatted by subroutine DECIM and stored in IMPS(l,

NIMP). If the end—of—data is encountered (ISW=l) , the imaginary

part of the impedance value is assigned the default value zero .

Otherwise the imaginary  part of the impedance value is decoded

and formatted by subroutine DECIM and stored in IMPS(2, NIMP).
-

- - The impedance value is then converted to an admittance - by

subroutine CXDIV .

— At this point the end—of—data switch ISW is used to

determine the presence of an impedance combination on the, card .

If the end—of—data switch is on (ISW=l) , subroutine GENIN exits

after setting the impedance code BUFF (NIMP + 40) = 0 to indicate

a constant impedance .

If the end—of—data is of-f (ISW=0), the impedance combination

is extracted from the card image , converted to an impedance code ,

and appended to the impedance code table at BUFF(NIMP + 40).

Each digit of the impedance combination is represented in the

impedance code IMTBL by the bit position of like number. For

example , if the digit 3 is included in the combination , the 3rd

bit of’ IMTBL is turned on by IMTBL = 22. Beginning with the

- 

- first digit of the combination stored at CARD (IPOS), each digit

is mapped to the prope r bi t  position and accumulated in IMTBL as

follows : 
-

3—9K 
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IMT BL = IMT BL + (2** (CARD (J—l) —1))

This process continues under the control of the index J until

either CAPD (J) is a blank or six digits hdve been used . The

resulting code is placed in the impedance code table at BUFF (NIMP

+ 40) and subroutine GENIN returns to the calling program .

TYPE=4 Freouency Card

The card type code is saved in ITSV , the number  of

frequencies NFREC is incremented , and the FR identifier is

decoded by subroutine ALPHA . The freauency number is decoded and

formatted by subroutine INTEG and stored in FNO(NFREC). The

frequency value is decoded and formatted by subroutine CECIM and

stored in FREO (NFREO). If the frequency number is zero ,

subroutine CENIN exits with an appropriate error condition .

At this point the end—of—data switch 15W is used to

determine the presence of frecuency sweep parameters on the card.

If the end—of—ddtd switch is on (ISW 1) , the parameters ITYPE and

INC are set to indicate no sweep . Otherwise the STOP , INC ., and

ITYP E parameters are decoded and formatted by subroutine DECI~~.

INTFG , and ALPHA respectively.

The sweep type is tested against a table of valid 
4

alphanumeric types. If no match is found , subroutine GENIN exi ts
- 

- with an appropriate error condition . If a match is found , the

sweep type is encoded in ITYPE (NFREC ) , the frequency number and

— 
value are placed in the common data buffer PUFF, and subroutine

3— 9L
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GENIN returns to the calling program .

TYPE=6 Node Card

The card type code is saved in ITSV and the amplitude data

area AMP is cleared. The nodes of connection are extracted from

the card image , forma tted , and stored in MI SC (3) and MI SC (4) of

the driver record by subroutine NODEIN. Subroutine GENIN returns

to the ca l l ing prog r am .

TYPE=7 
-- 

Arnp l itud e Car d

To assure that amplitude data are properly associated with

frequency ddta , each ampli tude card must physically follow a

freouency card in the input deck. Therefore if the last card

processed was not a frequency card (ITSV ~ 4) , subroutine GENIN

exi ts with an appropriate error condition .

- Otherwise the card type code is saved in ITSV and the AMP

identifier is decoded by subroutine ALPHA . The real and

imaginary pdr ts of the complex ampl itude are decoded and

forma tted by subroutine DECIM and stored in AMP(l, NFREQ) and

AMP(2, NFREQ).
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Any other value of TYPE constitutes an input error which is J

handled by subroutine ERROR before exit to the calling program . :_ -
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NAME : GENOUT

I
TYPE: SUBROUTINE

GENERA L PURPOSE :

Tests for errors in generator and modify gen’~rator input,

wri tes input data to file 20 and drive r record to file 21,

crea tes and wri tes  frequency sweep data and d r ive r

records

VARIABLES :

FNO = User—assigned frequency numbers

FREQ = Frequency values

INC = Numbe r of steps in frequency sweep

ITYPE = Sweep type code; 0 = No sweep

1 = Linear

- 2 = Logarithmic

JRECO = Address of generator or modify driver record

NFREQ = Number of frequencies this generator

NIT = Maximum number of sweep iterations this

generator

STRING = Alphanumeric string representation of input

value

STEP — Sweep increment value

STOP - Stop value for sweep

3— 1 OE
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SUBR OUTINES CALL ED

DATAWR DRIVRD DRIVW R ERROR

CALLING PROGRAMS ’
a

GENI N MOD GIN -

DESCRIPTION

Subroutine GENOUT handles the output of data and driver

records for the generator input processing subroutines GENIN and

MOD GIN , closing the generator and modify generator definitions.

First the input processed by GENIN or MODGIN is tested for

errors. If the node card is missing (NABT~
(0) or the input error

Fwitch is on (JABT=1) , return is made to the calling program with

an appropriate error condition. Otherwise the data record is

written to file 20 from the common data buffer BUFF by subroutine

DATAWR .

The generator data record contains 230 words allocated as

follows •

BTJFF(l)—(lO) Frequency Values

BUFF(ll)—(30) Complex Amplitudes

- 

BTJFF(3l)—(40) User—assigned Frequency Numbers

BUFF (4l)— (l03) Impedance Combination Codes

BUFF (104)-(230) Complex Impeddnce Values

After the data record has been writt4’n to disk , its record

number is stored at STADD and the next available file 20 storage

L 
location is updated to point beyond the generator data by

DATREC DATREC+230 . The frequency values, amplitudes, and
- 

3-lOF
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cy numbers stored in BUFF(l)—(40) are then rewritten to

the data file at record numbe r DATREC and the next available file

20 storage location is updated to point beyond the re—written

• data by DATREC=DATREC+40. (This re—wr ite file is later used by

Phase 4 to restore the original freauency data after execution of

a frequency sweep.)

— The driver record parameters defined in the input processor ,

GENIN or F4ODCIN, are transmitted through common storage to

subroutine GENOUT. Here the remaining driver parameters are

defined and the record is written by subroutine DRIVWR to file 21

f rom the f i r s t  ten words of global common . The complete drive r

record is comprised of:

MODE=3 or 21 Generator or Mod i fy  Generator

- ‘  Id en t i f i e r

STADD Data File Record Number

LNGTH=230 Lenath of Data Record in Words

MISC (l)=NFREQ Number of Frequencies -

MISC(2)=NIMP Number of Impedances

MISC(3) Positive Node of Connection

MISC (4) Negative Node of Connection

MISC(6)—NIT Number of Sweep Iterations

Other MISC driver parameters are not used .

Unlike most NCAP input card sequences which map to a single

driver and data record , generator and modify generator card

seauences result in one or more driver records , each with an

associated data record. The number of driver records is related

to the number of sweep iterations defined in the card sequence.

3—lOG
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If frequency sweeping is not specified in the card sequence

( i . e . ,  I T Y P F ( I ) = O  for all I—]., NFREQ), the card sequence has only
I

a single MODE=3 or 21 driver record associated with it and

subroutine GENOUT returns to the calling program without further

processing .

Otherwise the sweep specifications must be translated into

appropriate d r iver  and data records. First the numbe r of sweep

i tera t ions , NIT , is derived from the largest INC parameter

specified in the generator or mod ify generator card sequence.

(Each of the NIT sweep iterations causes one driver and data

record to be created internally and appended to the disk files.)

Then a sweep increment STEP (I) is calculated for each

frequency value in the generator definition . The increment is a

function of the original frequency value FREQ(I) and the STOP,

INC , and ITYPE parameters associated with that frequenc~ø as

follows :

1) For ITYPE(I)=l , linear sweep is indicated and :

STEP(I)= STOP(fl_ -_FREQ(I)
INC(I) — 1.

2) For ITYPE(I)=2 , logarithmic sweep is indicated and
- 

~~~~ 1.
STEP(I)= STOPjfl INC(I)— ]..

F P E Q ( I )

3—1011
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After the increments have been calculated , the sweep driver

and data records are created and appended to the disk f i les .

Like standard driver records , sweep driver records are developed

in the first ten words of global common. A frequency sweep

driver record consists of:

MODE=12 Frequency Sweep Identifier

STADD Data File Record Number

LNGTH=40 Lenath of Data Record in Words

MISC(l)=NFREQ Numbe r of Frequencies

MISC (2)=NIMP Number of Impedances

MISC (3) Positive Node of Connection

MISC(4) Negative Node of Connection

p MISC(6)=NIT Numbe r of Sweep Iterations

Other MISC driver parameters are not used .

Frequency sweep data records have the same structure as the

first 40 words of the original generator data record and are E
— developed in the common data buffer BUFF by an iterative process.

-
- The first sweep data record is derived from the original

generator data by performing an incrementation operat ion on each

- 
— frequency value BUFF(J), J=l ,NFREQ according to its corresponding

-

~ - STEP (J ) ,  STOP (J ) , and ITYPE (J ) parameters:

1) For ITYPE (J)—0 , no sweep is indicated . No incremen—

- tation is performed and the frequency value remains

I 
-

1 3—101

L~. 
~~~ --



~ -
~~~~~~~~~~~~~~~~~~~~~~~~ - - -~~~~~~~~~~~~~~~~~~~ —~~~~~— - --

cons t an t  at E U F F ( J ) . )

2) For ITYPE ( J ) = l , l inear  sweep is indicated and the

inc rementa t ion  is addi t ive :

R U F F ( J ) BUFF (J) + STEP(J)

unless STOP(J) is exceeded , in which case the fre—

auency remains constant at its last value .

3) For ITYPE (J)=2 , logari thmic sweep is indicated and

the incrementation is multiplicative :

L BUFF(J)=PrJFF(J) *

If STOP(J) is exceeded , the frequency value remains

constant at STOP(J).

After every frequency value in the buffer has been updated ,

the new data record is written to file 20 at record number DA~REC

by subroutine DATAWR . The next available file 20 storage

location is updated to DATREC—DATREC + 40 and subroutine DRIVWR

is called to write the sweep driver record to file 21. The data

record numbe r STADD is updated and program control transfers back

to process the next sweep iteration . The creation of sweep

records continues under the control of the index I until all NIT

sweep iterations have been translated into data and drive r

F records.

The or iginal generator or modify generator driver record is

read from the driver file by subroutine DRIVRD according to the

- ‘
~~~~

‘ - ‘ record number JRECO transmitted to subroutine GENOUT as an

3-1OJ
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argument. After storing the sweep iteration count NIT in

MISC(6), the updated driver record is re—written by subroutine -

D RI VW R . 

-

After 
- 

the MODE is restored to 3 and the data file record
- number STADD is updated , subroutine GENOUT returns to the calling

program. 
- - 

-

1

( )
‘
I 

-

- ,
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NAME:,INTEC

TYPE SUBROUTINE
-
r

GENERAL PURP OSE :

Decodes and formats an integer input value by converting the

characters stored in CARD(IPOS) through CARD(J—l) to a

fixed point number returned in K 
-

VARI ABLES : 
-

CARD = Right—justified alphanumeric card image

IPOS = Position of first character to be formatted

ISW = End of data switch~ off  = 0 , on = 1

J = Position of last character to be formatted+l

K = Integer value returned

STRING = Alphanumeric string representation of input
r -

value

SUBRO UTINES CALLED

- SCAN

CALLING PROGRAMS :

CENIN LCIN LDSIN MODCIN NCIN

NDSIN NODEIN PLOTIN PSIN

I
3—llC
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DESCRIPTI ON :

Subroutine INTEG decodes and formats a free—form integer

input value . Input to the routine is the r ight—justified

alphanumeric card image stored in the integer array CARD and the

character position IPOS at which the datum begins.

The contiguous characters CARD(IPOS) through CA RD (J—1) which

comprise the integer input value are extracted from the card

image and converted to a right—justified alphanumeric string by

subroutine SCAN. The character string returned in the integer

array STRING is then converted from alphanumeric representation

to an integer value K by:

DECODE (STRING , 2) K

2 FORMAT (112)

Arguments returned by subroutine INTEG are the integer input

value K , the updated character position IPOS which indicates the

first character position of the next data value on the card , and

the end—of—data switch ISW.

3—llD
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NAME : JFETIN

TYPE: SUBROUTINE

GENERAL PURPOSE:

Processes *JFET card sequence according to the value of

TYPE:

Type = 1 End of card sequence

Type = 2 Paramete r card

Type=6 Node

Type = 11 Constants
- 

Type = 12 EP

Type= 13 CP

li_/ Type = 14 AC

VARIABLES :

B = B parameters

C = C parameters

CGD = Input constant

ICOEF = Parameter type code~ 1 = BP

ISW = End of data switch~ Of f = 0 , On = 1

NW = Word counter for parameter input

NXTAC = Word counter for AC input

NXTB = Word counter for BP input

• •

~ 3-12G •
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NXTC — Word counter for CP input

RS Input constant

STRING — Alphanumeric string representation of input
value

SUBROUTINES CALLED:

ALPHA DATOUT DECIM DPI VWR

ERROR NODEIN

CALLING PROGRAMS :

PRCSS

DESCRIPTION:

Subroutine JFETIN is the input processor for JFET (Junction

Field Effect Transistor) card sequences. Its function is to

decode the JFET input data according to an anticipated format,

translating the input into appropriate data and drive r records

for use by subsequent NCAP phases.

Each call to subroutine JFETIN causes a single NCAP input

card to be processed . The card image and its TYPE code are

transmitted through common storage to subroutine JFETIN wh ich

processes the card according to its TYPE as follows:

TYPE—i End 0 Card Sequence.

The closing of a JFET definition begins by testing the input
• 3—12H
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for errors. Subroutine JFETIN exits with an appropriate error

condition if any of the following input errors are detected~

1) No BR or CP coefficients were processed (NXTB=0)

or (NXTC=O) when coefficient input was specified 
- -

(MISC(2)=1)

2) Fewer than 8 parameters were processed (NXTAC~.LT.8)

when analytic generation of coefficients was specified

(MISC(2)=2)

3) CONSTANTS card missing (MISC (1)=0)

Otherwise subroutine DATOUT is called to complete the driver

record and to close the JFET definition by writing the drive r and

• data record s to disk.

The driver record is written to file 21 from the first ten

words of global con~mon and consists of~

MODF=20 JFET Identifier

STADD Data File Record Number

LNGTH=64 Length of Data File in Words

MISC(2)=1 or 2 Method of Deriving Coefficients

1=Input , 2=Analytic generation

MISC(3) Base Node of Connection

Other MISC driver parameters are not used .

The JFET ddta record , written to file 20 from the common

data buffer BUFF is 64 words in length . This record allocates

• sufficient disk storage for the JFFT input values dS well as all

other data generated internally by its model in subsequent NCP~P

phases ?
t V  

PUFF(l)—(1ø) P—Parameters Input

3—121
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BUFF(li)—(20) C—Parameters Input

BUFF(21)—(22) Constants Input

• BUFF(23)— (32) Nonlinear Coeff icients
• BUFF(33)— (64) • Admittance Subniatrix

• After returning from subroutine DATOUT, the parameter counts

• NXTB , NXTC , and NXTA C and the parameter type code ICOEF are

cleared , and return is made to the calling’ program .

TYPE=2 Parameter Card

If the paramete r type code is undefined (ICOEF.LT.O),

subroutine JFETIN exits with an appropr iate error condition .

Otherwise the parameters are decoded and formatted according to

the parameter code ICOEF wh ich identifies the type of parameters

being processed (IzBP , 2=CP , 3=AC) and causes them to be input

accordingly.

TYPE=6 Node Card

The base node of connection is extracted from the card

image , formatted , and stored in MISC(3) by subroutine NODEIN.

TYPE—il Constants Card

—•—-~



• The CONSTANTS identifier is decoded by subroutine ALPHA , and

the constant values CGD and PS are decoded and formatted by

subroutine DECIM. MISC(l) is set to 1 to signal that the

constants have been read and subroutine JFETIN returns to the.

calling program.

TYPE=12 PP Card

The B—parawete r count is initialized (NXTB=l), MISC(2) is

set to indicate that coefficients are to be read rather than

analytically generated , and the parameter code is set to indicate

T3—par~meters (ICOEF=i). The PP identifier is decoded by

subroutine ALPUA and if the end—of—data is encountered (ISW=l),

subroutine JFETIN returns to the calling program .

Otherwise from one to ten decimal values are extracted from

the card image , formatted , and stored in the common data buffer .

B—coefficients appearing on the PP card as well as those input On

unlabelled parameter cards following the PP card (TYPE=2 and

ICOEF=l) are processed at this point. The number of values

decoded and their placement in the buffer depend on the

P—parameter count , NXTB , and the end—of—data switch , ISW. NXTI3

contains the next buffer location available for para~’eter

storage , which beqins at P (NXTB) and proceeds through successive

buffer locations as data values are decoded by subroutine DECIM .

If an end—of—data is encountered (ISV=l) before P (lC~) is
• 

filled , the parameter count is reset to the next available buffer

3—12K
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location (NXTp=~~) and control returns to the calling procram in

anticipation of additional parameter cards.

TYP~=i3 CP Card

~‘he C — r ar a r r et e r  count is initialized (rXTC=1) . ?~ISC(2) is

~et to ir d i c e t e  t hat  c o e f f i c i e n t s  a re  to be read r a t h e r  than

analyt ically aenerated , and the parameter code is set to indicate

C—parameters (ICOFF=2). The CP identifier is decoded by

subroutine ALPITA and if the end—of—data is encountered (ISW=l),

subroutine JFETIN returns to the calling program.

Otherwise the decoding , formatting , and storage technique

for C—parameters is identical to that of B—parameters except that

NXTC is used for the parameter count and storage is from C(l)

through C(lO).

TYPE—l4 AC Card

!AISC(2) is set to indicate that coefficients are to be

• analytically generated rather than read , the AC—paramete r count

• is initialized (NXTAC—1) , and the parameter code is set to

indicate AC—parameters (ICOEF=3). The AC identifier is decoded

• 

• by subroutine ALPHA and if the end—of—data is encountered

(15W 1) , subroutine JFETIP’7 returns to the calling program. : ~Otherwise the decoding, formatting , and storage technique

3—12L
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for AC—parameters is identical to that of B—parameters except

that NXTAC is used for the parameter count.

Any other value of TYPE constitutes an input error which is

handled by subroutine ERROR before exit to the calling program . I ~
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. •NAME . LCIN

TYPE: SUBROUT INE

~
, I

GENERAL PURPOSE:

Processes *LINEAR COMPONENTS card sequence according

to the value of TYPE :

Type = 1 End of card sequence

Type = 8 Resistor

Type = 9 Capacitor

Type = 10 Inductor

VARIABLES:

INC = Number of increments for sweep

ISW = End of data switch ; Off = 0, On = 1

ITYPE = Sweep code; 0 = No sweep

1 = Linear

2 = Logarithmic

M = Intermediate storage of sweep type

NCOMP = Length of linear component data record in words

NIT = Maximum numbe r of sweep iterations

NODEA Positive node of connection

NODEB = Negative node of connection

NUM = Numbe r of linea r components this card

sequence

STRING = Alphanumeric string representation of input •
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va lue

• STEP — Sweep increment value

STOP — Sweep stop value

TYPES — Valid sweep types

SUBROUTINES CALLED :

ALPHA DATAWR DECIM DRIVWR DPVOUT
• • ERROR INTEG

CALLING PROGRAMS :

PRCSS

DESCRIPTION :

Subroutine LCIN is the input processor for LINEAR COMPONENTS

card sequences. Its function is to decode the linear components

input data according to an anticipated format , translating the

input into appropriate data and driver records for use by

subsequent NCAP phases.

Unlike most NCAP input card sequences which map to a single

driver record and a data record of fixed length , linear

• components card seauences result in one or more driver records ,

• each with an associated data record of variable length . The

number of driver records generated is related to the number of

linear component sweep iterations defined in the card sequence ,

while the length of each data record depends on the number of

components defined in the card sequence .

Each call to subroutine LCIN causes a single NCAP input card

3—13H
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to be processed . The card image and its TYPE code are

transmitted through common storage to subroutine LCIN which

processes the card according to its TYPE as follows:

TYPE=l End of Card Sequence

• The closing of a linear components definition begins by

testing the input for errors. If no linear component cards were

processed (NCOMP .LE.0) or if the input error switch is on

(JAPT=l), return is made to the calling program with an

appropriate error condition. Otherwise the data record is

written to file 20 from the first NCOMP words of the common data

buffer BUFF by subroutine DATAWP .

• The linear components data record is structured as a series

of NUM contiguous 4—word entries , one for each linear component

defined in the card sequence :

• BUFF(l)—(4) First Component Definition

BUFF(5)—(8) Second Component Definition

PUFF(NCOMP—3)—(NCOMP) Last Component Definition

The first word of each entry contains an integer code

representing the component type~ 1 Resistor , 2 = Capacitor , 3

= Inductor. The second and third words represent the positive

• j and negative nodes of connection. The fourth word contains the 
•
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value of the component:

• BUFF(l),(5),...(NCOMP—3) Component Codes

PtIFF(2),(6),...(NCOMP—2) Positive Nodes of

• Connection

BUFF(3) ,(7),...(NCOMP—1) Negative Nodes of

Connection

BUFF(4),(8),...(NCOMP) • Component Values

The linear components drive r record is written by subroutine

DRVOUT to file 21 from the first ten words of global common ,

where:

MODE—4 Linear Component Identifier

STADO Data File Record Numbe r

LNGTH—NCOMP Length of Data Record in Words

MISC(l)=NCOMP Number of Linear Components x 4

Other MISC drive r parameters are not used .

If component sweeping is not specified in the card sequence

(i.e. INC(I)=0 for all I=1 ,NUM), subroutine LCIN returns to the

calling program without further processing. Otherwise the sweep

specifications are translated into appropriate driver and data

records. First the numbe r of sweep iterations, NIT, is derived

from the largest INC parameter specified in the linear component j
card sequence . (Each of the NIT sweep iterations causes one

driver and data record to be generated internally and appended to

the disk files.)

Then a sweep increment STEP(I) is calculated for each of the

NUM components in the card seouence. The increment is a function

of the original component value stored at BUFF (1*4) and the

3—l3J
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• ~~~j STOP, INC. and ITYPE parameters associated with the component as

fo1lows~
• 1) For ITYPE (I)=0 , no sweep is assumed and STEP(I)=0.

2) For ITYPE(I)=l ,linear sweep is indicated and :

STEP(I) = STOP(I)—BUFF(J)
INC (1)-i.

3) For ITYPE(I)=2, logarithmic sweep is indicated :

1 1.
• 

• STEP(I) = I STOP(I) I INC(I)—l .
Bt J F F ( J )

• After the increments have been calculated the sweep driver

and data records are created and appended to the disk files.

Like standard drive r records , sweep driver records are developed

in the first ten words of global common . A component sweep data

• record consists Of:

MODE=24 Component Sweep Identifier

STADD Data File Record Number

LNCTH=NCOMP Length of Data Rec•ord in Words

MISC(1)=NCOMP Number of Components x 4

Sweep data records have the save structure as original

linear component data records and are developed in the common

data buffer BUFF by an iterative process. The first sweep data

record is derived from the original linear component data record

in PUFF by performing an incrementation operation on each

component value according to its corresponding STEP, STOP , and

3—13K
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ITYPE parameters. The NUM component values in the buffer are

incremented one—by—one under the control of the index 3. Each

component has a corresponding STEP(J), STOP (J), and ITYPE(J)

which define the incrementation Performed on its value stored at

BUFF (J*4).

1) For ITYPE(J)=0 , no sweep is indicated . No

incrementation is performed and BUFF (J*4) remains

constant at its original value. 
-

2) For ITYPE (J)=1 , linear sweep is indicated and the

incrementation is additive . For K J*4:

BUFF (K) =BUFF(K)+STEP(J)

unless STOP(J) is exceeded , in which case BUFF(K)

remains constant at its last value.

3) For ITYPE (J)=2 , logarithmic sweep is indicated and

the incrementatiori is multiplicative . For K=J*4:

BUFF (K) =RUFF (K) *STEP(J)

If STOP(J) is exceeded , BUFF(K) remains constant

at STOP (J).

After every component value in the buffer has been updated ,

the new data record is written to file 20 at record number DATREC

by subroutine DATAWR . Then subroutine DRIVWR is called to write

the sweep drive r record to file 21. The data record number STADD

is updated and program control transfers back to process the next

sweep iteration . The creation of sweep records continues under

the control of the index I until all NIT sweep iterations have

been translated to data and driver records. Subroutine LCIN

returns to the calling program after restoring MODE to 4.
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TYPE=8, 9, or 10 Resistor , C~~~citor, or Inductor Card

The data record length NCOMP is incremented to accommodate a

new four—word component definition and the component count NUM is

calculated. If more then 50 linear components have ben processed

in the card sequence (NUM.GT.50), subroutine LCIN exits with an

appropriate error condition . Otherwise the new component code is

set to TYPE—7 and stored in I3UFF(NCOMP—3).

Subroutine LCIN anticipates the input of a component

identifier , two nodes of connection , and a component value for

each component in the card sequence . Furthermore , for element

sweeping , three sweep parameters are also expected . During

decoding of the input card , if an end-of—data is encountered

(ISW=1) before all the required parameters have been processed ,

subroutine LCIN exits with an appropriate error condition .

The R , C, or L identifier is decoded by subroutine ALPHA .

The nodes of connection are decoded and formatted by subroutine

INTEG and stored in BIJFF (NCOMP—2) and BUFF(NCOMP—l). The

component value is decoded and formatted by subroutine DECIM and

stored in PUFF(NCOMP). If the component value is zero ,

subroutine LCIN exits with an appropriate error condition.

At this point ISW is used to determine the presence of

component sweep parameters on the card. If the end—of—data

switch is on (ISW=l), the subroutine assumes no sweeping and

• exits after disabling the sweep parameters ITYPE and INC.

• 

0
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Otherwise the STOP, INC , and ITYPE parameters are decoded and

formatted by subroutine DECIM , INTEG , and ALPHA respectively.

The sweep type is tested against a table of valid

alphanumeric types. If a match is found the sweep type is

encoded in ITYPE (NUM) and subroutine LCIN returns to the calling

program. If no match is found , subroutine LCIN exits with an

appropriate error condition .

Any other value of TYPE constitutes an input error which is

handled by subroutine ERROR before exit to the calling program.

4
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NAME: LDSIN

TYPE: SUBROUTINE

GENERAL PURPOSE:

Processes *LII*JEAP DEPENDENT SOURCE card sequencE

according to the value of TYPE:

Type = 1 End of card sequence

Type = 2 Parameter card

Type = 6 Node card

Type = 8 Resistor

Type = 9 Capacitor

Type = 10 Inductor

Type= 18 VC

Type = 19 CC

Type = 2 0 VV

Type = 21 CV

VARIABLES:

A = Positive node of connection

B = Neqative node of connection

• C = Value of parallel capacitor

CI = Imaginary part of complex scale factor

CR = Real part of complex scale factor

ISW = End of data switch • Off = 0 , On = 1

L = Value of parallel inductor

NW = Word counter for rarameter input

• 
- — 

- 
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P = Value of parallel resistor

STRING Alphanumeric string representation of input

value

SOURCE = Type of source 1 = VC
2 = C C

3 = V V

• 4 = C V

XX = Positive node of dependence

YY = Negative node of dependence

SUBROUTINES CALLED •

ALPHA DATAWR DECIM CRIVWR

ERROR INTEC

CALLING P,PO(’-RAMS~

PRCSS

F DESCRIPTION :

Subroutine LDSIM is the input processor for LINEAR DEPENDENT

SOURCE card sequences. Its function is to decode the linear

dependent source input data according to an anticipated format,

translating the input into appropriate data and driver records

• for use by subseauent NCAP phases.

• Each call to subroutine TJDSIN causes a single NCAP input

card to be processed. • The card image and its TYPE code are

transmitted through common storage to subroutine LDSIN which

‘I .  processes the card according to its TYPE as follows •

3—141



— ~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

F

TYPE~ i End of Card Sequence
‘p

The closing of a linear dependent source definition begins

by testing the input for errors . Subroutine LDSIN exits with an

appropriate error message if any of the following inpu t errors

are detected :

r 1) All four nodes (A, B, XX , and YY) are zero and the

• card seauence is not a modify function (MODFY=0)

2) The complex scale factor (CR, CI) is zero

3) For current controlled sources , all three parallel

• components (P. C, and L) are zero

4) The input error switch is on (JABT=l)

• Otherwise the linear dependent source data record is written to

file 20 from the common data buffer BUFF and the file 20 record

number DATREC is updated. to point beyond the new data record.

Because the linear dependent sources do not transmit any

internally generated data between NCAP phases, their data records

contain only input values. The length of a linear dependent

source data record depend s on the type of source specified :

voltage controlled sources require 2 words of data storage , while

current controlled sources require 5 words.

After the data record has been written to disk , subroutine

DPVOtJT is called to complete the drive r record definition and

write it to file 21. The linear dependent source driver record

is developed in the first ten words of global common and consists

3—143
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• MODE=25 Linear Dependent Source Identifier

STADD Data File Record Number

• LNGTH=2 or 5 Length of Data Record in Words

MISC(1) SOURCE Source Code: l=VC, 2=CC , 3=VV ,

4=CV.

MISC(3)=XX Positive Node of Dependence

MISC(4)=YY Negative Node of Dependence

MISC(5)=2\ Positive Node of Connection

MISC (6)=R Negative Node of Connection

After returning from subroutine DRVOUT , subroutine LDSIN returns

to the calling program .

TYPE=2 Parameter Card

One or two decimal input values are extracted from the card

image , formatted and stored in the data buffer. The number of

values decoded and their placement in the buffer depend on the

parameter count , NXT, and the end—of—data switch , ISW. Upon

entering the subroutine , NXT contains the number of values inpu t

on previous data cards. Paramete r storage begins at BUFF(NW)

where NW NXT+l and proceeds through successive locations as data

• 
values are decoded by subroutine DECIM . If an end—of—data is

• encountered (ISW=1) before PUFF(2) is filled , the parameter count

•~ is reset to the last buffe r location u~ :’1 (NXT NW) and control

• returns to the calling program in anticipation of additional

3—14K
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parameter cards.

TYPE 6 Node Card

The NODE identifier is decoded by subroutine ALPHA . Then -
•

the nodes of dependence and nodes of connection are extracted

from the card image and formatted by subroutine ~NTEG and stored

in MISC(3) through MISC(6). If an end—of—data is encountered

(ISW—1) before four node numbers have been decoded , subroutine

LDSIN exits with an appropriate error condition .

I
TYPE= 8, 9, or 10 Resistor , Capac itor , or Inductor Card

The P. C, or L identifier is decoded by subroutine ALPHA .

If dfl end—of—data is encountered (ISW=l) subroutine ‘LDSIN exits

with an appropr iate error condition . Otherwise the component

value is extracted from the card image , formatted and stored at

PUFF(TYPE—5) by subroutine DECIM.

TYPF= 18, 19, 20, or 21 VC. CC , VV , or CV Card

The SOURCE type is calculated according to TYPF=17 and the

data record length is setS LNGTH=2 for voltage controlled

sources , LNGTN 5 for current controlled sources. The VC, CC, VV ,

3—14L
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1~ :

or CV identifier is decoded by subroutine ALPHA . If an

end—of—data is encountered (ISW—l), subroutine LDSIN returns to

the calling program. Otherwise control transfers to TYPE=2

processing for the remaining data on the card.

Any other value of TYPE constitutes an input error wh ich is

handled by subroutine ERROR before exit to the calling program .
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NAME MODGIN

TYPE SUBROUTINE

GENERAL PURPOSE-

Processes *MODIP! card secuence for generator modification

according to the value of TYPE S

Type = 1 - End bf card sequence

Type = 3 Impedance

Type = 4 Frecuency

Type = 7 Amplitude

VARIABLFS~
AMP = Awplitude values

AMPO = Modified amplitude value

FNO = User—assigned frequency numbers

FNOO = Number of frequency to be modified

FPFO = Frequency values

FREOC = Modified frequency value

7 ISW = End of data switch Off = 0 , On = 1

ITSV = Type code of last parameter card processed

ITYPE = Sweep code - 0 = No sweep

1 = Linear

2 = Logar ithmic

ITYPEC = Modified sweep Code

JRFCO = Address of driver record

3—15?
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NFREQ — Number of frequencies this generator

• NIT = Number of sweep iterations in generator

being modif ied

STRING = Alphanumeric strinq representation of inpu t

value

STOP = Stop value for sweep

STOPC = Modified stop value

TYPES = Valid frequency sweep types

~11T3POLTTINE S CA L t F D ~

ALPPA DATA PD DECI~ DPIVPD FRPOP

GFNOUT I NTF G

C~ LLIWC- PPOCPAV S-

PP CS S

L ’FS CRIPTIO~~

S u b r o u t i n e  ~“ODGIN is . the  i n p u t  processor for  ~‘CC IFY

GFNFPA TCP card secuences. I t s  f u n c t i o n  is to decode the

• generator modification input data according to an anticipated

format , translating the input into appropriate data and driver

records for use by subsequent NCAP phases.

Each call to subroutine £‘ODGIN causes a single NCAP input

card to be processed . The card image and its TYPE code are

• transmitted through common storage to subroutine MODCI~ which

processes the card according to its TYPF as follows

U
3—15G
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TYPE—i End of Card Sequence

The modify generator data record is created by replacing the

frequency and amplitude values of the previous generator record

with the updated FPEC and AMP values processed by subroutine

MOE’GIN. After saving the present driver record number in JRECO ,

•the previous generator driver record is read by subroutine DRIVRD

(its record number is obtained by backspacing over the NIT

frequency sweep driver records which are stored between it and

the present driver record at DRVREC) - Using the record number

STADC , the previous generator data is read from file 20 by

subroutine DATARD and stored in the common data buffer BUFF.

The updated frequency values are stored in BUFF(l)—(lO) and

the updated amplitudes in BUFF(ll)—(30) . MODE is set to 21 to

• identify the generator modification function , the node card

switch is disabled , and subroutine GENOUT is called to wr ite the

data and driver records to disk.

TYPE=3 Impedance Card

Since generator impedances cannot be modified , any impedance

card in a modify generator card sequence constitutes an input

error wh ich is handled by subroutine ERROR before exit to the

calling program . •

• :~
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TYPE=4 Frequency Card

The card type code is saved in ITSV and the FR identifier is

decoded by subroutine ALPHA . The frequency number is decoded and

formatted by subroutine INTEC and stored in FNOO . The frequency

• value is decoded and formatted by subroutine DECIM and stored in

FRECO . If the frequency value is zero , subroutine MODGIN exits

with an appropriate error condition.

At this point the end—of—d ata switch ISW is used to

determine the presence of frequency sweep parameters on the card .

If the end—of—data in on (ISW=l) , the parameters ITYPEO and INCO

are set to indicate no sweep. Otherwise the sweep parameters

STOPO , INCO , and ITYPEO are decoded and formatted by subroutines

• DECIM , INTEC , and ALPHA respectively.

The sweep type is tested 
• 

aga ins t  a table of valid

alphanumeric types. If no match is found , subroutine MODGIN

exits with an appropriate error condition . If a match is found ,

the sweep type is encoded in ITYPEO .

The number of the frequency being modified FNOC is compared

against the frequency numbers defined , for the previous generator

FNO(I), 1=1,10. If no match is found , subroutine MODGIN exits

with an appropriate error condition . If a match is found , the

table index I serves as the index for replacing FPEQ(I) , STOP(I)

INC(I) , and ITYPE(I) with the modified values , after which

subroutine MODGIN returns to the calling program .

d b

1
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TYPE — 7 Amplitude Card

In order for amplitude data to be associated with the proper

frequency , each amplitude card must physically follow a frequency

card in the input deck.. Therefore if the last card processed was

not a frequency card (ITSV ~ 4), subroutine MODGIN exists with an

appropriate error condition .

Otherwise the card type code is saved in ITSV and the AMP

identifier is decoded by subroutine ALPHA; The real and

imaginary parts of the complex amplitude are decoded and

formatted by subroutine DECIM and stored in AMPO(1) and AMPO(2).

The number of the frequency being modified FNOO is compared

against the frequency numbers defined for the previous generator

FNO(I) , 1=1,10. If no match is found , subroutine MODGIN exits

with an appropriate error condition . If a match is found , the

table index I is used to replace the original amplitude data

AMP (l,I) and AMP(2 ,I) with the modified amplitude , after wh ich

subroutine MODGIN returns to the calling program .

Any other value of TYPE constitutes an input error wh ich is

handled by subroutine ERROR before exit to the calling program .

3—15J
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NAMED MODIN 

~3, ¶

I •‘• TYPE SUBROUTINE

CENERA L PURPOSE:
r 

Process *MODIFY card , resets MODE to identify device being

modified , turns modif y switch ‘ON ’ so remainder

of card sequence is processed according to MODE of

device being modified

VAR IABL ES

r 
~ 

N ONE

SUI~POUTINES CALLED

NONE

CALLING PPOCRAMS :

PRCSS

DESCRIPTION -

Subroutine MODIN initiates the processing of a MODIFY card

• sequence . Rather than processing the input cards itself , it

resets MODE to identify the device being modified , turns the

modify switch on (MODFY=l) . and returns to the calling program

where the remaining cards of the sequence are processed according

to the MODE of the device beinc modified .

H
3—l6B

~ilL~l



-, ,--— -- - ---——-- —-—- —---- - • • -
~ 

•—•------ • --- - • . •- 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

I. 
~~~~~~~~ —-_•--

It.

—

~~~~~~~~~L

3—17A

A



- -~-•w
__ 

---‘— -•---
~

• • -• ---- -
~~~~~~~~

---- ‘:-- — . - - ~~~~~~~~~~~~~~~~ -
~~~~~r~~~~~~~~ ~~~~~~~~~~~ 

- —•---- 
—.- 

.-.— ‘,—
~
-,—--‘—-----

1-

START

JEST
IJ?I

1 2 
OTHER

• 
.~a

-
\

•

C~~ D~
-
~ ~~~~102

~~~~~~~~~ ~ YES

H 
_

WRflE )

STORE
- DATA RE~ORD

RN,-

- 
• (

~.._!!__

3—17B

-
‘-

~~

-
—- •~~~~ •‘- -41 - •~~~~~~~~~~~~~ .‘-—-~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ -— • - ~~~~~~~~~~~~~ 

•
~~~~~~~~ - --



-
~~~~~~~~~~

-—“— -‘- •___-_.,-41_-~~~~~~~~ 17~~~~~~~~
’___ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

—‘41- -,—w--~
-- — ‘

~~ ~~ 
,,—-~~~ -- 41—

- 41 -- ,--•~~~~
-.~~~r

I

2~~4

j ICREMBn ;
WORD

,~~~ IUNT 
_ _ _

/ EU •\
- 

( OECOOE~~~~
\ 

-

• NW
COEFIFICIEJIT

—41- 

• I - _ RN 
,
~

7 -~ WORD
COUNT 

~~
/ ..

> 
( RETURN

41

-

~~TES

RETURN

(J
3—17C .

— 
__ - _  — ——— _~s~~_ _ ,-~~— ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ —__-~~_~~~~~ __~~~~_ _ _ _ - ~~ ___ —_ - _  _ _ _~~~~~~ •— —- -,_. . -—— &- —,~ — •



-- ——41------ -~~------- —----~-— —~~~~~~~~~~~~~~~~~~~~~~~~ - -41---— ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
‘— -41—-- -, 

~-‘ — -41- — - — 4 1--- -41 - • - - - 4 1 - - -  41— ----- -

WORD

ICREMENT
DATA RECORD

w~N

CALCULATE -

UMBER OF
41 ~OMP NEN~~~

COMPONENT -

IYPE

-r:r:r_J

- /  ~~TEG

• ( DECODE
\ P S ~TM

L~!~~~~ TA~~~ ~T~)
3—17D

— —~~ 
~~~~~ - - 

.:: ~
-—

-- --~~~~~~
- ----——-- -~~ — ---~~~--41.—-------’~~—---- - -—— -- - 4 1 - 4 1 - - - —  • - - • ~~~~~~~~~~~~~~~



r 
~~~ r — ~~~~ 41— 

~~~~~~~~~~~~ ~~~~~~~ 
— —41-.-, ‘-41--—- -a—- — - w  ~~ “ k ’ w~. 

~~~~~~~~~~~~~~~~~~~ 
—

•
~~~~~~~~~~~~~~~~~~~~~~~ -_-_41--_—_-.-- -41-,--- -~~~~~

- • ~~~~~~~~~~~~~~ - - -I’,,- - - - • - • -—--41--

a
4~~4

. NINI~~~~

-: 
41

C~~D

C)
ERROR

c i  
-

- ‘

3-liE

- — - - •



— 
41

~~ ___ -- --

‘I

• NAME ’ NCIN

TYpE - SUBROUTINE

GENERAL PURPOSE-

processes *NONLINEAR COMPONENTS card sequence according

41 

to the value of TYPE~

Type = 1 End of card sequence 
-

Type = -2 Parameter card

Type = B Resistor

Type = 9 Capacitor  , -I
Type = 10 Induc to r

VAPIABLES-

• 15W = End of data switch - Of f  = 0 , On = 1

NCOMP = Length of data  record in words

NCDEA = Posit ive node of connection

NCDER = Negative node of connection

NUM = Number of nonlinear components this card

sequence

• * Word counter for parameter input

STRING = ~1phanurneric string representation of input

va l ue

SU BROUTINES CALLED -

DAT M~P DECI M DRVOUT ERROR I NTEG
‘p

- - 
41 3—h F 
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CALLING PROG RAMS~
PRCSS

DESCRIP TIO I~ -

Subrou t ine NC IN is the inpu t processor for  Nc~:LI~’T~ P

COMPONENTS card sequences. Its function is to (
~ eCOde ‘h ~

nonlinear components input data according to d f l  d f l t i C t~~d~~~d

format , translating the input into appropriate ddta dnd dr iver

records for use by subsequent NCAP phases.

Each call to subroutine NCIN causes a single ?IC?P input card

to be processed . The card image and its TYPE code are

transmi tted through common storage to subroutine NCIN which

processes the card according to its TYPE -as follows -

TYPE = 1 End of Card Secuence

The closing of a nonlinear components definition begins by

testing the input for error’s. If no linear component cards were

processed (NCCMP.LE.0) or if the input error switch is on

(JAPT=1) , return is made to the calling program with an

41 

appropria te error condition . Otherwise the date record is

written to file 20 from the first NCOMP words of the common data

buffer BUFF by subroutine DATAWP.

• 
• 

The nonlinear components data record is structured as a

series of NU M contiguous 13—word entries, one for each nonlinear

41 3—17c
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1

component defined in the card sequence :

BUFF(1)— (13) First Component Definition 41
-

BUFF (14)— (26) Second Component Definition

PUFF (NCCMP—12)—(NCOMP)Last Component Definition

The f i r st word of each entry contains an integer code

representing the component type : l=resistor , 2=capacitor ,

3=inductor. The second and third words represent the positive

and negative nodes of connection . The last ten words contain

from one to ten nonlinear coefficients which define the element :

E’UFF(l) ,(14) .. (NCOMP—l2) Component Codes

BUFF(2) , (15) - . - (NCCMP—Jl) Positive Nodes of Connection

BUFF (3) , (16) - - - (NCOMP—10) Negative Nodes of Connection

RUFF (4),(l7)...(NCOtIP—9) First Order Coefficients

EUFF (5),(18)...(NCOMP—8) Second Order Coefficients

BUFF (13) ,(26) .. (NCC’MP) Tenth Order Coefficients

The nonlinear components driver record is completed and

- 

- 

wri tten by subroutine DRVOUT to file 21 from the first ten words

of global  common , where-

M0DF 5 • Nonlinear Component Identifier

• ST)~DC Pd td File Record Number

3—17H
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LNGTH=NCOMP Length of Da ta Record in Words
41 -

MISC(l)=NCOMP Number of Nonlinear Components x 4

Other MISC driver parameters are not used .

TYPE=2 Parameter Card

From one to ten decimal parameters are extracted from the

card - image , forma tted , and stored in the data buffer by

subrou tine DECIM . The number of values decoded and their

placement in the buffer depend on the parame ter count , NXT , and

the end—of—data switch , ISW . Upon entering the subroutine , NXT 
41

contains the number of coefficient values input on previous data

cards. Parameter storage starts at BUFF(NCONP—lO+NW) where

NW NXT+1 and proceeds through successive buffer locations as

• coefficient values are decoded by subroutine DECIM . If an

end—of— data is encountered (ISW=l) before EUFF(NCCMP) is filled ,

the parameter count is reset to the last buffer location used

(NXT=Nw ) and control returns to the calling prog ram in

anticipation of addi tional parameter cards.

TYPE=8 ,_ 9, OP 10 Pesistor , Capacitor , or Induc tor Card

The param eter count is reset to NXT=0, the da ta recor d

length is incremented to accommodate a new 13—word component

defini tion , and the component count NUM is cdlculated . If more

3—171
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than 10 nonlinear components have been processed in the card

sequence (NLJM.GT.lO), subroutine NCIN exits with an appropr iate

error condition . Otherwise the new component code is calculated

by TYPE—i and stored in PUFF(NCOMP—l2) .

For each nonlinear component card , subroutine NCIN

anticipates the input of a component identifier and two nodes of

connection on one card . During decoding of the input card , if an

end—of—data is encountered (ISW=l) before these parameters have

been processed , subroutine NCIN exits with an appropr iate error

condition .

The R , C , or L identifier is decoded by subroutine ALPHA .

The nodes of connection are decoded and formatted by subroutine

DFCIM and stored in BUFF(NCOMP—ll) and BUFF(NCOMP—lO). If the

end—of—data switch is off (ISW=0) , control transfers to decode

the coefficien ts wh ich follow on the card according to TYPE 2

processing . If the end—of—data switch is on (ISW=1) , subroutine

NCIN returns to the calling program .

41 

Any other value of TYPE constitutes an inpu t error which is

handled by subroutine ERROR before exit to the calling program .
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NAME~ NDSIN

TYPE ? SUBROUTINE

GENERAL PURPOSE-

Processes *LINEAR DEPEND ENT SOUR CE card sequence

according to the value of TYPE: 
41

Type = 1 En d of card sequence

- Type = 2 Parameter  car d -

Type = 6 Node card

Type = 8 Resistor

Type = 9 Capaci tor

- Type = 10 Inductor

Type=l8 VC

Type= 19 CC

Type = 20 W

• Type=2 1 CV

VARIABLES :

A = Positive node of connection

B = Negative node of connection

C = Value of parallel capacitor

15W = End of data switch- off = 0 , on = 1

L = Value of p aral le l  inductor

NW = Word counter for parameter input

P = Value of paral lel  res is tor

STRING = Alphanumeric string representation of input

3—18G
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value

SOURCE = Type of source~ 1 = VC

2 = CC

3 = V •V

4 = C V

XX = Positive node of dependence

YY = Negat ive node of dependence

SUBROUTINES CALLED : 
-

A LPHA DATA W? DECI N DRIVWR 
41

ER ROR INTEC

CALLING PROGRAMS :

* PPCSS

DE SCRIPTIO N -

Subroutine NDSIN is the input processor for NONLINEAR

DEPENDENT SOURCE card seauences. Its function is to decode the

nonlinear source input data according to an anticipated format,

transla ting the input into appropriate data and driver records

for use by subsequent NCAP phases.

Each call to subroutine NDSIN causes a single NCAP input

card to be processed . The card iwaae and its TYPE code are

transmitted through cott~mon storage to subroutine NOSIN wh ich

processes the card accérding to its TYPE as follows :

3—1 8H
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TYPE=1 End of Card Sequence

The closing of a nonlinear dependent source defini tion

begins by testing the input for errors. Subroutine NDSIN exits

• with an appropriate error message if any of the following input

errors ar e detected -

1) All  four nodes (A , B , XX , and YY) are zero and the card

- sequence is not a modify function (MODFY=0)

2) 
- 
No coefficients were processed (NXT=ø)

3) The coef f ic ien ts  are all zero

4) For current controlled sources , all three parallel

compone nts (R , C, dfld L) are zero

5) The input error switch is on (JABT=l)

Otherwise the nonlinear dependent source data record is written

to f i l e  20 f rom the common da ta b u f f e r  PUFF and the f i l e 20

record number DATREC is updated to point beyond the new data

record.

The dd ta record allocates sufficient disk storage for the

nonlinear dependent source input values as well as all other date

generated internally by its model in subsequent NCAP phases. The

length of a nonlinear dependent source data record depend s on the

type of source specified : voltage controlled sources require 20

words of storage for input values only, whi le  cu r r e n t con troll ed

sources reauire 86 words of storage as follows :

• RUFF (l)— (20) Input Values

DUFF(21)— (23) - Component Values

PUFF (24)— (86) Impedance Table

41 
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Atter the data ~ecord has been written to disk , subroutine

DRVOUT is called to complete the drive r record and write it to

file 21. The nonlinear dependent source driver record , taken

from the first ten words of global common , consists of?

MODE—26 Nonlinear Dependent Source

• Iden t i fier

STADD Data File Record Numbe r -

LNGTH=2~ or 86 Length of Da ta Recor d in Words

~!ISC(1)=SOURCE Source Code : 1VC , 2 CC, 3 V V ,

4=CV

MISC(3)=XX Positive Node of Dependence

MISC(4)=YY Negative Node of Dependence

MISC (5)=A Positive Node of Connection

MISC(6)=P Negative Node of Connection

41 

A fter returning from subroutine DRVOUT , subroutine NDSIN

exits to the calling program.

41 

- 

TYPE=2 Parameter Card

From one to ten nonlinear coefficients are extracted from

the card imaqe, formatted, and stored in the data buffer . The

nunber of values decoded and their placement in the buffer depend

on the parame ter count ,  NXT , and the end—of—data switch , ISW. 
41 

-

• Upon enterinq the subroutine , NXT contains the number of

3—l8 .J
I

_ _ _ _ _ _ _ _ _ _ _  

4
• ~~ —~~— — ~~—--——- ——————-—---- - - - --  —-- — • ——-— ——-- -•- - • • _________

~~~.dIL — — ‘- -
~~~ 

~~~~~~~~~~~ ~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~ -41— • - ‘—.4141- -—— - - ‘ ~~~~ - ~~4141~~ •~ ~~-.~-41 -’á~~~~~..41” ” -  
41 -•



41 - ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~

41

- 
— —

~~~~~~~
- -——.41-——- - . • -• 4 1 —  ———~~~~~~~ —‘~~~~ ——— 

41 • ~~~~~~~~~~~~~~~~ 41 - -  41 - - 41 

41

coefficients input on previous data cards. Coefficient storage

begins at BUFF(NW*2_1) where NW=NXT+l , and proceeds through

successive odd buffer locations as the coefficients are decoded

41 by subroutine DECIM. The corresponding even buffer locations

PUFF (NW*2), which are allocated for future implementation of

imaginary parts of complex coefficients , are - zeroed . If an
41 

end—of—da ta is encountered (ISW=l) before PUFF(19) is filled , the
- parameter count is reset to the last buffer location used

(NXT=NW) and control returns to the calling program in

anticipation of additional parameter cards.

• TYPE=6 Node Card

The NODE identifier is decoded by subroutine ALPEA . Then

the nodes of dependence an d no des of connec tion are extracted

from the card image and formatted by subroutine INTEC and stored

41 
in PIISC(3) through MISC(6). If an end—of—data is encountered

(ISW=l) before four node numbers have been decoded , subr o u t i n e

NDSIN exits with an appropriate error condition.

41 

~~~~~~~~~~ or 10 Resistor , Capaci tor , or Inductor

The R , C , or L identifier is decoded by subrou tine ALPHA .

If an end—of— data is encountered (ISW=l) , su brou t ine  ND SIt~’ exits

wi th an appropriate error -condition . Otherwise the component

I value is extracted from the card image , fo rma tted , and stored at

3—18K 
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?UFF(TYPE+13) by subroutine DECIM. 
-

41

TYPE= 18, 19 , 20, or 21 VC , CC , VV , or CV Card

The SOURCE type is calculated according to TYPE—17 and the

data record length is set: LNGTH=20 for voltage controlled

sources , LNCTH=86 for current controlled sources. The VC , CC,

VV, or CV identifier is decoded by subroutine ALPHA . If the

end—of—data is encountered (IS~ =l), subroutine NDSIN returns to

the calling program . Otherwise control transfers to TYPE=2

processing for the remaining data on the card.

* 
Any other value of TYPE constitutes an inpu t error which is

han dled’ by subroutine ERROR before exit to the calling program .
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• NAME : NODEIN

TYPE: SUBROUTINE

GENERAL PURPOSE:

Processes NODE cards

VARIABLES-

- ISW = End of data switch- Off = 0 , On = 1

NODEA = Positive node of connection

NODEB = Negative node of connection 
•

STRING = Alphanumer ic string representation of input

value

SUBROUTINES cALLED-

ALPHA ERR OR INTEC

CALLING PROGRAMS —

GENIN JFETI N PTIN SDIN TRNI N

VDIN VTIN

41 

DESCRIPTION -

Subroutine NODEIN decodes and formats the standard NCAP node

card. The card image is transmitted through common storage to

subrou tine NODEIN where it is processed according to- an

anticipated format. The node specifications are returned to the
“41

3—19C
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callina program through the arguments NODEA and NODEB. J

First the node error switch is turned off (NABT=0) and the

NODE identifier is decoded by subroutine ALPHA . If an

end—of—data is encountered (ISW=1) , subroutine NODEIN exits with

an appropriate error condition .

If the end—of—data switch is off (1SW 0) , the positive node

of connection is extracted from the card image , formatted , and

stored in NODEA by subroutine INTEC. If the end—of—data is

encountered (ISW=1), the negative node of Connection is assumed

to be ground (NODEB=0). Otherwise the negative node is extracted
41 

f rom the card image , formatted and stored in IJODEB by subroutine

INTEG.

In the event that both nodes are zero , subroutine NODEIN

~ 
) 

~-
exits with an appropriate error condition .

I 
I—)
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NAME - PACKL J •~

TYPE: SUBROUTINE

GENERAL PURPOSE:

Packs the characters in CARD(IPOS) through CARD(J-l)

41 
into STRING (l) , left—justified

VARIAB LE S: -

PIT = Numbe r of bits character is to be shifted

lef t for  proper a l ignmen t  in packed no tat ion

IPCS = Position of first character to be packed

J = Position of last character to be oacked + 1
- i 

41
)

NCHAR = Numbe r of characters per word

41 

NPCHAR = Numbe r of bits per character

• NBWORD = Number of bits per word

RBLANK = Right—justified alphanumeric blank

STRING = Alphanumeric string representation returned

STOP = Index for card array

SUB ROUTINES CALLED-

N ONE

CALLING PROGRAMS :

SCAN

— t

3—20B
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DESCRIPTION -

Subroutine PACKL belongs to a group of Phase 0 character

manipulation routines which format NCAP input data. Its function

is to pack the charac ters  comprising an alphabetic da tum

extracted by subroutine SCAN into a left—justified alphanumeric

strinq in preparation for formatting by subroutine ALPHA .

Input to the subroutine is the r ight—justified card image

stored in the integer a r r a y  CARD , the character position IPOS at

which the datum begins , and the character position J at which the

datum ends. Output from the routine is the left—justified

alphanumeric string representation returned in STRING (l). The

recuired machine dependent character manipulation parameters

NCFMR (number of characters per word) , NBCHA R (number of bits per

1~~ 

character), and NPWORD (number of bits per word) are transmitted

to subroutine PACKL through the labelled common area WORDSZ.

The NPWORD bits of STRING(1) contain NCHAR characters , each

occupying NPCHA P bits. The characters are stored in the string

from left to right , where the lef tmos t character  of the da tum

taken from CARD (IPOS) is placed in the most significant bits of

STPINC (1) and so on.

The packing technique is arithmetic- each right—justified

character to be packed , CARD(STOP) , is shif ted l e f t  in to  the

41 correct position by multiplication by an appropriate power of 2,

(2  ** PIT), and then simply added to the string , STPING(l) . The

variable STOP indexes the CARD array, while BIT represents the

n u mb e r  of b i t s  a c h a r a c t e r  must  be s h i f t ed l e f t  for proper
41 

~~~
—. positioning within the string.

3—20C
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I

If fewer than NCHAR characters are input to the routine , the

string is filled to the right with alphanumeric blanks. If more

than NCHAR characters are input , the r ight—most characters are

truncated . -

i1 
:~~~~~~ -
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NAME : PACKR

TYPE SUBROUTINE

GENERAL PURPOSE :

Packs the characters in CARD(IPOS) through CARD(J—I)

into STRING(l) through STRING (2) , r i g h t — j u s t i f i e d

VA RIABLE S: -

BIT = Numbe r of b its charac ter is to be s h i ft e d

left for prope r aliqnment in packed notation

IPOS = Position of first character to be packed

J = Position of last character to be packed + 1

LELAN K = Alphanumer ic  b lank  word - - ‘

NCHAR = Number of characters per word

NBCHAR = Numbe r of bits per character 
41

NPWORD = Numbe r of bits per word

41 PBLANK = Right—justified alphanumeric blank

STRING = Alphanumeric string representation returned

STOP = Index for CARD array

WORD = Index for STRING array

SUBROUTINE S CALLED : -

41 NONE

CALLING PROGRAMS : -

41 

SCAN

3— 2 1 B
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• DESCRIPTION :
41 

‘p
Subroutine PACKR belongs to a group of Phase 0 character 41

manipula tion routines which format NCAP input data. Its function

is to pack the charac ters comprising a numer ic  da ta value

extracted by subroutine SCAN into a right—justified alphanumeric

41 

- string in preparation for formatting by subroutines DECIM and

INTEG .

Input to the routine is the right—justified card image

stored in the integer array- CARD , the character position IPOS at

which the da tum beg ins , an d the charac ter posit ion J at which the

datum ends. Output - from the routine is the r ight—justified 41

alphanumeric string representation of the datum returned in

STPINC(l) and STRING(2). The required machine dependent

charac ter manipu la t ion parame ters NCHAR (num ber of characters  per

word ), NPCHAR (number of bits per character), and NBWORD (number

of b i ts  per word ) are  transm itted to subrou t ine  PA CKR through the

labelled common area WORD SZ-

The NBWORD bits of each word of the alphanumeric string 
41

represen ta tion con ta in  NCHAR charac ters , each occupying NBCHA R

bits . The characters are stored from right-to left (from the

least significant to the most significant bit) , where the least

significan t character of the string occupies bit positions 1

through NPCHAR and so on. STPING(2) is packed with the NCHAR

characters from CAPD(J—l) , CARD (J—2~ . - ,  CARD(J—NCHAR) . STRINC(l)

i~~ packed with the remaining characters through CARD(IPOS). The

.1-’-”ts of 5~TPING are blank filled to the left if necessary.

3—2lC
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The packing technique is arithmetic : each right—justified

character to be packed , CARD(ST OP) , is shi f ted 1 left into the

correct position by multiplication by an appropria te power of 2,

(2 * * BIT), and then simply added to the string at STIIING(WORD) .

The variables STO P and WORD index the CARD -and STRING arrays ,

while BIT represents the number of bits a character must be

shifted left for proper positioning within the string .

If fewer than 2 x NCHAR characters are input to the routine,

the s t r i ng is f i l l ed  to the lef t with  al phanumer i c  bl a n k s .  If

more than 2 x NCHA R characters are input , the more sign i f i c a n t

charac ters  are t runca ted.

•
1
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NAME: PLOTI~

TYPE: SUBROUTINE

GENERAL PURPOSE:

Processes *PLOT card sequence according to the value

of TYPE

Type = 1 End of card sequence

Type = 4 Frequency

• Type = 5 Order

41 Type = 6 Node

Type = 15 Label

VARI ABLES:

41 IFR = User—assigned number of frequency to be

plotted

- 
INOD = Nodes to be plotted

lORD = Orders to be plotted

ISW End of data switch~ Off = 0 , On = 1

ITYP = Type of plot 1 = Linear
2 = Logarithmic

STRING = Alphanumeric string representation of input

value

TYPES = Valid freauency sweep types

SUPPOUT INE S CALLED : 
41

0 1T1~~TI
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CALLING PROGRAMS .

PRCSS 
41

DESCRIPTION S

Subroutine PLOTIN is the input processor for PLOT card J
sequences. Its function is to decode the pl’t input data

according to an anticipated format ,- transla ting the input into
41 

appropriate data and driver records for use by subsequent NCAP

phases.

Each call to subroutine PLOTIN causes a single NCAP input

card to be processed. The card image and its TYPE are

- : transmitted through common storage to subroutine PLOTIN which

processes the card according to its TYPE as follows:

TYPE=1 End of Card Sequence -

The closing of a plot definition begins by testing the input

for errors. Subroutine PLOTIN exits with an appropriate error

message if any of the following input errors are detected :

1) No frequency data was processed (MISC(1)=0) 
41

2) No order data was processed (MISC(3)=0)

3) No node data was processed (MISC(4)=0)

4) More than 10 plot specifications were processed

(NPLOT.GT.1~ )

3—22F
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5) The input error switch is on (JABT—l)

41 

If no input errors are detected , the file 20 record number

DATREC is updated to point beyond the plot data record and

subroutine DRIVW R is called to write the driver record to file

21.

The PLOT driver record , taken from the first ten words of
41 

global common , consists of: -

M0DE 22 Plot Ide n t i f i e r

STADD . Data File Record Number

LNC-TH=0,50, or 100 Length of Data Record in Words

MISC(l) Frequency Number

MISC(2) Type of Plot : l Linear

2—Logarithmic

MISC(3) Order Number

MISC(4) Node Number

Other MISC driver parameters are not used .

After the driver record has been written to disk , the plot

specifications are appended to the plot table in the labelled

common area PLOTFL and subroutine PLOTIN returns to the calling

program .

TYPE=4 Frequency_Card

The FR identi!i .~, ~ decoded by subroutine ALPHA and the

frecuency number i.s e x : : ~~d from the card image , formatted , and

3—22G
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stored in PIISC(l) by subroutine INTEG . If an end—of—data is

encountered (ISW 1), the plot type is set to “no sweep” by
41 P ! I S C ( 2 ) =j  and subroutine PLOTIN returns to the calling program .

Otherwise the plot type is extracted from the card image by

subroutine ALPHA and tested against a table of valid alphanumeric 41

types. If no match is found , su b rou tine PL.OTI N exi ts wi th an

appropriate error condition . If a match is found , the plot type

is encoded in T~ISC (2) an d s u b r o u t i n e  PLOTI N r e t u r n s  to the

callin g program.

TYPE=5 Order Card

The ORDE R iden ti f i e r  is decoded by su b r o u t i n e  A LPPA an d the

order number is extracted from the card imaoe , forrratted . and

stored in PIISC(3) by subroutine INTE C .. Su b rou t ine PLOTI~ re tu r n s

to the ca l l ing progr a m .

TYI’F 6 Node Card

The ~1ODE identifier is decoded by subroutine T~LPFT?’ and if an

end—of—da ta is encountered (ISW 1) , subroutine PLOTI~’ exits wi th

an appropriate error condition . Otherwise the node nur~ber is

extracted from the card image , formatted , and stored in ~‘ISC(4)

by su brou t ine INTEC-. Subroutine PLOTIt” re tu r n s  to t~- c ~ c~~11 tnq  4

~~jprogram .

[ 3—221~I
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TYPE=15 Labe Card -

The 50—character label specification is extracted from the

41 

card image , stored in the common data buffer PUFF(1)— (50) and

written to file 2~ by subroutine DATAWR . The data file record

number DATREC is updated and the data record length is

incremented . After clearing the data buffer , subroutine PLOTIN ‘,

returns to the calling proaram .

Any other value of TYPE consti tutes an input error which is

handled by subroutine ERRCP before exit to the calling program .
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NAME: PRCSS

TYPE SUBROUTINE

GENERAL PURPOSE :

Controls input processing of *_card seauences according

to the value of MODE

VA RIABLFS :

NONE

SUBROUTINES CALLED

ECIN ENDIN ERROR C-ENIN JFETIN

LCIN LDSIN MODGIN P4ODIN NCIN

NDSIN PLOTIN PSIN PTIN , SCIN

SCIN TRNIN VDIN VTIN

CALLING PROGRAMS :

MAIN

DESCRIPTION :

Subroutine PRCSS controls the processing of NCAP input card

seauences. It uses the MODE of the previous *_card transmitted

from the main program through common storage as the index of a

computed CO TO which transfers control to an appropriate input

processing subroutine. There the input card is processed

3—23E  
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according to an anticipated format and translated into

appropriate data and driver records.

Modes 1, 2, - 11, 12, 15, 19 , 21, 23 and 24 imply error

conditions since they are either created internally by the

program or not used at all. When any of these modes are

encountered by subroutine PRCSS , an error message is printed and

control returns to the main program. The valid MODE values and

their corresponding input processors are tabulated below : 
-

MODE Input Processing Comments

Routine

3 GENIN/MODGIN Generator/Generator Modify

4 LCIN Linear Components

5 NCIN Nonlinear Components

6 VDIN Vacuum Diode

7 VTIN Vacuum Triode

8 PTIN Vacuum Pentode

9 TRNIN Transistor

10 SPIN Sewiconductor Diode

13 SCIN Start Circuit

14 ECIN End Circuit

.16 ENDIN End

17 PSIN Print Select

18 MODIN Modify

20 JFETIN Junction Field Effect

Transistor

3—23F
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22 PLOTIN Plot

25 LDSIN Linear Dependent Source

26 NDSIN Nonlinear Dependent Source

With the exception of MODE=3, 16 , and 18 program control

passes directly from the computed GO TO to the appropriate input

processor and from there back to the ma in prograni.

* MODIFY card sencences result in a slightly different path

through subroutIne PRCSS. For P4ODE=18, program control passes

from the computed GO TO to subroutine MODIN. There , rather than

processing the cards of the modify seauence directly, the value

of MODE is reset to identify the device being modified and the

modify switch is turned on (MODFY=1). Upon return from MODIN

control passes back to the computed CO TO of subroutine PRCSS

where the updated value of MODE causes the cards of the modify

seouence to be processed by the input subroutine corresponding to

the device being modified. -

Because of the complexity of generator input specifications

and the restrictions on generator modification , there is a

special input processor MODGIN for generator modification cards.

It is invoked by subroutine PRCSS when MODE=3 and MODFY=1 ,

indicating that generator modification is in effect. Otherwise

the standard generator input routine CENIN is called to process

GENERATOR card secuences.

* END card (MODE~l6) signals the end of Phase 0

O processing . For MODE~16, program control passes from the

computed GO TO in PRCSS to subroutine FNDIN. There the input

3—23G
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phase is termina ted and the program either proceeds to subroutine U

- PHASE1 or aborts depending on the presence of errors in the input - —

deck. -
-
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NAME? PSIN - 4 -

TYPE ? SUBROUTINE

GENERAL PURPOSE?

Processes *PRIN T SELECT card seQue nce according to the

value of TYPE

Type = 1 End of card seauence

Type = -5 Orders

- Type = 6. Nodes

Type = 22 Off

Type=23 On

VARIABLES :

ISW = End of data switch~ Off = 0, On = 1.

NLIST = Print select On/Off switch Off = 1

O n = 0

t-~ODES = Nodes specified for print selection

OP.DRS = Orders specified for print selection

ETRINC = I’lphanuueric string representation of input

value

SUP ROUTINES CALLED~
ALPHA PPTM~P ~PVOUT ERROR flITFG

CALLINC PROGRAMS ?

PRCS.S
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DESCRIPTIOr •

Subroutine PSIN is the input processor for PRINT SELECT card

secuences. Its function is to decode the print select input data

accord ina to an an t ici pate d f o r m a t, transla t ing the input into

appropriate data and driver records for use by subseouent NCAP

phases.

Fach call to subroutine PSIN causes a single NCAP. input card

to be processed. The card image and its TYPE code are

transmitted through common storaqe to subroutine PSIN which

p rocesses the car d accor d ing to its TY PE as fo1lows~

TYPE=1 
- 
End of Card Seouence

If the input error switch is on (JAPT=1) , subroutine PSIN

exi ts wi th an app ro pria te error condition . Otherwise the print

select data recor d is w r i tten to f i l e 20 f r o m  the commo n da ta

buffer PUFF , and the data record number DATREC is upd ated to

point beyond the new data record.

Since the pr i n t selec t fea tur e does no t cause an y in tern al ly

generated data to be transmitted between NCAP phases , the 20—word

da ta record contains only input values :

PUFF(l)—(1C~) Orders to be Printed

PUFF(ll)— (2~ ) Nodes to be Printed

3—24G
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After the data record has been written to disk , subroutine j
DRVOUT is called to complete the driver record and write it to

file 21. The print select driver record , taken from the first

— ten wor ds of global common , consists of:

MODEz17 Print Select Identifier

STADD Data File Record Numbe r

LNGTH=20 Length of Data Record in Words

M I SC( l )  . Numbe r of Orders  Specified

MISC(2) . Nu mber of Nodes Specified

MISC (3)=Ø or 1 ON/OFF switch ø=on , loff

Other MISC dr ive r parameters  are not used .

After returning from subroutine DRVOUT , subroutine PSIN

returns to the calling program .

TYPE=5 Order Card

The ORDER identifier is decoded by subroutine ALPHA , and if

an end—of—data is encountered (ISW—l), subroutine PSIN exits with

an appropriate error condition . Otherwise from one to ten

integers specifying the orders of analysis to be printed durinc

Phase 4 are decoded and formatted by subroutine INTFG and stored

-in ORDRS(l)—(lO) under the control of the index K?. After

decoding, each ORDRS(KZ) is placed in the print select data

record at RUFF (WZ). If an end—of—data is encountered before

ORDPS(l0) is filled , the number of orders is stored in MISC(l).

Otherwise MISC(l)=l0 and subroutine PEIN r e t u rn s  to the calling

3—24H
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program .
‘p

TYPEx6 Node Card

The NODE identifier is decoded by subroutine ALPHA .

Processing of the print select node data is identical to that of

the order data except that the input values ar~ decoded to

NOPES(l)—(10) and stored - in the p r i n t  select data  record

beginn ina  at P U F F ( F Z + l 0 ) .  The node count  is saved in M I S C ( 2 ) .

TYPE=22 j f f  Card

The print select switch is set to OFF by NLIFT~ 1, saved in

MISC (3) , and subroutine PSIN returns to the calling program .

T Y P E = 2 3  On Card

The print select switch i set to Cr by r I I F T ~ C saved in

!ISC(3) , an~ subroutine PEIN returns to the cellinc rroora fr .

‘~ry other vrlue of TYPF corstitute~ ar inr~yt c’rror which is

r ’~1~~c’ i-v su brou ’tine rr’~’.’T’ before exit tc the ce llinr proaram .

‘p
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!1AMF ~ PTIN

TYPF SUPP O UTINE

- CENFRAL PURPOSE?

- Processes * CLTIJM PENTODE card secuence accordina

- to the va lue  of TYPE - -

Type = 1 End of card secuence

TyPe = 2 
• 
Parameter card

Type = 6 Node card

VAR IAP LE~~ ?

15W - = End of data switch- Off = 0 .  On = 1
0 NW = Word counter for parameter input 

-

STRING = Alphanumer i c  s t r i n g  represen ta t ion  of inpu t

value

SUPPOUTINES CALLED -

DATOUT DECIM ERROR NODEIrJ

— 

CALLING PPOCPAM S~

PRCS S

• DE SCRIPT ICN -

• 

- 

S u b r o u t i n e  PTIN is the input processor for VA CCU~ PEN TODE

car d sequences. I ts  f u n c t i o n  is to decode the vacuum pentode

3—2 SD
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input data according to an anticipated format , transla ting the

input into appropr i a te data and d r iver  records for use by

subsecuent NCAP phases.

Each call to subrou tine PTIN causes a single NCAP input card -

to be processed . The card image and its TYPE code are

transmi tted through common storage to subroutine PTIN which

- - processes the card according to its TYPE as follows—

TYPE=l Fnd of Card Sequence

Subroutine DIkTCUT is called to complete the driver record

and to close the vacuum pentode definition . The input is tested

for errors and the data and driver records are written to disk.

The driver record is written to file 21 from the first ten words

of g lobal common , where:

MOr)E=8 Vacuum Pentode Identifier

Data File Record Numbe r

LNCTR=l07 Length of Data Record in Words

M I S C ( 3 )  Base Node of Connect ion

Othe r rrsc driver parameters are not used .
The vacuum pentode data record , w r i tten to f i l e  20 f r om  the

corron data  b u f f e r  BUFF , is 107 words in l eng th . This  record

a l loca tes  s u f f i c i e n t  disk storage for the vacuum pentode input

• values as well as all other data generated internally by its

model in suhse~ uen t N CA P phases

PUFF(l)— (l2) Input Values

3—25E
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BUFF (l3)— (75) Nonlinear Parameters and Coefficients

B U F ? ( 7 6 ) — ( 1 07 )  Admit tance  S u bm a t r i x

TYPE=2 Parameter  Card

From one to twelve decimal parameters are extracted from the

card image , formatted , and stored in the data buffer by

subroutine DECIM. The number of values decoded and their

placement in the buffer depend on the parameter count , 1’IXT, and

the end—of—data switch , ISW. Upon entering the subroutine , NXT

contains the numbe r of values input, on previous data cards.

Parameter storage begins at BUFF(NW) where 11W=NXT+1 and proceeds

throuah successive buffer locations as data values are decoded by

subroutine DECIM . If an end—of—data is encountered (ISW=l)

before PUFF(l2) is filled , the parameter count is reset to the

last buffer location used (NXT=NW) -and control returns to the

calling program in anticipation of additional parameter cards.

TYPE=6 Node Card

- The base node of connection is extracted from the card

image , formatted , and stored in MISC(3) of the driver record by

subroutine NODEIN.

3—25F
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Any other value of TYPE constitutes an input error which is

handled by subroutine ERROR before exit to the calling program .

}

1’
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NAME : SCAN J

TYPE : SUBROUTINE

CEN ERAL PUR POSF

Extracts the contiguous non—blank characters in CAAPD(IPOS)

through CA?D (J—l) and packs them into alphanurreric string

represen ta t ion in STPIN G (l) t h r o u gh STRIN C (2)

VARIABLES :

-

• ipos = position of first character to he packed

15W = En d of da ta swi tch ,- Off = 0 , On = 1

ITYPC = Data type - 1 = Numeric

2 = Alphanumeric - ‘F

= Position of last character to be packed + 1

PPLANK = Right—justified alphanureric blank

STP IN C = A l p h a n u m e r i c  str i n q repres enta t ion of in p u t

value

SUBROUTInES CALLED-

PPC~ P

CALLI’JC PPOCRAFTMS -

ALPPA DECITM INTEC
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Su br o u t i n e  SCAN belon gs to a g roup  of Phase 0 charac ter

mani pulation routines which format NCAP input data . Its function

is to extract the contiguous alphanumeric characters constituting

a d ata value  f rom an inpu t car d ima ge an d to pac k those

characters into the integer array SPRING for formatting by

subroutines ALPFTA , DFCIt’~, and INTEC .

Input to the subroutine is the right—justified alphanumeric

car d image store d in the in teger a r r a y car d , the c h a r a c ter

rosition IPOS at which the scan begins , and the anticipated data

type represented by ITYPE=1 for numeric data or ITYPE=2 for

al pha betic data.  Ou tpu t f r o m  the rou tine is the alp ha n u m e r i c

string representation STRING , the character position IPOS at

which the scan terminated , and the end—of—data switch ISW.

First the end—of—data switch is initialized off by ISW=0.

Then starting at CJ½PD(I) the image is scanned column—b y—column to

locate the first non—blank character . If no non—blank is

encoun tere d , the end—of—data switch is turned “on ” and exit

occurs. Otherwise the position of the first non—blank is saved

in IPOS and the scan proceeds across the non—blank characters

un til a blank is encountered at CARD (.3) -

At this point the datum in CARD (IPCS) through CAPD(J—l) is

packed into STPIt%IC either right or left—justified according to

the anticipated data type . Numeric data (ITYPE=l) are packed

richt— justified by subroutine PACKR , while alphabetic data

C ; (ITYPE=2) are packed left—justified by subroutine PACKL.

3—26E 
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Afte r the packing is complete , the scan r esumes at CARD (J)

to determine if there are additional data on the card and to
position the characte r pointer -accordingly. In the event that

the remainder  of the card is blank , the end—of—data  switch is

turned on (I SW O ) and exit  occurs. Otherwise the character
- pointer IPOS is set to the s ta r t ing  location of the next datum

- and control returns to the calling program. 
-
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;—~~ NAME : SCIN

TYPE : SUBROU TINE

GENERAL PURPOS E:

Processes *START CIRCUIT card

VARIABLES :

-NON E

SUBROUTINES CALLED :

DPVOUT ERRO R

CALLING PROGRAMS :

PRCSS

DE SCRIPTION :

Subroutine SCIN is the input processor for  the START CIRCUIT

card.  Its funct ion is to t ranslate  the start  c i r cu i t  input card

into an appropriate dr iver  record for  use by subsequent NCAP

phases. The s tart  c i rcui t  dr iver  record and its companion end

c i rcui t  dr iver  record serve as delimiters  for-  the NCAP dr iver

f i l e .  The address of the s tar t  c i rcui t  dr ive r record SCREC is

saved by subroutine SCIN and t ransmit ted through common storage

to the end c i rcui t  input processor ECIN.

Processing of the s tart  c i rcui t  funct ion  begins by test ing

3—2 7C
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H
the TYPE code of the input card .  Because there are no data cards

associated with the star t  c i rcu i t  input , TYPE=l is the only code

recognized by subrout ine  SCIN . Any other value of TYPE

constitutes an input  error  which is handled by subrou t ine  ERROR

before ex3t  to the cal l ing program.

If the input e r ror  switch is on (JAB T=l) , - subroutine SCIN

re turns  to the cal l ing program wi th  an appropriate  e r ro r

condition . Otherwise the STA RT CIRCUIT d r ive r  record is wr i t t en

to file 21 from the first ten words of global common by

subroutine 1M~VOUT
’.

The s ta r t  c i r cu i t d r i v e r  record is iden ti f i ed by MODE 13.

Because there is no data associated with a start circuit

func tion , the driver parameters STADO and LNGTH are not

applicable . The MISC drive r parameters are not defined during

Phase 0 , bu t are de f ined  and use d in subsecuen t NCP.P phases to

store the disk addresses of admittance matrices and transfer

func tion s -

Af ter the driver record has been written to disk , subrou t ine
— 

SCIN returns to the calling program.

:~~~~
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NAME : SDIN

TYPE : SUBROUT INE

GENERAL - PURPOSE:

Pro cesses *SEMICONDUCTOP DIODE card sequence according

to the value  of TYPE :

Type = 1 End of card sequence

- Type = 2 Parameter card

Type = 6 Node card

Type = 16 Rorward Bias

Type = 17 Reverse Bias

VA RIABLES:

IP SW = Bias switch ; 1 = Forward , 2 = Reverse

ISW = End of data switch • Off = 0 , On = 1

NW = Word counter for  parameter inpu t

STRING = Alphanumeric string representation of input

value

SUBROUTINES CALLED :

bLPRA DATOUT DECI!~ ERROR NODEIN

CALLINC PROCRAMS
IPRCSS

U -

3—28E
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I
DESCRIPTION - -

Subrout ine SDIN is the input processor for SEMICONDUCTOR

DIODE card sequences. Its function is to decode the

semiconductor input data according to an dnticipdted fornldt ,

translating the input into appropriate data and driver records

for use by subsequent NCAP phases.

Each call to subroutine SDIN causes a single NCAP input card

to be processed . The card image and its TYPE code are

transmitted through common storage to subroutine SDIN which

processes the card according to its TYPE as follows-

TYPE=l End of Card Seauence

If no forward or reverse—bios specification was processed

(IBSW=0) , subroutine SDIN exits with on appropr iate error

cond ition . If the diode is reverse—biased (IBSW=2) ,- the four

input values are moved from BUFF (l)— (4), which are reserved for

f orwar d—bi os data , to BUFF(5)— (8) and the forward—bias d d t d  ared

is cleared . If the diode is forward—biased , the reverse—bids

data area BUFF(5)—(8) is cledred .

Subroutine DATOUT is called to complete the driver record

and to close the semiconductor diode definition . The driver

record is wri tten to file 21 from the first ten words of global

common , where :

MODE=l0 Semiconductor Diode Identifier

STA DD Data File Record Number

3—28F
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LNGTH=32 Length of Data File in Words
-‘ -4-

M ISC(3 )  Positive Node of Connection

MISC(4) Negative Node of Connection

The other MISC parameters are not used.

The semiconductor diode data record , wri tten to file 20 from

the common data b u f f e r  BUFF , is 32 words in length. This record

alloca tes s u f f i c i e n t  disk storage for  the semiconductor diode

input values as well as all other data generated internally by

its , wodel in subsequent NCAP phases:

PUFF(l)— (8) 
- Input  Values -

BuFF (9)—(3c~) Nonlinear Parameters and Coefficients

PUFF(31)—(32) Admittance Subniatrix

A fter return from subroutine DATOUT, the b ias switch IBSW is -

cleared and subrou t ine  SDIN returns to the calling program .

TYPF=2 Parame ter Card

From one to four decimal parameters are extracted from the

car d ima ge , fo rma tted , an d stored in the data b u f f e r  by

subroutine DECIM . The num ber of values decoded and their

placement in the buffer depend on the parameter count , NXT , and

the end—of—data switch , ISW. Upon entering the subroutine , NXT

contains the num ber of values input on previous data cards.

Parameter storage begins at PUFF(NW) where NW=NXT+l and proceeds

throu gh successive b u f f e r  loca t ions as da ta values  are decoded by

subroutine DECP’. If an end—of—data is encountered(ISW=l) before

3—28G
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BUFF(4) is filled , the parameter  count  is rese t to the las t

buffer location used (NXT=NW) and control returns to the calling

program in anticipation of additional parameter cards.

TYPE=6 Node Card -

The nodes of connec tion are ex t r ac t e d f rom the 
- 

car d ima ge ,

formatted , and stored in MISC(3) and ?IISC(4) by subroutine

NODEIN. 
- -

TYPE=16 or 17 EB or PP Card

The bias switch is set: 1=forward—bias , 2=reverse—bias

The FE or RB identifier is decoded by subroutine ALPHA . If an

end—of—data is encountered (ISW J) , subroutine SDIN returns to

the callin g program . Otherwise control transfers to TYPE=2

processing for the remaining data on the card.

Any other value  of TYPE cons titu tes an in pu t er ror  wh ich is

handled by subroutine ERROR before exit to the calling program .
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~ NAME : SHIFT

TYPE SUBROUTINE

GENERAL PURPOS E

R i g h t — j u s t i f i e s  the card image stored in CARD(l )  through
CARD(80)  -

VARIABLE S:

CARD = Card image . one character  per word , l e f t — j u s t i f i e d

I = Index for  CAR D a r ray

SUBROUTINES CALLED :

RSHIFT

CKLLING PROGRAMS :

MA IN

DESCRI pTION~

Subrout ine  SHIFT belongs to a group of Phase 0 character

manipulat ion rou t ines  which fo rm at  NCAP input data .  Input cards

are read by NCAP ’S main p r o g r a m - i n t o  the integer a r r~ v CARD under

FORMAT (80A 1) which places one al phanumer ic  character  in the most

significan t bits each word of the card image

( l e f t — j u s t i f i c a t i o n ) .  The b ina ry  equivalents  of such characters

are f r equen t ly  negative numbers or very large positive numbers
l~~1, 

- 
-

3— 2 9C
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wh ich are d i f f i c u l t  to m~ nipu 1ate a ri thmet ica l ly  because of

overflow , propagation of the sign bit , and end—around c a r ry .

By sh i f t ing  each character  of the card image from the most

s igni f icant  to the least s ign i f i can t  b i ts  and z e r o — f i l l i n g  to the

left , every character can be represented as a small positive —

integer which can be easily manipulated by ar i thmetic  means.

Subroutine SHIFT performs this conversion on the input card

image in preparat ion for character  man ipu l a t i on  by the format t ing

rout ines  of Phase 0. The 80 left—justified card characters are -

t ransmit ted to the rou t ine  in the integer a r r a y  CARD ,

r ight—justified by subroutine RSHIFT, and returned to the calling

program in CARD .

3—29D
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NAME: TRNIN

TYPE : SUBROUTINE

GENERAL PURPOSE :

Processes *TRAN SISTOR card sequence according

to the value of TYPE : -

TYPE = 1 End of card sequence

j TYPE = 2 Parameter  card

- TYPE = 6 Node card

I
• VARIABLES :

ISW = End of data switch ; Off  = 0 , On = 1

NW = Word counter for paramete r inpu t

STRING = Alphanumeric string representation of input

value -

SUBROUTINES CALLED :

DATOUT DECIM ERRO R NODEIN

CALLING PROGRA M S :

PRCSS

DESCRIPTION :

Subrout ine TRN IN is the input  processor for  TRANSISTO R card

sequences. I ts  func t ion  is to decode the bipolar j unc t i on

r 

-3 30D
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— t ransistor  input data according to an anticipated format ,

t r ans la t ing  the inpu t into appropriate data and drive r records

for use by subsecuent NCAP phases.

Each call to subroutine TRNIN causes a single input card to

be processed . The card image and its TYPE code are transmitted

through common storage to subroutine TRNIN which processes the

card according to its TYPE as follows: -

TYPE=1 End of Card Seauence

Subroutine DATOUT is called to complete the driver record

and close the transistor definition . The input is tested for

* errors and the data and driver records are written to disk. The

driver  record is wr i t t en  to fi l e  21 from the f i r s t  ten words of

global common , where : 
-

MODE=9 Transistor Identifier

STADD Data File Record Number

LNGTH=102 Length of Data Record in Words

MISC(3) Base Node of Connection

The other MISC drive r parameters are not used .

The t r ans i s to r  data record , w r i t t e n  to f i le  20 f rom the

common data buffer BUFF , is 102 words in length . This record

allocated s u f f i c i e n t  d isk  storage for  the t rans i s to r  input  values

as well as all other data generated i n t e r n a l l y  by its model for
- 

.~
- use by subseauent NCAP phases : -

BUFF(1)—(20) Input  Values 
-

3—30 E
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B U F F ( 2 1) — ( 7 O )  Nonlinear Parameters and Coeff ic ien ts

BUFF (7l)—(l02) Admittance Submatrix

TYPE =2 Parameter Card -

From one to sixteen decimal parameters  are extracted from

the card image , formatted , and stored in the data  b u f f e r  by

subroutine DECIM. The number of values decoded and thei r

placement in the b u f f e r  depend on the parameter count ,  NXT , and

the end—of—data switch , ISW. Upon entering the subroutine , NXT

contains the number of values input on previous data cards .

Param eter  storage begin s at B UFF (N W ) where NW=NXT+ l and proceeds

through successive b u f f e r  locations as data values are decoded by

subrout ine  DEC IM . If an end—of—data  is encountered (ISW = l)

before BU FF (] .6)  is f i l l ed , the parame te r count is reset to the

last b u f f e r  location used (NXT aN W) and control  r e tu rns  to the

ca l l ing  program in ant ic ipat ion on addi t ional  parameter  cards.

TYPE— 6 Node Card —

The base node of connection is ext rac ted  f rom the card

imaqe , formatted , and stored in MISC (3) by subroutine NODEIN.

Any other value of TYPE constitutes an inpu t error which is

handled by subroutine ERROR before exit to the calling prograr .

3—30F 

5 —~~~~~~~~~~~~~ _~~~~~~~~~~ __-5 _ —- -- ---5--- ——-5-—-- - ~~~- 
-



-

~~ 
_ J

(~~~ND

LDE~~ ~~ RROR J ~~~~~~~ ~~O~~~IN J SHIFfl

_  _  _  _  _

L~CAN I 12~TAWR I 1j~~ ROR
5-

1 [~~T~~J ERSHIFT1

1 1  
_

[~~CKR J LPACKL J F DRIV~~~j

- C t
3—3 1A

— -
~ _E- ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ —-5---- -~~ -



— -— -— -—--•.-~~~ - -5------ - --5. -- --5- —-—- ---5 ’,——--- 
- 5 - -

~~~
—-—-— - - - —--—-~~

- —- - - -

C $TMT D 1d2

* (~)

_ _  

_ _  

H
- - _ _ _  - f u.m

I ~~ ( EllI(\ mm&uii- i
\ ltclms_ / - \~~Li

~
y) C~~D
‘I,

L~~~~
J

I 
_ _  

-
-

C)
3—31B

__
~~~Y~~-’5-.-~

__
~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ -I~~~~~~~~~~~~ M~~~~~ — 

_ _ _ _ _  _ _ _ _ _



-5-— - -.-—--
~~~~~~~~~ 

-- 
~~~~~~~~~ ——--5 ---- -

~~ -T’-,--~~_-5 ~~~~~~~~~~~~ -——v -- -5—--- 

5-5 S.-5-5 

‘- - -5- --—--5 -

~~~~~~~

~II
2~~~ 2

0

L ICREMEIT -

h I D
_ _

</$)
- I PARAMflER

C~~~DP~~nfI
7

YES

C~MD

4.

3-31C



-- —-5- -‘—5•’-——-•.’--——-.--•——
~~~

-—--5—-’—-,,-•--—--------— - —-- 5 — -5—— _—•_--—-,__—_‘-._~~~~~
_

~~,~~~~~——‘ - --‘-5— -~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ -~~~~~~~~~~ ‘‘~~~~~~~

NAME : VDIN

TYPE : SUBROUTINE

~ ENEPA L PURPOSF-

Processes *VA CUUM DIODE card seauence according

to the value of TYPE-

TYPE = 1 End of card sequence

TYPE = 2 Parameter  card

TYPE = 6 Node card

VARIABLES :

ISW = End of data switch — Off = 0 , On = 1

NW = Word counter for  paramete r input

STRING Alphanumeric  s t r ing  representation of input

value 
-

SUBROUTINES CALLED :

DATOUT DE CI M ERR OR NODEIN -

CALLING PROGRAMS:

PPCSS

- 
- 

DESCRIPTION -

Subrou tine VDIN is the input processor for VACUUM DIODE card

seouences. Its function is to decode the vacuum diode input data

3—3lD
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according to an ant ic ipated fo rmat , t r a n s l a t i n g  the inpu t into

appropriate data and driver records for use by subsequent NCAP

phases. -

Ez~ch call to subrou t ine  VDIN causes a single WCAP input  -card

to be processed. The card image and its 
- 
TYPE code are

transmitted through common storage -to subroutine VDIN wh ich

processes the card according to its TYPE as follows :

TYPE=l End of Card Secuence

Subroutine DATOUT is called to complete the drive r record

and to close the vacuum Diode definition . The input is tested

for errors and the data and driver records are written to disk.

The dr iver  record is written to file 21 from the first ten words

of global common , where 
-

MODE=6 Vacuum Diode Identifier

STADD Data File Record Numbe r

LNCTH=15 Length of Data Record in Words

MISC (3) Positive Node of Connection

MISC(4) Negative Node of Connection

Othe r MISC d r ive r  para m e ters are no t used.

The vacuu m diode da ta record , wri tten to f i l e  20 f ro m the

j common data buffer PUFF , is 15 words in length . This record

~ 

allocates sufficient disk storage for the vacuum diode input

values as well as all other data genera ted internally by its

model in subsecuent NCAP phases—

_ _ _ _ _ _  —
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? UF F( l ) — ( 3 )  Input  Values

B U F F ( 4 ) — ( l 3 )  Nonl inear  Coef f ic ien ts

P U F F ( 14 ) — ( l 5 )  Admit tance Submatr ix

TYPE=2 Parameter Card

From one to three decimal p arameters  are extracted from the

car d - ima ge , formatted , and stored in the data buffer by

subroutine DECIM. The number of values decoded and their

placement in the bu f f e r  depen d on the parameter  count , NXT , and

the end—of—data switch , ISW. Upon entering the subroutine , NXT

contains the number of values input on previous data cards.

Parameter  storage begins at B UFF ( N W ) where NW=NXT+l and proceeds

through successive buffer locations as data values are decoded by

subroutine DECIM . If an end—of—data is encountered (ISw=l) before

~UFF (3) is f i l l ed , the parameter count is reset to the last

buffer location used (NXT=NW) and control returns to the calling

— program in anticipation of additional par ameter cards. -

TYPE=6 Node Card

3—3 1F - ?
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The nodes of connec t ion are ex t rac ted f rom the card image ,

format ted , and store d in ~‘ISC(3) and MISC(4) by subrou t ine

NODEIN. 
-

- Any other value of TYPE constitutes an input error which is -

handled by subroutine ERROR before exit to the calling program .

I

I
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NAME : VTIN
‘t P

TYPE : SUP R OUTI NE

GENERA L PURPOSE:

Processes *VACUUM TPIODF card sequence according 1 
-

to the value of TYPE - 

-

- TYPE = 1 End of card sequence

TYPE = 2 Parameter card -

TYPE = 6 Node card

VARIABLES:

ISW = End of data switch ; Off 0, On = 1 
-

= Word counter for  parameter input  
- - ~3 -~

STRING Alphanumeric  s t r ing  representat ion of input
value 

- 

-I
SUBROUTINES CALLED : - 

-

DATOUT DECIM ERROR NODEIN

CALLING PROGRAM S - ~-

PPCsS

DESCRIPTIO N —

Subrout ine  VTIN’ is the input processor for Vft CUU~ TR IODE

card seauences. Its func t ion  is to decode the vac uu m t r iode I
3— 3 2 D  I .
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input data according to an anticipated format, translating the

input into appropr iate data and drive r records for use by

subsequent NCAP phases.

Each call to subroutine VTIN causes a single NCAP input card

to be processed. The card image and its TYPE code are

transmitted through common storage to subrout ine  VTIN which

processes the card according to its TYPE as follows :

TYPE=l End of Card Sequence

Subroutine DATOUT is called to complete the driver record

and to close the Vacuum Triode definition . The input is tested

for e r ro r s  and the data and driver records are written to disk.

The d r iver  record is w r i t t e n  to f i l e  21 from the f i r s t  ten words

of global common , where -

MODE=7 Vacuum Triode Identifier

STADD Data File Record Number

t-NCTH=40 
- 

Length of Data Record in Words -

MISC(3) Base Node of Connection

Other MISC dr ive r parameters  are not used .

The vacuum triode data record , written to file 20 from the

common data buffer , PUFF , is 40 words in length . This record

allocates s u f f i c i e n t  disk storage for  the vacuu m t r iode inpu t

values as well as al l  other data generated i n t e rna l l y  by its

Z 
model in subsecuent NCAP phases:

BUFF (1)— (9) Input Values
a

3—32E
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B U F F ( l 0 ) — ( 2 2 )  Nonlinear Parameters  and Coeff ic ients

SUFF(23)—(40) - Admittance Submatr ix

TYPE*2 
- --  

Paramete r Card -

From one to nine decima l parameters are extracted from the

card image , formatted , and stored in -the data buffer by

subroutine DECIM. The number of values decoded -and their

placement in the buffer depend on the parameter count, NXT , and

the end—of—date switch , ISW. Upon entering the subroutine , NXT

contains the number of values inpu t on previous data cards .

Parameter storage begins at BUFF (NW ) where NW=NXT+1 and proceeds

through successive buffer locations as data values are decoded by

subroutine DECIM. If an end—of—data is encountered (ISW=l)

before !UFF(9) is filled , the parameter count is reset to the

last bu f f e r  location used (NXT =NW) and control  r e t u rn s  to the

calling program in anticipation of additional parameter cards.

TYPE— 6 Node Card

The base node of connection is extracted from the card

image , formatted , and stored in MISC(3) by subroutine NODEIN .

Any other va lue  of TYPE constitutes an input error wh ich is

handled by subrou t ine  ERROR before ex i t  to the calling program.

3—32 ?
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NAME : PHASE1
‘p

TYPE: SUBROUTINE

GENERA L PURPOSE! -

Controls calculation of nonlinear device parameters and

submatrices . Creates freouency table.  Determines

size of admit tance m a t r i x .  Performs automatic  node

numbering of multi—node devices. -

VA RIA E LES :

FNO = User-assigned frequency numbers

FREQ = Frequency values

FRTR L = Frequency number table~ - .

Subscript Seouential frequency number

Value = User— assigned frequency number

JRECS = In termedia te  storage for d r iver  f i l e  record

number - -

MAX = Intermediate storage for maximum node number

MAXIT = Total number of frequency sweep iteration s

NCOMP = Length of linear or nonlinear component data

record

NFREO — Number of f requencies  defined for given

generator

NODE — M aximum node numbe r (order of admit tance

m a t r i x )

_ -~~~~~~~~~~~_-
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NORDP = Total number defined frequencies (order of

analysis)

SUBROUTINES CALLE D

CPMTJF CPMTSD CPMTVD CPPT CPT

CPVT D~ TARD DATAWR DRIVRD DRIVWR

ERROR MTPT MTT MTVT

PHA SF2 PTIM F TIMOUT

C~ LLINC PRO GPAM S 
-

EN DIN PRA SE4 PHA SES PHA SE6 PHA SE7

DESCRIPTION :

• Subroutine PHASE1 is the principal routine on NCAP ’s f i r s t

computational phase. It creates the frequency table, controls

the calcula tion of nonlinear device parameters and admittance

submatr ices , performs automatic node numbering of multi—node

circuit elements , and determines the order of the admittance

m a t r i x .  -
The path of execut ion through subrout ine  PHA SE 1 is governed

by a sequential  scan of the dr ive r f i l e .  The scan is initialized

by se t t ing  the d r ive r record numbe r to the s t a r t  of the f i l e ,

DPVFC=l. Subroutine DRIVRD reads a driver record from file 21

and places it in the f i r s t  ten words of common storage . PHASE 1

responds to the MODE of the dr iver  record , causing it to be

processed as follows~ -

- 

- - -- 

3-33K
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MODE—i Drive r File Heade r )

The frequency count is initialized to NORDR=0 , the frequency

number table is cleared by F R T B L ( I ) = ø  for  1=1 , 2 , . . . 1 a , and the

number of freauency sweep iterations is set to ~‘AXIT O. The-next

file 20 location available for data storage is defined by

DATPEC— MISC(l) and control returns to the driver file scan .

MODE—1 3 S tar t  C i r cu i t

The order of the admittance matrix , def ine d as the largest

node numbe r in the c i r c u i t ,  is i n i t i a l i z e d  to N ODE=l and control

r e tu rn s  to the d r ive r  f i l e  scan. ‘-

MODE=3 Cenerator 
-

Processing of the generator driver record begins b3

determining if more than one generator employs freouenc~

sweeping . If the present generator does not specify sweeping

(MISC (6) *0), the test is by—passed . Howeve r , if the present

k 

generator employs sweeping ( MA X I T > O )  and a previous genera tor

also specified sweeping (MAXI T#0 ) , an appropriate error message

is pr in ted  and progra m execut ion  t e r m i n a t e s .  Ctherwise  the

number of frequency sweep i t e r a t i o n s , MAXIT, is set fron~ MISC (6)

3— 33L
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of the generator driver record.

The generator  data record is read from f i le  20 by subroutine

DATAPD and stored in the common data buffer PUFF. The

user—assigned trecwency numbers are transferred from

PUFF(30)—(40) to the integer vector FNO and the numbe r of

freouencies defined for the generator , NFREQ , is set from

“ISC(l) .

1~ex t the f recuency num bers and values are appended to the

frecuency table as- follows- - for each defined frec’uency 1=1,

~‘rwj ’c ’, the scc’uential frec’uercy nurher is ir.crerented by

~C’r~rp =rcr r~ +i - II the frec-uei~cy table is full. (rCi~Cl?.CT.i~) , en

?~ rro~ r i e te e r r c r .‘-es-s-ece i~ ~-rin ted and prograr execution

terr-inates. The user—assigned frec’uency nurber is tested for

~‘ni cueress against those already in the table. If FNO (I)=

FTTPL (J) for any J=l , 2,...(NORDF—l), then an error message is

printed and execution stops . Otherwise the frequency number and

value are appended to the table by :

FPTPL (NORDP) =FNO (I)

FPEQ(NOPC-F) =PtTFF’ (I)

)fter all the generator frecuencies have been placed in the

table , the order of the admittance matrix is updated to the

v-aximum of (NODE , ~‘ISC(3), MISC (4)) and control returns to the

driver file scan.

~OrF=4 Linear Corponents

:5 3—33M
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The l inear  components data record is read f rom f i l e  20 by

subroutine DATA RD and stored in the common data buffer BUFF. The

length of the data record , NCOMP , is set from MISC(l). For each

four—word  component d e f i ni t i o n  the nodes of connection are

extracted f rom the data b u f f e r  and stored in K and L and the

order of the admittance matrix is updated to the maximum of

(NODE , K , L). Control then returns to the driver file scan .

Nonlinear Components

The nonlinear components data record is read from file 2~ by

subroutine DAT~PD and stored in the common data buffer PUFF. The

leng th of the data record , NCOMP . is set froffi MISC (1). For each

13—word component definition the nodes of connection are

extracted from the data buffer and stored in K and L and the

order of the admittance matrix is updated to the maximum of

(NODE , K , L). Control then returns to the driver file scan.

MODE—6 Vacuum Diode

The vacuum diode data record is . read f rom f i l e  2~ by

subroutine DPTARD and stored in the common data buffer PUFF.

Subroutine CPMTVD is called to calculate  the non l i nea r  parame ters

and adm i t tance  subma t r ix  wh ich are appended to the data record.

The data  record is r e w r i t t e n  to f i l e  20 by s u br o u tin e  D~ TM% R , the
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order of the admit tance m a t r i x  is updated to the maximu m of

(NOD E , MISC(3), M I S C ( 4 ) ) ,  and control returns to the drive r file

scan .

MODF=7 Vacuum Triode

The vacuum triode data record is read from file 20 by

su b rou t ine D~TAPD and stored in the common data buffer BUFF.

Subroutine CPVT and MTVT are called to calculate the vacuum

triode nonlinear parameters and admittance submatrix which are

appended to the data record. The data record is rewritten to

f i l e  2~ by subrou t ine  CATAWP and the nodes of the device are

numbered by~

MISC(4)=MISC(3)+2

The d r iver  record is rewr i t t en  to f i l e  21 by subrout ine  DRIVW R ,

the order of the admit tance ma tr i x  is upda ted to the max imum of

(NODE , MISC(3) , MISC(4)), and control returns to the drive r file

scan.  -

~CDE=8 Vacuum Pentode

The vacuu m pentode data record is read f rom f i l e  20 by

su b r o u t i n e  D~ T~ PD and stored in the common data b u f f e r  BUFF.

r Subroutine CPPT and MTPT are called to calculate the vacuum

~entode nonlinear parameters and admittance submatrix which are

~1 ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ - --5-—- - - - -
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appended to the data record.  The data record is rewr i t t en  to ‘k-”

file 20 by subroutine DATAWR and the nodes of the device are

numbered by :

M I S C ( 4 ) = M I S C ( 3 ) + 3  -

The driver record is rewritten to file 21 by subroutine DPIVWR ,

the order of the admittance ma trix is updated to the maximum of - -

(NOD E , M I S C ( 3 ) ,  M I S C ( 4 ) ) ,  an d contro l  re tur ns  to the d r ive r  f i l e  - -

scan . 
-

MODE 9 Pipolar Junc t ion  Transistor

The transistor data record is read from file 20 by 
- J
p

subroutine DATARD and stored in the common data buffer BUFF.

Subroutines CPT and MTT are called to calculate the transjstor

nonl inear  parameters  and admittance submatrix which are appended

to the data record. The data record is rewritten to file 20 by

subrout ine  D~ TAWR and the nodes of the device are numbered by:

MISC(4)=MISC(3)+3

The d r ive r record is r ewr i t t en  to f i l e  21 by sub rou t ine  DRIV~7P,

the order of the admi t tance  m a t r i x  is updated to the m a x i m u m  of

(NODE , MISC(3), MISC(4)), and control returns to the driver file

scan. -

MpDE—l
~
3 _ Semiconduc tor ~~~~~

3-.33p
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The semiconductor diode data record is read from file 20 by

subroutine DATA RD and stored in the common data buffer BUFF.

Subroutine CPMTSD is called to calculate the nonlinear parameters

and admittance submatrix which are appended to the data record.

The data record is rewritten to file 20 by subrout ine DATAWR , the

order of the admittance mdtrix is updated to the maximum of

(NODE , MISC(3), MISC (4)), and control returns to the drive r file

scan . 
-

MODE=20 Junction Field Effect Transistor

The junction field effect transistor data record is read

from file 20 by subroutine DATARD and stored in the common data

buffer PUFF. Subroutine CPMTJF is called to calculate the

nonlinear parameters and admittance submatrix which are appended

to the data record. The date record is rewritten to file 20 by

subrou t in e DATAWR and th e nodes of the device are numbere d by :

MISC (4) =MISC (3) +3

The driver record is rewritten to file 21 by subroutine DRIVWR ,

the order of the admittance matrix is updated to the maximum of

(NODF , MISC (3), MISC(4)), and control returns to the driver file

Scan.

MODE=25 Linear Dependent Source

3—3 30
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The order of the admittance matrix is upda ted to the maximum

of (NODE, MISC (2), MISC(3), MISC(4), M I S C ( 5 ) )  and control returns

to the driver file scan.

MODE=26 ~on1inear Depe ndent  Source

The order of the admittance matrix is updated to the maximum

of (NOPE , MISC(2), r1ISC(3), MISC(4). MISC(5)) and control returns

to the driver file scan.

MODE 14 End C i r c u i t

The drive r file record number is saved by JPECS=EPVBEC and

reset to that of the start circuit driver record by DRVREC

=MISC(l). An upd ated start circuit (l’CDP 13) drive r record is

crea ted wi th  the or der of the a d m i t tance ma tr i x , NODE , store d in

MISC(4) - The start circuit driver record is rewritten to file 21

by subrou t ine DRIVW R , the driver file record number is restored

to DPVRFC—JPFCS , and con trol re tu r n s  to the d r i v e r  f i le  scan .

E l ~~ End

The driver file header is read from file 21 by subroutine )

DPIVRD . The frecuency table is transferred from the FR~C an d
3—33R
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FPTF[. arrays to the comon data buffer BUFF and output to file 20

by su b rou t ine DAT A~ P . The record number  an d length of the

freauency table are stored in the driver header record by STADD=

T)ATREC and LMCTH=20. The next available file 20 storage location

is updated by DATPFC=D/~TREC+LNGTP and stored in MISC(l). The

frecuency count NOPOR is stored in MISC(2) and the driver header

is rewritten to file 21 by subroutine DRIVWR .

The F~ C driver record signals the end of the driver file

scan and the completion of Phase 1 processing . Program control

transfers to subroutine PEASE2.

For other  va lues  of r~’ODE encountered in the drive r file

scan , control transfers back to the scan without further

processing by subroutine PHASE1.
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NAME CPMTJF

TYPE! SUBROUTINE

GEN ERAL PURPOS E:

Calculates nonlinear coefficients and creates admittance

submatrix for junction field effect transistor 
—

VARIABLES~ .

A = Nonlinear coefficients

AX = Intermediate calculation for A

B = In pu t values

C = Nonlinear coefficients and input values

CGD = Input value - -

D = Intermediate  calculation f o r  A

FK = Input value

FM = Input value

GIDS = Intermediate calculation for C

IDMAX = Input value

PJ = Admittance submatrix

RHO = Input  Value

0 = Intermediate storage for input values

RS = Input value

VBX Input value

VGS = In termedia te  storage for  input value

VGSI = Input value

3-34D
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VO Input value

VP = Input value

VSUM Intermediate calculation for C

W = Coeff ic ient  used in calculation for C

WM = Exponent used in calculation for C

ZFACT = Multiplicative accumulator for factorial

SUBR OUTI NES CALLE D-

DERN FIDS

CALLING PROGRAMS :

PHASE 1

-
‘ 

DESCRIPTION :

Subroutine CPMTJF calculates the device parameters and

admittance submatrix for the junction field effect transistor.

The parameters are derived from the input values stored in the

f i r s t  22 wor ds of the JFET data record wh ich is transmitted to

subrou t ine CPMTJF in the common data buffer. The calculated

device parameters and admittance submatrix are stored in the data

record which is returned to subroutine PHASE1 and rewritten to

file 20 for use by subsequent NCAP phases.

The FET model includes analytic generation of the nonlinear

coefficients A and C from input values or the direct calculation

of A and C coefficients from input parameters. The method of

calculating coefficients is determined by the value of MISC (2) in

the JFE T d r i v e r  record.  For M I S C ( 2 ) = 2  the coef f ic ien t s  are

3—34E
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generated analyt ica-l ly~ otherwise the coefficients are calculated
‘-~~

direct ly.  -

The analytic generation of coefficients begins by storing

the input P—parameters in the vector C and saving B(5) i-n VGS.

Then the function VGSI is calculated i t e ra t ively  under control of

the index I. VGSI is recursive in IDS, a function evaluated by

subroutine FIDS. (Since the calculation of IDS is presented in

detail in the narrative description of subroutine FIDS , it is not

repeated here.) The algorithm for computing VGSI begins by

evaluating IDS at the operating point X0=VGSI , an input

parameter . Upon return from subroutine FIDS , the calculated

value for IDS(X0) is stored in CIDS.

For successive iterations , the operating point is recomputed

as X0 = VGSI — GIDS * PS and the function IDS(X0) is evalua ted

again . After the tenth iteration , the final result is added to

V0 to form the expression - 
-

VSUM = VO + VGSI

The first order coefficient C(l) is then defined as-

C ( l )  — FF * VSUM I
FM

3—34F
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2
A (3) = A(3) + 2. * B(2) * PS

5
D

= A ( 4 )  + 5~ * 13 (2 ) * 8(3) * RS + 5•  * 8(2 ) 2 * PS 2

P6

AX = (6. * 8(2) * 2(4) * PS) + (3. * p (3)2 * PS)

. P 7 
- 

-

A ( 5 )  /~~5) + A X

AX = 21. * 13( 2 ) 2 * B ( 3) * PS2
8

P

A(S) = A ( 5 )  + AX + 14. * 13(2f ~~~

D
9 -

The C—coefficients are calculated directly from the input

C—vector according to:

C C I )  = C(I) / I I  for I = 2,3,...l0

After the nonlinear coefficients have been calculated ,

subroutine CPMTJ’F - calculates the complex admittances for the

L 

1 

~~~~~~ : ;~f~ rs~
E
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Higher order coef f ic ien ts  C C I ) , I = 2 , 3 , . . .10  are derived by

d i f f e r e n t i a t i n g  C C I - — 1) and d iv id ing  by (I — 1)! Since each

CU — i )  is a funct ion of the form wx~~, its derivat ive is computed

directly as nmx~~
1 

. The coeff ic ient  of the der ivat ive  is

aeveloped in W , the exponent in WM~ and the factorial expression

is accumulated in ZFA CT/ I .  -

The analytic generation of A—coeff icients  is performed by

subroutine DERIDS , which calculates the coeff ic ients  up to sixth

order by d i f f e re n t i a t i n g  the funct ion IDS .

For the direct calculation of the FET nonlinear

coefficients , the A—coefficients are derived from the input

- - values RS and 2 . First the intermediate calculations to simplify

expressions-

- ‘

P = 1. — 13(1) * PS

A (I) = B(I)/~~~~ 
- for I = 2,3,...10

Then more specif ical ly:

AU) - -13 (1) ‘/ D

3—34H
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NAME : CPMTSD

TYPE : SUBROUTINE

GENERA L PURPOSE: -

Calculates nonlinear coeff icients  and creates admittance

submatr ix  for  semiconductor diode

VARIABLES: -

C 
- 

- — Input value

CP = Input value

C2 = Nonlinea r coeff ic ients
— DNIF = Input value

GAMMA — Nonl inear  coeff ic ients

1F13 = Inp u t  value

K = Nonlinea r coefficients

MU = Input value

P — Submatr ix

RRB = Input value

SMK — Input value -

VRB — Input value

SUBROUTINES CALLED~
NON E

I 

CALLING PROGRAMS-

PflA SE 1

3—358
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Subroutine CPMTSD calculates the device parameters and

admittance submatrix for the semiconductor diode. The parame ters

are derived from the input values stored in the first eight words

of the semiconductor diode data- record wh ich is transmitted to

subroutine CPMTSD in the common data buffer. The calculated

device paramete rs  and admittance subn’atrix are stored in the data

record which is returned to subroutine PHASE1 and rewritten to

file 20 for use by subseauent NCAP phases.

The semiconductor diode parameters include the coefficients

K and C2 for the forward—biased model and the coefficients GAMMA

for the reverse—biased model.

The calculation of coefficients K for the forward— bias model

is recursive . The linear coefficient is given by : 
-

K (l)= IFD/(.026 * DNIF)

Higher order coefficients are calculated according to:

K(I) = K(l) * K (I—i)! (I - *  IFE)

The C2 parameters are defined as follows: 
-

C2(1) = C + IFE * CP - 

-

C 2 ( 2 )  = CP

The calcula tion of coefficients GAMMA for the reverse—bias

model is recursive . The linear coefficient is given by:

CAMMA (l) = SM K/ VR E~**MU -

Higher order coefficients are calculated according to:

CAMM PCI ) = (1—1—MU) * CAM~ A(I_l)/(I*VPP)

3—35 C
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The admittance submatrix for the semiconductor diode is the

single complex number represented by :

P(l) = K(1) + (l./RRB )

P ( 2 )  = C2( 1) + CA MM A( 1 )

N.

I
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NAME : CPMTVD

TYPE SUBROUTINE

GENERAL PURPOSE’

Calculates nonlinear coefficients and creates admittance

submatrix for vacuum diode

VARIABLES :

C = Input value

G = Input value

K = Nonlinear coefficients

P Submatrix

VPO. Input value

SUBROUTINES CALLED •

• NONE

CALLING PROGRAMS~ 
-

PHASE 1

DESCRIPTION S

Subroutine CPMTVD calculates the device parame ters and

admittance submatrix for the vacuum diode . The parameters are

derived from the input values stored in the first three words of

the vacuum diode data record which is transmitted to subroutine

3—36B
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CPMTVD in the common data buffer. The calculated device

parameters and admittance submatrix are stored in the data record

which is returned to subroutine PHASE1 and rewritten to file 20

for use by subseauent NCAP phases.

The calculation of coefficients K for the vacuum diode ’s

single nonlinearity is recursive . By definition the linear

coefficient is given by:

K (1) = 1.5 * C * SORT (VPO)

Pigher.order coefficients are calculated according to:

F(I) = (2.5—I) * K(I_l)/I*vpo

The admittance submatrix for the vacuum diode is the single

complex number represented by:

P(l) = K(l)

I I P(2) = C

1 0
3—36C
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NAME : CPPT

TYPE SUBROUTINE

GENERAL PURPOSE

Calculates nonlinear coefficien ts for vacuurr.peritode

VARIABLE S:

A = Interme d iate calculation

Input value

EM = Input value

FP = Nonlinear coefficients

F2 = Nonlinea r coefficients
) C = Nonlinear coefficients

CO = Input value

= Nonlinea r coefficients

IC = Dinomial coefficient for JP
-
. INDX - = Increinentation vector for differentiation

algorithm

JC = Binomial coefficient for J2

JP = Pow subscript

J2 = Column subscript

= flow subscripts for differentiation algorithm

1(2 = Column subscripts for differentiation

alaorithr’

-~~~~ 

~~~ 

~“~3 = Input value 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
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PHI — Input value

0 Preliminary calculation for FP and F2

nonlinearities

S • Additive accumulato r

VP = Input value

Vi = Input value
- - VJT = Input value 

-

V2 = Input value

• SUBROUTINES CALLED

~IONE 
-

CALLING PROGRAMS~
PHASE1

DESCRIPTION S

Subroutine CPPT calculates the device parameters for the

vacuum pentode. These parameters consist of the coefficients for

the four nonlinearitjes of the device model G , H , F2, and FP.

The parameters are derived from the input values stored in

- 
- the first twelve words of the pentode data record which is

transmitted to subroutine CPPT in the common data buffer.

Calculated device parameters are stored in the data record wh ich

is returned to subroutine PHASE1 and rewritten to file 20 for use

by subseauent NCAP phases.
4 

-

The calculaton of coefficien ts for the H nonlinearity begins -

~~~~

by defining-

3—37F
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A V1+PH1+V2/MU

H (l) SQRT (A**3)

Higher order coefficien ts are calculated recursive ly accor d ing

to: 
-

H (I+l)= (2.5_FLOAT(I))*H (I)/A

The C coefficients are calculated by:

G (l)=GO*(l._Vl/V1T)

C(2)=-GO/V1T

For the P2 coefficients , the compu tations begin by defining-

Q (l,l)=D* (VP/V2)**EM

F2 (l,l)=l./(l.+O (i,i))

Highe r order coefficients are generated by a differentiation

algorithm and stored in the upper triangle of the array F2(5,5).

With in the first row , each successive column en try F2(i,J2+l) is

the derivative with respect to V2 of the preceding column entry

- P2(1,32). Similarly, wi thin a g iven column , each su’ccessive row

entry F2 (JP+l, J2+l) is the derivative with respect to VP of the

preced ing row entry F2 (JP ,32+l).

Because P2 is a function of 0, an upper tr iangular a rra y

0(5,5) is constructed to simçlify the arithmetic. The elements

of the Q array are c1erived and stored according to the same

- differentiation process as the F2 array.

The PP coefficien ts are calculated directly frorr the P2 and

~ arrays accordin g to 
-

3—37G
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Fp (JP+l,32+1) = ~~ (3?) ~~ (32) ~2 P—I+1,J2-3+1) Q(I+l,J+l)

In subrout ine  -CPPT the elements of the 0, F2 , and FP a r rays

are generated by columns within a double loop. The outer loop is

indexed by J2 which ranges from 0 to 4 and serves as the basis

for the column- subscript . The inner loop is indexed by JP which

serves as the basis for the row subscript . JP ranges from 1 to

(4—32) for the first column , effectively omitting calculations

for the linear coefficients already evaluated , and from 0 to

(4—J2) for the remaining columns . The indexing technique is

summarized as follows ’

STEP 1: Initialization

a) Set column index. 32=0 and row index JP=1 . Go to Step

2 for first column .

b) Set row index JP=0 for successive columns. .

STEP 2: Calculate Coefficients

a) Calculate Q (JP+1 ,J2+l)

b) Calculate F2(JP+1,32+l)

C) Calcula te FP(JP+l ,32+l)

3..37,~ 
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r STE~• 3~ Increment and Test Row Index
‘II,

I’ a) Increment JP=JP+l

b) If JP.LE. (4—J2) go to Step 2 to calculate next row

entry . Otherwise column is complete ; go to Step 4.

STEP 4~ Increment and Test Colinin Index

a) Increment 32=J2+l

b) If J2.LE.4 go to Step lb to begin next column . Other-

wise calculations complete.

The elements 0(JP+l,J2+l) are calculdted recursively. For

the first row (JP=0) , each successive column element is a

function of the preceding element -

Q(JP+1,J2+l) = Q(JP+l ,32) * (-EM—FLOAT(J2—l ))/V2

For the remaining rows (JP>@) , each successive row element is a

function of the preceding row element :

Q(JP+l ,J2+l) = 0(JP,J2+l ) * (EM—F LOAT ( JP -1 ) ) / vp

The elements F2 (JP+l ,J2+l) are calculated according to a

differentiation algorithm siniiliar to thdt employed in the

bipolar junction transistor (see subroutine CPT). The algorithm

is based on the ru le  of e lementdry  calcuLi s which  de f i n e s  the nth

derivative of a product of functions to be a sum of products of

lower order derivatives of those functions. Given :

F2(l,l) = [ 1 + Q(l,l)

3—37 1
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then its derivative with respect to V2, the nex t column eleme nt ,

can be expressed aS-

I
F’2 (1,2) = —Q (l,2) * F2(1,1) * F2

(1,1)

Similarly the derivative with respect to VP , the nex t row element

can be expressed as~

F2(2,1) = —Q (2,i) *F2(1,1) * F2(1,1)

These products of functions yield sum s of products of lower order

derivatives when differentiated

F2(1,3) = (Q(1,3) * F2(l,1) * F2(1,1)] + [Q(1,2) * F2(1,2) * F2(1,1)]

+ [Q(1,2) * F
2
(l,1) * F2(l,2)] -

F2(3,1) = (Q(3,1) * F2(1,1) * F2(1,1)] + [Q(2,l) * F2(2,1) * F2(1,1))

+ [Q(2,1) * F2(l,l) * F2(2,l)]

Each additive term is the product of one C dnd two lower—order —

P2 ‘S .

In subroutine CPPT the row subscripts are stored in the

integer vector KP(3) , where I(P(l) is the row subscript of the 0

element of the produc t , 1(P(2) is the row subscript of the first

3—37 .3
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P2 element , and KP (3) is the row subscript of the second P2

element. The integer vector 1( 2 ( 3 )  serves the same purpose for

column subscr ipts . In th i s  context  the subscript  vector s KP= ( 1,

1, 1) and K 2 = ( 3 , 1, 1) represents  the product  Q ( l , 3) * P2 (1,1) *

P2(1 ,1).

The add i t i ve  te rms  are  genera ted  under . the control  of the

vector INDX(L) , L=l , 2...(J2+JP) where INDX(l)=l and each INDX(L)

— ranges f r o m  1 to 3 for all other values of L. ‘I~he elements of

the INDX , KP , and 1(2 vectors in te rac t  to f o r m  the complete

expression for 
•
each P2 element:

- 3  3 3
F (jp+1,J2+1) = — E E ... E Q(KP(1) ,K2(1) * F2 (KP(2) ,K2 (2
2 INDX (2) INDX (3) INDX

=1 =1 (JP+J2) * F2(KP(3),
K2(3))

=1

The subscrip ts for each term are derived by incremen ting the

ini tial , subscript vectors . KP= (1 , 1 , 1) and 1(2=(l, 1 , 1) by

INDX (L) according to:

1(P(INDX(L))=KP(INDX(L))+l for L=l , 2 ... 32

K2 (INDX (L))=F2(INDX(L))+l for L=(J2+1), ... (32+JP)

It is important to note that INDX(l) is always equa l to 1,

and that the first J2 elements of INDX define the incrementation

of the column subscripts 1(2 while the remaining INDX elements

... .

~
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I.
define the incrementation of the row subscripts KP. Furthermore

for given JP and J2 (where F2(JP+l,J2+1) is the element being

calculated), there are exactly (3P+J2) defined elements in INDX.

Together these constraints force the correct formulation for

F2(1,2) and P2(2 ,1) which are simply products of the form Q*F2*F2

and do not involve summations. The formulation of P2(1,2) is

summarized below where JP=0 , 32=1, and - the single element

INDX= (l) increments K2~

INDX= (l) • KP=(l,1,1), K2 (2,1,l) ~~ Q(l, 2)*F2(1,l)*F2(l,i)

The calculation for P2(2,1) is similar . JP~l, 32=0, and the

single element INDX=(l) increments KP :

INDX= (l) 4~ 
!(P= (2,1,l), F2= (l,l ,1) • Q(2,l)*P2(l,l)*F2(l,1)

The calculation of P2(1,3) involves the summation for

I N C X ( 2 ) 1 th rough  3 with  I N D X ( 1) = l  and results  in three addit ive

terms. The formulation of F2(1 3) is summarized below where

JP=0 , 32=2, and both elements of the INDX vector increment K2:

I N D X = ( l , l ) *K P I E ( l , 1 , 1 ) ,  K2 ” ( 3 , 1, 1)~~~~Q ( l , 3 )  * P2(1,1) * P2(1,1)
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INDX= (l ,2)~~~~Kp= (1 ,i,1), K2=(2 ,2,l)~~~~Q(l,2) * P2(1 ,2) * P2(1 ,1)

INDX=(1,3)~~~~Kp=(l,1,l), K2=(2,1,2)~~~~Q(l ,2) * F2(j,l) * P2(1,2)

The calculation for P2 (3,1) is similiar . JP=2, 32=0 and both

elements of the INDX vector increment XP:

INDX (1,l)~~~~Kp= (3,l ,l ), K2 (1,1,l)~~~~C (3,1) * P2(1,1) * P2(1 ,1)

INDX_ (1 ,2)~~~~Kp=(2,2,1), K2— (1,1,1)~~~~Q(2,1) * P2(2 ,1) * F2(1,1)

INDX= (j,3)
~~~~

Kp=(2 ,1,2) , K2=(1 l.l)*C~
(2,1) * P2(1,1) * P2(2 ,1)

Higher order derivatives involve more summations and are

therefore more complicated . Consider for example P2(2 ,3) which

contains nine additive terms . In this case JP=l, 32 =2 -

3 3
F (2 ,3) = — Z E Q(KP(1) ,K2( 1) ) * F

2
(KP(2),K2(2))

2 INDx(2) INDx (3)
=1 =1

* F2
(KP (3) ,K2 ( 3) )

The first 32=2 elements of INDX increment the initial column

subscripts K2= (1,1 ,1) and the remaining 1 element of INDX

incremen ts the initial row subscripts KP=(1 ••l,1 ) . The complete

formul ation is t~ bu1ated below
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IWDX~~(1,1 ,1)
~~~ 

KP’~(2,l ,1) ,K2= (3,l,1)
~~~~

Q(2,3) *F2(],1) *p2(l ,],)

~~N D X _ ( 1 , 1 , 2 ) Ø K P = ( l , 2 , 1) , K 2 = ( 3 , 1, l)~~~~Q ( 1 , 3) * F 2 ( 2 , l )*F 2 ( l , 1)

INE,X_(1,1,3)
*

KP= (l,i,2),X2=(3,l,l)øQ(1,3)*F2(l,1)*F2(2,1)

INbX (1 ,2,l)*KP (2,1,l),K2 (2,2,1)~~~ Q (2,2)*F2(1,2)*F2(l,1)

INDX= (1,2,2) ØKP=(l 2,1),K2=(2 ,2,1)~~~~Q(l,2)*F2(2,2)*F2(1,1)

INDx=(1,2,3)
*

KP=(l,1,2),112=(2~ 2,1)~~~~Q(1,2)*F2 (1,2)*F2(2 ,1)

INDX= (1 ,3,l)~~~~KP= (2,1,l),K2= (2 ,1,2)~~~~Q(2,2)*F2(1,l)*F2(1,2)

I~iDX ( 1,3 , 2) Ø KP ( 1 ,2 , 1) , F 2 _ ( 2 , 1,2 ) ~~~~Q( 1, 2 ) * F 2 ( 2 , )~) *F2(1 , 2)

INtx (l,3,3)~~~~KP= (1 ,1,2),F2= (2,l,2)~~~~Q(1 ,2)*F2(l,1)*F2(2,2)

The algorithm used in subroutine CPPT to compute F2(JP+1,

- 32+1) can be summ ar ized  as follows :

STEP 1 .. Initialization

‘
\

a) \ I nit i a l iz e  add i t ive  accumula tor  s 0 .

b) nitialize INDX(I)=1 for 1=1,2,... (JP+J2)

STEP 2 Cd~\~u 1ate One Addit ive  Term

a) Initi\lize row subscripts KP=(1,l ,1) and column sub—

script~ K2 (1,’l~ 1). If 32=0 go to 2C. Otherwi~se go

to 2b.

n) Increwe~ t column subscripts by :

1(2(NrX (L))K2(IN~ X (L))+l for L=1,2,...,32

k 
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c) Increment row subscripts by:

K P ( I N D X ( L ) ) = K P ( I N D X ( L ) ) + 1  for L= (32+1) ,-.. .(JP+J2)

• d) Form product:

c (KP(l),K2(1)) * .p2(gp (2),1(2(2).) * F2(Kp (3),K2 (3))

and add to accumulator S.

STEP 3. Update and Test INDX

a) I n i t i a l i z e  subscript  T=JP+J2.

b) If T.LE.1, summa tion complete in S, go to Step 4.

Otherwise go to 3c.

C) Increment INDX(T)=INDX(T)+1. If INDX(T).LE.3, go to

Step 2. Otherwise go to 3d.

d) Set INDX(T)=1.

Decrement T=T—1. Go to 3b.

STEP 4~ Set F 2 (J P + l , 3 2 + 1)  = — S and E x i t

After each - 0(JP+1,J2÷l) and F2 (JP+1 ,32+1) hdve been

computed , then FP (JP+1,32+1) is accumulated in S according to

S S + FLOAT(TC*JC) * F2(JP—I+l,32—J+1) * Q ( I +l ,J+1)

• where I ranges from 0 to JP , J ranges from 0 to 32 , IC is the
JP -

binomia l  c o e f f i c i e n t  F r I and JC is the binomial, coefficient
1’ J2

F j  1 .
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H 11
4 1  1JAME CPT

TYPE: SUBROUTIr~TF

• GENERAL PURPOSES

Calculates  non l inea r  coe f f i c i en t s  for  b ipolar
jun ct ion trans is tor

VAR IABLES : 
-

- 
- 
= Input  value

= In t e rmed ia t e  ca lcu lat ions  for ALP HA

n o n l i n e a r i ty

A LP HA = Non l inea r  coef fic ients

(J A LPHS In term e d ia te  ca lcu la t ions for  ~ LPHA

n o n l i n e a r i ty 
. 

-

PP ~u lt ip l i c a t i v e  ac c unu l a t o r

C In put  va lue

C3 In put  va lue

CPRrF Input value

t - 
FIJ Su bscri pt s for  po lynorr ial  powe r ser ies

ex pans ion coe f f i c i en t

t on l inear  c o e f f ic i e n t s

HC2 F~onl inear  coe f f i c i en ts

HFE~’X = Input  va lue

= ~on linear  c oe f f i c i e n t s

= Calcula ted p arar r etc r

3—38E
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IC = Input  va lue  
~ _ ; 

- 
-

ICHMO = Calculated parameter

ICMAX = Input value

XE = Calculated parameter

F - = Input value

= Nonlinear coefficients

MINDX = Incrementation vector for differentiation-

a l g o r i t hm

MORD = Subscripts for. differentiation algorithm

• MU = Input value

N = Inpu t value  -

CPR~E = Intermediate calculation for HM nonlinearity

RATIC = P r e l i m i n a r y  calcula tion

PP = Input value

PFI = Calculated p a r a m e t e r

PC = Inpu t value ,

PCI = Calculated parameter

PEP Input value

PE1 = Calcula ted  paramete r

S = Additive accumulator

SCC = Input value

SCO = Calcula ted parameter

SIC = Preliminary calculation

- • SS = Additive accumulator

SWTCP = Control switch for ‘FUN ’ algorithm

—1 = Initialize algorithm

0 Cont inue  a l g o r i t h m
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1 = Algorithm complete

VCP = Input  value

VCBO = Input  value

SUBROUTINES CALLED

FUN

CALLING PROGRAMS-

P}IAS El

DESCRIPTION -

Subroutine CPT calculates the device parameters for the

bipolar junction transistor . These pdrdmeters include th~

coefficients for the four nonlinearities of the device model (KS ,

GAMMA., PM , and ALPHA.) and the miscellaneous values HC2, ICPt~’0.

PE1 , IF, PBI, PCI, C(2), and SCO - which are used in the admittance

subm atrix and current vector subroutines.

The parareters are derived from the input values stored in

the first twenty words of the transistor data record which. is

transmitted to subroutine CPT in the common data buffer.

CdlCuldted deViCe pdrdlPeterS are stored in the data record which

is returned to subroutine PFPSF1 anc rewritten to file 2C for u~~e

~y subse ’uent ~CAP phases.

The code consists of two raifl sections. The rrisceflaneous

c’evice rarameters, first order coefficients . drc~ rrel lrinary

cdlcula tjonF- . which are derived fron strdightforw arc’ arithr’etic
C, —~~

expressions , are coirruted first. Then the hioher order

3—38G
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coefficients are calculated recursively within a loop under the

control of the index I wh ich represents the order of the

coefficients being calcula ted .

The calculation o-f coefficients for the KS nonlinearity uses

the drithrretic statement function-

PL-C]?(X) = A . L O c -( X )  * .434 2944 819

which compu tes log of d real argument . The following

preliminary calculations are performed to simplify arithmetic

— expressions- 
. 

.

PATI O = ALC1~Y ( I C / I C M A X )

P r’o = l./(1._ (VCE/VCrIO)**N)

IF = IC* (1 .+HFFNX+P*PATIO*PA.TIC)/PMO/HFEtJIX

o PE 1 = PFF * .~~2567C 41/IE

By definition the linear coefficient KS(1) is given by:

s~~(l) = 1./PEl

Higher order coefficients ~re Calculated recursively according

to’ .

K S ( I) = KS(I—1)/FL.OAT(I) * RE1 * IE

The coefficients for the GA~’MP nonlinearity are also

calcula ted recursively, where-’

CAfWP.(l) = F/VC?**MU

and for higher order coefficients ’

(‘AMMA (I) = —GAr- MP(I—1) * (MrJ—FLOAT (r—2))/vCB/FLOAT (I)

The calculation of coefficients for the He-! nonlinearity

begins with ’

RMO = 1./(1._ (VCP/VCPC) **N) 4

4
c’PR~ E (1) = N * VCF**(N_l.)/VCEO**N

3—3811—
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The i i near  c o e f f i c i e n t  H M ( l )  is a product  of func t ions -

H M ( 1 )  = HMO * HM O * Q P P M E ( l )

Successive higher order coefficients HM (I),I=2 ,3,...7 are

calculated by differentiating €he previous coefficient F!M(I—1)

wi th  respect to VCB. The a l g o r i t h m  used to compute the h ighe r

order c o e f f i c i e n t s  of the PM nonlinearity is-derived from the

rule of elementary calculus which defines the nth derivative of a

product of functions to be a sum of products of
’ 

lower order

derivatives of those functions. In particular , the second order

-coef f i c ien t  H M ( 2 )  , obtained by differentiating HM (l) , is a sum of

products formulated as follows-

H M ( 2 )  = [ F M ( l ) * H M ( 0 ) * Q P P M E ( 1) )  + [H M ( ø ) * I *U 1) *O P P M E ( 1) ]

+ [HM (~~) * H M ( 0 ) * Q P R M E ( 2 ) ]  
.

H where H M ( 1 )  is the d e r i v a t i v e  of H M ( 0 )  and O P P M E ( 2 )  is the

derivative of CPRNE(1). Note that each additive term is the

product of two lower-order PM’s ai~d a CPRME . (The equivalency of

RMO and HM (0) is forced by placing PMO and the PM vector in

successive common storage locations.)

The t h i rd  or der coef f i c i e n t HM (3) , obtained by

d i f f e r e n t i a t i n g  H M ( 2 ) ,  consists of nine additive terms , where

each term is the prod uct of two lower—order PM’ s ~nd a CP PME . In

• , • (I—i)
general each coefficient HM(I) consists of 3 terms of the

f orm ~I~4 * * QPP ME where the highest derivative (subscript) of

the PM ’ s is (1—1).

In  sub r o u t i n e  CPT these subsc r ip t s  ar e  stored in the i n t ege r

vector MOPD where MOPD (1) is the subsc r ip t  of the first PM in the

produc t , MOPD (2) is the subscript of the second ~~ dfld MORD(3)

3—38 1
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is the subscript of QPRME . In this context MORD= (0,0,1) -,
represents the product HM (0)*HM(0)*QPPME(l). The 3 additive

F te rms are generated under the control of the vector MINDX(L) ,

L=l,2... (1—1) where each MINDX (L) ranges from 1 to 3. The

elements of the MINDX and MORD vectors interact to formulate the

complete expression for  FW(I)

3 3 3
HN (I) = F ... F F riM (M)pj) (1) ) * riM (r~.DRD (2))MI NDX (I— l)  MINDX(2) Mn~Dx(l)=1 =1 =1 * QPPgM~E (~~~ J~ (3) )

The subscripts for each term are derived by incrementing the

ini tial subscript vector MOPD=(ø ,0,l) by MINDX(L) according to:

MORD (MINDX(L))=MORD (MINDX (L))+l for L=l ,2,... (1—1)

For exam ple the calculation of HM (2) involves the single

summa tion for  M INDX (l) r an g ing f ro m 1 to 3 :

3
HM(2) = F HM(~DPD(1) ) * HM(r.DRD(2)) * Qpp (?~jJpfl(3))

MINDX (1)
=1

The subscripts f o r  each of the three additive terms are generated

by incrementing MORD=(0 ,0,l) by MINDX as follows :

k’INDX=(l)4~ MOPD (l ,0,l)~~ H~~(l) * FTM (ø) * QPRt~1E(l)
MINDX= (2)~~~ ~‘ORD (~~,l ,l)~~~ ~~(~3) * H M ( l )  * QPRME(l)
MINDX= (3)~~~ 

v
~CRD (~~,ç~,2)~~ HM (~~) * PM (0) * QPRME(2)

The calculation of HM (3) involves the double summation for

3—383
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I ,, 40 MINDX( l ) = ] ,  to 3 ’ and M I N D X ( 2 ) = l  to 3 and results  in nine addi t ive

terms as follows

MINDX= (l,1)
~~~

MORD= (2,e ,l)*Ht~(2) *~~~ (Ø) * QpRME (l)

MINDX=(2 ,l)
~~~~

MORD= (l,l,l)
~~~~ftM (1) * IW(1) * Q P R M E ( l )

MINDX=(3 ,1)~~~~MORD=(l ,O ,2)~~~~HM (1) * HM (O ) * 0pRf4E(2)

!1!I N D X = ( 1 ,2 ) ~~~~M O RD= (1 , 1,1) Ø H M ( l )  * HM(l) * CPRME(1)

MINDX= (2,2)~~~~MOpD= (O ,-2 ,l) •HM (O) * IW(2) * QPRME(l)
M IN DX = (3 ,2)~~~~MOR D = ( 0 , l , 2) •H M ( 0 )  .~~~ HM (l) * OP R M E ( 2 )

MIN DX =( 1 ,3)Ø M O R D = ( 1 , 0 , 2) •H M ( l )  * HM (0) * QPR M E(2)

M I N D X = ( 2 , 3)~~~ M ORD = ( 0 ,l , 2) Ø H M ( 0 )  * HM(l) * O P R M E ( 2 )

M I N D X = ( 3 , 3)~~~ MOR D = ( 0 , 0 , 3) *H M (0)  * HV (0) * OPRME(3)

The algorithm used in subroutine CPT to compute H~~(I ) can be

summar ized  as fol lows :

STEP 1: Initialization -

a) Define 11=1—1

b) Calculate OPPME(X)

C) Initialize additive accumulator S0 . -

d) Initialize MINDX(L)=l for L=l ,2...II

STEP 2: Crea te One Additive Term 
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a) Initialize subscript vector MORD— (0,0,l)

b) Calculate subscripts by:

M O R D ( M I N D X ( L ) ) — M O R D ( M I N D X ( L ) ) + l

for L=l ,2,...II

C) Form product :

PM(MORD(l)) * HM(MORD(2)) * QPRME(MOPD(3))

and add to accumula tor  S

- STEP 3: Update and Test MINDX

a) Initialize index T=0

b) Increment T=T+l. If T>II algorithm complete with

H M ( I )  in S. Otherwise go to Step 3c.

C) Increment MINDX(T)=MINDX (T)-I-l. If MINDX(T)<3, go to

Step 2. Otherwise go to 3d.

d) Set MINDX(T)=l and go to Step 3b.

The final computation for the MM nonlinearity is to divide -

each PM(I) , I=1 ,2,...7 by I! which is accumulated in P:

H M ( I) = H M ( I ) / P

The calculation of coefficients for the ALPHA nonlinearity

beg ins wi th :

ALOGE = .4342944819

RATIO = A L G 1 O ( I C / I CM A X )

A P ( l )  = 1. + H F EM X + A * RATIO * (RATIO+2.*ALOGE)

3—38L
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By definition the first order coefficient ALPHA(1) is given by:

ALPHA (l) = 1./AA (l)

For higher order coefficients , each ALPHA(I), 1 2 ,3,...7 is

calculated according to the expression :

I—1
ALPHA(I) = — 

1 F ALPHA(J)
AA (l) 3=1

where F~~1(AA) , a sum of produc ts of P A ’ s, is the polynomial powe r

series ex-pansiàn c o e f f i c i e n t  generated by subrou t ine  FUN .

Each AA (I), I=2,3, ..7 is calculated according to the

expression :

AA(I) = SIC * (P * RATIO + Q * RATIO)
where~ -

SIC= 2. * A ~ LOGE

( I !)  ( IC)

P = Q = 1 .  for l=2

Q = P - Q

p = —(1—1) * p 5 for 1>2

Each F~_1 (AA) is computed by repeated calls to subroutine

FUN under control of the variable SWTCH. For SWTCH=—l the

algorithm of subroutine FUN is initialized and each call returns

• ‘a set of integers in the vector P13 which determine s the

subscripts of the PA’ s to be multiplied together to form one

3—38M 
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- ii additive term of the expression P~
_
~ (PA) . Upon return from 

4
- subroutine PUN , if SwTCH=0 additional terms of the expression -~

remain  to be calculated and FUN is called again . When the

expression is complete , SWTCH is returned as 1.

The algorithm used in subroutine CPT for calculating the sum

I—i
F ALPI~~ (3) F~_ 1 (Ah)
3=1

can be summar i zed  as fo l lows’

C STEP 1: Initialization

a) Define 11 1—l

b) Initialize summation S=C.

c) I n i t i a l i z e  index J=1

STFP 2 ’  Ca lcu la te

a) Initialize SWTCH=—l and summation SS=0.

b) Call subroutine FUN to generate subscripts P13(L),

t.= l , 2 , . . . 3  for  one a d d i t i v e  t e rm of the express ion

c) Form the product’

J 
• 4 - iPA (FIJ(L))

3—38N

- - ~~~~- ,, -—‘~ — ~~~~~~~~~~~~~~ ~~-—~~~~~~~~



_______ - - - ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ - - ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
— — 

I
and add to summation SS. C

d) If SWTCP=0, go to 2b. Otherwise expression is complete -

and stored in SS~ go to Step 3.

Step 3: Add New Term , Update and Test 3

a) Form the product ALPHA.(J)*SS and add to summation S.

• b) Increment 3=3+1. If J . L E .  ( I — i )  go to Step 2.  Otherwise

algorithm complete with summation in S.

ALPHA (I) is then completed by multiplying the summation S by

The f i n a l  computa t ion  fo r  the ALPHA nonlinearity is

to mul tipl y each ALPFA.(I), I 1 ,2,...7 -by r4FFMX
1 which is

accumula ted in ç~- 
- I

ALPHA (I) A.LPE’A(I) * C ‘

I

—— 

3
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NAME . CPVT

TYPE’ SUBROUTINE

GENERAL PURPOSE’ -

Calculates nonlinea r coefficients for vacuum triode

VARIABLES ’

P. = Preliminary calculation

- = Calculated parameter

= Calculated parameter

GO = Input value

H = Nonlinear coefficients
o I -

MU = Input value

PHI = Input value

VGO = Input value

VGT — Input  value

VPO = Input value

— 
SUBROUTINES CALLED ’

NONE

CALLING PROGRAMS :

PHA SE 1

3—39? 
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DESCRIPTION:

Subroutine CPVT calculates the device parameters for the

vacuum triode. These parameters include the coefficients H for

‘the vacuum triode ’s nonlinearity and the parameters G and CP

wh ich are used in the admittance submatrix and current vector

subroutines.

The parameters are derived from the input values stored in

the f i r s t  n ine  words. of the vacuum triode da ta-record  which is

t ransmi t ted  to subrou t ine  CPVT in the common data b u f f e r . The

calculated , device parameters are stored in the data record which

is returned to subroutine PHASE1 and rewritten to file 20 for  use

by subsequent NCAP phases.

The parameters C and GP are given by:

C = GO * (l. -VCO/VGT)

GP = -CO/VGT . -

The p r e l im i n a r y  ca lcula t ion  of A ‘is performed to simpl ify

the arithmetic- , 
.

A = VGO + (VPO/MU) + PHI

Then by definition the linear coefficient 11(1) is given by:

M (l) — SQRT(A**3)

C
3—39C
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Higher ord er coef f ic ien ts  are calculated recursively according J
to •

H(I+l) (2.5—I) * H(I)/(I*A)

.1•

7.

I
3—39D
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NAME : DERIDS

“-p

TYPE: SUBROUTINE

GENERA L PURPOSE:

A n a l y t i c a l l y  generates  nonl inear  coef f i c ien t s  fo r  junct ion

f ie ld  e f f e c t  t r ans i s tor

VARIARLES’ 
- 

-

A - = Nonl inear  coeff ic ients

COEFR = In te rmedia te  ca lcula t ion

DZ = In termediate calculat’ion

EX PR = In te rmedia te calculation

F = d(IDS)/d (X)

FACT = Accumulator for factorial

IDMAX = I nput value

IDS = Value of f u n c ti o n  IDS

ISEQ = Subscript array

KS = Inte rmediate  ca lcu la t ion

NO = Order of der iva t i ve

PROD = Multiplicative accumulator for derivative

Q = In termedia te  storage for  inpu t values -

R = d(X)/d (VGSI)

RHO = Input  va lue

RATI O = Intermediate calculation

SEQ = Subscript array

SUM = Addi t ive  accumulato r fo r  d e r i v a t i v e

3—40C
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VBI = Input value

VGSI = Input value

VP = Input value

X = I n t e r m e di a t e  ca lcula t ion

SUEROUTINES CALLED’

NONE

CALLI NG 
- 
PROGRAMS -

CPMTJF

DESCRIPTION ’

Subrou t ine  DERI DS analy t ically genera tes the nonl inear

coe f f i c i en t s  A for the junction field effect transistor.

Argumen ts transmitted to the subroutine are the JFET input values

C), The calculated coefficients are returned to the calling

program in A .

The nonlinear coefficients A (N), N = 1, 6 are de f ined  as’

1 d~~IDS 
-

A(N) — 

~rr d (VGSI)

an d ar e calculated by repea tedly d i f f e r en t i a t in ~g the function IDS

with respect to VGSI, where:

IDS = 3*ID~~X*RHO 
[_
~ 

+ ~ .[RHO
2 + 4(1 - RATIO + ~ (RATIO)

3/2
)] 1/2]

3—40D
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and ”

RATIO — 
VGSI + VBI

— VP + VBI

First the function is simplified according to:

X = 1./3 . — RATIO + 2.13. * (RATIO ** 1.5)

X = (X * 4.) -+ (RHO * RHO)
KS =.3./2~ * IDMAX * RHO

IDS = (3. * IDMAX * RHO * RHO/2,) + (KS * x ** .5)

Then the first seven derivatives of the function X with

respect to VGSI are calculated and stored in R. The first

derivative is calculated directly according to:

DZ - = 1./ (VP + V B I)  -

COEFR D2 * 4.

EXPR .5

R ( l )  = COEFR * (—1. + PATI O ** EXPR )

Higher order derivatives R(I). I = 2,7 are calcula ted according

L - 
to-

I 
-

~
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COEFR = COEFR * EXPR * DZ

EXPR = EXPR — 1.

P (I) = COEFE * RATIO ** EXPR

Next the first seven derivatives of lOS with respect to X

are evalua ted and stored in F. First:

N . 5

F ( l )  = KS * X ** N

The deriva tives F (I), I = 2,8 are calculated recursively as:

PU) = (N — ( 1—1) + 1.) * ~,/X * F ( I — l )

Finally the deriva tives of IDS with respect to VGSI are

evaluated and stored in A. The first derivative is given by~

AU ) = F ( 2 )  * R(1)

Each higher order derivative A (I), I = 2,6 is calculated by

differentiating the previous A(I—1). The algorithm used to

compute A (I) is derived from th~ rule of elementary calculus

wh ich defines the nth derivative of a product of functions to be

a sum of products  of de r iva t ives  of those f u n c t i o n s .  In

particular . the second order derivative A(2) is a sum of products

formulated as follows :

3—4 OF
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A(2) = E P ( 3 )  - * R (l) * R(l)) + EF (2) * R(2)]

where F(3) * R(1) is the derivative of F(2) and R(2) is the

derivative of R(l). Note that each additive term is the product

of one F and one or more P’ S . and can therefore be differentiated

according to the sum of products rule.

In subroutine DERIDS the subscripts of the F’s and P’s which -

constitute a derivative of IDS are developed in the, integer array

ISEQ, ‘where •each row of the ISEQ array contains the subscripts

for one additive term of the derivative . The derivatives can

then be represen ted by :

Ki r NO 1
A(NO—1) = 

- 
I F(ISEQ(1,J)) * it R(ISEQ(I ,J))

3=1 L 1=1
-J

Note that the f i r s t  row element of ISEQ map s to the subscript  of

F, while the remaining NO—l elements map to the subscripts of R.

The elements of the ISEQ array are developed recursively.

Once a derivative has been calculated , its ISEQ subscript array

-: is saved in the array SEQ which serves as the kàsis for

calculating the ISEQ subscript array for the next derivative.

The algorithm used by subroutine DERIDS for calculating the

nonlinear coefficients A can be summarized as follows:

STEP l~ Initialization

a) Zero subscript arrays ISEC and SEQ

b)  Set first subscript vector: SEN1,l ) 1

3—40G
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I
c) Initialize FACTorial product FACT—i ,,,

~~d) Initialize order of derivative : NO—2

e) Ini t ial ize SEQ row index• K l

f) Initialize ISE.Q row index: K 1 l

- STEP 2’ Create First Additive Term

— a) Initialize column index : MINDX 1

b) - Calculate first two row elements:

ISEQ(l ,Kl) SEQ(l ,K) + 1

I SEQ(2 ,K l )  = 1

C) If SEQ(L ,K) = 0 for some L—2 , NO, term complete.

Go to Step 3.

d) Otherwise , calculate next row element:

ISEQ(L+l ,Kl) = SEQ (L ,K)

STEP 3: Calculate Next Additive Term

a) Increment column indes - MINDX=MINDX+1

b) Increment ISEQ row index : K1 K1 + 1

c) If SEO(MINDXPK) = 0, term complete.

Go to Step 4.

d) Otherwise calculate next row by:

ISEQ (L,Kl) SEO (L,K) for L—l ,NO

ISEQ(MINDX ,Kl) = ISEQ(MINDX ,K1) + 1

e) Go to Step 3a . 
- 

-~~
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a) Increment  SEQ row index: K K+l

b) If SEQ( l ,K)  = 0, array complete .

Go to Step 5.

c) Otherwise go to Step 2.

5’ Fo rm Coeff  Ic ie Expr ess ion

a) Clear additive accumulator: SUM O.

— b) Initialize row index J=l

c) Initialize multiplicative accumulator:

PROD = F(ISEQ(l ,J))

d) Form product :

PROD = PROD * R ( I S E Q ( I , J ) )  for 1=2 , NO

e) Accumulate sum of products

SUM = SUM + PROD

- f) Increment and test J. If J.GT. Xl. e

expression complete. Go to Step 5g. j
Otherwise go to Step 5c,

g) Calculate factorial: FACT FACT * (NO—l)

h) Store coefficient: A (NO—l) SUM/FACT

n

- L 3—401 
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a) Increment NO = NO + 1. If NO=7,

algorithm complete.

b) Otherwise save subscript array in SEQ.

C) Go to Step le.

I

I

I Ii -
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~JAME : FIDS

TYPE SUBROUTINE

GENERAL PUPP OSE~
Evaluates the function IDS for use in calculating coef—

fiénts for the junction field effect transistor

V’APIAPLES
- 

= In te rmedia te  ca lcula t ion

- P = Intermediat e calculation

IDMAX = In te rmedia te  storage fo r  Q ( l )

= JFET input values

RHO = Intermediate storage for 0(2)

S = Calcula ted func t ion  values

YBI = Intermediate  storage for  Q(4)

VP = Intermediate storage for 0(5)

x = Operating point x — d i r ec t i o n

= Operating point y—direction

SUBPCr~TINES CALLED ’-

NONE

CALLING PROCRA?S ’

CPMTJF DFRN

3-41B
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DESCRIPTION :

Subrout ine  FIDS evaluates the func t ion  IDS for  use by the

junct ion  f ield e f fec t  t rans is tor  model. Arguments transmitted to

the subrout ine  are : X and Y , the operating points, and Q, the
transistor  input values.  Since IDS is a funct ion of one

variable , the second operat ing point is t ransmit ted  as Y 0 .  The

calculated function IDS (X,Y) is returned to the calling program I -

in S.

First the input values are stored as IDMAX=Q(l),RHO=Q(2), ‘

YP=Q(3), and VBI=Q(4). Next the expression for IDS is simplified

by

A = RHO

B = X + V B I
VP + VBI

Then IDS (X) is calculated according to:

IDS = 3 * A * I DMAX * ) * ~%[(~ — B + ~ (B)
2 + A 2

3—41C
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NAME: IMLOC

TYPE : FUNCTION —

GENER A L PURPOSE:

Finds rela tive location in generator data- record of iirpedance

value for a given freauency combination

VARIABLES : - 
-

I • , = In te rmed ia te  s torage of impedance locat ion

IMTE!L = Impedance codes

NIMPS = Numbe r of defined impedance codes

SCODE — Freauency combination code

SUBROUTIMES CALLED :

NON E

CALLINC PROCRAMS ’

PRASE2

DESCRIPTION ’

Function I~LOC determines the location of a generator ’s

impedance (relative to the first impedance in the generator data

record ) for a particular freauency combination . Arguments

transmitted to the function are: the frequency combination code ,

-: SCOCE: a table of all freciuency combination codes for which

3—42B
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-r impedances are stored in the genera tor  data record , IMTBL; and

I the number of impedances in the data record , NIMPS. The -

impedance location is returned to the calling program in IMLOC .

Every NCAP genera tor  has e i ther  a constant  impedance ove r

al l  f recuencies  or one impedance for  each possible combinat ion of

its input - f requenc ies .  The impedances are converted to -

adn~jttances in Phase ~ and stored with their corresponding

f requency combinat ion codes in the genera tor  data  record so tha t  -

the I th  admi t t ance  in the record corresponds to the I th  f r equency

combinat ion  code in IMT BL. - -

For a genera to r  wi th  a constant impedance (NIMPS=l) , the

impedance locat ion is simply 1’LOC=l . Othe rwise the  location is -

determined by comparjn~ SCODE to each frequency combination code

•0 IMTBL (I) for 1=1 , NIMPS, If a match is found , the table posit ion

I becomes the location returned in IMLOC . If no match is found ,

the location r e t u r n e d  is IMLOC = 0 .

3—42C 
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1’A!’E- ~TPT

TYPE ’ SUFROUTINE

CENF•RAL PURPOSE:

Create subn’atrix for vacuum pentode

It

VAP I AE LF S :

CCC = Input value

CPC = Input value

CPC = Input  va lue

FP = N o n l i n e a r  c o e f f i c i e n t s
- _

~ F2 = ~o nl i n e a r  coe f f i c i ents

C = Cal cula te d parame ter

Cxl = Preliminary calculatiçm

0X 2 = Pr e l i m i n a r y  calcula tion

CY1 = Pr e l i m i n a r y calcula tion

( ‘Y2 = Pr e l i m i n a r y ca lcu la tion

P = Nonl inea r  c o e f f i c i e nts

= Input value

P = Subma tr i x

SUBROUTINES CALLED

~! ONE

3—438

L’ _ _ _ _ _ _ _ _ _ _ __ 
_ _—k-”— ~~~~~~~~~~~~~~ _______ ___________



- 

17 _
• C-’~LLT~-’C PROCRAMS :

PHASE1

D~ SCRi~ TI ON :

Subroutine MTPT calculates the complex admittances for the

four—node vacuum pentode and stores them by columns in the a
submatrix PE(32). The submatrix elements are derived from the

inpu~t data and device parameters stored in the pentode data

record which is transmitted to sub rou t ine  MTPT through the common

- 

data buffer. The admittance submatrix is stored in the last 32

words of the data record which is re turne d to subrou tine PHASE1

and rewritten to file 20 for use for subsequent NCAP phases.

F irs t the in terme d ia te calculat ions for GX 1, GX2, GY1, and

GY2 are performed. The subrnatrix . storage area is zeroed and the

admittances are defined as follows:
*

I

4 ) ’  L
4,

— 3—43C
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NAME : MTT

TYPE SUBROUT INE

GENERAL PURPOSE:

Creates submatrix for bipolar junction transistor

VA R IABLE S:

A LPFT1 = 1st order ALPHA coefficient

Cl = Input value

- • C2 = 1st order HC2 coefficient

C3 = Inpu t value

CAM1 = 1st order GAMMA coefficient

PMO = Calculated parameter

= 1st order tIM coefficient

- 
ICPMO = Calculated parameter

= 1st order KS coefficient

Ml Preliminary calculation

PE = Submatrix

PEZ = Zero -subiratrix

PPI = Input value

PCI = Input value

SUP POUTIN ES CALLED :

NONE

3— 4 4B
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4~. CALLING PROGRAMS :

PHASE I

DESCRIPTION :

Subrou t ine  MTT calcula tes the com plex adm ittances for  the

four—node bipolar junction transistor and stores them in the

complex subma trix PE(2,4,4). The submatrix elements are derived
- f rom the inpu t values an d device parameters  stored in the

transistor data record which is transmitted to subroutine ~TT

through the common data buffer. The admittance submatrix is

stored in 
• the last 32 words of the data record which is returned

to su b rou tine PHASE1 an d r ewr i t ten to f i l e  20 for  use by

subsequent N CAP phases.

First the intermediate parameter Ml is calculated and the

s u bm a t r i x  stora ge area is zeroed . The admi ttance su bma tr i x

elements are defined as follows :

3—44C
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NAME : MTVT

TYPE ’ SUBROUTINE

G E NERA L PURPOSE

Creates s u b m a t r i x  for  vacuum triode

VARIABLES’

CGC = Input  value

CPC = Input value

- ‘ CPC = Input value .

C = Calculated parame ter

$ 
GP = Calculated parameter I

CX = Preliminary calculation

= Preliminary calculation I
P = Nonlinear coefficients I

MU = Input value I

P = Submatrix

SUBROUTINES CALLED ’

NONE I

CALLING PROGRAMS :

PHA SE 1

3-4 5B



... DESCRIPTION ’

Subrou t ine  MTVT calculates the complex adwittances for the

three-node v acuum t r iode and stores them by col umns in the

subma trix P(lB). The submatrix elements are derived from the

input  values  and device parameters  stored in the vacuum triode -

data record which is transmitted to subroutine MTVT through the

common data buffer. The admittance subrnatrix is stored in the

last 18 words of the data record which is r e turned  to subrout ine

PHA SE1 and rewritten to file 20 for use by subsequent NCAP -

phases.

Firs t  the in te rmedia te  parameters CX and GY are calculated

and the submatrix storage area is zeroed . The submatrix elements

are defined as follows :

Peal Imag Peal Iv ~g 
— 

Real Imag

P(13)= P(14)=

0 CCC+CPC 0- -CPQ 0. -CCC

P ( l 0) =  P(15)= P(16)-=

CX -CPC GY CP C+CPC -CX-GY -CPC

P(ll)= P(l2)= P(17)= P(l8)=

-CX -CCC GY -CPC -CX —C Y CGC+CPC

‘S
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NAME’ PHASE2

TYPE ’ SUBROUTINE

GENERAL PURPOSE’

Construct admittance matrices

VARIABLES:

0 = Complex admittance or admittance matrix

element

FRE Q = Freauency values

EPTEL = Frecuency numb er  table

IMTBC = Impedance codes

JPECS = In term edia te storage for  d r i v e r  f i l e  recor d

number

L.CCPE = Starting address of admittance matrix on

f i l e  2~
LPE Length of admittance matrix in words

NCOMP Length of linear or nonlinear component data

record

= Total number of defined frequencies

NNF = Total number of freouency combina t ions

S Angular frequency

SCOMB Secuent ial  f recuency  combinat ion

SCOJD F = Frec’uency combination code

- o

-- —~~~ - -~~~~~~ ~~~~~~~~~
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• 1-
SUB ROUTI N E S CALLED :

DAT A PD DATA~ P DPI VRD DRIWR IML OC

MTLDS MTNDS PHPISE3 PTIME SSCOD2

TI~ OUT - ZI A DD
j 

- -

CALLING PPOCPA.’~S’

PPASE1

DFSCRIPTICN :

Subroutine PHASE 2 is the principal routine of NCAP ’s second

compu tational phase. Its function is to construct and store the

admi ttance matrices used in the circuit analysis. Because

acimittances are dependent upon frequency, one admittance matrix

is constructed for each possible combination of the circuit’s

input freouencies.

— An admittance matrix is a souare array of complex numbers.
- 

The order (dimension) of an admittance matrix is determined by

the number of nodes in the c i r c u i t .  Each complex m a t r i x  e lement

occupies two decimal storage locations , one for  its real par t and

one for its imaginary part. The matrices are stored by columns

on disk file 20. Every complex element o-f an admittance matrix

is i n d i v i d u a l l y  addressable .  Successive admit tance ma t r i ce s  are

stored contiguously, in the order they are created , as one data

record associated with the START CIRCUIT (MODE=l3) drive r record.

The construction of admittance matrices in subroutine PHASE2

- 
is controlled by scanning the driver file (2~~—l) times , once for

each possible combination of the NB input frequencies. The START

3—46L 
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CIRCUIT driver record ini t iates the construction of the

admittance m a t r i x .  During its construction in PHASE2 the m a t r i x

remains d i sk—res ident .  Whenever an admittance is to be placed in

the mat r ix , the appropriate element is read- from f i le  20 ,

updated , and rewrit ten  to its or iginal  location ,

As the driver file scan proceeds , the admittarices from

circuit  elements- are placed in the mat r ix  as their driver records

are encountered . The END CIRCUIT driver record (MODE=l4)

terminates the matrix constructiOn for a particular frequency

combination and restarts the dr ive r f i le  scan for the next

combination .

The f i r s t  dr iver  file scan begins by initializing the drive r

$ f ile  record numbe r to DRVREC = l . A drive r record is read from

f i le  2l by subroutine DRIVRD and subroutine PHASE2 responds to

the MODE of the record as follows:

MODE~ l Drive r File Header

The next available f i l e  20 data storage location is set to

DATREC aMI SC( l)  and the total number of input f requencies  for  the
- c i rcu i t  is taken as N F — M I S C ( 2 ) .  The number of possible frequency

combination s is calculated according to

NNF 2**NF_1

The 20—word frequency table is read from f i le  20 by subrou t ine

DATARD to the common data buffer BUFF. The frequency values are

t r ans f e r r ed  from B U F F ( l ) — ( l O )  to the decimal vector FREQ and the

3— 4 6M
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frequency numbers are t rans fe r red  from B U F F ( l l ) — ( 2 0 )  to the

integer vector FRTBL. Control then re turns  to the drive r f i le

scan.

- MODE=13 Start Circuit —

The order of the admittance mat r ix  is defined by ORDER =

MISC(4) and the sequential frequency combination is initialized

to SCOMB=l. The disk address of the first admittance matrix is

taken as LOCPE=DATREC and the length of each admittance mat r ix

(in words ) is calculated according to:

LPE=ORDER*ORDER*2

The admittance ma t r ix  storage area is cleared , one element at a

time , by writing the complex number D=(0.-, 0.) to the LPE/2

successive f i l e  20 locations beginning at DATREC . The frequency

— combination code, SCODE, and angular frequency, S, are calculated

by subrout ine  sSC002 and control re tu r - ns to the drive r f i le  scan .

MODE 3 Generator

The generator ’s impedance combination codes are read from

f i l e  20 by subroutine DATARD and t r ans fe r red  from the commo n data

b u f f e r  PUFF to the integer vector IMTBG . The function IMLOC

calculates the location of the admittance value corresponding to -

- the freauency combination SCODE in the generator data record. If 
-
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func t ion-  IMLOC r e tu rns  an admittance location I .L E . 0 ,  there  is no

admittance for the present frequency - combination , and control

returns to the driver file scan without further processing .

Othe rwise the disk address of the admit tance is calculated

and subroutine DATARD reads the complex admit tance  value f rom

f i le  20 to the common data b u f f e r  BUF F. Subroutine ZI A DD is

called to place the generator ’s admi t tance  in the m a t r i x  and

control r e tu rns  to the dr iver  f i l e  scan.

~fODE=4 Linear Components

MODE=5 Nonlinear  Compone nts

The number of words in each component description is defined

as 1414 for linear components or 14=13 for nonlinear components.

The component data record is read from file 20 by subroutine

DATARD to the common data bu f f e r  BUFF and the length of the data

reco rd - i s  set by N COMP = MISC (l ) .

For each component (1=1, NCOMP , 14) in the data record , the

component type P1 is taken from the fi rst .  word of its 14—word

description , the nodes of connection IC and L are taken from the

second and thi rd  wo rds, and the component value AA is taken from

the fou r th  word . The component’ s admittance , a funct ion of the

input value and angular  frequency S , is calculated and stored in

D according ,to:- o
3—4 6 0
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Resistor (M 1) :

D(l)—l./(AA+].E—7)

D ( 2 ) 0.

Capacito r (M 2 ) :

D ( l ) e.

D ( 2 ) S*AA

Inductor (M 3 ) :

D(l) 0.

D( 2)=_ l ./ (S*AA+ l .E_ 7)

where the factor I .E—i pr events division by zero . ZIADD is then
-; called to place the admittance in the mat r ix .  After  every

component ~n the data record has been processed , control ret”rns

to the driver  f i l e  scan.

MODEZ6 Vacuum Diode

MODE—10 Semiconductor Diode

The relative location of the device admittance wi th in  the

data record is set by N—1 3 for  the vacuum diod e or N 3 0  for  the

semiconductor diode. The admittance is read from file 20 by

subrout ine  DATARD and stored in the common data b u f f e r  BUFF.

Af te r the imaginary part of the admittance , B U F F ( 2 ) ,  is

mult ipl ied by the angular  frequency S, subrout ine  ZIA DD is called

3— 46P
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- to place the admittance in the m a t r i x .  Control then re turns  to -

the d r ive r  f i l e  scan .

• MODE=7 Vacuum Triode

MODE=8 Vacuum Pentode

MODE=9 Bipolar Junct ion Transistor

M ODE =20 Junct ion Field Effect Transistor

The device submat r ix  is read- f rom f i l e  20 by subrout ine  -

DATARD and stored by columns in the common data buf fe r  BUFF. The

submatr ix  is the nodal representat ion of the device ’s l inear

par ts .  For a device wi th  N nodes , the submat r ix  is an NxN square

$ 
array of complex elements. The admittance matrix is the nodal

representation of the circuit’ s linear parts , where successive

nodes are represented by row s and columns of l i ke  number . The

nodes of the device model are numbered sequentially, beginning -

with the user—assigned base node M I S C ( 3 ) ,  and are represented in

the admittance m a t r i x  by the NxN square subset of elements

bounded by the MISC(3)rd row and column .

The device ’s admittances are placed in the matrix by adding

the submatrix to the admittance matrix as follows’ The first

column of the subinatrix is added to the MISC(3)rd column of the

admittance matrix beginning at (MISC(3), MISC(3)). Then the

second column of the subm at r ix  is added to the (MISC(3)+l)st

column of the admittance matrix beginning with (MISC(3), MISC (3)

+1) ,  and so on u n t i l  the Nth  column of the subma t r i x  has been

~ added to the (MISC(3)+N—l)st column of the admit t ance  m a t r i x .

3-46Q
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• The appropriate mat r ix  elements are accessed by calculating

their relative locations with respect to the origin of the -

admittance matrix. Matrix elements are complex numbers which
- occu py two storage locations each , and are stored and operated

upon by columns. The locations of the NxN mat r ix  elements

bounded by the MISC(3)rd row and column are represented by PHA SE2

-variables as follows:

MISC ( 3 )  M I S C ( 3 ) + l  ... M I S C ( 3 ) + N — l

-
i — ——----- - —-________

MISC (3) Ii 11+13 . .. 12

M I S C ( 3 ) + l  11+2 11+13+2 ... 12+2 -

MISC(3)+N—l 11+14 12+13+14 , ,.  12 +14 1 —

where:

14=2*N_ l -

I3_2*ORDER j -

Il=(MISC(3)_l)*(ORDER+l)*2+l

12=I1+ORDER*(I4_l)

N=Order of submatr ix  4
ORDERaOrder of admittance matrix 

-•

MI SC(3)zBa se node of connection

In the PHASE2 code , the index I addresses the column or ig ins

3—46R —
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and ranges from Il to 12 in increments, of 13. W i t h i n  a column ,

the index J addresses successive row elements aDd ranges from

to 1+14 in increments of 2 . The index K addresses the submatrix

elements stored by columns in the data buffer BUFF. The

algorithm for adding a device submatrix to the admittance matrix ,. -

is summarizes as follows:

STEP 1: - Initialization

a) Define 14, a constant depending on the number of

nodes in the device model as follows :

MODE DEVICE NO. NODES 14

7 Triode 3 5

8 Pentode 4 7

9 Transis tor  4 7

20 JFET 4 7

b) Initialize submatrix index K= —l

c) Calculate Il , 12 , and 13 for admit tance  m a t r i x  column

origins

d) Initialize column origin 1=11

STEP 2: Operate on Ith  Column

a) Set end of Ith column J2=I+14.

I n i t i a l i z e  row address J=I

3—46S
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b) Increment submatrix index K K+2 - -

~~~~~ Calculate absolute address of matrix element

L=DATREC—l+J . Read element from file 20 to D and

add submatr ix  element by:

D ( l ) = D ( l ) + B U F F (K )

D(2)=D(2)+BUFF(K+l)*S

Write updated matrix element to file 20.

d) Increment row address J=J+2. If J.LE.J2 , go to Step 2b.

Otherwise go to Step 3. -

STEP 3: Increment & Test Column Orig in

a)  Increment  column or ig in  1=1+13

b) If I.LE.I2 , go to Step 2. Otherwise algorithm

complete , return to drive r file scan.

MODE 25 Linear Dependent Source

• M0DE 26 Nonlinear Dependent Source

The admittances for the linear and nonlinear dependent

sources are calculated and placed in the admittance matrix by

- - subroutines MTLDS and MTNDS respectively. Control then returns

- to the driver file scan.

3—4 6T
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— C MODE=14 End Circuit

The next available f i l e  20 storage location is calculated by

DATREC=DATREC+LPE and the sequential frequency combination SCOMB

is incremented . If the last admittance mat r ix  has not been

constructed (SCOMB,LE.NNF), the driver file record number is -

reset for the next dr iver  f i l e  scan by DRVRE C M I SC( 1) + l .  The

admittance mat r ix  storage area is cleared , . the frequency

- combin ation code and angular frequency are calculated by

subroutjne SSCOD2, and control returns -to the driver file scan.

If the last admittance matrix has been constructed

(SCOMB .GT .N N F ) ,  the m a t r i x  data record is at tached to the star t

circuit driver record as follows: The present driver record

number is saved in JRECS, and the driver record numbe r is reset

to the start circuit by DRVREC=MISC(l). The start circuit driver

record is read from file 21 by subroutine DRIVRD , and a f t e r  -

-saving the m a t r i x  data location in MI SC(5), the recor d is

rewr i t t en  by subroutine  DRIVWR . The drive r record numbe r is

restored from JRECS and control returns to the driver file scan ,

MODE=16 End

The d r i ve r  f i l e  header is read by subrou t ine  DRIVRD , updated

to ref lec t  the next available file 20 storage location , and
- rewr i t t en  by subrou t ine  DRIVWR . Program control then transfers

‘ p
to subrou t ine  PHA SE3.
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For other values of MODE , control re turns  directly to the
driver f i l e  scan without further  processing by subroutine PHASE2 .
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NAME : MTLDS

TYPE: SUBROUTINE

GENERAL PURPOSE’

Places adxni t tances  of linear dependent source in

admittance matrix

- 

VARI.ABLES :

t A 
- 

= Positive node of connection

B = Negative node of connection

- C = Value of parallel capacitor 
-

CC = In termediate  calculat ion
- CI = Imaginary part of complex scale factor

CL = In te rme d iate calculat ion

CONST = Scale fac tor

CR = Real part of complex scale factor

I = Relative disk address of m a t r i x  element

1. = Value of parallel inductor

PB = Complex admittance matrix element

R = Value of parallel resistor

j  - S = Angular frequency

SOURCE = Type of source ; 1 VC

2 = C C
1 - 

3 = v v

4
3—47 F
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X = Intermediate calculation‘p
XX = Positive node of dependence

YY = Negative node of dependence

SUBR OUTINE S CALLED

CXADD CXMPY CXSrJB DATARD DATAWR

ZIA DD

CALLING PROGRAM S:

PHA SE2

DESCRIPTI ON :

Subrou t ine  MTLDS calculates the admittances for the l inear

•
6 dependent source and places then~ it~ the admittance matrix. The

linear dependent source data record is read from file 20 by

subroutine DATARD and stored in the common data buffer BUFF, The

complex admittance is in i tia l ized  to , X = ( 1. ,1.) and the scale

factor  is t r a n s f e r r e d  f rom the data b u f f e r  to CONET.

Then for current dependent sources (SOUPCE=2 or 4), the

admi t tance  at the nodes of dependence is derived f rom the values

of the parallel components R , C , and L as followS’

X ( l ) = l . / R  f or R~ 0
- X ( 2 ) = ( S * C ) _ ( l . / S * L )  for L#0

where S is the angular freouency transmitted to subroutine ~TLDS

as an argument. The admittance at the nodes of dependence (XX

and YY) is placed in the admi t t ance  m a t r i x  by s u b r o u t i n e  Z IA DD .

Subroutine CX~ PY multiplies the scale factor by the a dm i tt a n c e
- 

.- 
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and the result is stored in CONST.

For cur ren t  source s (SOURCE =3 or 4 ) ,  the admit tance at the
nodes of connection (A and B) is defined as X=(l .OE1O., 0.) and

placed in the admi t t ance  m a t r i x  by subrou t ine  ZIADD . Subrout ine

CXMPY multiplies the scale factor by the admittance and the

result is stored in CONST.

Then the calculated scale factor CONST. is placed in the

admit tance m a t r i x  by subtracting it  f rom the m a t r i x  elements

(A ,XX)  and (P ,YY) and adding it the elements (A ,YY) and (B ,XX) .

If ne i the r  node ~ nor XX is ground (A *XX~ 0 ) ,  the location of the

elemen t (A ,XX ) relative to the origin of the admittance matrix is

calcula ted by the function LOCATE according to:

6 1= LOCATE(A ,XX)= 2*( (XX_l)*ORDER+A)_1

where ORDER is the number of elements in each column of the

m a t r i x  t r ansmi t t ed  to subroutine MTLDS through global common.

The absolute address is computed by I=DATREC—l+I and the elem ent

is read from file 2(1 by subroutine DATARD and stored in PE. The

complex scale factor is subtracted from PE by subrout ine CXSUB

and the updated m a t r i x  - element is r e w ri t t e n  to f i l e  20 by

subroutine DATAWR .

If ne i ther  node A nor YY is ground (A*YY ,I0 ) ,  the location of

the element (~~,YY) r e l a t ive  to the o r ig in  of the admi ttance

m a t r i x  is calculated by the function LOCATE according to:

1 LOCATE (A , YY) 2*((YY_1)*ORDER+A)_l

¶ The absolute address  is computed by I=DATREC—l+I and the element

is read f rom f i l e  20 by s u b r o u t i n e  DATA RD and stored in- PE .  The

complex scale factor is added to PB by subrou tine CXADD and the

3—4711
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~~ updated matrix element is rewritten to file 20 by subroutine

DATAWR .

If neither node B nor XX is ground (B*XX~0), the location of

the element (E ,XX) relative to the origin of the admittance

matr ix is calculated by the function LOCATE according to:

1= LOCAT E (B ,XX ) = 2 * ( ( X X _ l ) * O R D E R + 1 3 ) _ 1

The absolute address is- computed by I=DATREC—l+I and the element

is read f rom f i l e  20 by subroutine DATA RD and stored in PE. The

complex scale factor is added to PB by sub rou tine CXADD and the

- 3 updated matrix element is rewritten to file 20 by su b rou tine

DATAWR .

If ne i ther, node B nor YY is ground (3*yy~Ø), the location of-

the element (B ,YY) relative to the origin of the admittance

m a t r i x  is calculated by the function LOCATE accord ing to:

1 LOCATE(E,YY)= 2 * ( ( Y Y ~ l)*ORDER+D)_ l

The absolute address is computed by I DATREC—l+I and the element

is read f rom f i l e  20 by subroutine DATARD and stored in PE. The

complex scale factor is subtracted from PE by subroutine CXSUB

and the updated m a t r i x  e lement  is rewr itten to f ile 20 by

subroutine DATAWR .

Afte r  the admit tances  have been properl y pla ced in the

m a t r i x , subroutine MTLDS returns to the calling program.

C
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NAME : MTNDS

TYPE: SUBROUTINE

GENERAL PURPOSE

- Places admittances of nonlinear dependent source

in admittance matrix . Creates table -of admittances —

for use by Subroutine CURNDS

VARIABLES r

— A = Positive node of connection

B = Negative node of connection

C = Value of parallel capacitor

CC = Intermediate calculation

CL = Intermediate calculation

CONST = Complex scale factor

I = Relative disk address of matrix element

IMPS - = Admittance table
I 

L = Value of parallel inductor

• PE = Complex admittance matrix element

f P = Value of parallel resistor

I S = Angular frequency

j SCODE = Frequency combination code

SCOMB = Sequential freauency combination

SOURCE = Type of source 1 = VC, 2 = CC , 3 = VV,

4 = C V

3—48F
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• 
X = Intermediate calculation

XX = Positive node of dependence

YY = Negative node of dependence

SUBROrJTI•NES CALLED :

CXADD CXMPY CXSUB DATA RD DATAWR

ZIADD

• CALLINC PROCRA~S•

PHASE2

DESCPIPTION -~

Subroutine ?~TNDS calculates the admittances for the

nonlinear dependent source and places them in the admittance

matrix. The nonlinear dependent source data record is read from

file 20 by subroutine DATARD and stored in the common data buffer

rUFF. The complex admittance is initialized to X (l.,l.) and the

-
• 

scale factor is transferred from the data buffer to CONST.

Then for current dependent sources (SOURCE= 2 or 4), the

admittance at the nodes of dependence is derived from the values

of the parallel components R , C, and L as follows

X(1)=l./R for R~0

X(2) (S*C)_ (l./5*L) for r~#e
where S is the angular frequency transmitted to subroutine MTNDS

• as an argument . The complex admittance is stored in the

nonlinear dependent source data record at IMPS(l ,SCOMI3) and IF~PS

(2,SCO1~!r) where SCOMD is • the sequential frequency combination

3—48G
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1
- t transmitted to subroutine MTNDS as an argument .

The admittance at the nodes of dependence (XX and YY) is

placed in the admittance matrix by subroutine ZIADD. Subroutine

CXMPY multiplies the scale factor by the admittance and the

result is stored in CONST.

For current sources (SOURCE= 3 or 4) , the admittance at the

nodes of connection (A and B) is defined as X= (1.øEl~ .,0.) and

— -placed in the admittavtce matrix by subroutine ZrADD. Subroutine

CXMPY multiplies the scale factor by the admittance and the

result is stored in CONST.

Then the nonlinear dependent source data record is rewritten

to file 20 by subroutine DATAWR and the scale factor is placed in

the admittance matrix by subtracting it from the matrix elements

(A,XX) and (B,YY) and adding it to the elements (A ,YY) ari d

(B,XX) .

If neither node A nor XX is ground (A*XX~0), the location of

the element (A,XX) relative to the origin of the admittance

matrix is calculated by the function IJOCATE according to~
I— LOCATE(A,XX)= 2*((XX_l)*ORDER+A )~~l

where ORDER is the number of elements in each column of the

matrix transmitted to subroutine MTNDS through global common .

The absolute address is computed by I DATPEC—l+I and the element

is read from file 20 by subroutine DATA RD and stored in PE. The

complex scale factor is subtracted from PE by subroutine CXSUP

and the updated matrix element is rewritten to file 2~ by

subroutine DATAWR .

If neither node A nor YY is ground (p*yy~iØ), the location of

3—48H 
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the element (A ,yy) relative to the origin of the admittance

matrix is calculated by the function LOCATE according to:

1= LOCATE(A , YY)= 2*((YY_l)*ORDER+A)_ .l

The absolute address is computed by I=DATREC—l+I and the element

is read from file 20 by subroutine ~IATARD and stored in PE. The

complex scale factor is added to PE by subroutine CXADD and the

updated matrix element is rewritten to file 20 by subroutine

DATAWR .

If neither node B nor XX is ground (2*XX~0), the location of

the element (B ,XX) relative to the origin of the admittance

matrix is calculated by the function LOCATE according to:
-

• 1= LOCATE(?,XX)= 2*((XX_l)*ORDER+B)_1

The absolute address is computed by I=DATREC—l+I and the element

is read from file 2~ by subroutine DATARD and stored in PE. The

complex scale factor is added to PE by subroutine CXADD and the

updated matrix element is rewritten to file 20 by subroutine

DATAWR .

If neither node B nor YY is ground (E*YY~0), the location of

the element (B ,YY) relative to the origin of the admittance

matrix is calculated by the function LOCATE according to:

1= LOCATE(B ,YY)= 2*((YY_l) *ORDER+p )_l

• The absolute address is computed by I DATPEC—l+I and the element

is read from file 20 by subroutine DATA RD and stored in PE. The

complex scale factor is subtracted from PE by subroutine CXSUB

• and the updated matrix element is rewritten to file 20 by
- • subroutine DATAWR.

After the admittances have been properly placed in the
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~ matrix , subroutine MTNDS returns to the calling program.
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TYPE SUB ROUTINE

GENE RAL PU RPOSE ’

Places admittances in admittance matrix

VA RLAPLES:

A = Complex admittance

I = Positive node of connection

3 = Negative node of connection

K = Relative address of PE(I ,I) on disk file 2~

L • = Relative address of PE(J ,J) on disk file 20

= Relative address of PE(I,J) on disk file 20

N = Relative address of PE (J,I) on disk file 2C

PE = Intermediate storage for cox~plex matrix

element

SUBROUTINES CALLED :

CXADD CXSIJE CATARD DATP.WR

CALLING PRCCRAMS :

MTLDS r’TNDS PRASE2

a b

‘- p
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Subroutine ZIACD places the complex admittance for a circuit

clement in the admittance matrix. Arguments transmitted to the

subroutine are the complex admittance A and the numbers of the

positive and negative nodes of connection , I and 3. No arguments

are returned to the calling program .

The admittance is placed in the matrix by adding it to the

matrix elements (1 ,1) and (3 ,3) and subtracting it from the

elements (1 ,3) and (3 ,1). If the positive node of connection is

ground (I=(~) , subroutine ZIACC returns to the calling program

without performing any operations.

Othe rwise the location of the element (1 ,1) relative to the

the origin of the admittance matrix is calculated according tO-

!‘z l+2*(I_l)*(OPBEp+l)

where CPPEF’ is the number of elements in each matrix column

tran s— itted to the subroutine in global common. The absolute

~c~~ress i~~ computed as LOC (K)=DATREC—l+K and the element is read

from file 2~ by subrouti’-ie DATA RD and stored in PE. The complex

~c’r~ittance P. is added to F~ by subrou tine CXAD D and the updated

matrix element is rewritten to file 2fl by subroutine DATAWP .

If the negative node of connection is ground (J 0),

subroutine ZIACD returns to the calling program without

rerfcriring further operations . Otherwise the location of the

element (J ,~J ’ relative to the origin of the admittance matrix is

ca1cul~ ted according to.

4 r - = l+2* (J_l)* (OPDEP+l)
4 W ’
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The absolute address is computed as LOC(L)~ DATPEC—l+L and the

element is read from file 20 by subroutine DATARD and stored in

FE. The complex admittance A is added to FE by subroutine CXAC C
and the updated matrix element is rewritten t~ file 20 by

subroutine DATAWR .

Next the location of the element (I,J) relative to the.

origin of the admittance matr ix is calculated according to:

M= K+ (J_I)*OrDER*2

The absolute address is computed as LOC (N)=DPTPEC—l*N and the

element is read from file 20 by subroutine DATARD and stored in

PE. The complex. admittance A is subtracted from PE by- subroutine

CXSUB and the updated matrix element is rewritten to file 20 by

subroutine DATAWR .

Finally the location of the element (3 ,1) relative to the

origin of the admittance matrix is calculated according to;

N K+ (J_I)*2

The absolute address is computed as LCC (N)=CATREC—l+N and the

element is read from file 20 by subroutine DATARC and stored in

PE. The complex admittance A is subtracted from FE by subroutine

CXSUB and the updated matrix element is rewritten to file 20 by

subroutine CATAWR .

• After the admittance has been properly placed in the matrix ,

subroutine ZIADD returns to the calling program.

d ,I
~
. •,
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NAME : PHA SE3

TYPE: SUBROUTINE

GENERAL PURPOSE

Calculates current vectors. Computes linear and

nonlinear transfer functions for each possible frequency

combination by solving the matrix equation

(ADMITTANCE MATRIX) X (TRANSFER FUNCTION) = (CURREN T VECTOR)

VARIA~LES

CUR = Intermediate storage for current vector H
element

FREQ = Frequency values

FRTBL = Frequency number table ;

Subscript = Sequential frecuency number

Value = User—assigned frecuency number

LOCPE = Address of 1st admittance matrix on file 20

LOCT = Address of 1st T.F. vector on file 20

LPE = Length of each admittance matrix in words

LT = Length of each T.F. vector in words

MXORD = Maximum order of analysis

NOROR = Order of -analysis

S = Angular frecue ncy
- 

- SCODE Freouency combination code

SCOME = Sequential frequency combination
‘F

3—50G
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SEQ — Frequency combination vector ,~~~~~~

SUBROUTINES CALLED :

CONTRL CURGEN CURJF CURNC CURNDS

CURPT CURSD CURT CUPVD CURVT

DATARD DRIVRD DRIVWR PHA SE4 PTIME

TFWR TIMOUT TRIANG

CALLING PROGRAMS :

PHASE 2

DESCRIPTION :

Subroutine PFJASE3 is the principal routine of the last

computational phase of the NCAP circuit analysis. ft controls

the creation of current vectors and calculates and stores the

transfer functions for each possible comb ination of the circuit’ s

input frequencies.

The - current vector is a single—d imension array of complex

elements , one for each node in the circuit. The nonlinear

currents calculated in PHASE3 are stored in the vector so that

the current at node I is represented by the Ith complex vector

element. The current vector is stored on disk file 25. Every

complex vector element occupies two decimal storage locations and

is individually addressable.

The transfer functions at each node of the circuit are

calculated for every possible combination of the circuit ’s input

frequencies. The transfer functions for a single frequency

3—50H 
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combination are stored in a vector of complex elements, one for

each node in the circuit , so that the transfer function at node I

is represen ted by the Ith complex vector element. The transfer

function vectors are stored on disk file 20. Every complex

vector element occupies two decimal storage locations and is

individually addreseable. Successive transfer function vectors

are stored contiguously in the order they are calculated in

PHAS E3 , as one data record associated with the End Circuit drive r

record.

The cons truc t ion  of c u r r e n t  vectors an d ca lcula t ion  of

transfer functions in subroutine PHASE3 is controlled b~’ scanning

the driver file (2~~~RD —1) times , once for each possible —

combination of the MXORD input frequencies. The Start Circuit

driver record initiates the construction of a current vector .

During the construction in PHASE3 . the current vector remains

disk—resident. When a current is to be placed in the vector , the

appropriate element is read from file 25 , updated , and rewritten

to its original location.

As the driver file scan proceeds , the currents generated by

circuit elements are calculated and placed in the vector as their

drive r records are encountered . The End Circuit driver record

terminates the current vector construction for a particular

frequency combination , calculates and stores the transfer

functions for that frequency combination , and restarts the drive r

file scan for the next combination .

• The first driver file scan begins by initializing the driver

file record number to CRVPEC=l . A drive r record is read from

3— 501  -
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f i le  21 by - subroutine DRIVRD , and subroutine PHASE2 respond s to J -
the MODE of the record as fol1ows~

MODE—i Driver File Header

The next available file 20 dote storage location is set by

DATREC=MISC(l) and the total number of input frequencies for the

circuit is taken as MXORD—MISC (2). - The 20—word frequency table

is read from file 20 by subroutine DATARD and stored in the

common data buffer BUFF. The frequency values are transferred

from BUFF(l)—(l0) to the uecimal vector FREQ and the frequency

numbers are transferred from !3UFF (il)—(20) to the-integer vector

FPTBL. Control then returns to the driver file scan . - I

MODE=l3 Start Circuit

The disk address of the first admittance matrix on file- 20

is set to LOCPE=MISC(5), the disk address of the first transfer

function vector on file 20 is taken as LOCT=DATREC , and the

number of nodes in the circuit is set by ORDER=MISC (4). The

order of analysis is- initialized to NORDR=0 . The length of each

transfer function vector (in words) is calculated by LT=2*ORDER

and the length of each admittance matrix (in words) is calculated

by LPE_LT*ORDER.

Subroutine CONTRL is called to initiate the PEASE3

3—50J
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calculations for the first frequency combination . It updates the

order of analysis , forms the frequency combination , and creates

and stores a table of selected lower order transfer function

vector s for use by the current generator subroutines. The call

to subroutine CONTRL and the remainder of the initialization is

performed by the END CIRCUIT code , and is described In detail

under MODE=14. After the initialization is complete, subroutine

PPASE3 resumes the driver file scan .

~Q.PE=3 Cenerator

For linear frequency combinations (NORDR=l) , subroutine

CUPCFN is called to compute the generator current and place it in

• the current vector . Control then returns to the drive r file

scan. For higher orders of analysis (NORDR ~l) , subroutine PHASE3

returns to the driver file scan without further processing .

£~CDE=5~__ ronlInear co~~onents

L 

For linear frequency combinations (NORDP=l) , subroutine

PHASE3 returns to the driver file scan without further

processing. For higher orders of- analysis (NORDR.GT.l),

subroutine CUPNC is cal-led to compute the nonlinear currents and

- -~~ place then’ in the current vector . Control then returns to the

c
~
rive r file scan.

- 
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MO DE— 6  Vacuum Diode 
- -

For linear frequency combinations (NORDR—l) , subroutine

PHASE3 returns to the driv~er file scan without turthe r

processing . For higher orders of analysis (NORDR.GT.1),

subroutine CURVD is called to compute the nonlinear current and

- 

- place it in the current vector. Control then returns to the

driver -file scan.

t’IODE—7 Vacuum Triode -

For linear frequency combinations (NORDF=l) , subroutine

PHASE3 returns to the driver file scan without further

processing . For higher orders of analysis (NORDR.CT.1),

subroutine CURVT is called to compute the nonlinear current and

place it in the current vector. Control then returns to the

driver file scan.

~~~~—8 • Vacuum Pentode

For linear frequency combinations (NORDR 1), subroutine

PHASE3 returns to the driver file scan without further

3—50L
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processing. For higher orders of analysis (NORDR.GT.1) ,

subroutine CURPT is called to compute the nonlinear currents and

place them in the current vector . Control then returns to the

driver file scan .

MCDF=9 Bipolar  Junc t ion  Transistor

For linear frequency combinations (NORDR=l) , subrou tine

PHASE3 returns to the drive r file scan without further
S

processing. For - higher orders of analysis (NORDR .GT.1),

subroutine CURT is called to compute the nonlinear currents and

place them in the current vector . Control then returns to the

• driver file scan.

MODE=lO Seiriconductor Diode

For linear frequency combinations (NORDR—l), subroutine

P}1PSE3 returns to the drive r file scan without further

-: 
• 

processing . For higher orders of analysis (NORDR .GT.l),

subroutine CURSD is called to compute the nonlinear current and

place it in -the current vector . Control then returns to the

drive r file scan.

MODF 2O Junction Field Effect Transistor

3—50M
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linear frequency combination s (NORDR—l), subrou tine

PHASE3 returns to the driver file scan without further

processing. For higher orders of analysis (NORDR.CT.l) ,

subroutine CURJF is called to compute the nonlinear currents and

place them in the current vector. Control then returns to the

driver file scan.

M0DE 26 Nonlinear Demendent Source

For linear frequency combinations (NORDR=l) , subroutine

PHASE3 returns to the drive r file scan without further

processing . For higher orders of analysis (NCPDP.CT.l),

subroutine CUPNDS is called to corpute the nonlinear current arid

ri ce it in the current vector. Control then returns to the

driver file scan .

~~JDF=l4 End Circuit

The transfer function vector is calculated by subroutine

TRIANC and stored on file 2(~. The next available file 2~’ storage

location is updated to 1~ATPEC=BATPEC+LT and subroutine COtZTPL is

called to initiate the calculations for the next frequency

combination . It updates the order of analysis. forms the next

frecuency comb ination , and creates and stores a table of selected

3—50N
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lower order transfer function vectors for use by the current

generator subroutines . After returning from subroutine CONTRL ,

if the last transfer function vector has not been computed

(NCRDR.CT.C) , the current vector storage area is cleared , one

F L element at ~ time as follows: subroutine TFWR writes the complex

num ber CrJP=(0.,ø.) to the first LT/2 vector elements on file 25.

The drive r fil-e record number is reset for the next drive r file

scan by DRVREC=MISC(l)+l and control returns to the drive r file

scan.

If the last transfer function “ector has been calculated

(NORDP=—l) , the transfer function data record is attached to the

Fnd Circuit driver record by MISC(2)=LOCT. The next available

file 20 storage location is saved in -MISC(3) and the End Circuit

record is rewritten to the driver file by subroutine DRIVWR .

Control then returns to the driver file scan .

MODE 16 End

The driver file header is read by subroutine DRIVRD , updated

to reflect the next available file 20 storage location , and

rewritten by subroutine DRIVWP . Program control then transfers

to subroutine P}IASE4 .

For other values of MODE , control returns to the driver file

scan without further processing by subroutine PHASE3.

- 
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~JAME : BETA

TYPE SUBROUTINE

GENERAL PURPOSE-

K
Calculates the function B for use by subroutine CURT

M

VARIABLES :

ALPHS — Nonlinear coefficients

B = Calculated value of the BETA function

HM Nonlinear coefficients

ICHMO - Nonlinear parameter

x l  — Order of expansion coef fic ient

ISW = Control variable for subroutine FUN

—1 . = Initialize algorithm

0 Continue algorlthm

1. a Algorithm complete

K — Index for outer summation of current

calculation -
- -

KI — Subscripts calculated in subroutine FUN

KS — Nonlinear coefficients

M — Index for inner summation of current

calculation

PAK = Additive accumulator

— Multiplicative accumulator

3—5lD
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SNCS = Nonlinear parameter

SUBROUTINES CALLED

FUN

CALLING PROGRAMS -

• CURT

DESCRIPTION :
K

Subroutine BETA calculates the function EM for use- in

calculating the nonlinear current for the bipolar junction -

transistor. Arguments transmitted to the subroutine are~ K , the

index for the inner summation in the nonlinear current

calculation ? M ,. the index for the outer summation in thep
nonlinear current calculation~ ALPHS, HM , and KS, nonlinear

coefficients calculated in Phase 1; ICH MO and SNCS, nonlinear

parameters calculated in Phase 1. The calculated function B~ is -

returned to the coiling program in B.

If K=M , the function BK is calculated according to
M-

PZICHMO*HM (M) and subroutine BETA returns to the calling program .

Otherwise the function is defined as~

K-H
= S~~S * HM (M) * E ALPHS(I) * FK M  

~~~~
1=1

~~
“ where each F~~

M (KS) , a sum of products of nonlinear coefficients 
-

3—51E
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KS,. is computed by repeated calls to subroutine FUN under the

control of the variable ISW. - For ISW=—l the algorithm of

subroutine FUN is initialized and each call returns a set of

integers in the vector KI which constitute the subscripts of KS’S

to be multiplied together to form one additive term of the

expression . Upon return from subroutine FUN , if ISW=0 additional

products remain to be calculated , and subroutine FUN is called

again . •When the expression is complete , SWTCP is returned as 1

and the algorithm stops.
K

The complete -procedure for calculating the function EM-in

subroutine BETA is summarized as follows :

STEP 1: Initialization

a) Clear additive accumulato r PAK O .

b) Initialize index for summation 1=1

C) Initialize FUN algorithm by ISW=—l

STEP 2• Calculate One Additive Term ALPHS(I)*F~~
TM
(KS)

a) Initialize multiplicative accumulator PK=l.

: b) Call subroutine FUN to generate subscripts 1(1(J),

J—l,2 ,...I for one additive term .

c) Form the product

3—5lF
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PK = ir KS (KI (J) )

J=1

d) Form product ALPHS(I)*PK and add to accumulator PAK.

STEP 3- Test ISW 
—

a) If isw=ø , more products rema in to be calculated . Go to

Step 2.

b) Otherwise one additive term complete in PK , go to
S

I

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _
STEP 4- Update and Test S~.immation Index I

a) Increment 1=1+1

b) If (I.LE .(K—M)), go to Step ic.

C) Otherwise suniration complete in PAK , go to Step 5.

STEP 5 Complete Calculation of BK

a) Compute B SNCS*FIM(M) *PAK .

b) Return to calling program with BK in B.

3—5lG
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NAME? CONTRL

TYPE SUBROUTINE

GENERAL PURPOSE ?

Provides frequency control for PPASE3.

Cenerates frequency combinations , updates

order of analysis , creates T.F. table for

use by current generator subroutines

VAP IA PLES

FREC = Freouency values

FPTBL = FreQuency number table?

Subscript = Seauential frequency number

Value = User—assigned frequency number

K = Record number for input of T.F. from file 20

LL = Record number for output of T.F. to file 24

LOCT = Address of 1st T.F. on file 20

LT = Length of T.F. vector in words

MOPD R = Order of lower—order T.F.

r XOR D = Maximum order of analysis

NOPER = Order of analysis

S = Angular frecuency

SCODE = FrecTuency combination code

SCOMP = Secuential frecuency combination

SEC = Frecuency combination vector

3—52D
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SEC1 Lower—order frequency combination vector

T = Intermediate storage for T.F. element

SURPOUTINES CALLED

DATARD SSCCDE TFWP UPSEQ

CALLING PROCPAMS

PRASE3

rESCRIPTION

Subroutine CONTRL initiates the PHASE3 calculations of the
I

current vector and transfer functions for a particular frequency

combination by forming that frequency combiL;ation and creating a

table of selected lower order transfer function vectors from

which the circuit’ s nonlinear currents ore derived .

Arguments transmitted to CO1%’TRL from subroutine PHASE3 are:

MXOPD, the number of input frequencies for the circuit (maximum

order of analysis) ’ FREC , the inpu t frequency values FRTBL , -

the frequency numbe r table; LOCT , the disk address of the first

trdnsfer function vector on file 20- LT, the length of each

transfer function vector in words~ NORDP , the numbe r of

frequencies in the previous frequency combination (order of - -

analysis) - and SEC , the previous frequency combination vector .

Arguments returned to subroutine PNASE3 are~ SCODE, the new

freauency cowbin~tion Code- NOPDR , the number of frequencies in

the new frecuen~cy combination (updated order of dfldlysis) S 1

the calculated angular freq~~ncy for the new frequency -

3—52E
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combination and SEC , the new frequency combination vector .

Upon entering subroutine CONTRL , the next frecuency

combination is generated by subroutine UPSEC. If the last

possible frequency combination has already been generated

(NORDP.LE.0), -subroutine CONTRL returns to the calling program

without further processing . Otherwise NORDR (the updated order -

of analysis) represents the number of frequencies in the new

conthination which is transmitted to subroutine CCNTRL in the

integer vector SEO , where the NOR~P frequencies in the

combination are stored according to increasing sequential

frequency numbers in the first NOPCB elements of SEC .

- Next the- secuential frequency combination is derived from

the frequency combination vector according to:

NDRDR
= E s~~ (I)
1=1

Subroutine SSCODE is called to calcula te the frecuency

combination code , SCODE , and the angular frequency, S.

Because linear currents are not derived from previous

transfer functions , no transfer function vector table is created

for first order frequency combinations. Therefore for NOPDR=l ,

subroutine CONTRL stores the sequential frequency combination in

SEO(ll) and returns to the calling program without further

processing . For higher orders of analysis (~‘CRDR.CT.l), the

— remainder of subroutine CCNTFL is devoted to creating and storing

3—52F
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- 4’ the transfer function vector table for the new frequency -

combination . 
-

In the NCAP circuit analysis , the nonlinear currents for a

particular frequency combination are derived frOm previously

calculated transfer functions. 
- 

In particular , an nth order

- nonlinear current evaluated at the frequency combination (fl ,f2 
- 

fn) is derived from the 2~ —2 lower order transfer function

vectors from frequency combinations- wh ich are subsets of

(fl,f2 ,...fn). For example in a circuit with four input -

frecuencies, the third order nonlinear currents at the. frequency

combination (fl,f3,f4) are derived from the 2~ —2=6 transfer

function vectors from all the first and - second order combinations

of fi, f3, and f4

T(fl)

T(f3)

T(f4)

T(fl,f3)

T ( f l , f 4 )

T(f3,f4)

The transfer functions vectors T(f2),T(fl,f2), T(f2,f3), T(f2,

f4) do not contribute to the nonlinear current since they

correspond to frequency combinations that are not subsets of 
-

(fl,f3 ,f4).

In subroutine CONTRL the lower—order transfer function

vectors required for the nonlinear current calculations at the

new frequency combination are selected from file 20 and placed in

a d table on file 24 for use by the nonlinear current generator

- - 3—52G
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subroutines of Phase 3. The selection process involves

recreating every lower—order frequency . combination while

maintaining the file 20 address of the corresponding transfer

function vector . When a subset of the new frequency combination

is encountered , the appropriate transfer function vector is read

from file 20 and appended to the table on file 24. This - 
-

procedure guarantees . that only those transfer. function vectors

required for the new freauency combination are included in the

table.

The lower order frecuency combinations are generated by

repeated calls to subroutine UPSEQ. The order of the combination

is maintained in MORDR and each frequency combination is returned

to subroutine CONTRL in the first 1~OPDP elements of the integer

• vector SF01.

The creation of the t~ransfer function vector table in

subroutine CO?~TRL begins by initializing MORPR=0. The file 20

address is initialized to K=LOCT a-nd the file 24 addr ess is set

to LL=l. Subroutine UP SEQ is called to generate a freouency

combination of order MOPDR , which is returned in SF01.

If the last combination has not been generated (MORDR.LT

N OP DR ) , subroutine CONTRL determines whethe.r the frequency

combination in SEC1 is a subset of the combination in SEC. If

every SEC1 (I), I=l,MORDR equals some SEQ(J), J=l ,NOPDR , then the

corresponding transfer function vector stored at K is read from

- 

- 
file 20 by subroutine DATARD and appended to the table on file 24

by subroutine TFI”P. Then the file 24 address is updated to

LL—LL+LT , the file 20 address is updated to 1(=F+LT, and the next

3— 5 2 H
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I
frecuency combination is generated .

‘ S

If SF01 is not a subset of SEO , the read/write opera tions

are by—passed and only the file 20 address is updated before

generating the next frequency combination .

This process continues until MORDR=NORDR , Indicating that

all lower order combinations have been generated and the transfer

function vector table is complete . Subrnu~ ine CONTRL then saves

the sequential frequency combination in SEQ(ll) and returns to

the calling program .

1 :

S
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NAME - CROSS

I
TYPE: SUBROUTINE

CENERAL PURPOSE:

Accesses voltages in T.F. vector table,

computes T.F. product for one frequency

permutation , adds product to accumulator

for symmetrization by subroutine FNCTN

VARIABLES —

FNK = Subscripts calculated in subroutine FUN

FREOC = Permuted frequency vector

II = Subscript for permuted frequency vector

K = Number of voltages in T.F. product

LCCTF = Or igin of T.F. vector on file- 24 —

N = Orde r of nonlinear current being calculated

NODE = Base node of circuit element

C. = Node pattern of T.F. product

SUBS = Locations of voltages in T.F. vector

TS = Intermediate storage for voltage

YY = Sum of T.F. products

ZZ = T.F. product

SUE POUTINES CALLED -

CXMPY LOCTF PFRD
4 ~

3—53C
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CALLING PROGRAMS:

CURPT FNCTN

DESCRIPTION :

Subroutine CROSS accesses node voltages in the modified

transfer function table , computes the voltage product for a

single frequency permutation , and adds the product to an

accumulator for use by subroutine FNCTN . Arguments transmitted

to the subroutine are : FNK , the orders of the voltages in the

transfer function product- ! 0, the node numbers (relative to the

base node of -the device) of the voltages in the transfer function

product~ FREOC , the frequency permutation vector : N , the order

of the nonlinear current being calculated ; K , the numbe r of

voltages in the transfer function product: and YY, the

accumulated sum of transfer function products. The updated suip YY

is returned as an argument to the calling program .

Subroutine CROSS begins by calculating the storage locations

for each of the K voltages in the transfer function product ,

saving the locations in SUBS(I) for I=1 ,2,...K. The voltages are

stored in the modified transfer function table on file 24. For

an Nth order nonlinear curent calculation , the table contains

~~ 
—2 transfer function vectors. Each vector occupies one

record and contains ORDER complex elements. The-location of d

particular node voltage in the transfer function table is derived

by:

VOLTAGE LOCATION = T.F. ORIGIN + NODE DISPLACEMENT

3—53D
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First the function subprogram LOCTF calculates the record number‘p
of the transfer function vector containing the desired voltage.

Then the transfer function origin is defined as:

TRANSFER FUNCTION ORIGIN (LOCTF_l)*ORDE R

Then using 0(I), the location of the Ith node voltage relative to

the base node of the circuit element , and NODE , the number of the

base node , the node displacement is defined as~

NODE DISPLACEMENT = Q(I)+NODE-l

The complete -expression for the location of the Ith voltage in —

the transfer function product is-

SUB S( I )  = ((LOCTF_ l)*ORDER)+Q(I)+NODE_l 
-

After all of the K voltage locations have been calculated ,

the transfer function product is formed . - A voltage is read from

file 24 by subroutine TFRD and stored in TS. The product is

accumulated in ZZ by subroutine CXMPY . When all K voltages have

been accessed and multiplied , the resulting product is added to

the accumulator YY and subroutine CROSS returns to the calling

progr am .

[ 
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FROM FILE 2$

_ F

YESi 1
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READ
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1” NA1~F— CURCEN

TYPE : SUBR OUTI N E

CE N E RAL  PURPCSE-

Calculates linear current for generator and

places it in current vector

V A R If ~PLES-

J t = Linear current (impedance)

CUP = Current vector element-

F1’C = User—ass igned  f r equency  numbers

I = Relat ive  location of impedance on f i l e  20

• I~ TPL = Impedance code table

~ FPE C = Numbe r of f req~ encies

NI~ PS = Numbe r of impedances

N CDE = Posi t ive  node of connect ion

~1CDEP = Negat ive  node of connect ion

SCODE = Frecuency combination code

surn CUTP ;FS C7~LLFD -~

CXA CD CXSUE DA TAP~ TFRD TFWR

Ct~t-LI NC’ p POGpAr ’s —

PF1~SE 3

3—5 4 C

—- - - — —  — --- 

- -~~~~ T~~~~~~~~~~~~~~~~
- -L~~~~~~~~~~~~~~~~~~~~

- .:: ;I
~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~



- -- - 
~~

___ -
~
_---

~
_- fl - 

- -

DESCRIPTION :

- Subroutine CURCEN calculates the current for the generator

at a given frequency combination and places it in the current

vector . The frequency combina€i~ n code SCODE , for  wh ich the —

curren t is to be calculated , is transmitted to subroutine CURCEN

as an argument. The generator is an independent voltage -source

which generates linear current defined as the gene ra to r ’s

impedance at the  given  f reouency  c omb i n a t i o n .  The impe dance s are

stored in the genera to r  data  record together  wi th  a table  of

cor responding  frec’uency combinat ion  codes I~’TEL where  I~~’T P L ( I )  is

the freciuency combina t ion  fo r  the Ith  impedance in the data

record .  The number  of input  frec’uencies and impedances  f o r  the

ge n e r a t o r , PFRE O and ~iI~ PS , and the nodes of connect ion , NODE and

NODEE , are stored in the  gene ra to r  d r i v e r  record in global

common.

F i r s t  the  u s e r — a s s i g n e d  f r equency  numb er s  a re  read f r o m  the

generator data record on file 20 by s u b r o u t i n e  D?~TARD and s tored

- - in the integer vector FNC. If the f r equency  number  encoded in

SCODE is not among the freciuencies FNC defined for the generator ,

subroutine CURCFN returns to the c a l l i n g  progra r r  w i t h o u t  f u r t h e r

processing .

Ctherwise the table of freouency comb ination codes is read

from the generator data record on file 20 by s u b r ou t i n e  Dl~T~~RD

and stored in I~’TEL. Then SCCCE is compared against e v e r y

f r equ e n c y  combina t i on  code in the t ab le , I~ T~ L - ( I ) ,

1= 1 ,2 , . .  .NI”PS . If no m atch  is found , s u b r ou t i n e  CU P CEN r e t u r ns

to the c a l l i n g proqrarn . If a match is found , the table rosition

3—5 4D
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1
I is used to locate the desired impedance in the data record.

The impedance is then read from file 20 by subroutine DAT ARD and

stored in A.

The current is placed in the current vector on file 25 by

adding A to the current at the positive node of connection , NODE ,

and subtracting A from the current at- the negative- node of

connec tion , NODEP . The !IODE current , located at I=2*NODE_l , is

read from file 25 by subroutine TFP~D and stored in C U R .  A is

added to CUR by subroutine CXADD a rid the updated c u r r e n t  is

rewritten to - its original location by s u b r o u t i n e  FT~ R. If the

negat ive  node of connection is ground (NODEE=~ ), subroutine

CURGEN returns to the calling program . Ctherwise the NCDFF

current, located at I=2*NODFE_l , is read f rom f i le 25 by

subroutine TFRD and stored in CUP. A is subtracted f r .om CUP by

subroutine CXSUP , the updated current is rewritten to its

or ig ina l  location , and subroutine CURCEN returns to the ca l l i ng

program .

3—54E
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NAME CUPJF

TYPE: SUBR(~UTINE

GENERAL PURP OSE~
Calculates nonlinear currents for Junction Field Effect

Transistor and pldces them in the current vector

VARIAPLES~

A = Nonlinear coefficient

- 

- C = Nonlinear coefficient

CGD = Input  value

FRE C = Frequency combination vector

CC = T.F .  expression for  nonl inear  cur ren t

HG = Nonlinear current

NH = Sum of non l inea r  cu r r en t s

RL = Nonl inear  c u r r e n t

I = Pecord number of base node voltage ( cu r r e n t)

Ii = Relative location of NODE in first T.F.

12 = Relative location of NODE in last T.F.

13 Location of work area on file 24

K = Index for summation of current calculation

L = Record number for file 24 work area

IT = Length of each r.F. vector in words

N ODE = Base node of connection

NORDR = Order of analysis I -

_ 
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S Angular frequency

X = Base node voltage (current)

Xl = (Base+l) node voltage (current)

X2 = (Base+2) node voltage (current)

SUBROUTINES CALLED

CXADD CXSUB DATARD FNCTN

TFRD TFW R

CALLIN G PROGR P~MS-

PHASE3

DESCRIPTION -

Subroutine CUPJF calculates the nonlinear currents fot the

junction field effect transistor and places them in the current

vector. Arguments transmitted to the subroutine are - NORDR , the

order of the nonlinear currents to be calculated and S, the

angular frequency . The nonlinear currents dre functions of the

device coefficients calculated in Phase 1 and the node voltages

derived from the lower order transfer functions stored on file

24. The base node of connection , NODE , is stored in the JFET

driver record in global common. The rem~ ining nodes ore numbered

sequentially by the system as NODE+l, NODE+2 , dfld NODE+3.

First the JFET data record is read from file 20 by

subroutine DATAPD a~d stored in the common data buffer BUFF. The

node voltages for the nonlinear current calculations dre computed

by replacing the transfer function at NODE+2 with the difference

3—55E
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between the transfer functions at NODE and NODE+2 for every J
vector in the table. This “modified transfer function table”

serves as the basis for the nonlinear current calculations.

The transfer function table consists of 2~~~~R_2 contiguous

vectors beginning ~t record number 1 on file 24. Each complex

vector element is the transfer function at some node in the

circuit and occupies two decimal storage locations. The transfer

functions are stored in the vectors according to increasing node

— numbers. Because the JFET nodes are numbered sequentially, the

- corresponding transfer functions occupy successive elements in

each vector. This method of storage allows the’ transfer

functions to be accessed and modified by the following iterative

-
‘ 

procedure:

- STEP 1— 
- 

Initialization

[ - a) Length of each T.F. vector : LT 2tORDER

b) Location of NODE in first vector : 1l 2*NODE_l

C) Location of NODE in last vector - I2=Il+ (2~~~~~~3)*LT - , I

j . d) Origin of scratch area on file 24? L 2NORDR~ LT

- 

- 

e) Set index at first vector : 1I1

I 

!TFP 2 - Access and Modify Next Vector

d) Read t r df lSf e r  functions at sequential device nodes

3—5 5?
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beginning at I, store in X , Xl , and X2.

b) Write device voltages to scratch area at L,

increment L—L+2.

c) Calculate X2=X—X2

d) Write updated transfer functions to file 24 begin—

fling at I.

STEP 3 Increment and Test Index

a) Increment I=I+LT

b) If (I.LE.12) more vectors remain to be modified . Go

to Step 2.

c) Otherwise modified transfer function table complete .

The nonlinear currents of order NORDR for the JFET are

defined as:

~ )RDR ________HG = E A (K) * ~~~~~ (~JDDE -
~
- 3)

K=2

I’ORDR RDR= Z S*c (K) *F~~ (~wE+3)K=2

4 ~~

3—s SC
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Subroutine CURJF initializes HG and HL to zero , then each
— 

- - NORt)R
— symmetric transfer function expression 

~~ (NODE+3)for K 2 ,3,..

NORDR is computed by subroutine FNCTN , multiplied by the

appropriate coefficients A(K) or S*C(K), and accumulated in HG

and HL.

Then the transfer function table is restored by reading the

transfer functions saved in the scratch area in file 24 and

rewriting them to the original locations in the table. The

procedure is similar to that employed for modifying the transfer

function table.

The nonlinear currents are placed in the current ‘vector on

file 25 by subtracting HL from the current at NODE , subtracting

PG from the current at NODE+1, and add ing HG and HL to the

- ‘ current at NODE+2. The current elements for the sequential JFET

nodes , beginning at I=2*NODE_l, are read from file 25 by

subroutine TFRD and stored in X, Xl, and X2.  HL is subtracted

from X and HG is subtracted from Xl by subroutine CXSIJB. HG and

NL dre added to X2 by subroutine CXADD. The updated current

elements are rewritten to their original locations by subroutine

TFWR and subroutine CURJF returns to the calling program .

¾
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NAME-: CURNC -4

TYPE : SUBROUTINE

G E N E RAL  P URP OSE-

Calcu lates nonlinear currents for nonl inear

components and places their in the current vector

VARIA L~~LES’

A = T.F. ex press ion ror nonlinear curren t

B = Intermediate calculation

CONST = Intermediate calculation

FPEQ = Frequency values

FRQ = Frequency combination vectpr

FTK = Nonlinear current

I = Record number of NODE voltage (current)

Il = Relative location of NODE in first T.F.

12 = Relative location of NODE in last T.F.

13 = Locat ion of work area on -file 24

14 = Index fo r  component  data  area

J = Pecord number of NODEE voltage

J2PI = Intermediate calculation

= Index for suriration of current calculation

r = Pecor~ numbe r for file 24 work area

LT = Length of each T.F. vector in words

NCCt~P = Length of nonlinear component data record

3—56F

_ _ _ _ _ _  

I
-5



-— --5-———-.
~~~—-— -5-

NODE = Positive node of connection

NODEB = Negative node of Connection

NORDR = Order of analysis

RCL = Component type; 1 = Resistor
2 = Capacitor

3 Inducto r

S = Angular frequency

SP = Frequency product

X = NODE voltage (current)

= NODEB voltage (current) 
- 

-

SUBROUTINES CALLED :

CXADD CXDIV CXMPY CXSUB DATAR-D

FNCTN SSCOD2 TFRD TFWR UPSEQ

CALLING PROGRAMS

PHASE3

DESCRIPTION-

Subroutine CURNC calculates the nonlinear currents for

nonlinear components and places them in the current vector.

Arguments transmitted to the subroutine are: NORDR , the order of

the nonlinear current to be calculated ; FREQ , the input
frequency values for the circuit: FRTBL , the frequency number
table - SCC, the frequency combination vector~

. and S, the

angular frequency . The nonlinear current is a function of the

device coefficients stored in the nonlinear components data

3—5 6G
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I
record , the node voltages derived from the lower order tr ansfer :;
functions stored on file 24, and , in the case of the nonlinear

inductor , the angular frequency at the lower orders of dndlysis.

First the nonlinear components data record is redd from file

20 by subroutine DATARD dnd stored in the common data buffer

PUFF. Then a table of lower order dnguldr frequencies is created

for each vector in the transfer function table. The method is to

recreate every lower drder frequency combination which is a

subset of the present frequency combination vector SEC I cdl-~ulate

the angular frequency for that combination , and stc~~ it in t~~e

vector FPTAE. The frequency combinations are recreated in the

same order as the transfer function vectors were selected and

stored in the transfer function table by subroutine CONTRL, so

that the angular frequency stored at FPTAB (I) corresponds to the

Ith transfer function vector on file 24.

The recreation of lower order frequency combinations is

performed by repeated calls to subroutine UPSEQ under the control

of the integer  va r i ab le  MO RDP , wh ich m a i n t a i n s  the order  of the

combination being formed . Subroutine SSCOD2 calculates the

angular frequency dnd appends it to the FRTA E vector. The

complete procedure for creating the angular frequency table is

summarized ~~S follows

- 
- STEP 1- Initialization

a) Initialize FPT~ I? subscript to LL O.

3—560

~II~dL -- 

- 
- -  

-.



7~~~~
_

~~~~ _-•v~~~
_ - _ _  - 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 4.— - -- 

- -  - 5

e — - -
~~~~~

h) Initialize n-aximurr order of frequency combination

r e c — u i r e d  to ~‘XCI~C=N CPD~~.

c) I n i ti a l iz e  nur -her  of f re cu e n cj e s  in lower order conibin—

-t ion  to r cp r r=~.

‘~TrP 2 -  C en e r at e  “ext  Fre aue ccy  Corb ina tion

a) Call sui~routine t’PSF’ç to generate next freouency corn—

bin~-t i cn  vector in S EC i .

b) If (‘~Cr~c- r .t T .r op cP )  , go to Step 3.

C) C th e r w i s e  a n g u l a r  f r equ e n c y  table  complete .

Ii t i

STEP 3 -  Test for  SF~ l a Subset  of SEC

a) If every SEO1 (I) for 1=1 ,2 VORDR equals some SEO (J)

for J=l ,2,...NOPDP , go to Step 4.

b) O the rwise  go to Step 2.

STEP 4~ Calculate ~nqular Frecuency and Append to Table

a) Calculate seouential frecuency combination by-

t~DRDR
~~~~~~~ MB = E s~~l(I)

4 - .  1=1

3—561
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b) Increment FRTAB index to LL~LL+i..

c) Call subroutine SSCOD2 to calculate angular frequency

and append to table at FRTAB (LL).

d) Go to Step 2.

For each nonlinear component description in the data record ,

subroutine CURNC transfers the component type to RCL and the

positive and negative nodes of connection to NODE and NODEB

respectively. Then the node voltages for the -nonlinear current

calculatIons are computed by replacing the transfer function at

NODE with the difference between the transfer functions at NCDE

and NODEB for every vector in the transfer function table. For

nonlinear inductors , the updated transfer function at N ODE is

divided by the corresponding angular frequency from the table

FRTAB . This “modified transfer function table” serves as the

basis of the nonlinear current calculations. If the negative

node of connection is ground (NODEB=0,) for any component in the

data record , the modification of trdnsfer functions for that

component is by-passed .
NORDR

The transfer function table consists of 2 —2 contiguous

vectors beginning at record number 1 on file 24. Each complex

vector element is the transfer function at some node in the

circuit and occupies two decimal storage locations. The transfer

functions ore stored in the vectors according to increasing node

- 

- numbers. This method of storage allows the transfer functions to

3—563
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I
‘ , be accessed and modified by the following iterative procedure :

STEP 1- Initialization 
-

a) Length of each T.F. vector : LT=2*ORDER

b) Location of NODE in first vector : Il 2*NODE_l

C) Location of NODE in last vector: I2 Il+(2NORP~_3)*LT
NORD R

d) Origin of scratch area on file 24: L=2 *LT

e) Subscript for FRTAB vector- M=O

f) Set index at first vector: 1=11

STEP 2- Access and Modify Next Vector

a) Increment FRTAB subscript M=M+l

b) Read transfer function from I, store in X.

c) Write X to scratch area at L, increment L=L+2.

8) If NODE I3=0 , go to Step 2h.

e) Otherwise locate NODEB in vector : J =I + (NODEB _ NODE)*2  - -

f) Read transfer function from J, store in Y.

g) Calculate X=X—Y.

h) If component is inductor (PCL=3) , calculate XZX/FRTAB(M)

Otherwise go to Step 3i.

i) Wr ite X to file 24 at I.

3—56K 
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SPEP 3~ Xncrement and Test Index

-~ 

- a) Increment I—I+LT for next vector

b) 
- 

If (I.LE.12) , wore vectors remain to be - modified . Go

- 
-to Step 2;

c) Otherwise modified transfer function table complete .

~he nonlinear current of order NORDR for the nonlinear

- 

- resistor (RCL=l) is defined as

OK - E ~~
()

~~~5’[’ * (rWE)

K=2

For the nonlinear capacitor (PCL=2)

I~DPDR -

OK = E Q)~~~ - * S/K * ~ORDR (~~~~~DE)
- 

- K=2

For the nonlinear inductor (RCL=3)-

~~RDR
OK = E ~X~NST * RDR 

(~~~DDE)
K=2

~~ where CONST is the F~th nonlinear coefficient taken from the -

3—56L 
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component description in BUFF.

Subroutine CURNC initializes HK to zero, then each symmetric

t r a n s f e r  f u n c t i o n  expression F~~~~
R (NDDE) for  K=2 , 3 . . . N O R D R  is

computed by subroutine FNCTN . After the intermediate calculation

for CCNST has been performed depending on the component type , the

product is formed and accumulated in OK.

Then the transfer function table is restored by reading the

transfer functions saved in the scratch area on file 24 and

rewriting them to their . original locations in the table. The

procedure is similar to that employed for modifying the transfer

f u n c t i o n  table . If the negative- node of connectior~
’ is ground

(NODEP= ~ ) , the restore procedure is by—passed.

The nonlinear current is placed in the current vector on

f ile 25 by adding it to the current at NODE! (for NODEB~0) and

subtracting it from the current at NODE . The NODE B c u r r e n t , 
-

located at I=2*NCDEE_ l , is read from-file 25 by subroutine TFRD

and stored in X. OK is added to X by subroutine CXADD and the

updated NODE! current is rewritten to its original location by

subroutine TFWP. The procedure is repeated for the NODE current ,

except that the NODE c u r r e n t  is located at I=2*NODE_l and OK is

subtracted from X by subroutine CXSUP.

~fter the nonlinear currents have been calculated and placed

in the c u r r e n t  vector  for  every component in the data  record ,

subroutine CURNC returns to the calling program.
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NAME ! CURNDS

TYPE: SUBROUTINE

I~~
.

GENERAL PURPOSE:

Calculates nonlinear current for nonlinear

dependent sources and adds it to the current vector 
- -

~

VARIABLES :

A = Positive node of connection

= T .F .  expression for , nonl inear  c u r r e n t

B = Negative node of connection

CC = In t e rmed ia te  c a l c u l a t i o n

COEF = Nonlinear coefficients

FREQ = Freauency combination veätor

OK = Nonlinear current

I = Record number of node xx voltage (cur ren t)

IMPS = Impedances

IMTBL = Impedance code table

Il = Relative location of node xx voltage in first T.F.

12 = Re la t ive  locat ion of node xx vol tage in last  T . F .

13 = Location of work area on file 24

K = Index for summation of current calculation

L = Record number for file 24 work area and

index for in-pedance table

LT = Length of each T.F. vector in words

3—57F
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= Index for impedance code table

MCR DR = Order of impedance

‘~XOPD = Maximum order of analysis

N OP DR = Order of analysis

S = Angular frequency

SCOflP = Sequential freauency combination

SEC = Frequency combination vector

SEO1 = Lower—order frecuency combination vector

SOURCE = Type of source 7 1 = VC

2 = CC

3 = VV

4 = CV

= Node XX voltage (current)

XX = Positive node of dependence

- 
s Y = Node YY voltage ( c u r r e n t)

YY = Negative node of dependence

7 = Imp edance value

~(JEFOU TINFS C1~L- L F D :

CXI I Sf CX~ PY CXS UR DATA PD FN CTN

TFPC TF% P UPSEQ

CALLIT’ZC PPOCRP~~~~S

PF)’ E E’ 3

- 
- rE SCR I P TION —

Su b r o u t i n e  CUPNDS calculates the nonlinear currents for

3—57G
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nonlinear dependent sources and places them in the current 
.7. ;

vector.- Arguments transmitted to the subroutine are: NCRD P. , the

order of the nonlinear current to be calculatec3~ S, the angular

freauency and SEQ , the freauency combination vector. The

nonlinear current is a function of the device coefficients stored

in the nonlinear dependent source data record and the node

voltages derived from the lower order transfer functions stored

on file 24. For c u r r e n t  dependent sources , the nor~l i nea r  c u r r e n t

also depends on the impedance at the -nodes of dependence , while

for voltage sources , the nonlinear current depends on the

impedance at the nodes of connection. The positive ~nd negative

nodes of dependence (XX and YY) , the positive and negative nodes

of connection - 
(~~ and B), and the type of SCUI~CE are stored in the

nonlinear dependent source driver record in global common.

First the nonlinear dependent source data record is read

from file 20 by s u b r o u t i n e  DAT.~PD and s tored in the  common da ta

b u f f e r  BUFF.  Then for  c u r r e n t  dependent  sources  only ( SCU P CE =2

or 4) , a table of lower order secuential frecuency combinations

is created for each vector in the transfer f u n c t i o n  t a b l e .  The

method is to recreate every lower order freouency combination

which is a subset of the frecuency combination vector SF-C,

ca l cu l a t e  the s eauen t i al  f r e q u e n c y  combina t i on , and s tore  i t  in

the  vector I”T!L. The frequency cor~t-inations are recreated in

the same order as the transfer function vectors were selected and

- 
- stored in the transfe r function table by subroutine CO~-”TPL, so

that the secuential frecuency combination I~T~[-(I) corresponds to -~~~~~

the It h  transfer function vector on file 24.
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The recreation of lower order frequency combinations is

performed by repeated calls to subroutine UPSEQ under the control —

of the integer variable MORDR , which ma intains the order of the

c omb in a t i o n  being fo rmed .  The complete procedure for  c rea t ing

the seauential frecuency combination table is summarized as

follows :

STEP 1- I n i t i a l i z a t i o n

a) Initialize I~TEL index to L 0.

b) Initialize maxi mum order of frequency combination

I
: r ecuired  to ~XOR E =N ORt -P.

c) I n i t i a l i z e  nurber  of frequencies in lower order

combination to MORDP=0.

STEP 2- Generate t~ext Frequency Combination

a)  Cal l  s u b r o u t i n e  UPSE C to genera te  next  f requency  cow—

hination vector in SEC1 .

b) If (i~Cpr-P LT.Noppp), go to Step 3.

C) O the rwi se  seauential frecuency combination table

complete .

~‘2F P 3 -  Test for  S EC- i a Subset  of SFQ

3—571
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a) If every SEQ1(I) for I—l,2,...MORDR equals some SEQ(J)

for 3~l,2,...t4ORDR, go to Step 4.

b) Othetwise go to Step 2.

STEP 4~ Calculate Sequential Frequency Combination and

Append to Table 
________

a) Calculate sequential frequency combination by1

M~RDR
ScOMB = E -S~~l(I)

1=1

b) Increment IMTBL index to LzL+l .

C) Append sequential frequency combination to table

by IMTBL(L) =SCOMB.

0) Go to Step 2.

Then the node voltages for the nonlinear current

calculations are computed by replacing the transfer function at

node XX with the difference between t-he transfer functions at

nodes XX and YY for every vector in the transfer function table .

L For current dependent sources (SOURCE=2 or 4), the updated

transfer function vector at node XX is divided by the

-I 

corresponding impediance IMPS(flITBL(M)) from the nonlinear

3—573
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dependent source data record. This umod ified transfer function

tab le serves as the basis for the nonline ar current

calculations. I f the negative node of depende nce is ground

(YY Ø) , the subtraction of transfer functi ons is by—passed .

The transfer function table consists of 1~~~ 1~_2 cont iguous

vectors beginning at record number 1 on file 24. Each complex

vector element is the tra nsfer function at some node in the

circuit and occupies two decimal storage locations. The transfer

functions are stored in the vectors accordin g to increasing node

numbers. This method of storage allows the trans fer functions to

- 
- be accessed and modified by the following iterative procedure:

STEP 1: Initialization

a) Subscript for IMTBL vect or: M = ø.

b) Location of node XX in first -vector: Il~2*XX_l.

c) Length of each T .F .  vector: LT Z2 *ORDER

d) Location of node XX in last vector

I2=Il+(2~~~~
R_3)*LT.

e) Origin of scratch area on f i le  24: Lz2~~E~~ *LT.

f)  Impedance value : Z — ( l . ,  0 . )

g) Set index at first vector: 1 11.

( ‘

3 57K
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STEP 2: Access_and Mod i fy Next Vector

a) Read transfer function - from I, store in X.

b) Increment IMTFL subscript ?4=M+1

C) - Write X to scratch area at L, increment L L+2.

d) For current dependent sources (SOURCE=2 or 4) , store

impedance value Z=IMPS(IMTBL(M)).

e) If node YY=ø, go to Step 2i.

f) Otherwise locate node YY in vector : J=I+(YY_XX)*2 .

g) Pead transfer function from 3, store in Y.

h) Calculate- X=X—Y

i) Calculate X=X/Z

j) Write X to file 24 at l.

STEP 3: Increment and Test Index

a) Increment I=I+LT

b) If (I.LE.12)., wore vectors remain to be modified . Co
— 

to Step 2.

c) Otherwise modified transfer function table complete .

The nonlinear current of order N ORD R for the nonlinear

dependent sources is defined as—

~~RDR —
ox = .x~~ (K) * (XX)

K=2

3—57L

____________________________________ ____________________________________ __________ - __________



.5 — ,

~ Subroutine CURNDS initializes HR to zero , then each symmetric

transfer function expression p~ORDR (11) for K=2 ,3,...NORDR is
K

computed by subroutine FNCTN, multiplied by the appropriate

coefficient COEF(K), and accumulated in HK. For voltage sources

only (SOUPCE =3 or 4), HR is divided by the impedance at the nodes

of connection , Z = (1.OElO., 0.). —

Then the transfer function table is restored by reading the

transfer functions saved in the scratch area on file 24 and

rewr iting them to their original locations in the table . The

procedure is similar to that employed for modifying the transfer

function table. If the negative node of dependence Zs ground

(YY=C), the restore procedure is by—passed.

The non linear current is placed in the  c u r r e n t  vector on

f i l e  25 by adding it to the current at the positive node of

connection A (for A~0) and subtracting it from the negative node

of connection ~ (for ~3~~0). The node A current , located at

I=2*A_l , is read from file 25 by subroutine TFPD and stored in X.

FI( is added to X by subroutine CXADD and the updated node A

current is rewritten to its original location by subroutine TFWR.

The procedure is repeated for the node ~3 current , except that

node P is located at 1 2*P_l and UK is subtracted from X by

subroutine CXSUE . Subroutine CURNDS then returns to the calling

program .

4,. 
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NAME? CURPT _ )

TYPE r SUBROUTINE

GENERAL PURPOSE ’

Calculates nonlinear currents for vacuum

pentode and places them in the current vector

VARIA~LES

A = T.F. expression for nonlinear current

CNT = Frequency permutation counter

COEF = Intermediate calculation for nonlinear

current

FACT = Accumuldtor for N!

FNK = Subscripts generated by subroutine FUN

PP = Nonlinear coefficients

FREQ = Frequency combination vector

FREOC = Permuted frequency combination vector

P2 = Nonlinear coefficients

C = Nonlinear coefficients

H = Nonlinear coefficients

I = Pecord number of bdse node voltage (current)

index for outer summation of current

calculation

tHIGH = Pelative location of !~O~F in lest T.F.



ILCW = Relative location of NODE in first T.F.

vector

INC = Binorrial coefficient for I,N

IP = Nonhine4r current

ISWF = Control variable for subroutine FRPPM

ISWT = Control variable for subroutine FUN

12 = Nonlinear current

13 = Location of work area on file 24

= Index for  inner sun ’wation of c u r r e n t

ca lcula t ion

JNIC = Tr inoir~ial coe f f i c i en t  for  ,J, N—I

L = Index fo r  CO vector. Record number for file

24 work area.

LT = Length of each T . F .  vector in words

Li = Subscript  for  c o e f f i c i e n t  calculat ion

L2 = Subscript  for  coe f f i c i en t  calcula t ion

L3 = Subscript  for  c o e f f i c i e n t  calcula t ion

= Input  value

N = Order of T . F .  expression

NODE = Ease node of connection

NOP DR = Order of ana lys i s

PROD = Sun of T.F. products returned by subroutine

CROSS

C’O = Node pattern of T.F. expression

P = Index for  inner  summ at ion  of coe f fic ien t

expression

PJC = Elnornial coefficient for P ,J
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S = Index for outer summation of coefficient

expression

SIC = Binomial coefficient for S,I

SP ~ Coefficient expression fdr IP

S2 = Coefficient expression for 12

TERM = Intermediate calculation for coefficient

expression

X = Base node voltage (current)

XX = Angular frequency

Xl = (?ase+l) node voltage (current)

X2 = (Base+2) node voltage (current)

X3 = (Base+3) node voltage (current)

SUBROUTINES CALLED

CROSS CXADD CXSUB DATARD

FRPRM FUN TFRD TFWP

CALLING PROCRAMS

PHASE3

DESCRIPTION :

Subroutine CURPT calculates the nonlinear currents for the

vacuum pentode and places them in the current vector . Arguments

transmitted to the subroutine are : NORDR , the order of the

nonlinear current to be calculated and XX , the angular frequency.

The nonlinear currents are functions of the device parameters ond

coefficients c~lcul~ ted in Phase 1 and the node voltages derived

3—58H
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from the lower order transfer functions stored on file 24. The

base node of connection , NODE, is stored in the vacuum pentode

driver record in global common. The remaining nodes are numbered

sequentially by the system as NODE+l , NODE+2, and NODE+3.

First the vacuum pentode data record is read from file 20 by

subroutine CATARD and stored in the common data buffer BUFF.

Then the node voltages for the nonlinear current calculations are

computed for each - vector in the transfer function table as

foilows : the transfer function at NODE is replaced with the

difference between the 
- 

transfer functions at NODE and NODE+3;

the transfer function at NODE+l is replaced - with the , difference

between the transfer functions at NODE+l and NODE+3~ and the

transfer function at NODE+2 is replaced with the difference

between the transfer functions at NODE+2 and NODE+3. This

“modified transfer function table ” serves as the basis for the

nonlinear current calculations. -

NORDR
The t r a n s f e r  func t ion  table consists of 2 —2 contiguous

vectors beginning at record number 1 on file 24. Each complex

vector element is the transfer function at some node in the

circuit and occupies two decimal storage locations. The transfer

functions are stored in the vector according to increasing node

nurhers. Pecause the vacuum pentode nodes are numbered

sequentially,, the corresponding transfer functions occupy

successive elements in each vector . This method of storage

allows the transfer functions to be accessed and modified by the

~~~~~~ 

~~~~
‘ following iterative procedure
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STEP 1: Initialization

a) Location of NODE in first vector : ILOW=2*NODE_l.

b) Length of each T.F. vector : LT=2*ORDER .

C) Location of NODE in last vector : 
-

- - - NORD R
- 

- 
IHIGH = ILOW + (2 —3) * LT

d) Origin of scratch area on file 24~ 13=2N0RDR*LT

e) Set index to f~irét vector~ I=ILOW .

F

STEP 2: Access and Mod ify Next Vector

a)- Read trdnsfer functions for sequential device nodes

beginning at I, store in X, Xl , X2, and X3.

b) Write device voltages to scratch area at L,

increment L = L + 2. 1 -
C) Calculate X=X—X3, X1=X1—X3, and X2=X2—X3.

d) Wr ite updated transfer functions to file 24

beginning at I. I —

STEP 3: Increment and Test Index

a) Increment I=I+LT.

b) If (I.LE.IHIGH) , more vectors remain to be modified .

Go to Step 2.

C) Otherwise modified transfer function table complete .

F 3—58J
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-J The nonlinear currents of order NORDR for the vacuum pentode

are defined as

I

~I3RDR N N-I 1 f N \ 1N-I” PDR12 = E E E S2.L~ i F~~ Q[t$)DE,1~DDE÷1,IDDEl-2]
N=2 1=0 J \ J ~J / , ,J N

where S2N,I,JiS~

S2N,IJ = Z E (
~) (~

) G(I—S+l) H(J—R+S+l) r4J~~ F2(N—I-J+l ,R-i-l)
(1=1,0)

and -S

I~D~~R N N-I , & ‘  ~.

IP E E 1 N’tfN—i’~
N=2 1 JØ ~i!\i)~j ) ~~~~~~~~ Q[I~DDE,bZDE+l,wiDE+2]

where SPN,I,Jis:

= 

~ 
(1) ( ‘

~) G (I—S+l) H (J—R+S+1) FP (N—I—J+1, R+1)
N,I,J ~~ R=0

I -
~ wuc (I— 1,0)
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Because the nonlinear currents for the vacuum pentode are ‘~b 4
functions of the voltages at three nodes , the Q function of

subroutine QFN cannot be used . Subroutine CURPT contains its own

0 function to determine the pattern of node voltages to be

multipl ied together to form one term of the symmetric transfer
NORDR _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

function expression FN O (NODE,NODE+1,NODE+2). Subroutine CURVT

apportions the relative node numbers to the integer vector 00 so

th~at each prod uct in the symmetric transfer function expression

contains exactly N lower order voltages where the first I are

from the base NODE, the next 3 are from NODE+2, and the remaining

N— (I+J) are from NODE+l-

QC= (1,l,.. .1,3,3,. ..3 ,2,2, .. .2)
I J N—(I+J)

Voltages Voltages Voltag~s

Subroutine FNCTN , whIch i.~ used to calculate the terms of

the symmetric transfer function expressions for NCAP ’-s other

nonlinear devices, calls subroutine QFN and therefore Cannot be

be used directly for the vacuum pentode. However , the algorithm

of subroutine FNCTN does apply to the pentode ’s nonlinear

currents and is implemented directly dS d part of subroutine

CUPPT . The algorithm uses subroutine FUN to determine the orders

of the voltages in each product , sub rou t ine  FRPR ~ to permute  the

frequency combinat ion , and subroutine CROSS to access the

voltages in the modified transfer function table and to form the

3—58L 
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voltage product for a single frequency permutation T;e complete

algorithm used by subroutine CURPT to calculate the nonlinear

currents of order NORDR is summarized as follows : 
-

STE P 1: Initialize Summation Over N

a) Clear nonlinear currents 12=0. and IP=0.

b) Initialize N! accumulator to FACT 1

c) Set index at N=2

STEP 2~ I n i t i a l i z e  Summation Over I

a) Accumulat e N! in FACT

H- b) Set index at 1 0
- N

c) Initialize accumulator for Ci~ 
to INC=l

STEP 3 Initialize Summation Over 3

a) Set index at J=0

b) Initialize accumulator for ( j  ) to JNIC=l

3—58 M
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NORDR
— STEP 4: Initialize Algorithm for EN - -

a) Calculate coefficient expressions S2 and SP

b) Initialize sum of symmetric voltage products to A=0.

c) Initialize FUN algorithm by ISWT=—l

d) Establish node pattern in CO vector

STEP 5-~ Initialize for one Additive Term of F~
ORDR

a) I n i t i a l i z e  FRPRM a lgor i thm by ISWF=—l

o) Clear f requency permuta t ion  count to CNT=0 .

C) Initialize symmetric accumulato r to PROD O .

d) Call subroutine FUN to determine pattern of voltage

orders , return orders in FNK vector.

STEP 6: Accumulate  Products  over all Permuta t ions

a) Increment  pe rmuta t ion  count CN T=CNT+ l.

b) Call sub rou t ine  FPPP M to create  f requency  p e r m u ta t i o n ,

return in FREOC vector

C) Call subroutine CROSS to calculate voltage product for

given permutation , add to PROD

d) If (ISWF=0), more permutations remain~ go to Step 6a.

3-58N
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Otherwise permutations complete . Go to Step 7

STEP 7~ Test for F~
OR
~~at I, 3 Complete -

a) Average over all permutations , add symmetric product

toA ~

A = A + PROD/CNT

b) If (ISWT O) , more
’ 
symmetric products remain to be cal-

culated . Go to Step 5. -]
NORDR -

c) Otherwise FN complete . Accumulate current terms

according to ’- -

12 = 12+ ! (N)(
N_I

) * S 2 * A
N~~ I 3

i~~~= i ~
- + !  (N) ( N-I) * 5 p * A  -

N~~~I 3

STEP 8 - ~ Increment  and Test Summat ion  Over 3

a) Accumulate (~~I) in JNIC

b) Increment J 3+l

c) If ( J .LE . ( N — I ) ) ,  go to Step 4. Otherwise summation

over J complete . Go to Step 9.

— 
-

I !
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STEP 9: Increment and Test Summation over I

a) Accumulate (
~) in INC

b) Increment - 1 1+1

c) IF (I.LE..N), go to Step 3. Otherwise summation

over I complete . Go to Step 10.

STEP 10- Increment and Test Summation over N

a) Increment N=N+l

b) If (N.LE.NOBDR) , go to STEP 2. Otherwise nonlinear

currents complete .

The coefficient expressions S2 an~ SP are also c~ 1cu 1ated by

an iterative process, su~rnarized as follows :

STEP l~ Initialize Summation over S

a) Set index at S=MAX(I—1,0)
- I

b) Initialize accumulator for~s~ to SIC S+l

c) Clear coefficient expressions S2 0. and SP C.

~1

3—58P
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S~~~P 2 ’ -  I n i t i a li z e  summation over R

a) Set index at P=O

b) In it i a li z e  accumula tor  for  (~~) to RJC=1

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

STEP 3~ Accumula te  C o e f f ic i e n t  Terms -S

a) Calculate

- S2 S2 + 
(~
)(

~) 
G (I-S+1) H (J—R+~~1)~~~~

3 F2 (N-I~y÷l,R÷1)

b) Calcula te

= ~~ + 
(~~ (~~

) G(I—S-+- 1) H(J—R-,-S÷1) ~~~~~ FP (N—I-.j÷1,R+1)

~T~ P 4 Increment  and Test Summation over P

a) Accumulate (
~) in RJC

b) Increment R=R+].

• C) If (R.LE.J) , go to Step 3. Otherwise summation
over P complete , go to Step 5.

- ‘k 
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STEP 5: Increment and Test Summation over S

I
a) Accumulate 

~~ 
in SIC

b) Increment S=S+l

C) If (S.LE.I) , go to Step 2.  Otherwise  coe f f i c i en t

expression complete .

Then the transfer function table is restored by reading the

transfer functions saved in the scratch area on f i l e  24 and

rewriting them to the original locations in the table. The

procedure is s imi la r  to that  employed fo r  m o d i f y i n g  the t r a n s f e r

f u n c t i o n  table .

The nonl inear  c uV r e n ts  are placed in the current vectqr on

f i l e  25 by sub t r ac t i ng  12 f rom the c u r r e n t  at NODE+ 1 , s u b t r a c t i n g

IP f rom the c u r r e n t  at NODE+2 ,  and adding 12 and IP to the

c u r r e n t  at N QDE+3. The current elements for the sequential

vacuum pentode nodes , beginning at 1 2*NODE_l , are read from file

25 by subroutine TFPD and stored in X, Xl , X 2 ,  and X 3 .  12 and IP

are subtracted from Xl and X2 respect ively by subrou t ine  CX SUE .

12 and IP are added to X3 by subroutine CXADD. The upddted

current vector elements are rewritten to. their original locations

by subroutine TFWR and subroutine CUPPT returns to the calling

program.

S 3—58?
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NAME: CURSD

TYPE : SUBROUTINE

GENERA L PURPOSE : -
— Calculates nonlinear current for semiconductor

diode and places it in • the current vector

VARIARLES • -

A = T.F. expression for nonlinear current

C2 = Nonlinear coefficients

D = Intermediate calculation

~‘PEQ = Frequency combination vector

GAMMA = Nonlinear coefficients

PKC = Nonlinear current

1 = Record number of NODE voltage (current)

Il = Relative’ location of NODE in first T.F.

12 = Relative-location of NODE in last T.F.

13 = Location of work area on file 24

3 = Record number of NODED voltage

K = Index for summation of current calculation

KS = Nonlinear coefficients

L = Record n-umber fo r  f i l e  24 work area

LT = Length of each T.F. vector in words
S 

- NODE = Positive node of connection

NOD E? = Negative node of connection

3—59D
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N ORDR = Order of ana lys is

S = Angular frequency

X = NODE voltage (current)

Y 
• 

= NODE!’ voltage (current )

SUBRO U TINES CALLFD

CXP CD CXSUP DATA PD FNCTN

TFPD FTWF

CALLI NC PROGRAM S :

PH~ SE3

DESCRIPTION •

Subroutine CURSD calculates the nonlinear current for the

semiconductor diode and places it in the current vector .

Arguments transmitted to the subroutine are: NORDR , the order of

the nonlinear curren t to be calculated , and S, the angu la r

freauency. The nonlinear current is a func t ion  of the device

coe f f i c i en t s  and pa ram eter s  ca lcula ted in Phase 1 and the nod€

voltages derived from the lower order transfer functions storec

on f i l e  24 .  The positive and negative nodes of connection , NOD

and NODE!’, are stored -in the semiconductor diode driver record i

global common .

First the semiconductor diode data record is read from file

20 by sub rou t ine  DATJ’.RD and stored in the common data buffer

f ’ - .  PUFF. Then the node voltages for the nonlinear current

ca lcu la t ions  are  computed by replacing the transfer function at

3—59E
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NODE with the difference between the transfer functions at NODE

and NODEE for every vector in the table. This “modified transfer

function table ” serves as the basis of the nonlinear curren t

calculations. If the negative node of connection is ground (NODEB

=0), modification of the transfer function table is by—passed .- 
!‘I~RDR .The transfer function table consists of 2 —2 contiguous

vectors beginning at record numbe r 1 on file 24. Each complex

vector element is the transfer function at some node in the

circu it and occupiei two decimal storage locations. - The t r a n s f e r

functions are stored in the vectors according to increasing node

numbers. This me thod of storage allows the transfer functions to

be accessed and modif ied by the following itera tive ~roce c’1ur e-

STEP 1- I n i t i a l i z a t i o n

a) Length of each T.F. vector- LT=2*C!TFP

b) Location of .NCDF in first vector : Il=2*T’CE’C_l

c) Location of rC~t’ in last vector - I2=Il+ (2~~~~~ _3)*L.T

d) Crigin of scratch area or. file 2 4 :  r = 2 ~~RD~ *LT

e) Set index at first vector: 1=11

~ FEP~~~ -
- Access and r-’odify Next Ve•cfor

- 
a) read transfer function from I, store in X.

b)- ~‘rite X to scratch area at L, increment L=L+2

3—59F
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- c) Locate NODEB in vector: J 1+(NODEB_NODE)*2

d)  Read transfer function from 3, store in y.

e) Calculate X=X—y and write to file 24 at I.

STEP 3: Increment and Test Index

a) Increment I=I+LT for next vector .

b) If (I.LE.12), more vectors remain to be modified. Go

to Step 2.

C) Otherwise modified transfer function table complete.

The nonlinear current of order NORDR for the semiconductor

diode is defined as:

IVPDR
HKG = E (KS (K) * D )  * p~N)RDR 

C~~DE)
K=2 K

where :

D=S*(GAMMA(K)+C2(2)*KS(K_1)/K )

Subroutine CURSD initializes 11KG to zero , then each symmetr ic

transfer function expression F~~~
R 

(NODE) for K=2 ,3,... NORDR

$ 

is computed by si.ihroutine FNCTN. After the intermediate

3—59G
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calculation is performed for D, the product is formed and

accumulated in 11KG. -

Then the transfer function table is restored by reading the

transfer functions saved in the scratch area on file 24 and

rewriting them to their original locations in the table. The

procedure is similar to that employed for modifying the transfer

function table. If the negative node of connection is ground

(NODEB=ø), the restore procedure is by—passed .

The nonl inear  cu r r en t  is placed in the cur rent  vector on

file . 25 by adding it to both the current at NODEB (for NODEB~’0)

and the current at NODE.- The NODEB current , located at

I=2*NODEB_l , is read from file 25 by subroutine TFRD an d stored

in X. 11KG is added to X by subroutine CXADD and the updated

NODEB cu r r en t  is rewr i t t en  to i ts  or ig ina l  location by subrout ine
S TFWR . The procedure is repeated for  the NOD E c u r r e n t  located at

I=2*NODE_l , and subroutine CURSD returns to the calling program.
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I NAME- CURT

TYPE : SUBROUTINE

GENE’RAL PURPOSE-

Calculates nonlinear currents for bipolar junction

transistor and places them in current vector

VARIABLES:

A = T..F. expression for nonlinear current

ALPHA = Nonlinear coefficients -

P = In termedia te  ca lcula t ion  for  HG

C = Intermediate calculation for HG

C2NL = Nonlinear current

D = Intermediate calculation for C2NL

FREQ = Frequency combinat ion vector

GAMMA = Nonlinear coefficients

HC = Nonlinear coefficients

HG = Nonlinear current

13GM = Nonlinear current

13K = Non l inea r  c u r r e n t

= Nonlinear coefficients

ICHY4O = Nonl inea r parameter

I = Record number of NODE voltage (current) -
S

Ii = Relative location of NODE in first T.F.

12 = Relative location of NODE in last T .F .
I I .
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13 = Location of work area on f i l e  24

K 
- 

Index for outer summation of current

calculation

L = Record number for file. 24 work area

KS = Nonlinear coefficients

LT = Length of each T.F. vector in words

M = Index for inner summation of current

calculation.

NObE = Base node of connection

NORDR = Order of analysis

S = Angular frequency

SCO = Nonlinear parameter

SIGN = Sign of HGM current terms

SNCS = Nonlinear parameter

X = Base node voltage (current)

Xl = (Ease+l) voltage (current)

X2 = (B ase+2) voltage ( c u r r e n t )

X3 = (Pase+3) voltage (current)-

SUBROUTINES CALLED -

BETA CXADD CXMPY CXSUP

DATARD FNCTN TFRD

TFWP

CALLING PROGRAMS:

PHASE 3

3—60F
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DESCRIPTION !

Subroutine CURT calculates the nonlinear currents for the

bipolar junction transistor and places them in the current

vector . Arguments transmitted to the subroutine are : NORDR , the

order of the nonlinear currents to be calculated , and S, the

angular freauency. The nonlinear currents are functions of the

device parameters  and coe f f i c i en t s  calculated in Phase 1 and the

node voltages derived from 
- 
the lower order transfer functions

stored on file 24.  The base node of connection , NODE , -is -stored

in the transistor driver record in global common. The remaining

nodes are sequentially numbered by the system as NODE+l’, NODE+2 ,

and NODE+L

First the transistor data re-cord is read from file 20 by

subroutine DATA RD and stored in the common data buffer BUFF.

Then the node voltages for the nonlinear current calculations are

computed for each vector in the transfer function table as

follows - The transfer function at NODE is replaced by the

difference between the transfer functions at NODE+2 and NODE :

the transfer function at NODE+2 -is replaced by the difference

between the transfer functions at NODE+2 and NODE+l : and the

transfer function at NODE+l is replaced by the difference between

the t r a n s f e r  f u n c t i o n s  at NODE+l and NODE+3. This “modified

transfer function table ” serves as the basis for the nonlinear

curr ent calculations. -

The transfer function table consists of ~~~~~ —2 contiguous

vectors beginning at record number 1 on file 24. Each complex

vector element is the trdnsfer function at some node in the

3—60G
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circuit and occupies two decimal storage locations. The transfer

functions are stored in the vectors according to increasing node

numbers. Because the transistor nodes are numbered sequentially,

the corresponding transfer functions occupy successive elements

in each vector . This method of storage allows the trdnsfer

functions to be accessed and modified by the following iterative

procedure

$TEP 1:’ Initialization

a) Length of each T.F. vector- LT=2*ORDER

b) Location of NODE in first vector- Il=2*NODE_l

C) Location of NODE in last vector : i2=il+ (2~~~R _3)*LT

d) Or igin of scratch area on file 24” L = * LT

e) Set index at first vector : 1=11

STEP 2 ~ Access and Modify Next Vec-tor

a) Read transfer functions for sequential device nodes
- - 

beginning at I , store in X , Xl ,-x2, and X3

b) Wr ite device voltages to scratch dred at L,

increment L=L+2

c) Calculate X=X2—X , X2=X2—Xl , and X1 X1—X3

d) Wr ite updated transfer function to file 24 beg inn ing  —

a t l

3—6011
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STE P 3- Increment and Test Index

a) Increment I=I+LT

b) If (I.LE.12) , more vectors remain to be modified . Go

to Step 2. -

c) Otherwise modified transfer function table complete.

The nonlinear currents of order NORDR for the bipolar

junction transisto r are defined as:

~~PDR - 

RDR -

= KS (K) * F~~ (~~ DE + 2) - -1K=2

_____ UI~~~~R R
= E S * ~~*c~ (K) * ~~~~~ (l~DDE + 3)

K=2

= * ~~ORDR Q~ (~IJDE + 2, ~DDE + 1) 
1K=2 M=O -

~~RDR -
- _ _ _ _

C2NL = E D * (N~DDE + 1)
K2

C
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where DBS*HC(2)*KS(K_l)/K . Subroutine CURT initializes 11K, 11GM,

HG , and C2NL to ” zero. Then the symmetric transfer function

~D~~R ______  ~tI~ R ______  -

expressions F~ (NODE+2) and Pk (NODE+3) for K=2 ,3,...NORDR

are computed by subroutine FNCTN , mul tiplied by the appropriate

coeff ic ients  K S ( K )  or S*GAMM A (K) , and accumulated in BK and - 11GM

respectively. Then the symmetric transfer function expression

p~~RDR 0E (NODE+2, NODE+l) for K=2,3,1.. NORDR and M=0,l ,...K

is computed by subrou t in~ FNCTN . Subrout ine  BETA is called to
K -

compute BM and the product is formed and accumulated in HG. The
- - 

-

symmetric  t r a n s f e r  func t ion  expression FK - (NODE+ l) is

identical to the expression for  HG evaluated at M= 0 .  The

intermediate calculation for D is performed and the product is

formed and accumulated in C2NL.

Then the trdnsfer function table is restored by reading the

transfer functions saved in the scratch area on file 24 and

rewriting them to the original, locations in the table. The

procedure is similar to that employed for modifying the trdnsfer

f un ct i 3r. able. - -

The nonlinear currents are placed in the current vector on

file 25 by adding HG and 11GM to the current at NODE+l , adding ilK

and C2NL to the current at NODE+3, subtracting ilK and C2NL from

the current at NODE+l , and subtr acting HG and -11CM from the

current at NODE+2. The current elements for the sequential

transistor nodes , beginning at I 2*NODE_l, are read from file 25

by subroutine TFRD and stored in X , Xl, X2 , and X3. HG and 11CM

are added to Xl and BK and C2NL added to X3 by subroutine CXADD.

3—60J
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BK and C2NL are subtracted from Xl and HG and HGM are subtracted -~

from X2 by subroutine CXSUB. The updated current. vector elements

are rewritten to their original locations by subroutine TFWR and 
-

subroutine CURT returns to the calling program.
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NAME- CURVD

TYPE - SUBROUTINE

C~ENFRA L PURPOSE :

Calculates nonlinear current for vacuum

diode and places it in the current vector

VARIABLES’

A = T.F. expression for nonlinear current

FREQ = Frequency combination vector
I!K = Nonlinear current

I = Record number of NODE voltage. (current)

Il = Felative location of NODE in first T.F.

12 = Relative location of NODE in last T.F.

13 = Location of work area on file 24

J = Record numbe r of NODE? voltage

K = Index for summation of current calculation

KS = N o n l i n e a r  c o e f f i c i e nt s

I = Record number for file 24 work area

LT = Length of each T.F. vector in words

= Posit ive node of connection

NODE? = ~egative node of connection

L 

NOPCF Order of analysis

F = Angular frecuency

= NODE. voltage (current)

3—6lD 
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Y - 
= NODEB voltage (current )

SUBROUTINES CALLED :

CXADD . CXSUB DATARD FNCTN TFRD

TFWR

CALLING - PROGRAMS :

PHASE 3

DESCRIPTION :

Subroutine CURVD calculates the nonlinear current for the

vacuum diode - and places it in the current vector . Arguments

transmitted to the subroutine are : NOPD R , the or der of the

nonlinear current to be calculatec~, and S , the a n qu l a r  fr ”ecuency .

The nonlinear current is a function of the device coefficients

calculated in Phase 1 and the node voltage der ived  f r o m  the  lower -

order transfer functions stored on f-ile 24. The positive and

negative nodes of connection NODE and N CDEP a re  stored in the

vacuum diode driver record in global common .

First the vacuum diode data record is read from file 2~ by

subroutine DATARD and stored in the common data buffer rUFF.

Then the node voltages for the nonline ar current calculations are

computed by replacing the transfer function at NCB-t’ with the

difference between the transfer functions at NODE and N CDEF for

every vector in the table. This “modified transfer function

E 
::;ati ::”

~~If the negative node of 

c u r r e n t
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(NODE?=ø), modification of the transfer function table is

by—passed .
- 

N~RDR
The transfer function table consists of 2 —2 contiguous

vecto.rs beginning at record number 1 on file 24. Each complex

vector element is the transfer function at some node in the

circu it and occupies two decimal storage locations. The transfer

functions are stored in the vectors according to increasing node

num bers. This method of storage allows the transfer functions to

be accessed and modified by the following iterative procedure:

~1EP 1- - Initialization

a) Length of each T.F. vector : LT=2*ORDER

b) Location of NODE in first vector- Il=2*NODE_l

- - ~ORDR
c) Location of NODE i-n last vector: 12 1l+(2 _3)*LT

~~RDR
d) Origin of scratch area on file 24: L 2  *LT

e) Set index at first vector : 1=11

~~ F P 2  Access and M odi fy  Nex t Vecto r

a) Read transfer function from I , store in X.

b) write X to scratch area at L, incremen t L L+2.

c) Locate NCDE? in vector: J I + ( N O D E B _ N O D E ) * 2 .

d) Read transfer function from 3, store in Y .  -

e) Calculate X=X—Y and write to file 24 at I.

3—61F
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STEP 3: Increment and Test index

a) Increment I=I+LT fo~r .nex t vector.

h) If (I.LE.12) , more vectors remain to be modified .

Co to Step 2.

c) Otherwise modified transfer function table complete .

The nonlinear curren t of order NORDP for the vacuum d iode is

defined as:

-~~~~RDR —
ilK = E 1(5(K) * ~K)RDR (~DDE)

K=2

Subrou t ine  CrJRS/D i n i t i a l i z e s  HK to zero , then -each s ymm e t r i c

transfer function expression F~~
IOR 

(NO Er )  for  K = 2 , 3 ~ORDP is

computed by sub rout ine FNCTN , multiplied by the appropriate

coefficient KS(K) , and accumulated in HK.

Then the transfer function table is restored by rea d ing the

transfer functions saved in the scratch area on file 24 and

rewriting them to their original locations in the table. The

procedure is similar to that employed for modifying the transfer

function table. If the negative node of connection is ground

(NODEB C) , the restore procedure is by—passed .

t
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- The non l inea r  c u r r e n t  is placed in the current vector on i

-
~ file 25 by subtracting it f r o m  the current at NODE? (for NODEB

~ø) and adding it to the current at NODE. The NODEB current,

located at I~ 2*NODE?_l , is read from file 25 by subroutine TFRD
- 

and stored in X. HK is subtracted from X by subroutine CXSUB and

- the updated NODES current is rewritten to its original location

- by TFWR . The procedure is repeated for the NODE current , except

that NODE is located at i=2*NODE_l and HK is added to X by

subroutine CXADD. Subroutine CURVD then returns to the calling 
-

pr og ram .
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NAME: CURVT
I

TYPE: SUBROUTINE

GENERAL PURPOSE:

Calculates nonlinear current for vacuum

triode and places it in the current vector

VARIABLES :

A = T.F. expression for nonlinear current

FREQ = Frequency combination vector

C . = Nonlinear parameter

OP = Nonlinear  parameter

H = Nonlinear coefficients

HG = Nonlinear current

I = Record number of NODE voltage (current) -

IFACT Accumulator fox binomial, coefficient

Il Relative location of NODE in first T.F.

12 Relative location of NODE in last T.F.

13 Location of work area on file 24

K = Index for outer summation of current

calculation

L Pec~~rd number for file 24 work area

LT Length of each T.F. vector in words

M ~ Index for inner summation of current

calculation

3—62D 
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MU = Input value

NOPE = Base node of connection

NORDR = Order of analysis

Q = Intermediate calculation

S = Angular frequency

X = Base node voltage (current)

Xl = (Base+l) voltage (current)

X2 = (Base+2) voltage ( c u r r e n t )

SUB ROUTINES CALLED :

- 

- 

CXADD CXSUB DPITARD FNCTN

TFRD TFWR

CALLING PROGRAMS:

PHASE3

DESCRiPTiON ’

Subrou t ine  CURVT calculates the nonlinear current for the

vacuum triode and places it in the current vector. Arguments

transmitted to the subroutine are : NORDR , the order of the

nonlinear current to be calculated , and S, the angular frequency.

The nonlinear current is a function of the device parameters and

coefficients calculated in Phase 1 and the node voltages derived

from the lower order t ran s f e r  functions stored on file 24. The

base node of connection , NODE , is stored in the vacuum triode

driver record in global common . The remaining nodes are

secruentially numbered by the System as NODE+ l and N ODE+2.
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Firs t  the vacuum tr iode data record is read from f i le  20 by j

subrou t ine  DATARD and stored in the common data buffer BUFF. —

The n the node vo l tages for the nonlinear current calculations are

computed as follows the transfer function at NODE is replaced

by the difference between the transfer functions at NODE and

NODE+2 for every vector in the table and the transfer function at

NODE+l is replaced by the difference between the transfer

functions at NODE+l and NODE+2 divided by the input- parameter MU

for every vector in the table. This “modified transfer function

table ” serves as the basis for the nonlinear current

calculations..
- - 

1~~RDR
The transfer function table consists of 2 —2 contiguous

vectors beginning at record number 1 on file 24. Each complex

vector element is the transfer function at some node in the

circuit and occupies two decilndl storage locations. The transfer

functions are stored in the vectors according to increasing node

numbers. Because the vacuum triode nodes are numbered

seouentially , the corresponding transfer functions occupy

successive elements in each vector. This method of storage

allows the transfer functions to be accessed and modified by the

following iterative procedure :

STEP 1- I n i t i a l i zat i o n

d) Length of edch T.F. vector: LT 2*OPDEP

n) Locatjon of I~’ODF in f i r s t  vector - I 1=2*N ODE_ l

3—62F
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C) Location of NODE in last vector: I2 I1+(2~~~~R 3)*LT

d) Origin of scratch area on file 24- L = K~~ RDR * LT

c) Set index at first vector- 1=11

STEP 2 -  Access and ~odify Next Vector

a): Read t r a n s f e r  f u n c t i o n s  for  secuentiol  device nodes

Deginning at I, store in X, Xl , and X2.

b) Wr ite device voltages to scratch area at L,

increment L=L+2

c) Calculate - X = X—X2 and X l = ( X l — X 2 ) / r ~U —

d) Write updated transfer functions to file 24 beg inn ing

at I

STEP 3- Increment and Test Index

a) Increment I=I+LT

b) If (I.LE .LT) , more vectors remain to be modified. Go

to Step 2. 
-

c) Otherwise modified transfer function table complete .

The non l inea r  c u r r e n t  of order N CPCP fo r  the vacuum triod e

$ is defined as-

3—62G 
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~~RDR K KHG = E E DM * 

~M [I~JDrE + 1, ~~DE + 2]K=2 M=O

F.
where 

- 
D = (  M ) ( K _ M) * C P * H ( K ) / K + G * H ( K + l ) .  Subrout ine  CURVT

initializes HG to zero , then each symmetric transfer function

expression F~~~~R ç~ [NODE+]., 
- 

NODE+2] for  K=2 ,3 , . . .  NORDR and

.K is computed by subroutine FNCTN. After the

in te rmedia te  calculat ions  ore performed for C M,K , the binomial

c o e f f i c i e n t  ( K ) is accumulated in IFACT , and the product is

formed and accumulated in HG. -

Then the transfer function table is restored by reading the

t r a n s f e r  func t ions  saved in the scratch -area on file 24 and

rewriting them to the original locations in the table . The

procedure is similar to that employed for modifying the transfer

f u n c t i o n  table .

The non l inear  c u r re n t  is placed in the current vector on

file 25 by sub t rac t i ng  it  from the c u r r e n t  at NODE+l and adding

i t  to the cu r r e n t  at NODE+2. The c u r r e n t  elements for  the

sequent ia l  vacuum triode nodes , beginning at I=2*NODE_l , are read

from file 25 by subroutine TFPD and stored in X, Xl , and X2 . HG

is subtracted from Xl by subroutine CXSUB and added to X2 by

subroutine CXADD.. The updated current elements are rewritten to

their or ig ina l  locations by subroutine TFWR and subroutine CURVT

returns to the calling program .

•

1~
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NAME : FNCTN

TYPE : SUBROUTINE

GENERAL PURPOSE-

Calculates the synimetrized transfer function expression

N K 
_ _ _

F Q (11 , 12.)
K M

for use by the nonlinear current generator

subrout ines

VARIABLES:

CNT = Frequency permuta t ion  counter

FNK = Subscript s calculated in subroutine FUN

FREC = Frequency combinat ion vector

FREOC = Permuted frequency combination vector

ISWF = Control variable for subroutine FPPRM

ISWT = Control variable for subroutine FUN

1< = Length of FNK vector

= Number of nodes 12 in node pattern

N = Order of T-.F. expression

C = Node pattern of T.F. expression , -

U = Location of nonlinearity relative to base

node

3—63D
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V = Location of dependence relative to base node

XX = Calculated symmetr ized T .F .  expression

YY = Sum of T .F .  products  calculated in

subrou t ine  CROSS

— SUBROUTINES CALLED

CROSS FRP RM FUN PT IME QFN

TIMOUT

CALLIN G PRCGP AM S

CURJF CURNC CURND S CURS D CURT

CUPVD CURVT

DESCRIPTION~ 
-

.

For given N , K and M subrou t ine  FNCTN calculates the

expression F [C (U,V) I whIch is a sum of symmetric products

of voltages from the modified transfer function table used in

calculating nonlinear currents during Phase 3.

A nonlinear current is a function of the voltage across the

nonlinearity as well as the voltage at some other node in the

circuit. A nonlinear current of order N can be expressed as a

power series in voltage at two nodes , U and V :

‘N ~~~~~~~~ ‘~N~ 
= 

K=2 ~~~ ~~K,M F~ ( Q~ (U,V) I
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-5 - - - - r -w-~~~~~ _-—-—’_ __r,---___-5_ _~ - r r ’ - -

The KS’S are functions of the Taylor series coefficients

calculated in Phase 1. F~ (Q~ (U, V)J is a sum of products of K

lower order voltages from the modified transfer function table.

Each product has the following general form :

U U . . . U ~ Vp p 
~K-M ~K-M+l

K—M Voltages M Voltages

The function Q 1~ (U, V) determines the pattern of node voltages U

and V so that each transfer function product contains K voltages,

where the f i r s t  K—M voltages are from node U and the r ema in ing  M ~- -

voltages are f rom node V. The f u n c t i o n  F~~ de te rmines  the order

P . of each transfer function in the product  so tha t  p 1 +p 7 +...
- - - L=N. The overbar depicts the symmetry of the product ,

ach ieved by averaging over the N! possible perrnutations of the N

input frequencies - 
-

For example , a t h i r d  order non l inea r  current is given by:

3 K 3 K
13(f ,f ,f ,) = E E KSK M FK ~M (u ,v)

1 2 K=2 M=O

= 

K=2 ~~K,O 
F~ (Q~ (u ,v)I  + KSK 1  F~ [Q~ (u ,v)] + ... —

+ KSKK F~ [Q~ (u,’-’) I

3-63F 
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Rather  than expanding the expression completely, consider the

~u r r e n t  component at K = 2 -

“~2 O  F~ [Q~ (u,v) 1 + KS2 1  F~ EQ~ (u,v)I + 

~~2,2 F~ (Q~ (u ,v)]

Each F~ represents  a sum of products  of f i r s t  and second order

voltages.  The nodes f rom which the voltages are derived -are

determined by the C func t ion  where 0 represents the node

pa t t e rn  UU , C~ represents  VU , and represents W. Together

the two func t ions  produce the fol lowing addi t ive  terms :

- ‘ F~ [Q~ (U ,V ) ]  = U~ U 1+U~ U 2

3 2
F 2 [0 i (U,V)) = V2 U 1+ ‘.j U 2

3 2
F2 ~~~ 

(U,V ) ]  = ~~V1+ ‘~1.jV~

The symmetry of each product, depicted by the overbar , is

achieved by averdg ing  over a l l  the 31=6 possible permutations of

the three  input  f r e q u e n c i e s .  Let the six pe rmuta t ions  be

-
- 5 —
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represented by:

(ff1 f2, f3)

~~i ,  f3, f2~

~~
2,’ ~~~ ~~

‘
~~2’ ~~~

f
1~

Cf3 1 f
2
, f

1
)

The n the symmetr ic  product  U2U~ is

~.-(U (f 1
, f

2
)U(f

3
) + U (~~ , f3 )U ( f

2
) + tJ (f

2
, f

1 

) U ( ~~ ) +

U(f 2, f3
)U (f

1
) + U (~~ , f~) u ç )  + U(f

3
, f

2 

) U ( ~~ )I

The symmetric product U1U2 is:

~ (U( f1)U( f
2 

, f 3
) + U(~~ )U(f3 

,f
2
) - +  U(~~ )U(~ ,f

3
) +

U(f
2 
)U(f 

3
,f
1
) + U ( f  )U(f

1 
,f )  + u ( f  )U ( f , f )  I

The symmetric product V
2
U
1 

is-.

~ ( v ( f1 , f2 ) u ( f 3 ) + v ( f 1, f
3 
)U(f ) + V(f , ~ )U(f ) +

v ( f 2, f )U(f
1
) + V(f , fj )U(f ) + V(f

3
, ~ )U(f )I
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-The symmetric product v
1u2 is—

~~(V(f1
)u(f

2 
,f )  + V(f )U(~ ,f

2
) + V (f )U(ç ,f

3
) +

V (f
2
)U(f

3
,f
1) + V (~~ )u(~ ,f

2) + V(~ )U(f ,f1)J

The symmetric product V~V1 
is.

f~ )V(f3
) + V(~~ f

3 
)V(f~ ) + V(f , ~ )V(ç ) 4

V(f
2
, f

3
)v(f

1
) + V (f . ç)V(f ) + V (f

3
, ~ )V-(~ ) ]

The symmetric prod uct V V  is

)V(f ,f )  + V(f )V(f ,f )  + V(f )V(f ,f )  +

V (f )V(f ,f )  + V (f )V(f ,f
2
) + V(f )V(f

The n on l inea r  c u r r e nt  component at K=3 is derived in a
similar fash ion-

KS~~~0 
F~~ [C ~ (u , v) ] + KS

3 11 F~ [Q
~~~~ (U, V ) ]  +

KS 
3
1
2 
F [Q~~ (U,-V) ] + KS

3
,
3 F~ [Q~ (U ,  V ) ]

~ 

j ,  where each F represents a product of three first order
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voltages-. The nodes from which the voltages are derived are

determined by the C function where C represents the node
3 3pattern UUU , 0~ represents you, represents VVU , and 03

represents VW. Together the two ‘functions produce the following

additive terms:

H F 
~ 

[0 0 (U, V ) ]  = U1U1U1

F 
~~ 

[0-f 
- 

(U , V ) ]  =

F~~ (O~~ (U , V ) ]  = V1V1U 1

-F~ [Q~~ (U, V) ]  = V1V1V1

Some non l inear  c u r r e n t s  are f u n c t i o n s  of the voltage at a

single node. In this case M= 0 and the c u r r e n t  expression

reduces to: 
-

‘N ~ l’~2’”~~N~ 
= 

K=2 ~~K ~~

Subrou t ine  FNCTN calculates one additive term F~ [C~ (U,V)]

of the non l inear  current expression for given N , K , and ~~.

Arguments transmitted to the subroutine are N , the order  of the

current being calculated -. K , the number of voltages in each

transfer function product- M , the numbe r of voltages from node V

3—63J
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in each product~- U and V, the nodes from which the voltages are

derived (relative to the base node of the nonlinear device)’ and

FREC , the frequency combination vector . The calculated term is

re turned to the calling program in XX .

Subroutine FNCTN uses subroutine QFN to determine the node

pat te rn  re tu rned  in the integer vector 0, subroutine FUN to

determine the orders of the transfer functions returned in the

vector FNK , and subroutine FRPRM to prod uce the frequency

• permutations returned in the integer vector FREOC . Subroutine

CPCSS is called to access the voltages in the modified transfer

f u n c t i o n  table and to form the voltage pràduct for’ a single

frequency permutation .

The a lgo r i t hm used by subroutine FNCTN to calculate the term

F 10 K (U, V)] is summarized as follows :

STEP 1-

a) Clear expression to XX O.

b) Initialize FUN a lgo r i thm by ISWT —l
- - K

c) Cdll s u b r o u t i n e  QFN to generate CM (U, V)~ return node

pattern in C vector.

STFP 2 
-

a) Initialize FPPPM algorithm by ISWF=—l

3-63K
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b) Clear frequency ‘permutation count CNT=ø .

C) Initialize symmetric product YY=ø.

d) Call subroutine FUN to generate orders of trai~sfer func-

tions for one term of FN ; retu~r~ orders in FNK vector.

STEP 3: -

a) Increment permutation count CNT=CNT.+l.

b) Call subroutine FRPRM to create a frequency periT~utation~
- 

- return permutation in FREQC vector.

C) Call subroutine, CROSS to calculate product for this

frequency permutation and add product to YY

d)  If more permuta t ions. ( I S W F = 0 ) ,  go to Step 3a.

r e) If permutations complete (ISWF=l), go to Step 4.

STEP 4-

a) Calculate symmetric product and add to expreSsion ’

XX*XX+YY/CNT

b) If more F~ terms (ISWF=0), go to Step 2b.

c) If F~~ complete ( I S W F = l ) ,  e x i t  with calculated expres-

sion in XX.
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NAM E ’ FPPR M
4-,

TYPE~ SUE RCIJTINE

CFNERA L PURPOSE-

Cenerates  a f reauency  permutation for use by

subroutine FNCTN

VA RLM’LES- -

FRE C = The in tegers  1 t h r u  10

FREOC = Permuted  f requency  combinat ion vector

IS~ = Contro l  switch - — l = I n i t i a l i z e  a lgor i thm

- = Cont inue a lgor i thm

- 1 = Algor ithm complete

= Nurb e r of f requenc ies  to be permuted

~‘FC = Work vector

SUFRCU TI ~ JEF CALLED -

-: rONE

CALLINC PROCPAMS •

CUPPT FNCT N

DESCRIPTION :

S u b r o u t i n e  FPPPM generates frequency permutations for use by

su b r o u t i n e  FNC TN . )‘-rgur~ents transmitted to the subroutine are :
‘p

- 3—64C
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N, the number of frecuencies to be permuted ; FREC-, the -~~~~~~

seouential frecuency numbers to be permuted ; and ISV, a control

variable described below . Arguments returned to the calling

program are: FREOC , the permuted frecuency vector and IStZ , the

updated control  va r i a b l e .

In order to genera te  every possible ‘permutat ion of N

freauency numbers , subroutine FRPRt-~ must be invoked N! times.

These . i t e ra t i v e  calls to subroutine FPPR~ are con tro l le d by the
integer , v a r i a b l e  isc~’, which is ini tialized to —1 by the ca l l ing

program , tested and updated in FPP~~ , then retested in the

calling program. ISW=—l initializes the algorithm of subroutine -

FRPP ! by c r e a ti n g  the first permutation of order N in the work

vector SEQ . When ISW=~~, subroutine FFPRr transfers the

permutation from the w o r k  vector ta FPF C C and then generates the

next permuta tion in 51C, savin g it in the la belle d common area

PP~FL. IS!--5 is set to 1 when the last permutation has been

gener ated - -

The f r ecu en c y  p e rmu t a t i o n s  genera ted  by sub rou t ine  FPPPF” a r e

stored in the first N e lem ents  of the integer vector SEC . - Fach

element of the vector is numerically ecual to the secuential

f r en u e n c y  num ber it represents. The lar~ c-st frecucr1cy that a~-y

vector element can contain is N. Fubroutire F~ FFN icjncrec

rerru tations in which a frecuency nu~ ber apçears -orc t)-an once.

F’recuency permutations arc- cercratc~ r e cu r~- ive1y [y

‘uhrcutinc’ FP~~F’~’. T~~o i’irrt er~ ~‘te t~ or c~ 
- rr~ cie :~c~~-~’ iS

-‘cfinc&~ to Le the or~’— r e ’ ret cr i erer,: (1 , 
~~~~~~~

. . .  ) ~~~ ~~~~~

rc-ner~~teC in  tbc ‘,cr k vector ~y
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?~ C (I)=I for 1=1 , 2,...N

‘acb successive rerr-utation of order N is derive 9 from the

rrevious $~FC vector -according to the following algorithm :

T~P 1- In i t ial ize .~lqorithr at SFQ (N)

a) Set -~FC subscript to J=N .

S~ITP 2- - Cpdate and Test ~‘EQ(J) -

a) Define Sr’C (J)=SFQ(J)+l

b) If (FFC(J).CT.r) , this value too large for SEC (J). Co

to Step 3.

C) If (SEQ(J).LF.F) . this value O.K. -for SFQ (J). Co to

Step 4.

~TFP 3- redefine SFC (J) . update and Test J

~
) Set ~V~C-(J)=l

h) Decrement r rç  subscr ip t  J = J— l

c) If (J.CT. ”) , go to Step 2. Ctherwise algorithm

complete .

3—64E
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~tep 4 Test SEC for Uniqueness

a) If SEQ(I)=SEQ (J) for any I and J (I~J), go to Step 1.
- b) Otherwise algorithm complete .

A tabulation of all freq uency permutations for every order

~p €o N=6 (the largest order ailowed in NCAP) is presented below :

3—64r
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n = 2  n = 4

FREOC FREOC
NO. 1 2 3 4 5 6  NO. I 2 3 4 5 6

1 1 2 0 0 0 0  1 3 2 3 4 0 0
2 2 1  0 0 3 0  2 3 2 4 3 0 0

- 

3 1 3 2 4 0 0
4 1 3 4 2 , 0 - 0

- 5 1 4 2 3 0 0
6 1 4 3  2 - 0 0
7 2 1 3 4 0 0
8 2’ 1 ‘ 3 ’O 0
9 2 3 1 4 0 0

10 2 3 4 1 0 0
11 2 4 1  3 0 0
12 2 4 3 1 0 0
13 3 1 2 4 0 0
14 3 1 4 2 0 0
15 3 2 1 4 0 0

FREOC 16 3 2 4 1 0 0
. 17 3 4 1 2 0 0

- 1A 3 4 2 1 0 0
I 3 2 3 0 0 0 39 .4 3 0

20 4 1 3 2 0 03 2 1 3 0 0 0  21 4 2 1 3 0 0
4 2 3 I 0 0 0 22 4 . 2 3 1 0 0 -:5 3 1 2 0 0 0  23 4 3 1 2 0 0
~ 3 2 3 0 0 0  24 4 3 2 1 0 0

‘I
-
:
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n = 5

FREOC PREOC
NO. 1 2 3 4 5 6  ~J0. V 2 3 4 5 6

f f 2 3 4 5 0  61 3 4 1 2 5 0
2 I 2 3 5 4 0  62 3 4 1 5 2 0
3 1 2 4 3 5 0  63 3 4 2 1 5 0
4 1 2 4 5 3 0  64 3 4 2 5 1 0
5 I 2 5 3 4 0  65 3 4 5 1 2 0
6 1 2 5 4 3 0  66 3 4 5 2 1 - 0
7 I 3 2 4 5 0  .67 3 5 1 , 2 4 0
8 . 1 . 3 2 5 4 0  68 3 5 1 4 2 0
9 1 3 4 2 5 0  69 3 5 2 1 4 0
10 1 3 4 5 2 0  70 3~~~~~2 4 - l  0
II 1 3 5 - 2 4 0  71 3 5 4 1 2 0
12 1 3 5 4 2 0  72 3 5 4 2 1 0
1-3 I 4 2 3 5 0 73 4 I 2 3 5 0
14 1 4 2 5 3 0 74 4 I 2 5 3 0
15 1 4 3 2 5 0  7 5 4 1 3 2 5 0
16 1 4 3 5 2 0  76 4 1 3 5 2 0
Ii 1 4 5 2 3 0  77 4 1 5 2 3 0
IS 1 4 5 3 2 0  78 4 1 5 3 2 0
19 1 5 2 3 4 0  79 4 2 - 1 3 5 0
20 1 5 2 4 3 0  8 0 4 2 1 5 3 0
2 1 1 5 3 2 4 0  SI 4 2 3 1 5 0
22 1 5 3 4 2 0  82 4 2 3 5 1 0
23 1 5 4 2 3 0  8 3 4 2 5 1 3 0
24 1 5 4 3 2 0  84 4 2 5 3 1 0
25 2 1 3 4 5 0  85 4 3 1 2 5 0
26 2 1 3 5 4 0  86 4 3 1 5 2 0
27 2 1 4 3 5 0  87 4 3 2 1 5 0
2 8 2 1 4 5 3 0  88 4 3 2 5 1 0
29 2 1 5 3 4 0  89 4 3 5 1 2 0
30 2 1 5 4 3 0  90 4 3 5 2 1 0
31 2 3 I 4 5 0 91 4 5 1 2 -3 0
3 2 2 3 1 5 4 0  92 4 5 1 3 2 0
33 2 3 4 1 5 0  93 4 5 2 1 3 0
3 4 2 3 4 5 1 0  9 4 4 5 2 3 ) 0
3 5 2 3 5 1 4 0 95 4 5 3 1 2 0
3 6 2 3 5 4 1 0 -  9 6 4 5 3 2 1 0
3 7 2 4 1 3 5 0  9 7 5 1 2 3 4 0
3 8 2 4 1 5 - 3 0  9 8 5 1 2 4 3 0
3 9 2 4 3 1 5 0  99 5 1 3 2 4 0
4 0 2 4 3 5 1 0  100 5 1 3 4 2 0
41 2 4 5 1 3 0  101 5 1 4 2 3 0
4 2 2 4 5 3 ) 0  102 5 1 4 3 2 0
43 2 5- 1 3 4 0 103 5 2 I 3 4 0
44 2 5 -) 4 3 0 104 5 2 1 4 3 0
45 2 5 3 1 4 0 105 5 2 3 1 4 0
46 2 5 3 4 1 0  106 5 2 3 4 1 0
4 7 2 5 4 1 3 0  107 5 2 4 1 3 0
4 8 2 5 4 3 1 0  lOS 5 2 4 3 1 0
49 3 1 2 4 5 0  109 5 3 ) 2 4 0
50 3 I 2 5 4 0 11 0 5 3 I 4 2 0
5) 3 1 4 2 5 0  III 5 3 2 1 4 0
5 2 3 1 4 5 2 0  1 1 2 5 3 2 4 1 0

~~~~ 5 3 3 1 5 2 4 0  11 3 5 3 4 1 2 0
54 3 I 5 4 2 0 114 5 3 4 2 I 0
5 5 3 2 1 4 5 0  11 5 5 4 1 2 3 0
56 3 2 ) 5 4 0  116 5 4 1 - 3 2 0
5 7 3 2 4 1 5 0  1 1 7 5 4 2 1 3 0
58 3 2 4 5 1 0 I l~ 5 4 2 3 I 0
59 3 2 5 .1 4 0 119 5 4 3 I 2 0
60 3 2 5 4 I 0 120 5 4 3 2 I 0
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n = 6

FRE OC FRE OC
HO . 1 2 3 4 5 6  MO. 1 2 3 4 5 6

1. 1 2 3 4 5 6  61 1 4 5 2 3 6
2 1 2 3 4 6 5  62 1 4 5 2 6 3
3 1 2 3 5 4 6  63 1 4 5 3 2 6
4 1 2 3 5 6 4  .64 1 4 5 3 6 2
5 - 1 2 3 6 4 5  65 1 4 5 6 2 3
6 1 2 3 6 5 4  66 1 4 5 6 3 2
7 1 2 4 3 5 6  67 1 4 6 2 3 ~~~~8 1 2 4 3 6 5  6 . 1 4 6 2 5 3
9 1 2 4 5 3 6  69 1 4 6 3 2 5

10 1 2 4 5 6 3  70 1 4 6 3 5 2
11 1 2 4 6 3 5 71 I 4 6 5 2 3
12 1 2 4 6 5 3  72 1 4 6 5 3 2
13 1 2 5 3 4 6  73 1 5 2 3 4 6
14 1 2 5 3 6 4  74 1 5 2 3 6 4
15 1 2 5 4 3 6  75 1 5 2 4 3 6
16 1 2 5 4 6 3  76 1 5 2 4 6 3
17 1 2 5 6 3 4  77 1 5 2 6 3 4
18 1 2 5 6 4 3  78 1 5 2 6 4 3
19 1 2 6 3 4 5  79 1 5 3 2 4 6
20 1 2 6 3 5 4  90 1 5 3 2 6 4
21 1 2 6 4 3 5  91 1 5 3 4 2 6
22 1 2 6 4 5 3  82 1 5 3 4 6 2
23 1 2 6 5 3 4  93 1 5 3 6 2 4
24 1 2 6 5 4 3  84 1 5 3 6 4 2
25 1 3 2 4 5 6  85 1 5 4 2 3 6
26 1 3 2 4 6 5  86 1 5 4 2 6 3
27 1 3 2 5 4 6  87 1 5 4 3 2 6
28 1 3 2 5 6 4  88 1 5 4 3 6 2
29 1 3 . 2 6 4 5  89 1 5 4 6 2 3
30 1 3 2 6 5 4  90 1 5 4 6 3 2
31 1 3 4 2 5 6  91 1 5 6 2 3 4
32 1 3 4 2 6 5  92 1 5 6 2 4 3
33 1 3 4 5 2 6  93 1 5 6 3 2 4
34 1 3 4 5 6 2  94 1 5 6 3 4 2
35 I 3 4 6 2 5  95 1 5 6 4 2 3
3 6 - 1 3 4 6 5 2  96 1 5 6 4 3 2
37 1 3 5 2 4 6  97 1 6 2 3 4 5
38 1 3 5 2 6 4  98 1 6 2 3 5 4
39 1 3 5 4 2 6  99 1 6 2 4 3 5
40 1 3 5 4 6 2  100 1 6 2 4 5 3
4) 1 3 5 6 2 4  101 1 6 2 5 3 4
42 I 3 5 6 4 2 102 I 6 2 5 4 3
43 I 3 6 2 4 5 103 1 6 3 2 4 5
44 1 3 6 2 5 4  104 1 6 3 2 5 4
45 1 3 6 4 2 5  105 1 6 3 4 2 5
46 1 3 6 4 5 2  106 1 6 3 4 5 2
47 1 3 6 5 2 4  107 1 6 3 5 2 4
48 1 3 6 5 4 2  lOS 1 6 3 5 4 2
49 1 4 2 3 5 6  109 1 6 4 2 3 5
50 I 4 2 3 6 5 t I C  I 6 4 2 5 3
51 1 4 2 5 3 6  I I I  1 6 4 3 2 5
52 1 4 2 5 6 3 1 1 2  1 6 4 3 5 2
53 1 4 2 6 3 5  113 1 6 4 5 2 3
54 I 4 2 6 5 3 1 14  I 6 4 5 3 2
55 I 4 3 2 5 6 115 I 6 5 2 3 4
56 1 4 3 2 6 5  116 I 6 5 2 4 3
57 1 4 3 5 2 6  117 1 6 5 3 2 4
58 I 4 3 5 6 2 1 1 9  I 6 5 3 4 2
59 1 4 3 6 2 5 1 1 Q  I 6 5 4 2 3

4 60 1 4 3 - 6 5 2  120 1 6 5 4 3 2
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n = 6 (c~~tjjnied)

FREOC PREOC
NO. 1 2 3 4 5 6  NO. 1 2 3 4 5 6

121 2 1 3 4 5 6  181 2 4 5 1 3 6
122 2 I 3 4 6 5 182 2 4 5 I 6 3
123 2 1 3 5 4 6 193 2 4 5 3 I 6
124 2 I 3 5 6 4 194 2 4 5 3 6 1-
125 2 I 3 6 4 5 195 2 4 5 6 I 3
126 2 I 3 6 5 4 186 2 4 5 6 3 I
127 2 1 4 3 5 6 187 2 4 6 I 3 5
128 2 1 4 3 6 5  198 2 4 6 1 5 3
129 2 I 4 5 3 6 189 2 4 6 3 I 5
1 -30 2 1 4 5 6 3  190 2 4 6 3 5 1
13) 2 I 4 6 3 5 191 2 4 6 5 I 3
132 2 I 4 6 5 3 192 2 4 6 5 3 1
133 2 1 5 3 4 6 103 2 5 I 3 4 6
134 2 1 5 3 6 4  194 2 5 1 3 6 4
-135 2 1 5 4 3 6  195 2 5 1 4 3 6
136 2 1 5 4 6 3 196 2 5 I 4 6 3
137 2 1 5 6 3 4 197 2 5 I 6 3 4
138 2 I 5 6 4 3 - 198 - 2 5  I 6 4 3
139 2 1 6 3 4 5 199 2 5 - 3  I 4 6
1 4 0 2 1 6 3 5 4  200 2 5 3 1 6 4
141 2 1 6 4 3 5  201 2 5 3 4 1 6
142 2 1 6 4 5- .3 202 2 5 3 4 6 1
143 2 1 6 5 3 4  203’ 2 5 3 6 1 4
144 2 1 6 5 4 3  204 2 5 3 6 4 1
145 2 3 1 4 5 6 - 205 2 5 4 I 3 6
146 - 

2 3 I 4 6 5 - 206 2 5 4 1 6 3
147 2 3 1 5 4 6 207 2 5 4 3 I 6
148 2 3 I 5 6 4 208 2 5 4 3 6 1
149 2 3 1 6 4 5 200 2 5 4 6 I 3
ISO 2 3 I 6 5 4 210 2 5 4 6 3 I
151 2 3 4 I 5 6 211 2 5 6 I 3 4
152 2 3 4 I 6 5 212 2 5 6 I 4 3
153 2 3 4 5 1 6 213 2 5 6 3 1 4
154 2 3 4 5 6 1 214 2 5 6 3 4 I
155 2 3 4 6 I 5 215 2 5 6 4 1 3
156 2 3 4 6 5 I 216 2 5  6 4 3 I
157 2 3 5  I 4 6 217 2 6 I 3 4 5
158 2 3 5  I 6 4 218 2 6 I 3 5 4
159 2 3 5 4 1 6 219 2 6 I 4 3 5
160 2 3 5  4 6 I 220 2 6 I 4 5 3
151 2 3 5 6 I 4 221 2 6 I 5 3 4
162 2 3 5 6 4 1  222 2 6 1 S 4 3
163 2 3 6 1 4 5  223 2 6 3 1 4 5
164 2 3 6 1 5 4  224 2 6 3 1 5 4
165 2 3 6 4 1 5  225 2 6 3 4 1 5
166 2 3 6 4 5 I 226 2 6 3 4 5 I
167 2 3 6 5 1 4  227 2 6 3 5 1 4
168 2 3 6 5 4 I 228 2 6 3 5 4 I
169 2 4 I 3 5 6 229 2 6 4 I 3 5
170 2 4 1 3 6 5 230 2 6. 4 I 5 3
171 2 4 1 5 3 6  231 2 6 4 3 1 5
172 2 4 ) 5 6 3  232 2 6 4 3 5 1
173 2 4 I 6 3 5 233 2 6 4 5 I 3
174 2 4 1 6 5 3  234 2 6 4 5 3 1
175 2 4 3 1 5 6  235 2 6 5 1 3 4
175 2 4 3 1 6 5  236 2 6 5 1 4 3
177 2 4 3 5 1 6  237 2 6 5 3 1 4
179 2 4 3 5 6 1  238 2 6 5 3 4 1
179 2 4 3 6 I 5 239 2 6 5 4 I 3
iso 2 4 3 6 5 - 1  240 2 6 5 4 3 1
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n = 6 (cx nti.nued)

FREOC FREOC
NO. 1 2 3 4 5 6  MC). 1 2 3 4 5 6

241 3 I 2 4 5 6 301 3 4 5 I 2 6
242 3 I 2 4 6 5 302 3 4 5 1 6 2
243 3 1 2 5 4 6  303 3 4 5 - 2 1 6
244 3 1 2 5 6 4  304 3 - 4 5 2 6 1
245 3 - 1 2 6 4 5  305 3 4 5 6 1 2
246 3 1 2 6 5 4  306 3 4 5 6 2 1
247 3 1 4 2 5 6  307 3 4 6 1 2 5
248 3 - 1 4 2 6 5  309 3 4 6 1 5 2
249 3 1 4 5 2 6  309 3 4 6 2 1 5
250 3 1 4 5 6 2  310 3 4 6 2 5 1
251 3 1 4 6 2 5 3 11 3 4 6~~5 I 2
252 3 1 4 6 5 2  312 3 4 6 5 2 1
253 3 I 5 2 4 •5 313 3 5 I 2 4 6
254 3 I 5 2 6 4 3 14 3 5 I 2 6 4
255 3 1 5 4 2 6  315 3 5 1 4 2 6
256 3 I 5 4 6 2 31-6 - 3 S I 4 6 2
257 3 1 5 6 2 4  317 3 5 1 6 2 4
258 3 I S 6 4 2 319 3 5 I 6 4 2
259 3 I 6 2 4 5 310 3 5 2 I 4 6
260 3 1 6 2 5 4  320 3 5 2 1 6 4
261 3 I 6 4 2 5 321 3 5 2 4 I 6
262 3 1 6 4 5 2  322 , 3 5 2 4 6 1
263 3 1 6 5 2 4  3 2 3 3 5 2 6 1 4
264 3 1 6 5 4 2  324 3 5 2 6 4 1
265 3 2 1 4 5 6  325 3 5 4 1 2 6
266 3 2 1 4 6 5  326 3 5 4 1 6 2
267 3 2 1 5 4 6  327 3 5 4 2 1 6
268 3 2  I 5 6 4  329 3 5 - 4 2 6  I
269 3 2 I 6 4 5 329 3 5 4 6 I 2
270 3 2 I 6 5 4 330 3 5 4 6 2 I
271 3 2 4 1 5 6  331 3 5 6 1 2 4
272 3 2 4 I 6 5 332 3 5 6 I 4 2
273 3 2 4 5 1 6 333 3 5 6 2 I 4
274 3 2 4 5 6 1 334 3 5 6 2 4 I
275 3 2 4 6 1 5 335 3 5 6 4 I 2
276 3 2 4 6 5 1  336 3 5 6 4 2 1
277 3 2 5 I 4 6 337 3 6 I 2 4 5
278 3 2 5 1 6 4 339 3 6 I 2 5 4
279 -3 2 5 4 I 6 339 3 6 I 4 2 5
280 3 2 5 4 6 I 340 3 6 I 4 5 2
281 3 2 5 6 1 4  341 3 5 1 5 2 4
282 3 2 5 6 4 I 342 3 6 1 5 4 2
283 3 2 6 1 4 5  343 3 6 2 1 4 5
284 3 2 6 1 5 4  344 3 6 2 1 5 4
285 3 2 6 4 I 5 345 3 6 2 4 1 5
286 3 2 6 4 5 1  346 3 6 2 4 5 1
287 3 2 6 5 I 4 347 3 6 2 5 I 4
288 3 2 6 5 4 1  348 3 6 2 5 4 1
289 3 4 I 2 5 6 349 3 6 4 I 2 5
290 3 4 1  2 6 5  350 3 6 4  I 5 2
291 3 4 I 5 2 6 351 3 6 4 2 I 5
292 3 4 I 5 6 2 352 3 .6 4 2 5 I
293 3 4 I 6 2 5 353 3 6 4 5 I 2
294 3 4 I 6 5 2 354 3 6 4 5 2 I
295 3 4 2 I 5 6 355 3 6 5 I 2 4
295 3 -4 2 I 6 5 356 3 6 5 I 4 2
297 3 4 2 5 I 6 357 3 6 5 2 I 4
298 3 4 2 5 6 I 359 3 6 5 2 4 I
209 3 4 2 6 I 5 359 3 6 5 4 I 2
300 3 4 2 6 5 1  360 3 6 5 4 2 1

- 
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n = 6 (ccmtinued)

FREQC 
- FREOC

NO. 1 2 3 4 5 6  NO. 1 2 3 4 5 6

361 4 1 2 3 5 6  421 4 3 5 1 2 6
362 4 I 2 3 6 5 422 4 3 5 I 6 2
363 4 I  2 5 3 6  - 423 4 3 5 2 - 1 6
i64 4 1 2 5 6 3  424 4 3 5 2 6 1
365 4 1 2 6 3 5  425 4 3 5 6 - 1 2
366 4 - 1  2 6 5 3 426 4 3 5 6 2 I
367 4 1 3 2 5 6  427 4 3 6 1 2 5
368 4 1 3 2 6 5 - 428 4 3 6 I 5 2
369 4 1 3 5 2 6 429 4 3 6 2 I 5
370 4 I 3 5 6 2 430 4 3 6 2 5 I
37) 4 1 3 6 2 5  431 4 3 6 5 1 2
372 4 I 3 6 5 2 432 4 3 6 5 2 I
373 4 1 5 2 3 6 433 4 S 1 2 3 6
374 4 1 5 2 6 3  434 4 5 1 - 2 6 3
375 4 I 5 3 2 6 435 4 5 I 3 2 6
376 4 I 5 3 6 2 436 4 5 I 3 6 2
377 4 1 5 6 2 3 437 4 5 I 6 2 3
378 4 I 5 6 3 2 438 4 S 1 6 3 2
379 4 I 6 2 3 5 439 4 5 2 I 3 6
380 4 I 6 2 5 3 440 4 5 2 I 6 3
381 4 1 6 3 2 5  441 4 5 2 3 1 6
382 4 I 6 3 5 2 442 4 5 2 3 6 1
383 4 1 6 5 2 3  443 4 5 2 6 1 3
384 4 I 6 5 3 2 444 4 5 2 6 3 1-
385 4 2 1 3 5 6  445 4 5 3 1 2 6
386 4 2 I 3 6 5 446 4 5 3 I 6 2
387 4 2 1 5 3 6 447 4 5 3 2 I 6
388 4 2 1 5 6 3  448 4 5 3 2 6 1
389 4 2 1 6 3 5 449 4 5 3 6 I 2
390 4 2 1 6 5 3  - 450 4 5 3 6 2 1
391 4 2 3 1 5 6  451 4 5 6 1 2 3
392 4 2 3  1 6 S  452 4 5 6 1 3 2
393 4 2 3 S I 6 453 4 5 6 2 I 3
394 4 2 3 5 6- I 454 4 5 6 2 3 1
395 4 2 3 6 I 5 455 4 5 6 3 I 2
396 4 2 3 6 5 I 456 4 5 .6 3 2 I
397 4 2 5 I 3 6 457 4 6 1 2 3 5
398 4 2 5 I 6 3 458 4 6 1 2 5 3
399 4 2 5 3 I 6 459 4 6 I 3 2 5
400 4 2 5 3 6 1  460 4 5 1 3 5 2
401 4 2 ~~~~~6 1 3  461 4 6 1 5 2 3
‘402 4 2 5 6 3 1 462 4 6 I 5 3 2
403 4 2 6 I 3 5 463 4 6 2 1 3 5
404 4 2 6 1 5 3 464 4 6 2 I 5 3
405 4 2 6 3 I 5 465 4 6 2 3 I 5
406 4 2 6 3 5 1  466 4 6 2 3 5 1
407 4 2 6 5 1 3  467 4 6 2 5 1 3
408 4 2 6 5 3 1  468 4 6 2 5 3 1
409 4 3 1 2 5 6 469 4 6 3 I 2 5
410 4 -3 I 2 6 5 470 4 6 3 I 5 2
41 1 4 3 I 5 2 6 471 4 6 3 2 I 5
412 4 3 I 5 6 2 472 4 6 3 2 5 I
413 4 3 ) 6 2 5  473 4 6 3 5 1 2
414 4 3 1 6 5 2 474 4 6 3 5 2 I
415 4 3 2 I -5 6 475 4 6 5 1 2 3
416 4 3 2 I 6 5 476 4 6 5 I 3 2
417 4 3 2 5 I 6 477 4 6 5 2 I 3
418 4 3 2 5 6 I 479 4 6 5 2 3 I
410 4 3 2 6 I S 479 4 6 5 3 I 2
420 4 3 2 6 5 I 480 4 6 5 3 2 I
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n = 6 (ccs~tinued)

FREOC - FREOC
MO. 1 2 3 4 5 6  NO. 1 2 3 4 5 6

481 5 1 2 3 4 6  541 5 3 4 1 2 6
482 5 1 2 3 6 4  542 5 3 4 1 6 2
483 5 I 2 4 3 6 543 5 3 4 2 1 6
484 5 I 2 4 6 3 544 5 3 4 2 6 1
485 5 I 2 6 3 4 545 s 3 4 ~s I 2
486 5 1 2 5 4 3  546 5 3 4 6 2 1
487 5 1 3 2 4 6 547 S 3 6 I 2 4
488 5 I 3 2 6 4 548 5 3 6 I 4 2
489 5 1 3 4 2 6  549 5 3 6 2 1 4
490 5 I 3 4 6 2 550 5 3 6 2 4 1
49 1 5 1 3 6 2 4  551 5 3 6 4 1 2
492 5 I 3 6 4 2 552 5 3 6 4 2 1
493 5 I 4 2 3 6 S53 5 4 1 2 3 6
494 5 1 4 2 6 3 554 5 4 I 2 6 3
495 5 I 4 3 2 6 555 5 4 I 3 2 6
496 5 1 4 3 6 2 556 5 4 I 3 6 2
497 5 I 4 6 2 3 557 5 4 I 6 2 3
498 5 I 4 6 3 2 558 5 4 I 6 3 2
499 5 I 6 2 3 4 559 5 4 2 1 3 6
500 5 I 6 2  4 3 560 5 4 2 1 6 3
501 5 1 6 3 2 4  561 5 4 2 3 1 6
502 5 1 6 3 4 2  S62 5 4 2 3 6 1
.503 5 I 6 4 2 3 563 5 4 2 6 1 3
504 5 I 6 4 3 - 2  564 5 4 2 6 3 I
505 5 .2  I 3 4 6 565 5 4 3 I 2 6
506 5 2 1 3 6 4  566 5 4 3 1 6 2
507 5 2 I 4 3 6 567 5 4 3 2 I 6
508 5 2 I 4 6 3 568 5 4 3 2 6 I
509 5 2 I 6 3 4 569 5 4 3 6 I 2
5)0 S 2 I 6 4 3 570 5 4 3 6 2 1
51 1 5 2 3 I 4 6 571 5 4 6 I 2 3
512 5 2 3 I 6 4 572 ~ 4 6 I 3 2
513 5 2 3 4 I 6 573. 5 4 6 2 I 3
514 5 2 3 4 6 I 574 5 4 6 2 3 I
515 S 2 3 6 I 4 575 - 5  4 6 3 1 2
516 5 2 3 6 4 1 576 5 4 6 3 2 I
517 5 2- 4 I 3 6 577 5 6 I 2 3 4
518 . 5 2 4  I 6 3 -  578 5 6 I 2 4  3
510 5 2 4 3 I 6 579 5 6 I 3 2 4
520 5 2 4 3 6 I 580 5 6 I 3 4 2
521 5 2 4 6 I 3 581 5 6 I 4 2 3
522 S 2 4 6 3 I 582 5 6 I 4 3 2
523 5 2 6 I 3 4 583 5 6 2 I 3 4
524 5 2 6 I 4 3 584 5 6 2 I 4 3
525 5 2 6 3 I 4 585 5 6 2 3 I 4
526 S 2 6 3 4 1 586 5 6 2 3 4 I
527 5 2 6 4 I 3 587 5 6 2 4 I 3
528 5 2 6 4 3 I 588 5 6 2 4 3 I
529 5 3 1 2 4 6 589 5 6 3 I 2 4
530 5 3 1 2 6 4  5 9 0 5 6 3 1 4 2
531 5 3 1 4 2 6  591 5 6 3 2 1 4
532 5 3 1 4 6 2  592 5 6 3 2 4 1
533 5 3 1 6 2 4  593 5 6 3 4 1 2

* 534 5 3 1 6 4 2  594 5 6 3 4 2 1
535 5 3 2 1 4 6  595 5 6 4 1 2 3
536 5 3 2 1 6 4  596 5 6 4 1 3 2
537 5 3 2 4 1 6  597 5 6 4 2 1 3
538 5 3 2 4 6 1  599 S 6 4 2 3 I
s

~

c 5 3 2 6 1 4  599 5 6 4 3 1 2
540 5 3 2 6 4 1  600 5 6 4 3 2 1
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n = 6 (ocr~tin~~d)

FREOC FREOC
NO. 1 2 3 4 5 6  140. 1 2 3 4 5 6

601 6 1 2 3 4 5  661 6 3 4 1 2 5
602 6 1 2 3 S 4  662 6 3 4 1 5 2
603 6 I 2 4 3 5 663 6 3 4 2 I 5
604 6 I 2 4 S 3 664 6 3 4 2 5 I
605 6 I 2 S 3 . 4 655 6 3 4 5 I 2
606 6 1 2 - 5 4 3  666 6 3 4 5 2 1
607 6 1 3 2 4 5  667 6 3 5 1 2 4
608 6 1 3 2 5 4  668 6 3 5 1 4 2
609. 6 1 3 4 2 5 669 6 3 5 2 I 4
610 6 1 3 4 5 2 -  670 6 3 5 2 4  P
61 1 6 I 3 5 2 4 - 67 1, 6 3 5- 4 I 2
6)2 6 I 3 5 4 2 672 6 3 5 4 2 1 S

613 6 I 4 2 3 5 673 6 4 I 2 3 5
614 6 I 4 2. 5 3 674 6 4 I 2 5 3
6 15 6 I 4 3 2 5 675 - 6  4 1 3 2 5
616 6 I 4 3 5 2 676 6 4 I 3 5 2
6)7 6 1 4 5 2 3 677 6 4 1 5 2 3
618 6 I 4 S 3 2 678 6 4 I 5 3 2
619 6 ) 5 2 3 4  679 6 4 2 1 3 5
620 6 I 5 2 4 3 680 6 4 2 1 5 3
62 1 6 1 5 3 2 4  681 6 4 2 3 1 5
622 6 1 S 3 4 2 682 6 4 2 3 5 I
623 6 1 5 4 2 3  683 6 4 2 5 1 3
624 6 I 5 4 3 2 684 6 4 2 5 3 I
625 6 2 I 3 4 5 685 6 4 3 I 2 5
626 6 2 I 3 5 4 686 6 4 3 I 5 2
627 6 2 I 4 3 5 687 6 4 3 2 1 5
628 6 2 I 4 5 3 698 6 4 3 2 5 I
629 6 2 I 5 3 4 689 6 4 3 5 I 2
630 6 2 I 5 4 3 590 6 4 3 5 2 1
631 6 2 3 1 4 5  691 6 4 5 1 2 3
632 6 2 3 I 5 4 692 6 4 5 I 3 2
633 6 2 3 4 I 5 593 6 4 5 2 I 3
634 6 2 3 4 5 I 694 6 4 S 2 3 I-
635 6 2 3 ~~~~~ 1 4 595 6 4 - S 3 1 2
636 6 2 3 S 4 I 696 6 4 5 3 2 I
637 6 2 4 I 3 5 697 6 5 I 2 3 4
638 6 2 4 I 5 3 609 6 5 I 2 4  3
639 5 2 4 3 1 5  699 6 5 1 3 2 4
640 6 2 4 3 5 1  7 0 0 6 5 1 3 4 2
641 6 2 4 5 1 3  701 6 5 1 4 2 3
642 6 2 4 5 3 1  702 6 5 1 4 3 2
643 6 2 5 ) 3 4  703 6 5 2 1 3 4
644 6 2 5 1 4 3  704 6 5 2 1 4 3
645 6 2 5 3 1 4  705 6 5 2 3 1 4
646 6 2 5 3 4 1  705 6 5 2 3 4 1
647 6 2 5 4 I 3 707 6 5 2 4 I 3
648 6 2 5 4 3 1 708 6 5 2 4 3 I
649 6 3 1 2 4 5  709 6 5 3 1 2 4
650 6 3 I 2 5 4 710 6 S 3 I 4 2
651 6 3 I 4 2 5 711 6 5 3 2 I 4
652 6 3 I 4 5 2 712 6 5 3 2 4 I
653 6 3 I 5 2 4 713 ‘5 S 3 4 I 2
654 6 3 I 5 4 2 714 6 5 3 4 2 I
655 6 3 2 1 4 5  715 6 5 4 1 2 3
656 6 3 2  1 5 4  716 5 5 4 1  3 2
557 6 3 2 4 1 5  7 1 7 6 5 4 2 1 3
658 6 3 2 4 S I 719 6 5 4 2 3 I
659 6 3 2 5 1 4  719 6 5 4 3 1 2  —

6 6 0 6 3 2 5 4 1  720 6 5 4 3 2 1
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NAME- LCCTF

TYPE: FUNCTION

CENCRA L PURPOSE: - 

—

Calcula tes  f i l e  24 record nuc’ber of a m odified transfer I -

function vector of specified order and frecuency combination I

V Pt/~CLES -~ -

C = Nuitber of T.F. vectors of order I in table

FPQ~ = Frecmuency coirbination vector

I = Secuen t i a l  f r e ouen tial num ber

= Subscript for frequency number vector 
-

‘ I. = Interi~ediate storage

= Order of T.F. being accessed 
-

r = Order of analysis (length of frecuency

~m e c t o r )
— SEC = I rt t e ri redia te  f recuency  combinat ion  vector

— 

~u~ ROuTIr-iEs CALLF~D-

UPFRC

CALII? ~C PRCCP~ r~-
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Function LCCTF calculates the f i l e  24 address of the

modi f ied  t r a n s f e r  func t ion  vector of a specified order and

f reouency combinat ion  fo r  use in computing nonl inear  cu r r en t s  in

PhaSe 3. Arguments transmitted to the function are- N , the

order of the n o n l i n e a r  c u r r e n t  being computed M , the order of

the t r a n s f e r  f u n c t i o n  vector being accessed ; and FRQS , the

freouency combination of the transfer function vector being

accessed . The ca lcu la ted  dddress is returned to - the cal l ing

program in LOCTF .

Cur ing  the calcu la t ion  of Nth order nonlinear cllrrents , the

t r an s f e r  f u n c t i o n  table contains  2 ‘~ —2 lower—order transfer

fun c t i o n  vectors . These vectors are stored according to

inc reds ing  f reou ency combina tions  in the order they we re created

in Phase 3. The address of a particular vector is a function of

its order  and f requency  combinat ion , dnd can be calculated by

finding the address of the first vector of like order and adding

a displaceirent  f ac to r  based on the frequency combination of the

desired vector.

There are exactly ( ) transfer function vectors of each

order 1=1,, 2 - in the table . Therefore  the f i rs t  vector of

order £~ is located at

= 1+ z (N~
1=1

3—6 5E



— --5—- - 

-

S The frequency combination corresponding to this vector is the - •

ordered set of sequential frequency numbers (l,2,...M). This T-

frequency combination is created in the first M elements of the

integer vector SEQ. Each element of SEQ is numerically equal to

the frequency number i~ represents and the frequencies-are stored

in the vector so thdt they decrease numerically as the subscript

of SEQ increases.

The- displacement Lictor is added to LOCTF by successively

updating the frequency combination while at the same t ime

incrementing LOCTF. Subroutine UPFRC updates the - f requency

cowbination . When the calculated frequency combination matches

EROS , the frequency combination of the desired transfer function

vector , then LOCTF contains the desired address .

For f i r s t  order t r a n s f e r  f u n c t i o n  vectors , the d~ sired

address is equal to the sequential frequency number . The

algorithm for calculating the address of higher order vectors is

summarized as follows~

STEP 1- Initialization

a) Set sequential frecuency number to 1=1

b) Initialize SEQ subscript to J=~

C) Clear address by LOCTF=ø

d) Initialize numbe r of vectors of order I to C 1

- 1

3— 65F 
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STEP 2 -  Locate F i rs t  Vector of Order I , Generate
‘- 5 - --

- 
Corresponding Frequency Combination in SEQ

a) Store sequential frequency number SEQ(J)=I -

b) Update address by LOCTF=LOCTF+C

C) Calculate number of vectors of order I by C=C*L/I

d) Increment order to 1=1+1

- e) Decrement SEQ subscr ip t  to J=J—l

f) If (J.GT.Ø), frequency combination not complete . Go

to Step 2a .

g) Otherwise LOCTF contains address of first transfer

function vector of order M . Corresponding frequency

combination is complete in SEQ . Go to Step 3.

STEP 3- Compare Desired Frequency Combination to SEQ

a) If each FRQS element equal some SEQ element , algorithm

complete . Exit with desired address in LOCTF .

b) Otherwise go to Step 4.

3—6 5G
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STEP 4~ Update Frequency Combinat ion and Address 
-

,

a) Call subroutine UPFRQ to generate next frequency corn—

bination —

b) Increment address to LOCTF=LOCTF+].

C) Go to Step 3

I

- —-s-
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~~~NAME’ CFN

TYPE - SUBR OUTINE

CENERAL PURPOSE-

Calculates  the f u nc t i o n

Q (rJ ,V) 
- -

11.4

for use by subroutine FNCTN

VARIABLE S-

K = Length of 0 vector - )

1’ = Number of nodes V in Q vector

C = Pat tern  of nodes U and V

U = Location of nonlinearity relative to base

node

V = Location of dependence relative to base node

- 
-
, SUBROUTINES CALLED-

NONE

CALLING PROGRA M S:

FNCTN

L 
_ _ _ _ _ _ _ _ _ _ _
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-: DESCRIPTION :

Subrout ine  OFN ca lcula tes the f u nc t i o n  (U, V) which

determ ines  the pattern of node voltages for each transfer

function product computed in subroutine FNCTN. A~ guirents

transmitted- to the subroutine are: K , the number of voltages in

the transfer function- product r~, the num ber of voltages fr-cm

node V in the p r o du c t -  - U and V , the nodes fro m wh ich the

voltages,- are derived (relative to the base node of the nonlinear

device). The node pattern is returned to the calling program in

the integer vector ç.
- K 

- -
- - 

The f u n c t i o n  Q M (13, V) insures that each transfer function

product  calculated by s u b r o u t i n e  FN CTN con ta ins  K voltages , where

the first K—N voltages are derived from node U and the remaining

N voltages are derived from node V. The node pattern is stored

in the first K elements of the integer vec tor Q such that the

first K—N elements are equal to U and the r e m a i n i n g ~~ 
- 

eler~ents

are equal to V

C = (U, U,...TJ,V V)
-

y
l

F—~

elements  e lements

The in tegers  U and V r ep r e s e n t  the locations of the voltages

in each transfer function rela tive to the base node of the

nonlinear device . The base node is represented by 1 in the c

3—66C



-— ~~~~~~~~~~~~~~~~~~~~~~~ - r~~~~~~~~~~~ F ’ r  - ,.r

vector , base+l is represented by 2, and so on.

As an example, consider a nonlinear current which is a
function of the voltages at the base node and base node+l. Then

U—l , V.2, and the complete Q (U, V) function up to sixth order

C the largest order allowed in NCAP) is tabulated as follows:

K—2 K 3  K 4

M 0 .  
-

~~~~~~~~ Q~ =(l ,1) I Q ~ -(1,1,1) -(1,1,1,1)

M—l Q~ — (2,1) 
- 

Q~ — (2,1 ,1) — (2,1,1,1)

M 2  = (2,2) O~ — (2,2 ,1) - Q~ U ,2,’l,l)

M 3  — (2,2 ,2) Q~~=(2,2,2,l)

M 4  - 
Q~ =(2 ,2 ,2 ,2)

M 5

M’~6

K=5 K— 6

M 0  =(l,1,l ,l ,1) Q~ — (1,1,1 ,1,1,1)

M l  Q~~ = ( 2 , l , l , l , l)  
- 

Q~~=(2,l,l,l ,l,l)

M=2 = (2,2 , l ,l,l) =(2,2,1,l, l ,l)

M 3  — (2,2,2,1,1) Q~ — (2,2,2,1,1, 1)

M 4  O~~-- (2,2,2,2,1) Q~~-(2,2,2,2,l,l)

M 5  Q~~~~(2 , 2 , 2 , 2 , 2) Q~~ — ( 2 , 2 , 2 , 2 ,2 , l)

M ’ 6  S =(2,2,2,2,2,2)

- - — - - - - - - - - 
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S NAME : SSCODE

TYPE: SUBROUTINE

GENERAL PURPOSE-

Decodes a sequential frequency combination into component

sequential frequency numbers and stores corresponding

user—assigned . frecuency numbers. Constructs frequency

combination code. Calculates angular frequency.

VARIAP.LES-

FREO = Frequency values

FRTPL = Frequency number table ;

Subscript = Sequential frequency number

Value = User assigned frequency number

3 — User—assigned frequency number vector

S K = Bit position arid subscript for frequency tablè

L = Shift register for bit manipulation

M = I n t e rm e d i a t e  s to rage  for  k—th  bi t  of

combination

= Numbe r of frequencies in combination and

subscript for frequency number vector

S = Angular frequency

- 

I 
SCCDE = Frequency combination code

SCOr~t~ = Sequent ia l  fr e o u e n c y  combina t ion

3—67 3
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SUBROUTINES CALLED:

NONE

CALLING PROGRAMS:

CONTRL

DESCRIPTION:

Subroutine SSCODE decodes a sequential frequency combination

S into its component sequential 
- 
frequency numbers , stores the

corresponding user—assigned frequency numbers , constructs the

frequency combination code, and calculates the angular ’frequency.

Arguments , transmitted to subroutine SSCODE are: the sequential

frequency combination, SCOMB; the frequency number table , FRTBL; 1 1

and the frequency values FREQ. Arguments returned to the calling I I
program are: the user—ass igned frequency numbers in the

combination , 3; the number of frequencies in the combination, N;

the calculated angular frequency, S; and the frequency

combination code, SCODE.

The relationship between the sequential frequency

combination and the frequency combination code is that if the Kth

sequential frequency is in the combination (i.e., the Kth bit of

SCOMB is 1), then the user—assigned frequency number FRTBL (K) is

to be included in the code (i.e., the FRTBL(K)th bit of SCODE is

1). Similarly the Kth frequency value , FREQ(K), is included in

the angular frequency, S, if the Kth sequential frequency appears

in the frequency combination.

The method employed by subroutine SSCODE is to extract each

3—67C
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sequential frequency number from SCOMB and , using the frequency

number table FRTBL , to combine the -corresponding user—assigned

frequency numbers and values into the frequency combination code

and angular frequency . The - sequential frequency numbers are

extracted from the combination by using a simu3,ated shift

register L, which is initially loaded with the sequential

frequency combination SCOMB . A frequency numbe r is extracted

from SCOMB by shifting the right—most bit from the register into

the integer variable N. At the same time , the integer K

maintains a count on the bit position being examined .

If the Kth bit is set (M=l) , then the Kth user—assigned

frequency number is saved b-y 3(N) = FRTBL(K) , the FRTBL(K)th bit

of the f requency combination code is set to 1, and F R E C ( K )  is

added to the angular frequency . The calculations are complete

when the shift register is empty.

The complete algorithm of subroutine SSCCDE is summarized as

follows

STEP 1: Initialization

a) Frequency count : N 1

b) Bit position counter ? K=ø

c) Load shift register s L=SCOMB

d) Angular frequency : S ø

e) Frequency combination Code - SCCDE=O

:. 
-

~~ 

-

j
— 
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a) Increment b i t  position count K=K+l

b) Shift right—most bit from register and store in M:

M=L

L L/2

M M_L*2

c) Save user—assigned frequency number J(N)=FRTBL(K) and

increment  f requency  count  by N=N+M

STEP 3 Map Kth Bit to SCODE and S

a) - Set FPTBL (K)th b i t  of frequency combination

code according to value of N

SCCCE SCODE + 2 ** (FRTBL(K) —1) * M

b) Unclude Kth f requency value in angula r  f requency-

according to value of M~

:5 S = S + FREO (K) * FLOA T(M) I
STEP 4- Test Shift Register

a) If L=~ (shift register empty) , frequency combination

code is complete . Go to Step 5.

D) Otherwise go to Step 2.

0
3—67 E - 
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STEP 5: Complete Angular Frequency Calculation

a) Multiply angular frequency by 2
- 

- 
b) Decrement frequency count N=x’—l -

c) Exit

)

A

)
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NAME~ TRIANG

TYPE SUBROUTINE

GENERAL PURPOSE:

Solves the matri~x equation

(Admittance . Matrix]* [Transfer Function Vector]=[Current Vector]

VARIABLES :

AM = Intermed iate calculation for row operation

and back substitution

BIGX = Intermediate storage for pivot element

selection

CCUR = Complex current

vector element

CUR = Complex current vector element

CURl = Complex current vector element

CXZERO = Complex constant (ø.,O.•)

DIM Length of U and JU arrays .

IBIG = Pointer for pivot element selection

IROW = Record of pivoting information

I H O W ( l ) — ( N )  = Record of row interchanges

IHOW(N+l)— (2N) Column pointers for

elimination information

IHOW(2N+l)... = Column elimination

information

~L 3-68E
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11 — Column index for triangularization

III Index for ThOW array

IP — Pivot row number

IPT — Pivot element number

IS — Index for IR~~ array

ISS — Index for IHOW array

IT Number of row operations to be performed

ITOT - Number of fill-ins created by row operation

113 = Row identification vector

JIP Relative disk address of current vector

element

JNR ~ Relative disk address of current vector

element

JU = Column identification vector

Kl Pointer for row undergoing operation

K2 — Pointer for row undergoing operation

LOC = Address of admittance matrix on file 20

LPE Length of admittance matrix in words

LT Length of T.F. vector in words

Li — Pointer for pivot row

L2 — Pointer for pivot row

N — Order of admittance matrix

NN1 Index for IH~~ array

NP = Number of row undergoing operation

NZERO = Number of nonzeroes in admittance matrix

PE — Complex admittance matrix element

T = Complex T.F. vector element

3—68?
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U - Compacted admittance -matrix

SUBROUTINES CALLED :

DATARD - DATAWR TFRD TFWR

CALLING PROGRAMS~

PHASE3

DESCRIPTION:

Subroutine TRIANG solves the complex matrix equation

[Admittance Matrix]* [Transfer Function Vector] = [Current

Vector]. The mathematical technique employed is that of Stoner ’s

Method as described in “The Application of Sparse Matrix

Techniques to Logisitcs Related Linear Programming Problems” by

Barton - and Lloyd . The method is to collapse the full admittance

matrix into compacted form so that only the non—zero elements are

stored in core and manipulated in the subroutine . The compacted

matrix is then transformed into upper triangularized form by

- Gaussian elimination and the desired transfer functions are found

by back substitution.

Arguments transmitted to subroutine TRIANG are: LOC , the

starting address of the admittance matrix on disk file 207 LPE,

the length of the admittance matrix in words~ and LT, the length

of the transfer function vector (and current vector) in words.

The order of the admittance matrix , N, is transmitted to the

subroutine through global common. The admittance matrix is

stored by columns on disk file 20, while the current vector is
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stored in the first LT words of disk file 25. The calculated

transfer function vector is written to disk file 20 beginning at

record number DATREC . Each complex element of the admittance

matrix , current vector , and transfer function vector is

individually addressable and is represented by two decimal

numbers, the first for its real part and the second for its

imaginary part. 
-

The program code of subroutine TRIANG was taken directly

from the main program and subroutine TRIANG of the Barton and

Lloyd paper with some minor variations in input technique and

pivot strategy as well as modifications to handle complex

numbers. This discussion will focus on the changes required to

adapt Barton and Lloyd ’s work to the NCAP program . The reader is

directed to the previously referenced paper for a complete

description of the mathematical techniques.

Subroutine TRIANG can accommodate admittance matrices of

varying orders by adjusting the dimensions of U, the storage area

for the compacted matrix , JU and IU, which are indexing vectors

— for the compacted matrix , and IH~~ , which records the sequence of

row operations for the elimination process. Experience with a

variety of NCAP circuits has shown that sufficient storage can be

• ; allocated by setting the dimensions of U and JU (represented by

the variable DIM) at seven times the number of nodes in the

circuit and of fl.J at the number of nodes+l. Although the size of

the IHOW array cannot-be predicted as accurately, a dimension of

IROW(2*DIM) will generally suffice. -

Subroutine TRIANG begins by collapsing the full admittance

- 3—68H
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matrix to compacted form , storing the nQn—zero elements by rows

in U and recording the row and column indices in the 10 and JO

vectors. First the nonzero count NZERO and the row count IROW - 

-

are initialized to zero and the U, 10, JO , and IH~ ’J arrays are

cleared . The elements of the admittance matrix are read one at a 
- -

time from disk file 20 by subroutine DATARD under the control . of

the row and column indices I and J. If the element is not zero ,

the nonzero count is incremented and the element is placed in the

compacted matrix at U(NZERO). In the- event that the U array is

overrun (NZERO.GT.DIM), an appropriate error message is printed

and program execution stops. Otherwise the column index J is

stored at JU (NZERO). If this is the first nonzero element in the

Ith row (I.GT.IROW) , the row count is incremented and the origin

of the Ith row is recorded at IU(IROW).

After the full matiix has been compacted , the current vector

is copied to-a work area on disk file 25. Then the compacted

matrix is transformed to upper triangularized form by Gaussian

elimination . The program code follows directly from the Barton

and Lloyd paper except that the column element with the largest

magnitude (sum of the squares of the real and imaginary parts) is

used as the pivot element for that column . The row in which that

element is located becomes the pivot row for a Series of row

operations which eliminate all the non—zero elements below the

pivot in that column . As fill—ins are generated they are

inserted in the compacted matrix U. At the completion of all row

operations for a given column , the same sequence of operations is

performed on the current vector .

3—681
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When triangularization is complete , the transfer function

vector storage area on disk file 25 is cleared and the desired

transfer functions are derived by back substitution and written 
—

temporarily to file 25. At the completion of the back

substitution , the resulting transfer function vector is copied

from file 25 to file 20 for accessing by subsequent NCAP phases

and subroutine TRIANG returns to the calling program.
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NAME UPFRQ ,j
~

TYPE : SUBROUTINE

CENERAL PURPOSE-

Updates frequency combination for use in function LOCTF

VAPIAeLES: -

~ 

-

-

N = Subscript for frequency combination vector

VF = Numbe r of frequencies in combination

SEQ = FreQuency combination vector

SUEPOUTINES CA.LLED~

NONE

CALLING PPOCRP~TS

rJO CTF

r’ESCRIPTICN:

For a given frequency combination stored in the integer

vector SEQ , subroutine UPFPQ generates the next frequency

comb ination of •like order for use by fupction LOCTF. Arguments

transmitted to subroutine UPFPC are SEC , the previous frecuency

combination vector , and 1F , the number of frequencies in the

combination . The updated frequency combination vector is

returned to function LCCTF in SEc .
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The frequency combinations generated by subroutine UPFRQ are

based on secuential frequency numbers . The NF sequential

• freouency numbers in a combination are stored in the first NF

elements of the integer vector SEC , where each element is

numerically eaual to - the frequency number it represents .

Prec’uencies are stored in the vector so that they decrease as the

subscript of SEC increases . Therefore for any vector element

SEQW) , the largest frequency it can contain is NF—N+l .

The method used in subroutine UPFRC is to find the first

element SEC (N) for N =l , 2 . . . N F  such that (SEQ (N)+l).LE .(NF—N+l).

Paving isolated this element , the new combination i~ formed by:

F SEQ (N)+l -

SFQ (I)=i~+N—I for 1=1 ,2.. .N

The algorithm of subrou tine UPFRC. is summ ar i z e d as follows :

STEP 1 T ni t i a l i z a . t ion

a) Set SEC subscript at N~~

~TrF 2 Increment and Test Sub scr ~~~

a)  IncL -err ent  SS~ s u b s c r i p t  by r=r+ 1

b) If (~‘.t-F.~~ ), go to Steo 3.

3—69C
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C) If (N. CT.NF), algorithm c~mple te. J

STEP 3, Update anc~ Test SEQ (N)

a) Define rEc(N)=sEC (r)+l

b) - If SE C (N )  .(T .  ( -NF —n +l)  , this value too large for SEC (i )

Co to Step 2.

C) If ~E Q ( t~~.LE .(!rTF~N+l), this value 0.1<.. for SEC U7). Co

to S tep 4. -

~‘TEP 4~ P e d e f i n e  F i r s t  P Vector E lem en t s  
4 

-
-

* -

a) Set K SEO (~’) .

h) Define S E C ( I ) = F + r — I  fo r  1=1 ,2 . .  .7’ .

I I

H

_ _______ _  -
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I 4 ” NAt ’~E OPS EQ
4.

TYPE ? SUFROUTINE

CENF R~ L PURPCS E -

Generates f r e quency combination vector an d

main tains order of analysis

VAP1AFLES ’

I = Index for frecuency combination vector

= Largest valid frequency ‘rode for SEC (I)

~~!-‘ = Largest valid frequency code in vector

MXORD = ~‘aximuw order of analysis

4 ORDER = Order of analysis

(length of frequency combination vector)

SEQ = Frecuency combination vector

SUP POUTDZES CALLED ’

NONE

C1~LLINC PROGRAMS -

- 
CON TRL CUPPC CU PP D S P P S E T

DESCRIPTION ’

Subroutine UPSEC maintain s the order of ana1y~ is • anc’~

generates freauency combinations for use ~n Phasec 3 anC 4.
I~~~

.
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Arguments transmitted to subroutine UPSEQ are: MXORD , the number
of input frequencies for the circuit (maximum order of analysis);

the number of frequencies in the previous frequency combination
(order of analysis) ; and SEQ, the previous frequency combination
vector. Arguments returned to the calling program are : ORDER,

the number of frequencies in the new combination (updated order

of analysis) and SEQ , the new frequency combination vector.

- 
The frequency combinations generated by subroutine UPSEQ are

based on sequential frequency numbers. For a circuit with MXORD

input frequencies, the sequential frequency numbers are the

integers 1,2,.. .MXORD and the frequency combinations are ordered

sets of these integers taken one at a time for first order

(ORDER—l) , two at a time for second order (ORDER—2) , and so on.

The ORDER sequential frequency numbers in a combination are

represented by the first ORDER elements of the integer vector

SEQ. Each SEQ(I) is a power of 2 derived by mapping a sequential

frequency number to the bit position of like number (i.e. the

frequency number N is represented by SEQ(I)= 2
N1

)• Frequencies

are stored in the vector so that they increase numerically as the

subscript of SEQ increases .

This method of encoding and storing frequency combinations

imposes certain limitations on the numeric values of the SEQ

elements which prov ide the basis for the algorithm implemented in

subroutine UPSEO. First, since each veCtor element represents a

freauency numbe r in the range 1 to MXORD , no element may
rw~RD—].numerically exceed 2 Furthermore , inc - the vector

elements are stored so that they increase numerically, each

3—70D
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element has a largest possible value :
‘U ,

t4XO~~—1
SEQ(ORDER) .LE. 2

- !‘~~ RD—2
- SEQ(ORDER—l) .LE . 2 ,etc.

Frequency combinations are generated recursively 
- 

by

subroutine UPSEQ. The first combination of a given ORDER is

defined to be the ordered set of sequential frequency numbers

(l,2...ORDER) which is mapped to the elements of SEQ according

to:

SEQ(I)=2 -
~~~~ for 1=1,2,-.. .ORDER

• Each successive combination of the sane ORDER is derived from the

previous SEQ vector. The method is to find the first element

SEQ(I) for I=ORDER, ORDER—i ,...]. such that SEQ(I)*2 does not

exceed the largest possible vdlue for SEQ(I). Having isolated

this element , the new combination is formed by:

SEQ(I)=SEQ(1)*2

SEQ(J)=SEQ (J—1) *2 for J=I+l ,.. .ORDER

The algorithm by which successive combinations of ORDER

frequency numbers are generated by subroutine UPSEQ is summarized

as follows: - 
-

• 3—70E
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STEP 1 Initialize Algorithm at SEQ(OPDER)

a) Set SEQ subscript at I ORDER. 
-

t b) Define largest possible value for SEQ(ORDE-R) as M 2**

(I!XCPD—l).

STEP 2’ Update and Test SEQ(I)

a) Define J=SEQ (I)*2. 
-

b) If (J.GT.M) , this value too large for SEQ (I). Go

to Step 3.

c) If (J.LE.M), this value 0.1<. for SEQ(I). Go to

Step 4.

- STEP 3’ ~ove Search to T ~ex t SEQ Element

- a) Decrement SEQ subscript by 1=1—1 .

- h) Define largest possible value for SEQ(I) as M M/2.

C) If (I.C-T.~~), go to Step 2. Otherwise this ODDER

corrp)ete .

3—70F
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STEP 4’ Define New SEQ Vector

a) Set SEC (I) J.

b) Define SEQ (J)=SEC (J_i)*2 for J=I+i~~...OPDEp . 
-

Each call to subroutine UPSEC results in the generation of

one frequency combination. For a circuit with rXCEC input

frecuenc ies , subroutine UPSEG irust he invoked 2MXORD 
—l times to

aenerate every possible frequency combination . The integer

variable CRDt’P , wh ich pr imarily defines the number of frec’uencies

in a p a r t i c u l a r  com b ina t ion , also controls the i t e r a t i v e  cal ls  to

subroutine UPSEQ . ORDER is initialized to zero by the  calling

rroqram , tested and appropriatel y updated by subroutine UPSEC ,

then retested by the calling program . For CPC =C , 1 2 ...~ XCPS ,

both the c a l l i ng  p rocrar .  and su b r out i n e  upsrç a r e  a l e r t ed  t h a t

a d d i t i o n a l  c omb i n a t i o n s  r e m a i n  to be c~e n er a t e d .  ~ f t e r  a l l

- 
- combinations for a particu1~ r CPSER have been g e ner a t e d , CPCE P ~s

incremented an d tes ted in UPS~ C. If CFCEF.LF .’YCFD , the first

• combination for the new CEDER is created . ‘ hen CP~~EF excee d

?‘XCPD . su b r o u t i n e  CPE F~ r e t u r n s  th~ va lue  C E C E R = — l  wh ich s~~~r.a1s

the  c a l l i n g  p roc ra r  t h a t  a l l  p d ss i h l o  co ; ’b inat ~ onc f o r  a l l  o rd er s

have  been ce n e rat e d .

T t ab u l a t i o n  of a l l  fr ecu ency corb~ r e t L o r ~s f m r  e v er y  o r d e r

of ana l ys is  up to ~‘Y~ F E = F ( the  la r c~cst  o~ dei ~ 11owe~ ~r. “C~~~) ,

r re~ cnL ed he1ow~

4,
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~V~O R D = 2

s~0NC). I 2 3 4 5 6•

1 0 0 0 0 0
2 2 0 0 0 0 0
3 2 1 0 0 0 0

!‘V~ORD = 3 MXOPD = 5

Sr~) • • 

SEO -

N O. 1 2 3 4 5 6  NO. 1 2 3 4 5 6

1 1 0 0 0 0 0  1 1 o o ’ o o o
2 2 0 0 0 0 0  2 2 0 0 0 0 0
3 3 0 0 0 0 0 3 3• 0 0 -0 0 0
4 2 1 0 0 0 0  4 4 0 0 0 0 0
5 3 1 0 0 0 0  5 5 0 0 0 0 0
6 3 2 0 0 0 0  6 2 1 0 0 0 0L 7 3 2 1  0 0 0 -  7 3 1 0 0 0 0

9 4 I 0 0 0 0
9 5 1 0 0 0 0

10 3 2 0 0 - 0  0
11 4 2 0 0 0 0

M X O P D = 4  12 5 2 0 0 0 0
13 4 3 0 0 0 0

• 14 5 3 0 0 0 0
NO. 1 2 3 4 5 6  15 5 4 0 0 0 0

16 3 2 1 0 0 0
H i 0 ~ 0- o 0 17 4 2 1 0 0 0
H 2 2 o o o o o  19 5 2 1 0 0 0
H 3 3 0 0 0 0 0  19 4 3 1 0 0 0

4 4 0 0 0 0 0  20 5 3 1 0 0 0
5 2 1 0 0 0 0  21 5 4 1 0 0 0
6 3 1 0 0 0 0  22 4 3 2 0 0 0
7 4 1 0 0 0 0  23 5 3 2 0 0 0
9 3 2 0 0 0 0  24 5 4 2 0 0 0
9 4 2 0 0 0 0  25 5 4 3 0 0 0

10 4 3 0 0 0 0  2~ 4 3 2 1 0 0
11 3 2 1 0 0 0  27 5 3 2 1 0 0
1? 4 2 1 0 0 0  29 5 4 2 1 0 0
13 4 3 1 0 - 0 0 29 5 4 3 1 0 0
1 4 4 3 2 0 0 0  30 5 4 3 2 0 0
15 4 3 2 1 0 0  31 5 4 3 2 1 0

3—70H
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M X O I O = 6

SEQ SEQ
10. 1 2 3 4 5 6 NO. 1 2 3 4 5 6

1 1 0 0 0 0 0  33. 5 3 2 0 0. 0
2 2 0 0 0 0 0  34 6 3 2 0 00
3 3 0 0 0 0 0  3 5 5  4 2 0 0 0
4 4 0 0 0 0 0  36 6 4 2 0 0 0
5 5 0 -0  0 0 0 37 6 5 2 0 0 0

t 6 6 0 0 0 0 0  39 5 4 3 0 0 0
7 2 1 0 0 0 0  39 6 4 3 0 0 0
9 3 1 0 0 0 - 0 40 6 5 3 . 0 0 0
9 4 1 0 O 0 0 - 4 1 6 5 4 0 0 - O

10 5 1 0 0 0 0  42 4 3 2 1 0 0
‘4 II 6 1 0 0 0 0  43 . 5 3 2 1 0 0

1 2 3 2 0 0 0 0 44 6 3 2 ‘I 0 0
13 4 2 0 0 0 0  45 5 4 2 1 0 0
14 5 2 0 0 0 0 46 6 . 4 2  I 0 0
15 6 2 0 0 . 0 0 47 6 5 2 1 0 0
16 4 3 0 0 0 0  48 5 4 3 1 0 0
1 7 5 3 0 0 0 0 49 6 4 3 1 0 0j 19 6 3 0 0 0 0  50 6 5 3 1 0 0
19 5 4 0 0 0 0  51 6 5 4 1 - 0 0
20 6 4 0 0 0 0  52 5 4 3 2 0 0
2 1 6 5 0 0 0 0  53 6 4 3 2 0 0
22 3 2 1 0 0 0  54 6 5 3 2 0 0
23 4 2 1 0 0 0  55 6 5 4 2 0 0
24 5 2 1 0 0 0  56 6 5 4 30 0
25 6 2 1 0 0 0  57 5 4 3 2 1 0
26 4 3 1 0 0 0  59 6 4 3 2 1 0
27 5 3 1 0 0 0  59 6 5 3 2 1 0
29 6 3 1 0 0 0  60 6 5 4 2 1 0
29 5 4 1 0 0 0 61 6 5 4 3 1 0
30 6 4 1 0 0 0  62 6 5 4 3 2 0
31 6 5 1 0 0 0  63 6 5 4 3 2 1
32 4 3 2 0 0 0
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= ~- o ~ e~ to ~:E’ clotteC

I~
-
~ r. = C L C E L~~ to ~c ~iot~ c

T CU T  = t - o c i c~~l cr-it r-u~ ’~ci ci lire ~L~~n tcL
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= r .c~c’L-e es  of f recuency data for  sweep - ~~

- r e st o r a t i o n

JPFCC = I r - t c t r o r ’iate  storace  fo r  th iver f i l e  record

— rurbci

v?r -c Lcft—ju stifLe~ ~1p h en u r~-eric t’eprc-sentation

of v~ er—a içric--~ ficc’uency n u r b e r

F~~1e 2~’ ac ”L e ss  of T .F ,  vec tor

= P r i n t  select  ~~‘itch ’ I = Suppress print inq

= rnab le  pr i nt in ~
= Lenc-t~ of each T , r . vector  in words

= Total  n u r b e L  of freouency sweep iterationt

“-~Crr = x i r~ur or~ cr of an a l ys is

• = Ler~~th of l~ near/ncnl neaz coirponen t c’ata

~‘L Q~

= ~-:‘UI~%~C L- of nc~
’es srecifi~~’ in p r i n t  selec t

= Tctal r~ur~~cr c~ f e fu ~ec~ f iecuen c ies  in

cLrcu~ t -

• ~‘rr’rc = “ur~~oi of frecuc ic~ es Cef ~ nc~ for q iven

C - c - n e r a t o L

= ~
‘ur~ cr of --~cc’ances eef~ nec’ foL cj~vcn

“c~r.eL ator

= rrec ’uericv zwce~ iterat~ on coun ter

“c ’os s~~c-cif~ e( r r t i n t  se lect

C~~~
’c i  of ~r -~lys~~

,.. ‘r T  = :4.-r~ cL c-f r~lo t spec ~catior~

= ?~r~~ ~t u (’O t~’~~1e

= ~~~~ o~ ra Ce  vc1t~ cc
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‘ ~VEC = Nuirber of T.F. values for ‘ordinate of plot

NVFPC C = Frecuency value table

NVY’AC = ~‘agnitude of node voltage

NVCLT = Node voltage (rectangular forrr )

0R~ PR = ~umber of or c’ers s~ecif ie d in prin t select

CP D P~ C rder s  s p e c i f i e d  in p r i n t  select 
- 

—

PLST- 1 
-

= Plot swi tch ’ ~ Cf f

1 = Cn

= Pr m t  switch •- = Cff

l = C r .

SCF~CT = Scale f a c t or  for  T .F .  to ~~~~ ca l cu I~~t ion

~ FC = FLe ouen cy  corb inat ion  vec tc r

5’rT = Fre cuency  h e a d in q

T = T r a n s f e r fu n c t i o n  e le rent

VECTOF = T . F .  v a l u e s  for  OL C~ fl6te of plot

STJPPC(’TIr’rr~ cPLr~Fr -

CX~PY CXPC L

r~T~ rr C ?T~r~t’P CPIVPD PH?~FF1 PT~PSP5

- • - - PPNTI ’ E’~SI!T PTI’F r’~l-: IFT TZ~TC~V

TI~ CCT -

I
PrI- 5 r3

-
~~ rr~ Cr’Ir TICr’:r _ _ _ _ _  

_ _ _

~‘I~bLcu tLnc I _ ~~~F~ is t~-’~ rriraL y tc utir~c of 
‘ -~~~‘~~~~‘ c oe~ :ut

3— 7l~ 

-

— _ - _ _ _ - ~~~~~~~,—--_- -- -5 --



- _ _  

~~~~~~~~~ ~~~~~~~~
—

~~~~~~~~~~~~~~~~ —~
---—-

~~ -- _ _ _ _ _

phase. It rrints the output fror a circuit analysis , tabulates )
plot data for use in a subsecuent phase , and controls frequency

swee~~ir.q, These functions are performed under the control of a

:- c4r~ vc~r file scan.

~‘he standard printe d output consists of all input values for

each circu~ t elemen t , as well as all  scaled nonlinear transfer

fur:ctions 3nd node vol tages  r e s u l t i n g  f ror  a c i r c u i t  a n a l y s i s .

• The p r in t ing of c i r c u i t e lem en t da ta is cont ro l led  by the p r i n t  -

select  C~ /CFE sw i t ch . which  is init ialized 0~ at the beg inning of

Prr -~~F4 and s ub - s e c u e n tly  reset  wheneve r a - p r i n t  sei~~ct d rive r

recc r d ~s cr ocessed.  t ’Then a c ir c u i t  e lement  record is

e r cc un t e r e f  in th e  dr iver f i l e  scan , the pr int  select switch is

j r~t e r r o c at e d . If  the swi tch  ~s C~~, the circuit element data is

• ~rintcd i i  the  sw i t ch  is OFF , the p r i n t i n g  of e lem ent  data is

~~r~rressec’. 
-

The Fnc ’ Circu it driver record initiates printinq of the •

1

trans fer funct ions cnd node voltages unde r the con trol of the

rr ist select ~~~~~ and CPC~ P specifications. If no prin t

se1ect~ on is specified in the Lnput stream , the comp lete transfer

func t icn vec tor an d the  c o rr e sp o n d i n g  node vo l t ages  are  p r i n t e d ,

r~r.c t’odc rev l ine , for each f re cu e n c y  c omb i n a t i o n  at  wh ich the

C~ LCU it was a n a l y z e d . The t r a n s f er  f u n c t i o ns  ari d node vo l t ages

are ouL~ u L  i~
, ~:o~h rec tencu lar and log polar- form in the order

t h e y  were calculated by Phase 3.

If no d e and/o r crder pris t selection is specified , a table

~ f se lec te ’ node s  er Ie cr d cr ~ is crea ted du ring the processing of

t’-c ~‘r~~it ~c1ect dr iv er record . i-then the m d  Circuit is

3—h R
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encountere d , only those transfer functions corresponding to the

nodes- and orders in the print select table are printed . -

subroutine PII~SE4 begins with initialization of phase

parameters. The freouency counter is cleared by ?~F=C , the  p r i n t

select ON/OFF switch is turned C~ by LSTCFF=U , and the logical  —

u n i t  number  fo r  the p r i n t e r  is store d in lOUT. The d river recor d

number is initialized to DPVP ’C=l and the  p r i n t  select node and

order coun ter’s, NDPP and CPDPP are cleared ,

~ driver record -is rea d from file 21 b y s u b - r o u t i n e  ~P IV P C •

If ~‘ISC(7)=l , the pr intinc of data associated with the driver

recor d is by—passed , and control returns to the driver file scan.

Otherwise subroutine PE~~SE4 respond s to the ~crr of the recor d as

fol lows ’

~crc= l r~-ive r File fleacler’

The total number of input frecuenc ies for the circuit is set

by rXCRD= !~ISC(2) and the frecuency table is read from file 2~’ by

subrou tine D~T~PD and stored in the common data buffer PUFF. The

frecuency values are transferred fr-or PUrr (l)—(l~~) to the dec imal

vector FPE~ and the frecuency numbers are transferred fror

FUFF (ll )—(2~ ) to the integer vector FPTPL. Control then returns

to the -driver file scan.

2
-k 3—71S
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~-‘Or-F Start C i t

- 
The printer carriage is restored in preparation for output ,

the length of each transfer function vector in words is

calcula ted as LT=2*~ISC(4), and con trol returns to the drive r

fi]e scan.

~‘CDr=3 Cenerator

• The generator data record is read from file 20 by subroutine

r~T~- Rr and stored in the common data buffer PUFF. The number of

frecuencies and impedances associated with the generator- aL-e set

t’y “FP Eç= t I S C ( 1)  and ~ I~~PS= ~’I S C ( 2 ) .  The number of frequency

sweep iterations is defined as rIT=~-’ISC(G) and the generator

driver record numbe r is saved in JPFCC . The user—assigned

frecuency numbers are transferred from TUFF(31)—(40) to the

intecer vector- F N f .

The positive and negative nodes of connection are printed

• f rcm ~ISC(3) and ~‘ISC(4) and the frecuency number , f re quency

value , and complex ampli tude for each of the ~FPEC input

f recuenc ies are printed. The frecuency values and ampl itudes are

• appen ded to the tables ~VFPEC and NVA~ P to be use d in conver t ing

transfer func tions to node voltages.

For each impe dance in the data recor d , the impedance code is

tr a n s f e r r ed f r o m  the da ta bu f f e r  to IY TP C , and the impedance code

end complex admittance ar-e p~ inted . ~fter all of the irTedance

-~ata has beer. output , con trol returns tc the driver file scan.

3—71T 
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!‘OCE=4 Linear Components

~‘CDE=5 Nonlinear Components

If the print select switch is off (LSTCFF.~’F.~’) . the

printing of component data is by—passed and control returns tc

the driver file scan. Otherwise the component data record is

read froir file 2~ by subroutine E~~T~~F-C and s tored  in th e co m mon

• dat~ buffer PUFF. The length of the component da t a  record ~s set

by I~CCrP=~’I~ C(l). For each componen t in . the  da t a  r e c o r d .  ~ts

type , nodes of connec t ion , and value (or ccef ficient se t) is
- 

- pr inted . Ccntrol then returns to the driver file scan .

• /
rCDE’=6 Vacuum Diode -

Vacuum Tr iode

~‘CDE= 8 Vacuum Pentode 
-

“C-t’F=9 Z’iploar Junction Transisto r

“OCF= 1~ Semiconducto r Diode

“CCF=2 ’ Juncticn Field Fffect Transisto r

~‘Cr F = 2 5  L i n e a r  Oeper .c? ent  r ou r c c

“ c r r — 26 ~enl i r ea r  D ep e n d e n t  F o u r c e  
- -  -

I f  the p r i n t  se lec t  s wit c h  is o f f  ( I E T C F F . v p . ” )  , the-

r r~~n t i n q  of the  dev ice  da ta  is b y— p assed  ar 1d c cn t r o l  r e t u r r ~ to

the  d r iver f~ 1e scan . Ctherw~ se t h e  device ~‘at a re ccid is

-“P
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fr om f i le  2~ by subroutine D~T~PD and stored in the common data

buffer DUFF. The device data is printed according to a

predetermined format and control returns to the drive r file scan.

“ODF=17 Print E’elec t

- 
The number  of or ders and nodes specified in the pr int select

f u n c t i o n  a r c  stored by eP D P F = ~-’I S C ( l )  and N C P P =r I S C ( 2 ) . The p r i n t

select Cr/OFF switch is set by r STOFF =r I sC ( 3 )  ar ~~ the pr int

select data record j S read f r o m  f i l e  2~ by s u b r o u t i n e  D~ T~~PD and

store d in the common d ata buffer P U F F .. The o r d e rs  to be printed

a re  t r a n s f e r r ed  f r o m  T U F F ( 1 ) — ( l C )  to the integer vector OPDP S and

the  nodes to be p r i n t e d  a re  t r a n s f e r r ed  f r o m  D U F F ( l l ) — ( 2 0 )  to the

~r .te~ ci. vector  ~ CD~ S. C o n t r o l  r e t u r n s  to the d r i v e r  f i l e  scan .

“ O D E = l 4  End C i rc u .t  -

T~-e p t  ir.t~~nq of t r a n s f e r  f u n ct i o n s  and node vol tages  is

i n i ti a t e d  b y the  End C i r c u i t  d r i v e r  r e c o r d .  The t r a n s f e r

f u n c t i o n s  a r e  re - ad  f r o m  f i l e  20 , conver ted  to node vol tages , and

‘r i n t e d  in the  o rd e r  t h e y  were  c a l cu l a t ed  in Phase 3. The

t r a n s f e r  f u n c t i on s  a r e  accessed by r e cr e a t i n g  e v e r y  f reauency

com b inat ion a t wh ich the C i r C u i t  was a n a l y z e d  w h i l e  m a i n t a i n i n g

t~ e [ile 2C address of the correspondina transfer function -
~~~

vcctOL .
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The End Circuit processing begins by initializing the

address of the transfer function vector to LOCT=MISC (2)-LT . The

order of analysis, is initialized to NORDR=ø and the print and

plot switches are turned off by -PRSW=ø and PLSW=O.

Subroutine PRSET is called to generate the next frequency

combination and to form the alphanumeric frequency heading . If

the last frequency combination has not been generated (NORDR.GT.

0), subroutine TFTONV is called to calculate the scale factor

used in converting transfer functions to node voltages. The

address of the next transfer function vector is calculated by

-
~~~~ LOCT~LOCT+LT.

- ~
- When plot functions are included in the NCAP input (NPLOT. -

rE CT.0), the plot switch is turned on (PLSW=l) if the order of

analysis NORDR is among the orders to be plotted . The plot

switch is subsequently turned off (PLSW=0) if the frequency

number is not among the frequencies to be plotted . 
-

When print select otder specifications are included in the

NCAP input (ORDPR.GT.0), the print switch is turned on (PRSW 1)

if the order of analysis NORDR is among the orders to be printed .

The frequency heading which contdins the order of analysis ,

frequency value , and frequency combination is printed . If the

print and plot switches are both off , further processing for the

ptesent frequency combination is by—passed , and the next

frequency combination is generated .

Otherwise for each transfer function in the vector I~l, LT,

2 the corresponding node number is calculated by K=I/2+l and the

• complex vector element is read from file 20 by subroutine DATARD

3—71w
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and stored in T. The transfer function is converted to log polar )
form by subroutine CXPOL and stored in POLAR.

rhen print select node specifications are included in the

?‘CPP input (NDPP.CT.~~), the printing of the transfer function is

by—passed if the node F~ is not among the nodes in the print

select table. Otherwise the transfer function is converted to a

node voltage and the node number , transfer function (in both

rectangular and polar form) , and node voltage are pr inted .

If the p-lot switch is on and }~ is among the nodes to -be

plotted , the transfer function is appended to the plot ‘table at

VECTO~~(J) for .3=1 , NPLOT .

r-f ter every frecuency cosibination has been generated and the

rrintinQ of transfer functions is complete (NORDR.LT.Ø) , control

returns to the dr iver file scan.

• ‘ 1SF’ Fnd

The Dnd driver record controls freaue ncy sweeping . If

frecuency sweepino is not specified for the circuit (MAXIT.LT.0)

proo r am control passes to subroutine Pi~1~SF5. Otherwise the

- 
j- frec-’uency sweep iteration cour.t is incremented by NIT=NIT+l and

the qener~ tor driver record is read fr-cm file 21 by subroutine

DF’IVPD.

If the frec’uency sweep is complete (~ IT.CT.t- !’XIT) the

criciin al frecuency data is read from file 2C by subroutine

-; rrTr rr and restored to the qencrator data record by subroutine

3—71x
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~~ t’ATAWR. The frec~uency sweep iteration count is reset by NIT=C
4-p

and program control passes to subroutine PH~SE5.

If the frecuency sweep is not complete (NIT.LF .~ AXIT) , the

next sweep iteration is initialized as follows~ the address of

the generator dat-a record is saved in JADD and the d river r ecor d

for the next sweep iteration is read from file 21 by subroutine

DPIVPD . The sweep data i-s read from file 2~ by sub-routine PT’TAE~E

and wri tten to the generator data record b y su b r o u t ine r~ .Th;T . ~

new circuit analysis is initiated by calling subrout~nc rri~sri .

For other values of MODE, subrou t ine PF~SF4 returns to the

driver file scan wi thout further processiric .

“P

3-71Y
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NAME ’ HHMMSS

TYPE SUBROUTINE

GENERAL PURPOSE~

Converts clock time for NCAP timing routines to hours , minutes ,

- and seconds. - —

VARIARLES~ -

ATIME = Intermediate storage for time calculation

RRS = Hours of clock time
-~~

MIN = Minutes of clock time

SEC = Seconds of clock time

TIME = Clock time

SUBROUTINES CALLED~
NONE

CALLING PROCRAMS~
PPNTIM

1 -

3—72A 
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I .

— DESCRIPTION~ 
- U

Subroutine HHMMSS converts clock time for the NCAP timing

routines to hours , minutes , and seconds. The time , expressed in

hours , tenths , and hundredths , is tran~n~itted to the subroutine

in the decimal argument TIME . The converted time is returned to

the calling program in - the integer arguments HRS, MIN , and SEC.

- 
Hours of clock time are derived by taking the integer part

of TIME. Minutes are calculated by multiplying the fractional

part of TIMIE by 60., •and retaining the integer part of the

result. Seconds are then found by multiplying the hundredths

portion of TIME by 60., and subroutine HHMMSS returns to the

calling program.

- p . - )

p

j
I

~
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- PP~ TI~ P.’

PT’~~~~~~~. 
~CJP~ CUTIr-~F

rr~:pp ~~r ~u c ~ r -

Pr ints ou tput f ro m t iming rou t ines

TOUT = Locical unit number of line pr inter- -

= ~1phar .urerLc Cesignator of proqrat~ se gemen ts

~t7~~l = Total  c lock t ime f o r  one c i r c u i t  
-

ru”2 = Tota l  c lock t i m e  for- 1~C~-? jo b

TIU~ = Plapsed CloCk time- per segment

TTCT~ L = ~ccumulate d clock time per segment

rur~~cr~~i~-r -  “~‘LLEr

OL ’-LL I ? C P PC CI~2~”~~-

r p ’5 E 4

~I~~c~ IpTIcr
.

Ouhr out~ ne PPt’TIU prints the output fr-on the !Cf~P timing

rou t~~ c~~. riapsed and accur.-ula tcd times for each proo r- an

- 

- 

~~-~~ert, TIT - and TTCTP.L J a r e trans~~ittec’ to the subroutine in

t’- c i&I~c1lc ’ cc~-’ron area T I U t TL .

3—738
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First the total time for the past circuit analysis and total

time for the NCPP job are accumulated in SUM1 and StJr ’2. Then for

each proqran segment executed during the previous circuit

analysis (TIME (I).CT.O), the elapsed and accumulated segment

t imes are converted to hours , minutes , and seconds by subroutine

mr~ss and rrinted in tabular form . After each segment’s t ime

has been printed , the TI~-’F array is zeroed and subroutine PRNTI~
returns to the calling program . 

-

J
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r ’7PM E~ PR SET

TYPE SUBROUTINE

CENEP1~L PURPOSE- -

Con tro l s  or der of a n a l y si s , f o r m s  f r e ouency comb i n ation s,

crea tes f r ecu e n c y hea d in o , an d cal cu la tes sum o f fr e c~uen cies

for  use by s u br ou t ~.ne PU/ ’~~~4 .

VARIADLES:

FREC = Freauency values

FP TEL = User—assioned frequency numbers

= Left—justified alphanumeric comma

IPPTP = Left—justified alphanur:-eric right

carenthe~~is 
-

ISF~ = Intermediate storage for freouemcy number

I. = Index for- hea d ing vec tor

IrL~~’F = Left—justified alphanumeric blank

-‘ 

rxc rc = :axinur: order of an a l y s i s

UCF C P = Cr der of analysis

= Index f o r  fr e c u e n c y  n u m b e r  and v a l u e

p = ~ur~ of f r e c u e n c i es

= Fr e c ue n c y  c om b i n at i o n  vec tor  -

PET = ?‘-l phanum eric frec’uency hcadinc

SrJrPcUTI’:r: Cl-LI rr

rFITI FT UP~ Fç
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I
CPLLINC PPOCR1\~-’5:

P 1-A S E 4

rF scRIPT I Cr  -

Subroutine PRErT form- s the freauency combinations and

crea tes the alphanumeric frecuency heading for use by subroutine

PUP SF I ’ . 2’ L gu m e n t s  t r a n s m i t t e d  to the s u b r o u t i n e  f r o m  the calling

prooram are -- FPE( ’. the c i r c u i t ’ s inpu t  f r e c u e n c y  va lues ;  FP TFL ,

the frecuency number - tablet ~XCPD , the nu m ber of in put

frec-uencies for the circuit (maximum order of analysis) - N CPD FS,

the number of frec-uencies in the last frecuency combination

( c id e r  of a n a l y s i s )  and SF0 , the p r ev ious  f r ecu e n c y  comb i n a t i o n

vec to r .  ~ r cu r :e n t s  r e t u r n e d  to su b rou t ine PI~APF4 a r e :  N OPEP , the

ru m -h e r  of f r e cuencies  in the  new fr e qv e n c y  comb i n a t i o n  (upda ted

order of ar .alysis) 5, the calculated f re cuency sum for the new

frecuency combination - SET , the alphanumeric frequency heading-

nnd FEC , the up d at e d  frecuency cembiriation vector- .

Upon enterinc subroutine P PSE T , the  nex t  f r equ e n c y

combination is g e n e r a t ed  by subroutine UPS EC . If the last

ro~-si ble frecuenuy combin ation has alread y been generated

(rC ’- r r .t r . :)  , subroutine PFE~T returns to the callkng program

~ ithcut further riocessing . Otherwime ~- Ct?CP represents the

numb er oF freouencie-s in the  new c om b i n a t i o n , wh ich  is s to red

acccrc’inq to ~n c r - e a c i n o  s ecu e n t ia l  f r ecu e n c y  n u m b e r s  in the  —

I
intece r vector ~~~~

3—74E 
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The frequency sum is initialized to S=C~ and the index for ,~~~~~ 
- 

- -

the frequency heading is set at L=l. The frequency heading is

created by converting each sec~uential frequency number in the

frequency combination to its user—assigned number . The

user—assigned number is then converted to 1-aft—justified —

alphanumeric format and placed in the heading.

First the frecuency corbination vector is decoded as

follows : the vector element SEC (I) is stored in ISEC . • Then IS~C

is successively shifted right one bit at a tirr-e while a count ,

NUN , is ma intained on the number of shif ts performed . ~:hen

ISEC=l , then r-wr ’ con tains the sequential frequency number

represented by SENI).

The correspondin g user—assigned frecuency number is taken

from the frecuency table as FRTPL (NU~-’) stored in the frecuency

heading at SFT(L), and converted to left—justified alphanumeric

format by subroutine LSPIFT. A comma is inser ted af ter the

frecuency number in the head ing by SET(L+l)=IC~~’P and the heading

index is updated to L=L+2. Then the freciuency value FREC ([-:- W--~)is

added to the frequency sun’.

After every frequency in the combination has been placed in

— 
the headino . a r ight parenthesis is inserted after the last

frecuency number by SET(L-—l)=IPPTP , the heading is hlark-f~ lle d

to the r ight , and subroutine PP SE ’T returns to the callinq

program.
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r~t-r TFTOI V ;

- TYPE ’ ~UB-PCUTINF

cr~-:r~~c~r Pu~~~cs~~~ -

Calculates scale factor for use in converting

transfer functions to node voltages

v ?p I)’rr rp-

~~ FL = ~m p l i t ude  va lues

FCT FL = Values of 1! through l~~!

FPPCE- = r~u1tiplicative accumulator

= Frecuency values

!~TFX = Secuential frecuency number

TPTP = rurber of discrete frequency values in

com b ina t ion -

= Frecuency value counters 
-

= Table of discrete frequency values in

com b inat ion

= Order of analysis

PCF?~CT = Calculated scale factor

= Frec’uency cor:tination vector

T~~~P = Int c r~- c d i ~ate ca l c u l a t i o n

‘ :‘:rcu~’ir’ ’r cc : -r

Cx..py 0
3-~75D
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CALLINC PROCPArS - -

PHA SE4

DESCPIPTION -

S u b r o u t i n e  TFTCNV c a lcu l a t e s  - the scale f a c t o r  foL use in

c o n ve rt i n q  t r a n s f e r  functions to node voltages for use by

- s u b r o u t i n e  Pi’~ SE4 . The ar gur--ents t r a n sm i t t e d  tc s u b r o u t i n e

TFTCNV f r o m  the  c a l l i ng  p r o g r am  a r e ’  ~-‘CP~ F , the n u m b e r  of

f reou en c .Les  in the  f r -e cu e nc y  comb ina t i on  ( o r d e r  of analysis ) -

crp~~c~, t he  c i r c uj t ~ s i np u t  fL e c u en c y  va lues : ~~ PL , the cj r c u ~~t ’ s

i n p u t  a m p l i t u d e  v a l ue s~ and SFC~ the £recucncy comb ination

vector. The calculated scale factor is tetuincd to the calling

rrograr in SCFACT. -

For a g ive n fr e cu e n c y  c omb i n a t i o n , the  scale f a c t o r  is a

f u n c t i o n  of the a mp l i tu d e  at each f re c -u e n c y  in t h at  c o mb i r . a t i o n ,

the o r d e r  of a n a l ys i s , and the n u m b e r  of t i~ es each d i s c r e t e

fr ecuency valuc appears in the  c omb i n a t i o n . S u b r o u t i n e  Tr’I Ct V

crea tes a table of the discrete frecuency values in the

coml in a tj c n  and cou r t s  the n u m b - e r  of t i r e s  each v a l u e  is used in

the frecuency corbination . The discicte frecuency va lues  and th e

cor r esponding counters are stored ~n the vec tors ~‘VP.LVF and T so

t h a t  “ ( I )  co un t s  the n u m b e r of t m m c ~ r- vl~L r :r ( I )  a p p - e a r s  in the

c omb i n a t i o n . The l en cth  of the  ~V~ I .UF and vcct or s ,  ~s

a c c u m u l a t e d  in Ii ’TP .

Pubrou t ire T~~’i~~~ V hc-g~~r.s by clear ~ng the ‘VILUF and

• v e c t o r s  and s’~t t~~r;~’ I r T m = ” . Thc complex  scale  f a c t or  ~s

p 3-75E
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initialized to SCFACT= (l., s . ).  Then for each element in the j

frequency combination vector , SEC (l) through SEC (NCPDF) the

sequential frequency numbe r represented by SEc- (I) is decoded by

the function IND and stored in INDEX . Subroutine CX~ PY is called

to multiply the accumulated scale factor by the amplitude

ANP(It!DEX) , storing the product in SCFACT. -

If no frecuency values have been p laced in the tab le (IPTF

=C), the table length is updated to IPTP=IPTP+l , the value

CFPEQ(INDCX) is appended to .the table at TW~LUE (IPTP ) , and the

frequency cout~ter- r (IPTP) iE initialized to 1.

If there are frequency values in the table (IPTF.CT .~~) , the

value CFRCC (INDEX) is compared to each “VPLCF . If no match is

found the new value is appended to the table as above . If a

match is found , the corresponding counter ~~(~~) is incremented .

After all NCRDP frequencies in the SEC vector have been

processed , the values of V(I) ! for every fLecuency counter are

multiplied together and stored in FPPCD. P-fter the intermediate

calculation - -

NORDR-l
TErP=1’CPCR! / FPPOD*2 - -

has been performed , the complex scale factor follows directly by

multiplying the real and imaginary parts of SCF~CT by TE~P. 
—

3—75F
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~P~’F’ PPASE 5

TYr-E- SUL’PCUTINE

CFNERAL PURPOSE: -

- COntrols linear component sweeping

vAPI~ rLFS:

IDONE = Swee p swi tch ~ = No swee p -

I = Sweep

JPFCC = Intermediate storage for driver file record

nur’ber -

~Tr~v = Intermediate storage for device mode

~TCUPV = ~urber of curves defined by circuit analysis

~ un r ? c-UTI NE S CALL -FP :

C~~Cr DF:IVFt’ [‘- PIV~F PF~ SEl PE 1~SF6

PTI’T TI:~CUT

C’LLIrC ~rcC~ i~rs-

crscrrp’ricr’-

~uhr-out ine P~1’SF5 controls l inear compcnent sweeping by

i n i t i a t i n g  a new c i r c u i t  anal ys is  f o r  each ite r a t i o n  of a

ccm~-~cn e nt  sweep in the c i r c u i t  description . The method is to

t •1~~ ’

3—76E
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scan the driver file for sweep functions wh ich are represented by

a MODE=4 (linear- component) driver record followed by a ~CDE= 24

(linear- component sweep) driver record. For each such function ,

the component values for the neit iteration are brought forward

from the sweep da ta record to replace the previous linear

componen t data , an d a new c i r-cui t analysis is performe d beginning

- with Phase 1. -

The drive r file scan begins by initializing the driver file

record number to DPVPE~=1. A driver record is read from file 21

by subroutine DPIVRD , and subroutine P~ A C F 5  respon d s to the ~ c-D F

of the record as follows : 
-

~ODE=1 Drive r File tTeader

The sweep swi tch is turned off by IDONE=~~. ind ica t ing that

no sweep functions have been processec’. The file 2~ sto ra nc

address is Lecc t by ~- I~ C(l)=:-’ISC(4), allowing th e a dmit tance

ratr ices and transfer function vectois for- the next circuit

analysis to be wr itten over those from the last analysis . The

updated drive r file header is rewritten by subioutin~ flRIV~ F and

con trol returns to the driver file scan.

- Linear Components

The device rode and driver record r.ur~ber are saved by

3—76F
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I ~~ ‘TESV=4 and JPE CO= CRvRFC — 1 in pr-eparatjon for a possible sweep.
‘p

~ISC (7) is set to 1 to suppress printing of the old component

values in PHASE4 . The updated linear component driver record is

- rewr itten by subroutine DFIVWR and control returns to the driver

file scan. -

~ ODF = 24  ar Fiement Sweep

The sweep switch is turned on by ICCNE=l and subroutine

Cl-TOE is called to replace the previous component data with the

data values for- the new sweep itera tion . ‘the saved ‘device mode

is chanc ed to ~TESV=24 , causin g any remaining sweep records

associa ted wi th the presen t l i n e a r  componen t de f i n i tion to be

try—passed in the driver scan (see subroutine CF~NCF) , and control

r e t u r n s  to thc d r i v e r  f i l e  scan.

‘ Ctr = 16  End

If the sweep switch is on (IDONE=l) the curve count is

i n c r c r en ted by !-:CUrv=~-:CURv+l ~nd a new circuit analysis is

ini tiated by calling subroutine PF~SF1. If the sweep switch is

eff (I~C~T=
t’). p- roorair control passes to subroutine PF~ASE6.

t ~~~, 
ror other value .s of ~‘O-DF , con trol re turns to the dr ive r file

scar. wrthcut further processing by subr-ou tine PPL’~SF5.
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ri rr  Curc~ )

TYPE - SUPPOUTI NE

(TNER !-L P UR POSE —

Per-forms data replacement for linear component sweep

and device modification

v~ r IA r r - r S •  -

PUFF = I/C buffer for rod if ied data

r_urFc = I/C buffer f ~r origir .al data

JECSV = Address of modify driver record

JPFCc- = Mdress of drive r record of device being

modified

= ~‘ode of device be inc  m o d i f i e d

= Length of modified component data area

NC~.’PO = Lenath of original component data area

= Leng th of each co~ponent description

:~~-rcuTi~ r~ c~ r t _ T- r~

~.“-T~~ C ~~T.?~VF CPIVFC rrIVt-~-P ERPOP

r i~~c prCC?r~JT 
-

~‘Ft~~ r5 P~~ Crf,
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DE SCPIP TI C~:~ -

Subroutine CHNGE performs the data replacement for linear

component sweeping and device modification performed in Phases 5

and 6. Arguments transmitted to -the subroutine are : MDESV , the

mode of the device being modified and JRECO , the driver record

number of the device being modified . The modify or sweep driver

record is transmitted to subroutine CUNGE in the first ten words

of global common . -

F~irst the driver record number of the sweep or modify record

from which the data is derived is set by JRCSV=DRVREC—l . Then

subroutine CHNGE interrogates the mode of the device being

modified , responding to the value of MDESV as follows

MDESV=4 Linear Components -

- 
MDESV=5 Nonlinear Components -

The length of each component desctiption in the data record

is set to NW=4 for linear components or NW=l3 for nonlinear

components. The sweep or modify data record is read from file 20

by subroutine DATARD and stored in the common data buffer BUFF.

Its length is saved by NCMP=MISC(l). 
- 

-

The driver record number is reset to DRVREC—JRECO and the

original component driver record is read by subroutine DRIVRD.

Then the component data record is read from file 20 by subroutine

DATA RD cand stored in BtJFFO. Its length is saved by

N C M P O I :~!~

3—77G
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The type and nodes of connection for each component in the

mod ify data record (BUFF(I), BUFF(I+l), and BUFF(I+2) for 1=1,

NCMP,NW) are compared against those in the original component

data record (BUFFO(J) , BUFFO(J+l) and BUFFO (J+2) for J~1, NCMPO,

NW). If no match is found-, an appropriate error message is

printed and the program terminates. When a match is found , the

original component value or coefficients are replaced with the

modified component value or coefficients according to:

BUFFO (J—l+1()=DUFF(I—1+K) for K=4 , NW

The component driver record is updated - by MISC(7)=0 to

enable printing of the new component data in PHASE4. The updated

component driver record is rewritten by subroutine DRIVWR and the

updated component data record is written to file 20 by subroutine

DATAWE. The sweep or modify driver record is disabled by writing

a no—operation (M0DE~2) record in its place in the driver file

and subroutine CHNGE returns to the calling program .

MDESV~6 Vacuum Diode

MDESV—7 Vacuum Triode

MDESV-8 Vacuum Pentode

MDESV—9 Bipolar Junction Transistor

— MDESV~l0 Semiconductor Diode

MDESV—20 Junction Field Effect Transistor

MDESV 25 Linear Dependent Source

- -- - p. — -~--p. —
~~~~~~~~ 

-
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MDESV—26 Nonlinear Dependent Source 
-

The modify data record is read from file 20 by subroutine

DATARD and stored in BUFFO. The driver- record numbe r is reset by

DRVREC=JRECO and the original device drivex record is read from

file 20 by subroutine DRIVRD. 
-

The component driver record is them updated by MISC(7)=0 to

enable the printing of the new device data in PHASE4. The

updated device dr iver  record is rewr i t t en  by sub rou t ine  DRIV W R

and the modif~’ data record is written from BIJFFO to the original

device data record on file 20 by subroutine DATAWR . The modify

driver record is disabled by writing a no—operation (MODE=2)

record in its place in the driver file and subroutine CHNCE

returns to the calling program .

Any other value of MDESV encountered by subroutine CHNGE

indicates a misplaced modify function. An appropriate error

message is printed and the program terminates.

-
ã
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MDIII SWITCH

11120
STORAGE [OCA1IM~p.
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\ DRIVER HEADER
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Q!9

P
SAVE IXI, - 

-

ORDER RECORD

* 
-:

TORN
PRINT SUPPRESS 

—

DRIVER RECORD
10 111121
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Controls ccv ice rr ~d i 1 ic a tj or ~

= ~oc’if y switch - ~
‘ = ~o m o d i f y

1 = ~‘od if y

JF~ CC = Im terr—e eia te sto r a g e  for  d r iver f i l e  recor d
-
- I r,ur~ eL

~TF5V = Ir~tcr~ ec~~a te stora ge fcr  device mode

= ~urbGr of c ur v e s  ~‘e f in e c 3  by c i r cu i t  an a l y s i s

fl[::r’CrTIr-rs CT- r u-I- -

u- IVr~ i~~iV~T ~‘F2’~~~l P~U~ST7

TI’ CLT -

‘~‘IL i~ C ~~C 7 ~:T

r~:~? ~r :

r~: . C : I r TI c ~~ -

~
‘U~~ L C L t  ir~ ~~7-~’T 1 C O n t t O I ~~ l i n c er  an d n o n l i n e ar  elen ’ent

~~~~~~~~~~~~~~ ( c x c c ç t  f c L  ~er e r a t o r  i f - o d i f i c a t i o n s ) . I t  scans the

~
‘L~~~V C L  ~~~ ~ot rc~~ fy fu n c t i o n s  wh ich ~ r c  r ep r e s e n t ed  by aC) p.
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device dr iver record (~CcF=4 ,5,6,7,8,9,lc ,2~ ,25,26) followed by a

mod ify record (rODE=18). For- each such function , the modify data

record is b r o u g h t  f o r w a r d  to ~ep1ace the or iginal device data ,

and a new circuit analysis is performed beg inning with Phase 1.

The d r i v e r  f i l e  scan h eq ins  by - i n i t ia l i zi n g  the d r i v e r  r i le

record n u mb e r  to DFVEC =l .  ~~
- dr iver r e c cr d  is re ad  fr om file 21

F by s u b r o u t i n e  DP IVP D . and s u br o u t i n e  PI~A SE~ rccp onds  to the  ~c~ r

of the  record  as fo l lows -.

~CCr = 1 D r i v e r F i le  F~eader

The mod i f y  swi tch is tu r n e d  o f f  by ICcNr =~~, in d i c a t i r c  that

no m od i fy  f u n c t i o n s  have been pr ocessed. The f i le  2~ st o r a c ~e

address  is r c~ et by r~ISC (1)=~ IsC (~i) allowing the admittance

ratr ices and transfer function 
- 

vec tor s  for  the nex t c i r cu ~ t

analysis to be written over those from the last analysis. The

updated dr iver file header is rewrittan by subrcutinc t~FIV~ r and

control returns to the driver file scan.

— 

~CCt’~ 4 Linear Corç’onents

rCCr= ’~ ~onlinear Components

~CEr=6 Vacuum Diode

~°ccr=e Vacuum Pentccle

rCDF=9 r ipolar Junct ion Transistor

!‘QCD=l” ~Zericor ductoL r~jode

3—78F
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~~ ~‘Crr=2~ Junction Field tffect Transistor

rOD:=25 Linear Dependent Source- ‘ ~‘CDE= 2~ ronhineaL Dependent Source

The device mode and driver record numbe r are saved by

~tr~v=:ccr and JE~CCC=DRVF FC—l in p r e ç ar a t i o n  fo r  a possible

m o d i f i c a ti o n .  ‘~I S C ( 7 )  is set to 1 to suppress  pr i n t i nc  of the

‘ old device values in P F A S F 4 .  The updated device dr ive r r ecord  is
- rewr itten by su b rou t ine DF IV t T and con t ro l  r e t u r n s  to the dr ive r

f i l e  scan.

‘- ‘CD- F’ ~oc3ify

t The mod if y swi tch is turned on by IDCrTF=1 and subroutine

Cr~~CF is calle d to replace the or ig ina l  device da ta  w i t h  the

codif y d a t a .  The save d device mode is changed to ~-TESV l8 ,

-

~ 
cau s i n g  any r e m a i n i n g  m o d i f y  r e c o r d s  associa ted  wi th  the p r e s e n t

device to be by—p a ssed  in the  d r i v er  scan (see s u b r o u t i n e  CI:i~C E )

ard  c on t r o l  r e t u r n s  to the d r i v e r  f i l e  scan .

“ CD E 15 Dr .d
I 

-- 

-

— If the modify cwitch is on (IrC~:E=1) . the curve count is

Ii~ ~tIt~tti ~~ 
n;;
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off (IDC ?~E=C ) , trogram control passes to subroutine PBASF7.

P

For other values of r ODF- . control returns to the dr iver file

scan w i t h o u t  f u r t h e r  p rocess ing  by s u b r o u t i n e  PUASE6 .

I

I

*p
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NM’E PIIASE7

I - -

“p

TYPE SUt~ROUTIt~E

GENERI ’ L PURPOSE -  
- 

-

Con trols  genera tor mod i f i c a t ion

V1\PI AF LE S

JPFCC • =  ~- ddress of generator drive r record

rOD -F? = rodify switch - ~ = ~-‘o m o d i f y

1 = ~-‘od i fy

~CU~V = Nu mbe r of curves  d e f i n e d by c i r c ui t ana ly s i s

~‘IT = Frequency sweep iteration counter

_ )
SCPR CU TI t~ES C1~LL-ED

r’PIVPI— D-PIVt~P PFT 1~SE 1 PTI -T

TE’CUT

CPLLINC PROCR~P’S-

PHI’ SF C

PESCFIPTICr:.

~‘ubroutine PF~SF7, the only routine of rC.~P’s final phase,

p. c on t ro l s  g e n er a t o r  c o d i f i c a t i o n . It scans  the  d r i v e r  f i l e  f o r

g e n er a t o r  m o d i f i c a t i o n s  wh ich a r e  r e p r e s en t e d  by a ~‘CCE 3 4

(qenerator) drive r i cc o r d  fo l lowed  by a ~- C ~- T = 2 i  ( c 2 e n c r a t o r
4 -

p.

3—79F
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modification) driver record . Unlike other device modifications ,

generator modification does not involve data replacement .

Instead , the original generator description is disabled by

p. writing a no—operation (MODE=2) record in its place in the driver

file , ~nd the modified generator is activated by changing its

MODE from 21 to 3.

The driver file scan begins by initializing the driver file

record number to DRVREC=1. A driver record is read from file 21 -

by subroutine DRIVRD , and subroutine PHASE7 responds to the MODE

-

p. of the record as fol1ows -~ 
-

MODE=1 Driver File Header

The modify switch is turned off by MODFY=0, indicating that

no modify functions have been processed . The file 20 storage

address is reset by MISC(l)~ MISC(4), allowing the admittance

matrices and transfer functions for the next circuit analysis to

be written over those from the last analysis. The updated driver

file header is rewritten by subroutine DRIVWR and control returns

to the driver file scan .

MODE 3 Generator

The generator drive r record numbe r is saved by

JRECOzDRVREC~l and the number of frequency sweep iterations for

~ 
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the generator is set by NIT—MISC(6)+1. Control returns to the

driver file scan.

~ MO~~~1L_ Qeperator Mp~3_if,içation_

The modify switch is turned on by MODFY=l , indicating that d

modify function has been encountered . The original generator is

disabled by writing no—operation (MODE=2) records in place of the

generator driver record and any sweep driver records associated

with it. The no—operation records are written to file. 21 by

subroutine DRIVWR beginning at DRVREC=JRECO and proceeding

• 1 through the next successive NIT records.

The generator modification driver record is read by

subroutine DPIVRD. The modified generator is activated by

setting MODE—3, and the updated driver record is rewritten by

subroutine DRIVWR . In order to by—pass any sweep or modify

driver records associated with the new generator , a secondary

drive r file scan is initiated by calling subroutine -DRIVRD to

read the record immediately following the new generator in the

driver file. If MODE—12 (sweep) or MODE~21 (generator

modification) , control remains within the secondary scan . For

any other value of MOPE , control returns to the standard driver

file scan.
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fl The curve count is set to NCURV—l in preparation for a new .

set of curves for the modified frequency values. MISC(5)aO

causes new plot parameters to be calculated during the next

circuit analysis. The updated plot driver record is rewritten to

file 21 by subroutine DRIVWR and control returns to the driver

file scan .

MODE~l6 End

If the modify switch is on (MODFY—l) , a new circuit analysis

is initiated by calling subroutine PHASE1. If th~ modify switch

is off (MODFY=ø), program execution ends with a normal

termination .

For other values of MODE , control returns to the driver file

scan without further processing by subroutine PHASE7.

C)
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CXDIV
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NAME~ CXADD - 
-

TYPE - SUFR CUT It ~E

CENE RAL PURPOS E -

Calculates  the com plex sw-fl C = ~ + C

VP~PI~ ELES

= Coirplei addend

C = Complex addend -

C = Complex sun’

SUCROU TI~ ES CALLE C-
e p

—

C~ ILIN C PR OCRM~S~
CtYP CEI~ CUJ ~JF ceprc CUFI”DS CUPPT

CUPSD CUR T CUPVD CCPVT ~TLC~

!‘T~ D~ Z IP C D

It
Subroutine CXl~DC calculates the cor ’plex sur C=i~+:. ~ach

complex nu n ~ber is r ep r e s e n t ed  by two deci r ra l  nu r r b e r s , the f i m . s t

for  its m eal p a r t  and the  second fo r  i t s  im ag i n ar y  p a r t .  The

complex sum is defined according to.

E
3—808
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r~r r -  CXCIV

TYPC SUCR CU TI t ~E

CP~1E~i\L PUCPCS.F -

Calcula tes the complex cuot ient C =

LEP -

= Complex d iv idend

P = Complex d ivisor

C = Complex cuo t i en t

C = Intermediate storace

PU FCt7TI[F~ C~ LLE C

C~tLI:T ?PCCPN S-

• cr~rrc CF~ i:-

• r r~ Cr I P T I Cr •

~ubrou tine CXCIV calculate s the complex quotient C=l\/C.

Cach complex number is r epresented by two decimal nunbers , the

f i r st  fo r  i ts  r ea l  p a r t  and the second for- its imaginary part.

‘rhe cot p lex c u o t i en t  is d ef i n e d  accorc~inq t o -

3—818
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ri~ r •  c,~~py

TYPE - SUPROL’TI~zr

~‘rrFFr-r - PURPCSF-

Calcu l a te s  the comp lex  p r o d u c t  C =

V1’r’~•r L r ~

.‘- = Comp lex r u l t ir r l i c e nd

= Complex mu l t ip l i e r

C = Comp lex p r o du c t

C Intermediate storacie

PPCUT I~~E~ C1~L]irD -

c~r -t - r~’c PPCCP~~’~~

CPC-~ f CUF~1C CCC~-~rC CUrT. ~‘TLCR

PF1’~~r4 TFPC? V

r FPCPIP T T c~-

Subroutine CXr~PY calculates the complex product ~~~~~~ Each

complex nur ~ cr is r e p r e s e n t e d  by two decimal numbers, the fitst

fc r  i ts m e a l  p ar t an d the second fo r  i ts  i m a g i n a r y  p a r t .  The

complex p r o du c t  i~ de f in e d  eccoidinc  to ;
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C(1)=A(l)*r3 (l)_p (2)*p (2)

C (2)=/~(2)*?(l)+~~(l)*C(2)

‘p
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CALcULATE
MA~UTUO(~~

I 

~

-o 
~~~~~~~ 

-
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~~~~~~1O 

TO DEFAULT 1 
•-
~~
——.---•- -

CA[~UtATE II
_ _ _ _

4 I 

C D
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‘4. tNAME~ CXPOL - •

TYPE: SUBROUTINE 
-
~ =

GENERAL PURPOSE-

Converts the complex number A to log polar form B

VARIABLES :

A = Complex number in rectangular form

B = Complex number in log polar form

SUBROUTINES CALLED :

NONE

I

CALLING PROGRAMS:

PHASE4 -

DESCRIPTION -

Subroutine CXPOL converts the complex number A - from

rectangular to log polar form . In rectangular form , the real

part of the complex number is stored in A (l) and the imaginary

part in A (2). The polar coordinates are returned to the calling

program in B, where the radius is stored in 2(1) and the angle in

8(2). The conversion is carried out according to.

3—838

• ~~~~
_
~
__
~
___

I1~~
_- ~~~~~~~~~~~~~~~~~~~~ ,‘-.—-—— - - - ----s

~~~~~~~~~~~



• ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ --  ~ — —.--— ----—------— -~~~~--,--- --5—.,

I

~~ V w ~~~~~~
(2)

P( 2 )~~~r ct a n  (~~( 2 ) ,A ( 1) ) * 5 7 . 2 95 7 7 9 5 l 3 1

or if 4(1)
2 

+ ~~( 2) 2 
=

r ( 1) = — l . c r 2 C

P (2)=C.
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_ _ _ _ _  
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C START~~~~)

I I

I CAL~1ILATE
I -~

L ~~~~~ ;

-- I
C IETURN D
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NAME - CXSUB

TYPE SEJ PRO U TINE

CFNEP1~L P-UEPOSF~
Calcu 1~~tes the complex d i f f er e n c e  C =

VAPI~ C-LFS-

I
. = Complex m i n u e n d

F = Complex subt r ahen d

-, 
C = Complex d i f f e r e n c e

SUPPCUTI~ ES CALLC C :

NOPE

CALLfl C PPCCP?~~S:

CUT? C’ET CUPJF Cur ~~C Ct1P!T~ CUT ~PT

-
‘ CUP~ C CUPT CUPVC CUF.VT ~TLC S

MT1~DS zI~ rc

I

PES CPIPTI OI’ .

S u b r o u t i n e  CX~ tJ Z’ c a l cu l a t es  the  complex d i f t e r e -n c e  C = r— ~~.

Fach complex number  is r ep resen ted  by two decimal  n u m b e r s , the

f i r s t  for  its r ea l  p a r t  and the  second fo r  it~ im a g i n a r y  p a r t .

The comç lex difference is Cc-tined accor ding to~

3—84B
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C ( l ) = r ( 1 ) — p ( l )

C ( 2)= 1~( 2 ) — r ( 2 )

( )
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0*1*0
1~~1

START

N
RECORD

REAR
NEXT WORO

FROM flLE 2O

2

WORD RD
7

YES .

= RETURN
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~‘NC:  P~ TPPD

TYPE — SUCP -CU TINE

CC~ CP~ L RUPPOSE -

Peads data  f r o m  d i sk  fi l e  20

- 

- V I ’11’LFE-

= Core loca t ions  to which data is read

IPTP = Cisk locat ion-  at  wh ich read ing beg ins

- • = rumb er  of words to be rea ,~

I

~UCRCCTIt~ES C1’~LLED -

NC~ E

C1’LLI’~C PF CC PA~ S:

CEITE CO~ TPL CUR CEN CURJF CUP~”C

CUR~ DS CUI ’PT CU PRE CUCT CU RVD

“OCCEJ” ~‘TLr~2 ~‘TFC S PW\ SF 1 PE1~SE.2

PE’1~SE3 PP~ CE4 TRI1~NC Z I T ~CC

rzSc pxp Txc ?~’.

P ub r ou t i n e  CP T ~ PC r c ad~ dat a  f r o m  d i sk  f i l e  2~3. The

t L ar . c ri s s i or  begin s  f r o m  r ecord  nu mb er  IPT R and Con t inues  one

wor d  a t  ~ t ime u n t i l  r wor d s  have been read  f r om f i l e  2~ and =
ct ored  in r -Pr / ~( l ) — n - -r i ~(r ’) . The da ta  is assumed to he decimal ,

I3— 85B
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and is read wi thout  f o r ma t .  A f t e r the data  t r ansmis s ion  is

complete , subrou t ine C.~TARD r e tu r n s  to the c a l l i n g  p r o g r am .

F

-
I I~ - 

-

t

I I

4

p
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0*1*0

( START —Th

RECORD

H 
‘4,

( WRflE \
( NXT WOID 1

1 J

RD
7 - 

WORD
7

( RETURN ~~ -

(
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NAME~ DATAWR

TYPE: SUBROUTINE

GENERA L PURPOSE:

Writes data to disk file 20

VARIABLES:

AREA = Core location of data to be wri tten

IPTR = Disk location at which wr i t i n g  begins

N = Number of words to be w r i t t e n

4 SUBROUTINES CALLED :

NONE

CALLING PROGPAMS~

CHNGE DATOUT GENOUT LCIN

LDSIN MTLDS MTNDS NCIN NDSIN

PHA SE 1 PHASE 2 PHASE4 PLOTIN PSIN

TRIANG ZIADD

DESCRIPTION-

Subroutine DATAWR writes data to disk file 20. The decimal

values stored at AREA (l)—AREA (N) are written to file 20 one word

at a time beginning at record number IPTR. The write operations

are performed without format. After the data transmission is

F
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lu lL ~~~
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-p
complete, subroutine DATAWR returns to the calling program .

C
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( ORIVER REC000 ) -

\\
FRcJu FILE 21J

Jr 
-

WCREMBIT 1 

-

ORIVER RECORD
WJMBER
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NAME : DRIVRD • 
- -

TYPE : SUBROUTINE

GEN E RA L PU R P~ SE: -

Reads a d r i ve r  record f rom disk  f i l e  21

VAR IABLES:

LCMMN = S t a r t i n g  cpre location to which record is

read

SUBROUTINES CALLED:

NONE

CALLING PROGRAMS :

CHNGE GENOUT MODGEN PHASE1 PHASE2

PHASE3 PHASE4 PHA SE5 PHASE6 PHASE7

PRN DR V

DESCRIPTION

Subroutine DRIVRD reads a driver record from disk file 21.

The 10—word d r i v e r  record stored at record number DRVREC is read

from f i l e  21 by an un fo rma t t ed  r andom access read statement and

stored in the first ten words of global common . The driver

record numbe r is upda ted to DRVREC=DRVREC+1 and subroutine DRIVRD

returns to the calling program.

3—87B
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*0W
1~~1

C 7 D
7
( DRIVER RECORD

TO FILE 2I -

*CREMBfl
DRIVER RECORD

liMBER

( RETURN~~~~~

A 
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NAME DPIVWR

TYPE: SUBROUTINE

GENERAL PURPOSE--

Writes a driver record to disk file 21

VARIABLES:

LCMM?~ = Starting core location of record to be written

SUBROUT INES CALLED —

NON E

tCALLING PROGRA MS :

CHNGE DRVOUT GENOUT LCIN

PHASE1 PNASE2 PNA SE3 PHASE 5

PHASE6 PHA SE7 PLOTIN

DESCRIPTION --

Subroutine DPIVWP writes a driver record to disk file 21.
-

• The driver record stored in the first ten words of global common

is written to file 21 at record number DRVREC by an unformatted

random access write statement . The driver record num ber is

updated to DRVPEC—DRVREC+l and subroutine DRIVWR returns to the

calling program.

3.ppr
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ERROR ME~ABE
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“~~~F -  EPP CP ~~~~~~ 
-

ITYPE ’ - SUP E CU TIrE

CEt~EP~ L PUPPCSE ’ -

Prin ts error - messages

vi rIi~rLE3- •

J = r rr or  rre~ sage nur ’b cr

JAFT = Input  e r r o r  switch - c Off

1 = Cn

.~urr ~CuT I i’:Es C/~L-LEc-

C~ LLI~:C PP CCR A~T-

‘F~CF ‘~PTCUT DECIF ECIN CENIr

CE~ C-UT JFrTIr  LC I~ TDS IF~ ~-‘Crc-r-

~‘CIr’ CSI~ rCL~FIF PP?.SE1 PLOTI~

PrCSS P~’Ir PTI~ SCIT ~ SDIN
-
• TP~ I~ VCItZ ‘JTIF1

rr~ cR r p TIo!~

~u b r o u t in e  EFPC -? p r i n t s  e r r o r  rre ssages .  F i r s t  the e r r o r

switch is t ur r e d  on by ~ThrT=l , the appr opr iate err-or  message is

rr jntec’ a c c or d r n g  to the e r r -o r  nurb c r .  I t r a n sm i t t e d  to the

_ _ _ _ _ _  

I i  
— 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~
• - ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ - ~~~~~~~~ - •.
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sub rou t ine  as an a r gum e n t , and s u b r o u t i n e  FPP OR r e t u r n s  to the

ca l l ing  p r o g r am .
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C_ S T M T D .

wmu IF
ucRI*P1*1R

VECTOR

ti-I
TI

NINQE
ICREMERTATIN

VECTOR

SET
cONROL SWITCH

TO CONTIIUE
M~ORITHM

-4 
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F —

I

_ _  

HI
2

~~

2

4---
..

VECTOR 4 :

4 4 :
I NTW~~~i~~~~1

I uaHI
I UICREIEITATUN
L VECTOR -

~ -

r 

-

UPDATE NUT
I MCRE*JITATII
L ELEMENT

‘I
AETUIN. YES I SIR

< > j ~~~~~~~~~~~~~RN J

MI
7,

RD Illifili

7

YES
U

SET
~W*SWflCH

RETURN
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t
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I
TYPE - ~UFPCU TI~ F

cFrFFi r .  ~rj r~ c~ r .

“enerates CULSCL~~~~~r t S  of teirs to be r’ulti3pli4.ec

together to form one additive term of the polynomial

power ser ies ex~~nsion coefficient of order I , — ‘

‘eqrec 3.

vr rIr~rLr s —

I = Crder of coeffic~ent (sw~ of su bscr ipts  ~. 
—

returned )

) 3 = “eoree of coefficient (number of subscripts returned)
I

V = su b s cr ip t  vector

r = Incrcmentation vector

= Lencth of increrertation vector

= Control switch —1 I n i t i a l i z e  a lg o r i t hm

= Continue algor ithm

1 = 7~-lgorithr complete

, , .

~ i ~~~ rCCT Ir ’- t S  C~~LEI FT -

4’ 1
- cr r -r - i rc PEC ’CPP .~T -

- 

rr ’r~’ CFT CCP?T P~ CT1’
4
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DESCRIPTION-

Subroutine FUN generates (indir~ ctly) the polynoir~ial power

series expansion coefficient F (A), the coefficient of X’when

the polynomial : -

= ~~~ A X ~

is raised to the Jth power . In NCAP it is convenient to denote a

polynomial raised to the Jth power by —

= E  F~~~ (A) X1

I=
~
3

whe re F~~ (A) isa function of the coefficients A.

~lthough F 3 (A) cannot be formally defined mathen-atrcally,

it possesses certain pr operties wh ich serve as the basis for its

algorithmic evaluation-

1) F (A) is a su~ of products of P.

2) Each pr oduct contains exactly 3 coefficients A .

3) The sum of the subscripts in each product is I, the

exponent bf X .

4) Each subscript within a pLoduct lies in the range 1
- through 1—3+1. : ‘

~~
p

3—90D
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5) Each possible ordered set of subscr ipts  of length J

and sum I appears once and only once in the expansion .

6) The number  of add i t i ve  terms in the expansion is(~~~~ ) -

Subrou t ine  FUN does not genera te  the expansion coe f f i c i en t

directly, but rather through repeated calls produces a sequence

of integer vectors K, each of which constitutes the subscripts of

coefficients to be multiplied out to form a single additive term

F of the expansion . The calling program then forms the pr oducts

and adds their to form the correct expansion.

The iterative calls to subroutine FUN are controlled by the

• integer variable SWTC}’ wh ich is initialized to -l by tS’e calling

rrogram and sühsecuentiy tested and updated in FUN . Upon entry

in to  FUN , if SWTCF~ is negative , the algorithm is initialized and

the first subscript vector created . SWTCH is set to +1- when the

last subscript vector has been form ed and the algorithm is

coitplet.e . For intermediate iterations SWTCtI=C. -
— In subroutine FUN the subscripts are stored in the integer

vector F. For F~ (A) each call to subroutine FUN creates the 3

subscripts wh ich constitute one additive term of the expansion

returning them to the calling program in K(l) through K(J). The

subscripts are generated by applying an incrementation operation

to the initial subscript vector K=(l ,1,...l) of length 3. This

operation is controlled by an increrrentation vector LU~),

!=l ,2,...,(I—J), where K incremented by L results in:

V (L(~’) ) 1<(t (i’) )+l for ~=1 ,2, - . .,(I—J )
The increrrentation veCtors are formed as follows - For the

fiLEt J iterations , I.(l) ranges from 1 through 3 and the 
9
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remaining vector elements L(2)...L(I—J)=l. For the next (J-].)

iterations , t(1) r anges from 2 through 3, L(2)=2, and the —

rema ining vector elements L (3)...L(I—J)=l. This process

conti r~ues until all (I—J) vector elenents equal 3.

The algorithm of subroutine F1~ generates i~ ~-‘ all possible

ordered sets of 3 i n t e g e r s  in the range 1 throuc~h (1—3+1) such

that V ( 1 ) + K ( 2 ) + . . +~((J)=I and can be surrar~ zed as fo1low~ -

STEP 1- Initiali7ation

a) If (SVTCE.CE.C) go to Step 2.

b) Otherwise initialize increirentation vector~
r (~ )l  for ~~1,2,. . ., (I—J)

c) Set S~TC~=~

~TEP 2: In it ial ize Eu~ scri~~~VectoL

a) Set V (N)=1 for ~:=l ,2 ,., . .,3

b)  If 1=3 , alcorithi-r complete - exit with sub~ c r. ipts in - -

F. Otherwise go to Stop 3.

~TFP 3 -  I n c r em en t  Su b s c r ip t _Vector

i
a)  Set ~ ( L ( : ) ) = ~~( L ( : ) ) + 1  fo r  ~ = 1,2 , - ..

3—9 eF
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STEP 4- Form Increrrentatjon For Next Iteration

a) Initialize index N=l -
-

~
‘) ~ rc’atc L4 (r)=L(N)+l. If (L(~ ).LE.J), increrrentatjon

vector comp lete - go to Step 5.

c) Ctherwjse increment index N=r+l. If (N.LE.(I—3)), go

co to Step 4h. Otherwise algorithm complete - set

~‘~‘TC~ =1 an d e x i t  wi th su bscri pts in ~.

~TS V 5  Save Ir.crer-entatjcri Vector for Next Iteration

?) ~efine L (’-’)=L(r) for i ,~

b) Fx~~t wit h  suhscritts in K.

~
- complete tabulation of F (A) up to 6th orde r  ( the

raxjrun order of analysis allowed in NCAP) is presented below -

Increren tation vector L contains (I—3)=C

? O L  F 2 (A) - 1=2 ,3=2 elements , subscript vector 1< contains 3=2

elements, expansion contains one additive

term .

r=Ira pplicable E= (l,l)

3—90G
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In cr -e i ren ta tj on  vector L- c o n t a in s  ( I— J ) =1

Fo~ F ( i . )  1 =3,3 =2  e l em e n t , ~ub~ cj j t ’ t vector  F c o n t ai n s  J=2

e l em e n t s ,  e~cpans ion  c o nt a i n s  two ~dd i t i v c

t e r m s . -

t=(l) T’=(2-l)

V=(1 .2) (1) *j~ (2)

Inc r -e r ~- e n t a tj on  Vec tor L cor~t a i n s  ( I — J ) = ~
For F ( A )  

- r=3 ,J=3 elei4-en t s  $ suh~ c t i p t  v ec tOr  :~ c e - n t a i r-s

3=3 e l em e n t s , expan sic : r. co r t a~ ns or-c

a dd i t iv e  t e r m .

I Iflal P l i Ca b i e  F = ( 1 , l , 1)

In c r e i 7 c n t a tj c r 1  vc-c tcr  L cont ~~ir.~ ( I— ) = 2
4 -I - -- - -~~~~~~For F 2 (A )- I=’~,~ =2 e~~~m e n t s ,  !U~~~~ SC L i~~~~ t vec tc r  ~— conta4ns ~~~~~

e l e r cn t z , c~~ an s icn  cnnt F ii~ t~ iee ~~c~~~~~—

tive terrE .

t= (l,1) 
• 

V = ( 3 , 1 )  $ 7
~~~(~~~~~) * ~~~~~( i)

r= (2 ,l) ~~ 
t$=(2 ,2) • (2)~~1~ (2)

— t= (2,2) ~~ V= (1fl ~(l)*?~(3)

Increrrentation vector L cOrtai~: (I—J)=I

For F (~~~~~) I= -~ .-~=3 c~ orent. EU~~EcL i~- t vector :: ccnt~’~~-~. ~=3F 
c l o r cn t ~~, exj : a r~c i o n  co nt a ~ n 2 t~~t~~c ~C~~i —

t i v c  L C L r . 5

3— 90H



4 
-~~~~~

I= (1) F= (2,1 ,1)

t=(2) ~=(1~ 2 ,l) ~~

I = ( 3 )  V = ( l , l ,2 )

I r c i e r e nt at i o n  vectcr  L c o n t a i n s  ( I — J ) = ~
FOr (~~~~~) 

- 1= 1.3=4 e l em en t s , ~u h s c t i pt  vector  ~ cont air .s 3=4

e l em e n t s , exp ~ r ision c o nt a i n s  one a d d i t i v e

4-
L eL  ~ - -

L I r a~~ lic~ L1e P=(1 ,1,1,1) •

I r cL e r r e n t a t i o n  vect cr  L c o n t a i n s  ( I — J ) 3

2 (~~~~~) 
- I=- .J=2 e l a m er . t s , subscr ipt vector  K c o n t a i ns  3=2

e l em e n t s , e xp a n s i o n  c o nt a in s  4 additive

t e L r s .  -

~~~~ , l , l )  ~~ ~~ _ ( A  , l)  (~~~~~) 
*7 ’ (1)

t~ - ( 2 , 1, l )  ~~~ P=(3, 2) ~~~

t = ( 2 , 2 , 1) ~~ V = ( 2 , 3 )  •
t~~(2 , 2 , 2 )  ~~ T’ = ( l ,~~) ?~( 1) * ~~( 4 )

Incrcrertaticr. vector I con t~~i-~s (1—J)=2

FCr ( ‘- )  I=~ ,J=3 elements , F . 1 h SC L  i~~~~~t vectcr -
~ con t ~~im s  ~ =3

cie~:ents , cxpansio r. cont~-~~~ C j X

t c r - - c .

t = ( l , i )  ~‘= ( 2 , l , l )  •
3—901
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L=(2 ,l) V ( 2 ,2,l)

r= (3,l) F (2 ,l ,2) •
L= (2,2) Y=(l ,3,l )’ 

~~
L (3, 2) • r—= (I,2 2) •
L= (3 ,3) • V=(l ,1,3) ~~ 1(l)*A(l )*A (3)

Incr ei r er .t atj on  vector L con ta in s  ( I -J ) = l

For F (1 ’ ) : 1=5 , 3=4 e l em e n t s , s ub s c r i p t  vector  K co n ta i n s  J=~
elemen ts , expansion c o n t ain s  f o u r  addi-

t i ve  t e r m s .

I- =(l) F= (2,l ,l,1) ~~

L=(2) Y= (1 ,2,l ,l) ~~

t = ( 3 )  - F=(l ,1,2,l) ~~

L - ( 4 )  ~=(l ,l,l,2) ~ (fl*? (l)*~~(1)*~~(2)

Inczerren tat ion vector L contains (I—~~

For F (A) - I=5 ,J=5 e)em c r ,t s , s ub s c r i p t  vector  ~ con tains 3 5

elemen ts , expansion contains one- additive

term .

L IrAPPL-ICAFL- F F (1,1.1 ,1 ,1) 
~~ 

~~- (1) * . (1) *,‘, (1) ~~ (1) *7 (3)

I n cr e r - en tatjon vector I. contains (I—J)=4

For F~ (A) - 1=6,3=2 elements , su bs cr i rt vector F ccrtajri s 3=2
j

c le r e n ts , exransion con tains Nvi ~~~~~~~~~~~~~~

3—90 3 -: -
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I
tive terms.

L= (l,], l ,l) ~~ K— (5,l) A(5)*A(l)

~~ K ( 4 ,2) A(4)*A (2)

L=(2,2 ,l ,l) • K (3,3) A(3)*A(3)

L= (2,2 ,2 ,l) ~~ K= (2,4) A (2)*A(4)

L= (2,2,2,2) • K= (l ,5) A(l)*A(5)

Incrementation vectot L contains (I—J)—3
6 -,For F 
~ 

(A) - 1=6,3=3 elements,  subscript vectot K contains 3—3

elements , expansion contains ten additive

terms.

L = (l , l ,l) K = ( 4 , l , l) A ( 4 ) * A ( ] ) * A ( l )

L=(2,l ,l) K (3,2 ,l) A(3)*A(2)*A(l)

L= (3, l ,l) K= (3,l ,2) - A(3)*A( 1)*A(2)

L=(2 ,2 ,l) K= (2,3 ,l ) A ( 2 ) * A ( 3 )*A (l) - -

L= (3,2 ,l) K— (2,2 ,2) A (2)*A(2)*A(2)

L= (3,3 ,].) • K=(2,l ,3) A(2)*A(l)*A (3)

L=(2 ,2 ,2) ~~ K= (l ,4 ,l) A(l)*A(4)*A (l)

L= (3,2 ,2) ~~ K (l,3 ,2) A (l)*A(3)*A(2)

L=(3,3 ,2) • K= (l ,2 ,3 ) • A(l)*A (2)*A(3)

L= (3 ,3 ,3) • K= (l ,l ,4) • A(l)*A (l)*A(4)

- Incremen tatton vector L contains (I—J)z2

For F (A ) 1— 6 ,3—4 elements , subscript vector K contains 3— 4

elements , expansion contains ten additive

terms.

3—90F
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L— (l ,l ) K— (3,l ,i,l) A(3) *A (l)*A (l)*A (l)

L (2,l) K— (2,2,l, l) A (2)*A(2)*A(l)*A(l)

L (3 , l) K— (2,l,2 ,l) 4 A(2)*A(l)*A(2)*A(].)

L ( 4 ,l) 4 K— (2,l ,j, 2) 4 A(2)*A(l)*A(l)*A(2)

• L (2,2) 4 K= (l ,3,l ,l) 4 A(l)*A(3)*A(l)*A(].)

L— (3,2) 
4 

K=(l, 2 ,2 ,l) 4 A(l)*A(2)*A(2)*A (l)

L (4 ,2) 4 Ka (l,2,1.,2) 
4 

A(l) *A(2)*A(l)*A (2)

Lr (3,3) 4 K=(l ,l,3, l) 4 A(].)*A(l)*A(3)*A(l)

L ( 4 ,3) 
4 

K=( 1 ,l ,2 , 2) - 4 A (l)*A (l)*A (2)*A(2)

L ( 4 ,4) 4 K— (l ,l,l ,3) 4 A (1.)*A(l)*A(1)*A(3)

Incrementation vector L contains (I—J)=l

Pot F (A) 1 6,3 5 element , subscript vector K contains 3=5

elements , expansion contains five addi-

t ive terms.

L (l) K (2 ,l ,l ,l , l ,) 
4 

A (2)*A(l)*A(l)*A(l)*A(l)

L— (2) K— (l ,2,l ,l ,l )  
4 

A( ])*A (2)*A (l)*A(l)*A(l)

L— (3) 
4 

K — ( 1 , l, 2 , l, l ,) 4 
A (l)*A(l)*A(2)*A(l)*A(l)

L— (4) 
4 

K— (l ,],l,2 , l , ) 
4 

A (l)*A(l)*A(l)*A(2) *A(l)

L (5) 
4 

K— (l l,l,l,2,) 4 A(l)*A(l)*A(l)*A(l)*A(2)

Incrementation vector L contains (I—J)—Ø
6

For P 6 (A) 1—6, 3—6 elements, subscript vector K contains 3=6

elements , expansion contains one additive

term.

3—901,
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NAME : LSHIFT

I
TYPE - SUBROUTINE

GENERAL PURPOSE :

Shifts the character stored in the least significant

bits of ICIIAR to the most s i gn i f i c an t  bits 
-

-
~~ VARIABLES~

NONE

I SUEROUTINES CALLED~
NON E 4

CALLING PROGRAMS-

I

DESCRIPTION •

Subroutine LSHTFT shifts the alphanumeric character stored

in the NECRAR least significant bits of ICHAR to the most

significant bits by multiplication by an appropriate power of 2.

The resulting left—justified character is automatically zero

t filled to the right.

4 13—9l~ 
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4-— -7 
-
~~~

t -

1~~1

STMT -

i~om~. -

~P AUD

( i  
-

YES

aIO4li
T1 [EFI -

I -

2

Inu~ -
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NAME RSH IFT

TYPE: SUBROUTINE

GENERA L PURPOSE:

Shifts the character stored in the least significant

bits of ICHAR to the most significant bits

VAPIAPLES —

NON E

SUBROUTINES CALLED :

NONE 4

CALLING PROGRAMS -

MAIN PHASE 4 SHIFT

DESCRIPTION :

~~ j  Subroutine RSHIFT shifts the alphanumeric character stored

in the NBCHAR most significant bits of ICHAP to the least

significant bits by division by an appropriate power of 2. If

the operation causes the sign bit to propagate (ICHAR.LT.0), then

- . NBCHA
the word is zero filled to the left by adding 2 —

~~

a

3-92?
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NAME : SSCOD2 -

TYPE: SUBROUTINE

GENERA L PURPOSE :

Converts a sequential frequency combination

into a frequency combination code.

Calculates angular frécuency . F

VARIABLES :

FREQ = Frequency values

FRTBL = Frequency number table;

Subscript = Sequential frequency number

Value = User—assigned frequency number - )

K — Bit position & subscript for frequency table

L = Shift register for bit manipulation

M = Intermediate storage for K—th bit of

combination 
-

S = Angular frecuency

SCODE — Frequency combination code

SCOMB — Sequential frequency combination

SUBROUTINES CALLED :

NONE

I

j  

CALLING PROGRAMS :

CUP~’C

1 

3-93?
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-

rub r o u t ine S~ CO~ 2 converts  a sequent ia l  f requency

combina t ion  to a f r e ouen cy comb ina t ion  code and calcula tes the

angular fre~ uer~cy for tha t combina t ion . Ar guments transmitted to

the subroutine are~ the secuential frequency combination , SCO~~~

the freauency number tab-ic , FPTFL- and the frequency values ,

FF~C. A rgur~ents returned to the calling program are SCCDE and S,

the calculated frecuency con~b in at ion code and an gu la r  f r e auency .

The rela tionship 
- 

b etween the seouen t ial - f r equency

com bination and the combination code is that if the Kth

sequential frecuercy is in the combination (i.e., the’Fth bit of

5cCrr is 1), then the user—assigned frecuency number FRT?L(~() is

included in the code (i.e., the FFTFL- (flth bit of ~CODr is 1).

F’irilarly the Yth frecuency value is included in the angula~

freceercy , E , i f  the ~th sequen t ial  f r e cuency appears in the

frecuency combination . -

The rethod employe d by subrou t ine  ~2CCt2 is to ex trac t each

secuen tial fr e cuency number  f r - cm SCC~ 2 and , using the f recuency

number table- FPTTIL, to combine the corresponding user—assigned

fr ecuer~cy numbers and values into the frecuency combination code

end angular frecuency. The secuential frequency numbers are

extracted from the combination by using a simulated shift

regis ter I., which is initially loaded with the sequential

frecuency combina tion ~‘CC~ r. A fre c—uer .cy number is extracted

from- ~CC~ r by shif tirq the right—most hit from the register into

3—93C
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the integer variable N. At the -
. same time , the integer K

maintains a count on the bit position being examined .

If the Kth bit is set (M=J), then the FPTBL(K)th bit of the

frequency combination code is set to 1 and the Kth frequency

value is added -to - the angular frequency. The calculations dre

complete when the shift register is empty.

The complete algorithm of subroutine SSCOD2 is summarized as

fo1lows -~

STEP1: Initialization

a) Initialize bit position counter K—ø and load shift

register with sequential combination by L=SCOMB.

b) Clear angular frequency and combination code by S—ø . and

SCODE-ø

STEP 2: Extract Kth Bit and Map to SCODE and S

a) Increment bit position by K—K+l

b) Shift r ight—most bit from register and store in ii:

M.L

L L/2
MM_ (L*2)

C) 

vol
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SCCrF= sccmr+2 ** (FT Pr L (~
) ])

~) Include !~th frequency in angular frequency according

to va lue  of

~~~*~‘j~-’ç (~~) *~~ cf~ ( r i’)

~T!T~ 3- Test Shift F~eg i st er

• 
~

) If L~~ (shift register empty) , fr ecuency combina t ion

code i s  com ple te , go to Step 4.

h) c-therwise qo to step 2.

STrr 4 Ccrrlete ~ngu1ar Fre cuen cy  C a l c u l a t i o n

a) ‘ul t ip ly an cu l a r  f r e cuency by 2 i~ and ex i t

- 

- 

H
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NAt.!E: TFRD

TYPE SUL RCUTINE

CENEPAL. PenpCsr.

Pea ds data f ro m d is k f i l e s  24 an d 25

VA RI•M LCS-

= Core loca t ions to which  da ta

is read

IFIL E = Di sk  f i l e  n u mb e r

IPTP = Pecor d num ber a t  which re~ c’ing b eg ins

= run—ber of words to be read

SUEPCL ’TI~TS CALLFS -

CALLfl’C PPCCPAf~~

CPOSS CUPCET CUPJF CUFrC Cur~ t’s

CI1PPT CUPSD CUFT CUPVE CUPVT

TPIANC

r r s cR lp T lcr •

Su b r o u t i n e  TFFT- . reads data from disk file I r I L r . T~ C

t r a n s m i s s i o n  be g in s  f r o m  reco rd n u r ber IPT~ and c o n t i n u es  c r :

word a t a t ime un t i l  ~‘ wor ds  have be en r ead  f r o m  f i l e  I F I L r  ar -d

3—94B
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~~~ctored in J~PFA (l)—ARFA (N). The data is assumed to be decimal and

is read without format. After the data- transmission is complete

subroutine TFFC returns to the calling program .

-t

‘p

3—9 4C
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11
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Iw i

31*11

NflM~~~~

E$RLI

i t
• I

WRITE 4,

li Ft!

I 4~’
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NAf~!E-~ TFWP 4

TYPE~ SUPP OU T INE

CEN E P~L PURPO SE

wr ites data to disk files 24 and 25

VARIAPLES:

AREA - Core location of data to be written

IFI LE = t i sk  f i l e  nu m ber

IPTF = Record number at which wrltinc’ begins

= Uu r rber  of wor ds to be w r i tten

SUERCUTINES CPLLPD-- - -

rCNE

C1~LLIT4C ?PCC P~ S 
-

COFTPL CUEC E~7 CU FJF ( ‘UPNC CUF1 C- S

CURPT CLTSC- CUFT CURVD CURVT

PPPSF3 TPIA?-C

PESCPIPTIC U

s u br ou t in e  TF~ P w r i t e s  date to disk file IFIL-r . The decima l

values stored at tPE~~(1)—r~~St- (:!) are writton to file I~~IL~ one

~.‘orc’ at a ti m - c be~ A nn ing a t record number IPT~ . The wr i te -

op era t~ione a r e  ç~eL C oLf l -ed  without format. ‘~fter the dates

3—95B
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transmission is complete , subroutine TF~R returns to the calling

p r o g r a m .

t )
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NAME : TIMOUT

TYPE! SUBROUTINE

GENERAL PURPOSE:

Calculates elapsed clock time for a single program segment and

accumulates total clock time for all executions of that segment

within an NCAP job

VARIABLES:

I = Index for TIME and TTOTAL arrays~ program

segment identifier

TIME Elapsed clock time per segment

TSTART = Start time per segment

TSTOP — Stop time per segment

TTOTAL = Accumulated clock time per segment

SUBROUTINES CALLED :

PTIME

- 
- CALLING PROGRAMS•

ENDIN FNCTN PHASE 1 PHASE2

PHASE3 PHASE4 PHASE5 PHASE6 PHASE?

DESCRIPTION S

Subroutine TIMOUT calculates the clock time elapsed during
4’
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execution of a single program segment (a portion of a subprogram

or one or more subprograms) and accumulates total clock t ime 
- 

-

consumed for all executions of that segment during an NCAP job.

The program segment is identified by the integer argument I, and

the start time for the segment, TSTART, is transmitted to the

subroutine in the labelled common area TIMEFL.

NCAP - allows the timing of 30 program segments. This number

may be increased or decreased by adjusting the dimension of the

TSTART , TSTOP , TIME , and TTOTAL arrays in the labelled common

area TIMEFL. The program segments presently selected for timing

are :

Segment Description

1 Phase 0 Complete

2 Phase 1 Complete

3 Phase -l Generator Routines

4 Phase 1 Nonlinear Components

Routines

5 Phase 1 Vacuum Diode Routines

6 Phase 1 Vacuum Triode Routines

7 Phase 1 Vacuum Pentode Routines

• 8 Phase 1 Transistor Rout ines

9 Phase 1 Semiconductor Diode

Rout ines

10 Phase 1 JFET Routines
-

- 
- 11 Phase 1 Linear Dependent Source

Routines
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12 Phase 1 Nonlinear Dependent Source 
~~ f

Pout ines

13 Phase 2 Complete

14 Phase 3 Complete

15 Phase 3 Cenerator Routines

16 Phase 3 Nonlinear Components Routines

17 Phase 3 Vacuum Diode Routines

- ie Phase 3 Vacuum Tx lode Rout ines

19 Phase 3 Vacuum Pentode Rout ines

2~ Phase 3 Transistor- Routines

21 Phase 3 Semiconductor Diode Routines

22 Phase 3 JFET Rou t i~es

73 Phase 3 Nonlinear Dependent Source

Pout ines

24 Subroutine CONTPL

25 Subr out ine  TRIANC —

26 Subr out ine  FNCTN

27 Phase 4 Complete

Phase 5 Complete

29 Phase 6 Corp le te

Phase 7 Complete

Each rroaraxr segment is timed by addressing the clock before

its first executable statement to accuire its TSTADT time and by

- - ca l l ir ~c sub-routine TI!CUT after its last executable statement to - -

~‘ce -u i r e  i ts  TCTCP tiie. The method of addressing the clock Is a

r ac h i~ e de~endcrt fuflction performed in the present T~CAP version
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I 
by subroutine PTI~F. Subroutine TI?CUT then calculates the

— elapsed time for each program segment as-

ITIME(I) = TI~’F(I) + (TSTCP(I) — TSTAPT (I))

and the accumulated time as:

TTCTAL(I) TTOTAL(I) + (TSTCP(I) — TSTAPT (I))

The resulting times are saved in the labelled common area TI TFL

for subsequent output by subroutine PI~NTI: , and su br o u t i n e  TI~ CUT

returns to the calling pr ogram . 
1 ~

& -

I I

‘F
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