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SECTION I 

INTRODUCTION 

1.1    SCEPTRE CAPABILITIES 

( 

SCEPTRE Is a unified system of digital computer programs by which the 
electrical engineer can communicate with the computer to determine the DC, 
transient, or AC response of electronic circuits.    SCEPTRE has been programmed 
to Include many significant and useful features.    Briefly,  these Include: 

1. Stored Models - Any active element or Interconnected group of ele- 
ments that can be described as a combination of sources, passive 
elements and mutual Inductance may be stored on tape by the user 
and called Into use at any point  In a network. 

2. Automatic Initial Conditions - The user has the option of using the 
DC portion of the program to determine the Initial conditions of a 
network.    The DC portion allows the user to optimize the initial 
conditions against user-established criteria,  to compute worst-case 
DC solutions, or solutions with randomly chosen values of variables. 
He may then use the transient section or the AC section in the same 
run,  or just accept the output of the initial condition section 
for Inspection.    The DC mode can also compute the sensitivity of a 
network to changes in user-selected variables.    Any run may use the 
initial conditions mode only,  the transient mode only,   the AC mode 
only or may automatically combine initial conditions with transient 
or with AC. 

3. Time Domain Convolution - A capability has been added to help solve 
problems involving interface« between "black boxes" presented as 
Impulse responses rather than network elements.    This capability 
allows the combination and simultaneous solution of subsys*   ins 
represented in different forms.    It also allows SCEPTRE to handle 
significantly larger networks by partitioning and reduction followed 
by convolution. 

4. Rerun - Multiple case rerun based on a single master run may be 
carried out automatically.    The user supplies only the changes that 
apply from the master run for each repeated run. 

5. Defined Parameters - A special section has been created to enable 
the user to define quantities that may be output other than sources 
or passive currents and voltages.    The user may enter systems of 
first-order differential equations that may or may not have anything 
to do with a particular electrical network. 

6. Output - In addition to the conventional output format, which allows 
all sources and passive currents and voltages at each solution incre- 
ment,  the user may request as output any defined parameter from item 
5.    He may also select any element value, step size,  and pass count. 
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Time Is not the only Independent variable for these outputs; 
the user may select others from a fairly large list. 

7. Linearly Dependent Sources - Voltage and current sources that are 
linearly dependent on resistor voltages and currents respectively, 
can be accommodated without computational delay. This feature 
permits the extensive use of the family of small signal transistor 
equivalent circuits. 

8„  Subprogram Capability - The user who Is familiar with computer pro- 
gramming may write FORTRAN subroutines and insert them in otherwise 
conventional SCEPTRE runs. This option permits handling special 
situations, even though these should be rare. 

9. Program Language - The program has been written entirely in FORTRAN IV 
to facilitate the taüc of adapting it to digital computers other 
than the IBM 360. 

10. Automatic Termination - Runs may be automatically terminated contin- 
gent on the behavior of specified network quantities. 

11. Flexibility - Non-conventional source dependencies and network topolo- 
gies can be accommodated. 

12. Save and Continue Capability - Runs may be terminated and then sub- 
sequently continued after examinacion. 

13. Input Convenience - Provision has been made for a free-form format 
for input data. 

1.2 HANDBOOK COVERAGE 

This volume describes the means of utilizing all of the many SCEPTRE 
features. This coverage Includes Instructions for preparing the circuit and 
input data and includes subsections on the stored model, rerun, continue, re- 
output and subprogram features. There are examples of each type of analysis 
that SCEPTRE can provide, and sections containing information pertinent to 
the use of SCEPTRE on the 7090/94 and S/360 computers. Back-up information 
on some less-frequently used special options appears in the Appendices of 
Volume I. References to these appendices are made in the body text at the 
appropriate points. 

1.3 INPUT DATA EXAMPLE 

To give the uninitiated some idea of the input  data required to accommo- 
date a simple but practical problem,  consider the electrical schematic of an 
Inverter circuit  shown in figure 1.    A SCEPTRE version of the circuit appears 
in figure 2 under the assumption that a transistor equivalent circuit named 
2N914A has been stored at some previous time.    The stored model also Includes 
a primary photocurrent generator.    The sample listing given below will be 
sufficient to compute the initial conditions that hold before the radiation 
transient is applied,  as well as the complete transient solution Itself,  up 
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until 500 nanoseconds of real time. Both printed and plotted outputs of. VR1, 
VR3, and VCX (a capacitor In the model) will be obtained, plus any other out- 
puts that were requested In the stored models. 

+10V 

Rl = Ikfl 
I—vw 

R2 = 19kft' 

-10V 

ä EL = 10V 
R3= l.Skli 

R2 

ET = 10V ^ 

Figure 1.     Sample Circuit Figure 2.     SCEPTRE Version 

CIRCUIT DESCRIPTION 

ELEMENTS 

Rl, 1-2 » 1 
R2, 2-4 - 19 
R3, 5-3 = 1.5 
EL, 1-5 89 10 
ET, 4-1 = 10 
Tl, 2-1-3 - MODEL 2N914A (PERM) 
OUTPUTS 
VR3, VR1, VCXT1, PLOT 
RUN CONTROLS 
STOP TIME a 500, RUN INITIAL CONDITIONS 
END 

The detailed rules will be given throughout this manual for generating 
circuit descriptions such as the one above. 
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SECTION II 

SCEPTRE USE 

The DC,  transient or AC solutions of large electrical networks are com- 
puted on request when the circuit description language described herein Is 
used to convey all the necessary Information to the SCEPTPE program.    The user 
Is not required to write the network equations or to possess a knowledge of 
computer programming.    This Section describes the preparation of circuits and 
the circuit description language recognized by SCEPTRE. 

2.1    CIRCUIT PREPARATION 

The first step taken in using the SCEPTRE program is to prepare an equiva- 
lent circuit drawing of the circuit to be analyzed,     The equivalant circuit 
may consist of resistors,   capacitors,  inductors, mutual Inductance, voltage 
sources,  and current sources, and/or stored models containing these elements. 
All of these elements may be linear and/or nonlinear.    Furthermore, most 
equivalent circuits composed of these elements can be accommodated.    This 
allows the use of either standard or complex experimental equivalent circuits. 
The value,  or behavior, of any equivalent circuit element may be defined by 
a numerical constant,  tr.bular list, or mathematical expression. 

After the equivalent circuit has been drawn,  each node is given an arbi- 
trary alphanumeric designation consisting of six characters or less.    A node 
is defined as the point of common potential  (voltage)  at the junction created 
by the connection of two or more network elements. 

Next,  each component or element in the circuit  is given a unique name 
consisting of not more than five alphanumeric characters.    The first character 
of each element name must be R, C, L, E,  or J corresponding to the element 
type;  i.e.,  resistor,  capacitor, inductor, voltage source or current source, 
respectively.    The letter M is used to designate mutual inductance in the 
same way.    The two exceptions to this are the circuit designation for a 
stored model  (see subsection 2.3.1)  which has no specific  rule for its  first 
character, but  should be limited to a total of three alphanumeric characters, 
and the Convolution model  (Appendix F),  the first character of which is a K. 
It is normally very helpful to record on the equivalent circuit diagram the 
names and nodes chosen.    Current flow directions and source polarities should 
also be Indicated. 

The circuit parameter values should be specified in a consistent set of 
parameter units.    Although any consistent set is acceptable,  the system given 
in table I is useful for   .Igh-speed transistorized circuits.    If another sys- 
tem is desired,   the most effective choise is units of voltage, current and 
time that correspond to the magnitude of those that are expected in the 
problems;   then determine units of R, L,  and C from the fundamental current- 
voltage relationships.    This choice is always possible in a practical circuit, 
since the analyst should have some approximate idea of the range of variables. 
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TABLE I 

UNITS FOR HIGH-SPEED TRANSISTORIZED CIRCUITS 

|       PARAMETER UNIT 

j      Resistance Kllohms 

|      Capacitance Picofarads 

Inductance Microhenries 

1      Current Milliamperes 

Voltage Volts 

Frequency Gigahertz 

Time Nanoseconds 
L  

I 

In summary,  the circuit preparation steps are: 

- Draw an equivalent circuit comprising only resistors, capacitors. 
Inductors,  and voltage and current sources. 

- Assign a name or number to all nodes In the circuit. 

- Give a name to each circuit element. 

- Assume arbitrary current flow directions In each passive circuit 
element. 

- Indicate the direction of positive current  flow In each voltage 
and current source. 

- Choose and record circuit values  In a consistent set of parameter 
units. 

Figure 3 shows a circuit diagram prepared In the recommended manner, 

-» ■VA—»        id) 

Figur? 3. Circuit In SCEPTRE Form 
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2.2    PREPARING THE SCEPTRE  INPUT DATA 

The SCEPTRE circuit description language is a structured free-format 
language, the syntax of which is easy to learn and remember.    The language 
consists of descriptive statements constructeci  syntactically from user- 
derived component names,  parameter names,  node names,  and value specifications. 
These are delimited by special characters such as comma,  dash, parenthesis, 
and equal sign,  thereby allowing the program to interpret  the statements pro- 
perly.    Thus,  the statements themselves can be punched anywhere on the input 
data card  (columns 1-72)  with any desired spacing.     In general, several com- 
plete statements can be punched on a card,  separated only by a comma.    The 
rules  for continuing £  statement from one card to another generally require 
that the discontinuation be made immediately after delimiters, with the de- 
limiter appearing as the last non-blank character on the card. 

2.2.1    HEADINGS AND SUK^ADINGS 

Networks are described in SCEPTRE language under the following major 
headings and subheadings regardless of which mode of analysis is desired. 

A. MODEL DESCRIPTION  (INITIAL, PRINT) 
MODEL NAME (PERM or TEMP)   (NODE-NODE-... .NODE) 
(Comment or message cards,  if any,  up to 11 allowed) 

1. ELEMENTS 
2. DEFINED PARAMETERS 
3. OUTPUTS 
4. FUNCTIONS 
5. INITIAL CONDITIONS 

B. CIRCUIT DESCRIPTION 
(Comment or message cards, if any, up to 11 allowed) 

1. ELEMENTS 
2. DEFINED PARAMETERS 
3. OUTPUTS 
4. INITIAL CONDITIONS 
5. FUNCTIONS 
6. RUN CONTROLS 
7. SENSITIVITY 
8. MONTE CARLO 
9. WORST-CASE 

10. OPTIMIZATION 

C. RERUN DESCRIPTION  (N) 
(Comment or message cards, if any, up to 11 allowed) 

1. ELEMENTS 
2. DEFINED PARAMETERS 
3. INITIAL CONDITIONS 
4. FUNCTIONS 
5. RUN CONTROLS 
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D. CONTINUE 

1.    RUN CONTROLS 

E. RE-OUTPUT 

1. OUTPUTS  (required) )      „.-,„      . 
2. RUN CONTROLS  (optional    f      :>/J0U OIUy 

(In the IBM 790/94 version, no subheadings are permitted under this 
heading.) 

F.    END 

The MODEL DESCRIPTION heading is used when it is desired to store one or 
more models. The MODEL name card, comment cards (optional), and any or all 
of the five subheadings listed can be used for each model for either permanent 
or temporary storage under the MODEL DESCRIPTION heading. One or more models 
may be entered under one MODEL DESCRIPTION heading. 

The CIRCUIT DESCRIPTION heading is always used when any network is pre- 
sented for analysis. Any or all of the ten subheadings listed under the heading 
may be used. 

The RERUN DESCRIPTION heading is used whenever the rerun feature is ex- 
ercised. All changes to the master network must appear under this card. 
Any or all of the five subheadings listed under this heading may be used. 

The CONTINUE heading is intended for use only when continued computation 
Is desired after a problem has been originally run. The only subheading per- 
mitted under this heading is RUN CONTROLS. The only other heading that may 
appear together with CONTINUE in a run is END. 

The RE-OUTPUT heading is used whenever the user desires output from a 
previously completed run without repeating that run.  No subheadings are per- 
mitted under this heading on the 7090/94.  The only other heading that may 
appear with RE-OUTPUT on the 7090/94 is END. On the S/360, the OUTPUT sub- 
heading is required and the RUN CONTROLS subheading may be used (she sub- 
section 2.6). 

The END heading is used to terminate every input data deck submitted 
to SCEPTRE. This heading is the only one that must always be used without 
subheadings. 

The data supplied within each of the subheadings consists of descriptive 
statements which are constructed as properly punctuated sequences of symbols. 
The group heading, subheading and subsequent statements may be punched on a 
card with arbitrary spacing or location from columns 1 to 72. During a 
single run the user cannot use all six major headings, although all ten sub- 
headings under CIRCUIT DESCRIPTION could well be used. 
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Unique sequences of symbols and punctuation are used to convey Informa- 
tion In each of the subheadings. A definition of each of the symbols In the 
subheadings follows: 

- Element Name - Denotes the name given to each component  (Including 
model circuit designations) of a circuit  (e.g., RA,  LLX, E17).    No 
more than five alphanumeric characters may be used to name an element. 
Model circuit designations are limited to no more than four alphanumeric 
characters. 

- Node - Denotes the designation assigned to each node of a circuit. 
No more than six alphanumeric characters may be used to name a node. 

- Number - A numerical constant that may be written as a signed quantity 
In either Integer or decimal form and with or without an exponent. 
Up to 13 characters may be used to represent a number.    For example, 
numbers may be written in the following forms:    10,   10., 10.0, -.1, 
-0.1, +1.4,  6.4E9, -74.3E-7, 7E+11, -176.6667E5. 

- Constant - Same as Number, except a decimal point must be included in 
the specification of  the numerical constant. 

- Value - Will be used to denote any of the following: Number, Defined 
parameter, TABLE, EQUATION, EXPRESSION,  or External Function. 

- Special Value - Will be used to denote any of the following:    Value, 
Constant*Reslstor Current, Constant*Reslstor Voltage, Value*Current 
Source, DIODE TABLE,  or DIODE EQUATION  (XI,  X2) . 

- Variable - Denotes any of the following: 

1. The voltage or current associated with any element as VR1, VJ7, 
IE4,  ILM,  etc. 

2. Any source or source derivative as J17,  DJ17,  E4,  DE4,  etc. 

3. Any defined parameters as P7, DP7, etc. 

4. Any element value as R17, CA, M12,  etc. 

5. Time as TIME. 

6. Frequency as FREQ. 

7. Any internal parameter (see subsection 6.8). 

- V Element Name or I Element Name - Denotes the element voltage or cur- 
rent of ELEMENT NAME. For example, the voltage across capacitor CAB1 
would be referred to as VCAB1, and the current through inductor LCHOK 
would be referred to by ILCH0K. 

- TABLE Name (Independent Variable) - Used when a variable circuit 
quantity is given in tabular form.    The table used must be given a 
unique name prefixed by TABLE or simply T,  and  followed by a single 
independent variable in parenthesis.    The name may consist of up to 
five alphanumeric characters.    The Independent variable may be any of 
the quantities defined under VARIABLE,  such as TABLE 1A (VC1).     If an 
independent variable,   including the enclosing parenthesis is not sup- 
plied,  then TIME will automatically be chosen. 
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- EQUATION Name (Argument List) - Used when a variable circuit quantity 
Is given In closed form. The equation must be given a name prefixed 
by EQUATION or simply Q and followed by one or more arguments separated 
by commas and enclosed In a parenthesis.  The EQUATION name may consist 
of up to five alphanumeric characters. The argument list may consist 
of any VARIABLE, CONSTANT, and TABLE (and its Independent variable). 
For example, EQUATION 39 (VCX, J2, TIME, TABLE 2 (VC7)). 

- EXPRESSION Name (Math Definition - This form Is an alternative to 
EQUATION entry that may be used to describe a variable quantity.  It 
is somewhat more complex than the EQUATION form, but it has the virtue 
of needing no further description under FUNCTIONS.  The expression 
must be given a name prefixed by EXPRESSION or simply X and followed 
by the mathematical definition. The EXPRESSION name may consist of 
up to five alphanumeric characters.  It Is suggested that numerical 
designations be used to avoid any possible confusion with some in- 
ternal parameters.  For example, X14 (10. * SIN (.628 * TIME)). 

Any equation for table must be defined more completely under FUNCTIONS. More 
detail is given in subsections 2.2.2 and 2.2.6. 

The input data deck describing a network is formed simply by punching 
the heading card and the associated data sequence for each of the defined data 
groups. 

Remarks such as title, user name, and date may be supplied for output 
identification purposes by punching the desired remarks on cards following the 
CIRCUIT DESCRIPTION card and preceding the first subheading card. The number 
of comment cards must not exceed 11, and the entire remark will appear as the 
title of the output listing and plots. 

The sequence for each of the subheadings in term« of the symbols defined 
previously are subsequently detailed. 

2.2.2 ELEMENTS 

This  subsection   covers  the formats required  for  entering element data 
into "CEPTRE.     The general discussion pertaining to all  elements is  followed 
by  four subsections  discussing special conditions which pertain to certain 
element entries.     These  subsections  cover mutual  Inductance   (subsection 
2.2.2.1),  source derivatives   (subsection 2.2.2.2),  elements with bounds 
(subsection 2.2.2.3),  and AC   (complex)  sources   (subsection  2.2.2.4). 

All elements   (resistances,  capacitances.  Inductances  including mutual, 
voltage and current  sources,  source derivatives  and model  circuit designations) 
that are to be component  parts of  the network under analysis must be  intro- 
duced under  this  subheading.     Entries allowed under  the  elements subheading 
arf. summarized  in table   n.     Although any combination  of  alphanumeric  charac- 
ters  (maximum 4)   can be  used  for   lodel circuit designations,  names unique 
from other element names  are  recommended.     Alphanumeric  character lengths 
are listed  in table X,   subsection 2.2.9.     The general   form  for entries under 
the ELEMENTS  subheading  Is: 
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r element name, node-node    ■  valve 

Each network element Is defined by stating the element name,  the nodes 
between which the branch Is connected, and the coa:ponent value.    The connec- 
tion nodes are specified  in a from-to order corresponding to the assumed 
direction of current  flow.    The actual tabular values or analytical expres- 
sions of elements that »re Implicitly defined as variables are specified in 
subsection 2.2.6.    More than one element may be described on a card if the 
elements are separated by commas. 

Some examples that  Illustrate proper entries under elements  for the 
constant valued elements of the network of figure 3 are: 

[El, 1-2 20 

fE2,  I- 

r 
6    =    20 

JM,  1-4    =    2E1 

Note that any of these constant elements may be entered with or without deci- 
mal points,  or by use of the E format.    Note also that the proper reference 
direction for voltage sources correspond to the direction of current or 
positive charge movement within the voltage source. 
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TABLE II:  ENTRIES UNDER ELEMENTS 

Name Nodes 
9 

Value specification 

R 

C 

1       L 

E 

J 

1        M 

See Notes 
|     1&2 

1 

I node-node 

L name-Lname 
(see subsection 

2.2.2.1) 

SB value 

|                                 4 

number 

TABLE name (independent Variable) 

Defined Parameter                                 i 

EQUATION name argument   List)         | 

EXPRESSION name (Mathematical 
definition) 

^External Function  (Argument List) 

Lineraly Dependent Sources 

E 

J 

>   1 

»  1 

node-node 

node-node 

= constant*VR 

constant*IR                                                           i 

3 A                                      1 Primary Dependent Current Sources     ' 

1       J t  1 node-node = 
j 

DIODE TABLE name 

DIODE EQUATION  (xl, x2)                                     | 

45 
Secondary Dependent Current Sources    * 

!     J » 1 node-node S  1 value*J(J is a primary dependent 
current source) 

'                                                                                                                   6 8 
j                           Voltage and Current Source Derivations    ' 

(see subsection 2.2.2.2)                                                              i 

i       DE 

i        DJ 

= 1 

sz 1 

value 

value 
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TABLE II:    ENTRIES UNDER ELEMENTS  (Continued) 

Model Calls   (see subsection 2.3) 

Circuit , 
designation Nodes Model name 

name t 

/ node-node 

I node-node 

\ node-node...node a 

MODEL (INXXX(PERM) 

MODEL (2NXXX(TEMP) 

MODEL XYZ(TEMP) 

Elements with Bounds 
(see subsection 2.2.2.3) 

R 

E 

J 
| 

t ncdc-node s ( number (number,number) 

( number (number) 

AC Sources 
(see subsection 2.2.2.4) 

E 

■ 

J > node-node = 

/(entry,entry) 

1 (entry, entry), DEGREES 

\  (entry, entry), RADIANS 

/ (entry, entry), COMPLEX 

where each entry is one of the 
following: Constant 

Defined Parameter 
TABLE name 
FREQ 

Convolution Model Calls 

Circuit Nodes Convolution Kernel 

Kname > node-node = 
j FCONVE (constant) 

' FCONVJ (constant) 
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TABLE II     ENTRIES UNDER ELEMENTS     (Contd.) 

NOTES: 

1. All C,R,L and M entries will be treated as REAL*8 constants in the AC cal- 
culations. Before making the AC calculations, SCEPTRE will evaluate any 
entries which are given as functions. For example, a capacitor may be a 
function of voltage and a resistor may be a function of time. SCEPTRE will 
evaluate these functions at TIME^O, using supplied or calculated initial 
conditions. The appropriate values so obtained will be used in the AC 
calculations. Elements as a function of frequency are not permitted in AC 
calculations. 

2. All voltage and current sources which are given as constants (DC sources) 
or as functions of TIME (Transient sources) will be given a value of zero 
in AC calculations, and a WARNING message will be printed out whenever 
the argument TIME is used. 

3. In order to obtain an AC analysis around a circuit's DC operating points, 
the user must either supply Initial Conditions (see paragraph 2.2.5), or 
must enter RUN INITIAL CONDITIONS under tne RUN CONTROLS subheading of 
CIRCUIT DESCRIPTION.  If initial conditions are supplied, then SCEPTRE 
determines all element values dependent on these DC voltages and currents. 

4. Primary and secondary dependent current source specifications may be used 
to reprv sent certain semiconductor junctions when requesting Initial Con- 
ditions solutions. 

5. By definition, this class of current source can appear only if the appro- 
priate diode source has previously been included. The secondary source 
must be specified only as a value times the primary source. 

6. Although this entry is permitted in AC calculations, a time-source, and 
hence its derivatives, are not meaningful. The source will be treated as 
in Note 2 above and the derivatives ignored. 

7. Model circuit designation names can be any combination of no more than four 
alphanumeric characters. Names unique from other element names are recom- 
mended . 

8. If the topology of the circuit dictates that a time derivative is required 
for a transient analysis (e.g., capacitor and independent voltage source 
loop, or inductor and independent current source cut set), then 
the same is true tor an AC analysis. However, for AC no card entry is 
required. A time derivative of an AC source means simply a multiplication 
by jU) . SCEPTRE will detect this situation and will automatically handle 
it. 

9. A complex defined parameter, W, cannot be used as a value specification. 

10. Convolution models are either series combinations of voltage source and 
resistor (FCONVE) or parallel combinations of current source and resistor 
(FCONVJ). See Appendix F. 

11. The constants in the Convolution Model Call are arbitrarily assigned inte- 
gers identifying the impedance or admittance functions stored on Disk 12 
as explained in Appendix F. 
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Examples of variable element entries using EQUATION, TABLE or EXPRESSION 
descriptions are as follows: 

El, 1-2 - TABLE 3 (TIME) 
E2, 1-6 - EQUATION 47 (VC1, TABLE 2 (ILO),36.) 
JM, 1-4 - EQUATION 47 (VC1, P5, 15.) 
RA, 3-4 - TABLE 5 (TIME) 
LZ, 1-5 - EXPRESSION 7 (10. *ILZ +20.) 

The tabular entries for TABLE 3 and TABLE 5, as well as the analytical expres- 
sion for EQUATION 47 must be entered under the FUNCTIONS subheading (subsec- 
tion 2.2.6). A good general rule to follow throughout the program is that 
all constants inside parentheses must include decimal points. A more conven- 
ient form that always may be used is to replace the word EQUATION by Q, the 
word TABLE by T, and the word EXPRESSION by X. 

El, 1-2 - T3(TIME) 
JM, 1-4 = Q47 (VC 1, P5, 15.) 
LZ, 1-5 = 47 (10.*ILZ + 20.) 

The second and third designations in the SPECIAL VALUE list are intended 
to accommodate the class of linearly dependent sources that are encountered 
in small signal transistor equivalent circuits (see subsection 3.3). The 
fourth designation was designed for the class of secondary dependent current 
sources that always appear in the large signal Ebers-Moll transistor equivalent 
circuit (see subsection 3.2). The capability of specially processing these 
sources'has been built into the program and should always be entered directly 
in the ELEMENTS section without parentheses. Examples of these appear in 
this subsection. 

The last two designations in the SPECIAL VALUE list are reserved for primary 
dependent current sources that represent diodes or transistor junctions.  DIODE 
EQUATION (XI, X2) would be used when any diode or transistor junction has been 
entered, and the vser wishes to employ the conventional closed form represent- 
ation (J=Is(e

6VJ-l)).  The value of XI must correspond to Is in the diode equa- 
tion, and the value of X2 must correspond to 0. The program will automatically 
use the voltage across that particular current generator as the Independent 
variable, and for that reason this voltage need not be specified.  If for 
example, a current generator that is named J18 and is connected between nodes 
1 and ground is to be described by the conventional diode equation as 1 X 10"' 
(e30VJ_i), the appropriate entry would be 

fjlS, 1 - GND - DIODE EQUATION (l.E-7, 30.)   """""    ' 

Note that decimal points are required for the constants 1 and 30. No further 
description is required under FUNCTIONS. The designation DIODE TABLE N is 
used when any diode or transistor junction is to be represented in tabular 
form. The independent variable will automatically be taken as the voltage 
across the current generator. Therefore, the required entry is simply 

j^JlB, 10 - 3 = DIODE TABLE 1 

The tabular entries for DIODE TABLE 1 must be entered under the FUNCTIONS 
subheadings (subsection 2.2.6). 
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Examples of typical component descriptions that appear In the ELEMENTS 
group are shown below: 

fR7, 4-5    -    11.5,  El, GND-1    -    6 

(OA, 0-4    -    .98 * J18 

^JK, 6-B    -    50.  * IRB 

I^EIZ, C-/ •7    -    .0005 * VRC 

JA Is a secondary dependent current source. 

JK and E12 are linearly dependent  sources. 

rixs, 9-; •3 - EQUATION 15X (ILX3,TIME) 

fill, 2-3-7 - MODEL 2N7479AA ' 

Reference to the FUNCTIONS section (Section 2.2.6) Is never required 
for a given entry when the expression format Is used. The rules for the 
mathematical definition become specialized only in the case when a table is 
to be used as an argument. For example, if it is desired to enter capacitor 
Cl as 10 + (80) (table 7), where table 7 is a function of VC1, an appropriate 
entry would be 

Cl, 7-8 = X314 (10. +80. * XTABLE (T7, VC1)) 

Note that in this special case the word TABLE is preceded by X and that both 
the table name, in this case T7, and the independent variable of the table 
VC1, must be included in parentheses. Decimal points must always be given with 
all constants used in an EXPRESSION. This same entry is given in equation 
form in subsection 2.2.6. 

2.2.2.1 Mutual Inductance 

Mutual Inductance is entered according to the general format: 

/ Mname, Lname-Lname = value ~ls 

If coupling exists between inductors Ll and L2, the appropriate entry 
must include these elements in place of the node identification as 

[MX, L1-L2 = TABLE 1 (ILl) 
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or 

f MX, L1-L2    '    32.4 ~~~"        ' 

In addition, a physical limitation of the principle of mutual inductance must 
be observed in order to have a physically realizable circuit. That is, since 
coefficient of coupling, k, is always less than unity and by definition 

M        <1 
*       V U L2 

the user should be certain that M <VL1L2.  Stated in words, the mutual 
inductance between any two inductors must be less than the square root of the 
product of the self-inductances of the components between which the mutual 
inductance exists. The sign of M is positive if in a given winding the in- 
duced voltage of mutual inductance acts in the same direction as the induced 
voltage of self-inductance. If the induced voltage of mutual inductance 
opposes the induced voltage of self-inductance in a given winding, M is nega- 
tive. The proper sign for M for the assumed current directions is illustrated 
in figure 4. 

12 
L2 

MUTUAL 
INDUCTANCE SIGN 

D J       V M12 
1 Ml 3 

—o M23 
LI 

13 
L3 

Figure 4. Mutual Inductance Polarities 

2.2.2.2 Source Derivatives 

The time dei i/atives of sources must be supplied as input data when 
certain network, configurations are encountered. * These situations occur 

* Except for AC Analysis. See Table II, note 8. 
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whenever a variable voltage source Is connected In a loop containing only 
capacitors and other voltage sources, and whenever a variable current source 
Is connected In a cut set containing only Inductors and other current sources 
(see figure 5) . 

Capacitor-Voltage Source Loop   Inductor-Current Source Cut Set 

Figure 5.  Configurations That Require Source Derivatives 

If the sources in question are constant, the zero derivative will autumatically 
be supplied and the user need not be concerned. If the user fails to supply 
a source derivative when one is required, the run will be terminated with an 
appropriate diagnostic message. The general form for a source derivative 
entry Is 

fDEname = value 

j'DJname = value 

where the name is that of the appropriate E or J source. An example would be 

(' 
DERIVATIVE E7 = TABLE 2 

or more simply 

(' 
DE7  = TABLE 2 

2.2.2.3 Elements with Bounds 

Three of the DC options, Monte Carlo, Worst-Case, and Optimization 
require additional information in the entries under ELEMENTS. For a Monte 
Carlo calculation, it is necessary to specify parameters for distribution 
of the variable elements. For Worst-Case and Optimization calculations, mini- 
mum and maximum values of the independent variables must be specified.  In 
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all cases, Che element Information Is provided by bounds added In parentheses 
after the element values. Except as noted at the end of this paragraph, 
bounds are provided by statements, under ELEMENTS, of the form 

(' 
element name, none-node *   number (number,number) 

or 

^lement name, node-node ■ number(number) 

The first form gives two numbers in parentheses. SCEPTRE reads the smaller 
number as the lower bound and the larger as the upper bound. The second form 
has one number in parentheses. In this form, SCEPTRE reads the number as the 
percentage variation allowed in the nominal value of the elements. Examples 
might be 

(^ 
rR2, NZ-N5-12(11,13) 

and 

f5 Rl, N1-NB=6(10) 

The first example specifies the nominal value of R2 as 12, with lower and 
upper bounds of 11 and 13, respectively. The second example specifies that 
the value of Rl is 6+10%. 

For Worst-Case and Optimization, the lower and upper bounds are taken to 
be the limiting values for the element. For these calculations, the nominal 
value must lie within these limits. 

For Monte Carlo calculations, the element distribution mean and standard 
deviation are computed from the lower and upper bounds as: 

mean 
upper bound 4- lower bound 

2 

....      upper bound - lower bound 
standard deviation ■ -t£ r  

The exception, mentioned above, to the use of numbers exclusively in 
specifying elements with bounds is as follows: Examples with bounds may be 
specified as values or diode equations if the values or diode equations are 
expressed in terms of defined parameters with bounds under DEFINED PARAMETERS, 
Subsection 2.2.3.2 describes the allowable format for defined parameters with 
bounds. An example of an entry under ELEMENTS is 

r- R3, N12-N10=X3(P3+PA) 
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2.2.2.4 AC Sources 

Source voltages and currents for AC calculations are complex numbers 
and, therefore, require both real and imaginary parts (or magnitude and 
phase) for their definition, ihe format for entering an AC source Is: 

f^Ename, node-node ■ (entry, entry), type 

for a voltage source and 

r Jname, node-node = (entry, entry), type 

for a current source. The word entered for type identifies the meaning of 
the two entries in the parentheses. Type may be either DEGREES, RADIANS or 
COMPLEX. If DEGREES or RADIANS Is entered, the first entry in parentheses 
is the magnitude, in the polar coordinate expression of the voltage (or 
current), a.id the second entry is phase angle.  If type is specified as 
COMPLEX, the first entry in the parentheses is the real portion of the com- 
plex expression in cartesian coordinates, and the second entry is the imagin- 
ary portion. Type need not be specified. If it is not, the default value 
is DEGREES. 

An entry, as described above, may be any of the following:  constant, 
the problem frequency (denoted by FREQ), a TABLE name (where the independent 
variables must be stated because the default value of the independent vari- 
able is TIME, and the AC calculation takes time as zero), or a real defined 
parameter. 

The maximum allowed number of independent AC sources is fifty. The 
maximum number allowed for linearly dependent AC sources plus secondary 
dependent AC current sources is also fifty. 

The following are examples of AC source definitions: 

j'El, N1-M3 = (12., 4.), COMPLEX ' 

means that voltage source El, between nodes Nl and M3, is expressed in complex 
form as 12+4j volts. 

{J7,  N4-N7-  (Tl(FREQ), P6), RADIANS 

means that current J7, bßtween nodes N4 and N7, is expressed in polar coor- 
dinates, where the magnitude is a function of frequency to be obtained from 
Table 1 and the phase angle, in radians, is as specified by P6 under DEFINED 
PARAMETERS. 
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2.2.3 DEFINED PARAMETERS 

Any variable that can be described in terms of any network variable and/ 
or any Number may be defined,and this quantity may be used as an ELEMENT 
value, an argument in an equation or table, or an output at each time step of 
the problem, in the same manner as any conventional output. Examples of the 
use of this feature are given in Section IV. More than one defined parameter 
may be entered on a card if they are separated by commas. 

2.2.3.1 Real Valued Defined Parameters 

The input format for real-valued defined parameters requires that 
the first letter be P followed by no more than five alphanumeric characters. 
The general form for entries under DEFINED PARAMETER IS: 

jPname=value 

Some possible combinations are: 

['PWR = EXPRESSION 69 (IE 3 * E3) ' 

f?2    = TABLE 1 (VC7)   — " 

I'PX? = EQUATION 2 (VC7, VR1) ' 

For the special case in which the derivative of a quantity is supplied, the 
first two letters muFt be DP followed by no more than four alphanumeric 
characters, or  in general 

(' 
DPxxxx = value 

2.2.3.2 Real-Valued Defined Parameters with Bounds 

Real -valued defined parameters with bounds may be used as indepen- 
dent variables in DC calculations (under the MONTE CARLO, WORST-CASE or 
OPTIMIZATION subheadings of CIRCUIT DESCRIPTION, see subsection 2.2.8).  When 
independent variables are used in this manner, they must be specified with 
bounds under DEFINED PARAMETERS. The format is: 

[Pname *■ number (number, number) 

or 

f' Pname = number (number) 
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The first form gives two numbers In parentheses.    SCEPTRE reads the 
smaller  number as the lower bound and the larger as the upper bound.    The 
second form has one number In parentheses.    In this form,   SCEPTRE reads the 
number as the percentage variation allowed in the nominal value of the Inde- 
pendent variable. 

For Worst-Case and Optimization calculations,  the nominal value must not 
lie outside of the region defined by the upper and lower bound. 

2.2.3.3    Real-Valued Defined Parameter Total Differentials 

The user must specify the closed form differentials for each defined 
parameter that is used as a dependent variable in adjoint calculations 
(Optimization, Sensitivity,  and Worst-Case).    The defined parameter must be 
a function of one or more dependent variables and zero or more independent 
variables.    Valid dependent variables and independent variables tor these 
calculations may be  found  in table VII and  table VIII.     The user should enter 
differentials of defined parameters under the DEFINED PARAMETERS subheading 
of CIRCUIT DESCRIPTION. 

For a defined parameter, Pname, the total differential is given by 
GPname = list.    "List" is a sum of products of the form PX*DY, where PX is a 
defined parameter representing the partial derivative of the dependent vari- 
able with respect to an independent variable, and DY is the differential of 
the Independent variable. 

I    Example 1: 

DEFINED PARAMETER; 

FABC + X](IKL**2+ILA**2) 

GPABC = P2*DIRL+P3*DILA 

P2 = X2(2.'nRL) 

P3 = X3(2.*ILA) 

II Example 2: 

DEFINED PARAMETERS 

• 

PEX - XA(VC1**2+(IR1*R1)**2) 

GPEX = PA*DVC1+P3*DIR1+P4*DR1 

PA = X2(2.,'C1) 

P3 = X3(2.*IR1*R1**2) 

I'-',   -   X4(2.*R1*IRI**2) 
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2.2.3.4 Complex Valued Defined Papameters 

Complex valued defined parameters are used to enable complex outputs 
from the AC analysis portion of the program. Complex valued defined para- 
meters are analogous in principle to the real valued defined parameters, de- 
signated with a P. The appropriate prefix for the complex valued defined 
parameter is W, followed by no more than five alphanumeric characters. Unlike 
the real valued defined parameter, P, a complex valued defined parameter, W, 
cannot be used to define elements; that is, it cannot appear in an equation, 
expression, table or function. 

The acceptable entries, under the heading DEFINED PARAMETERS, are 

r Wname ■ real value defined parameter 
Wname - TABLE name 

f Wname - EQUATION name ^ 

(see subsection 2.2.6.1 for the correct way to distinguish the real and com- 
plex valued arguments.) Also 

f Wname "  EXPRESSION name 

(see subsection 2.2.6.1 for a list of the more general FORTRAN complex opera- 
tional functions available.) Also 

r Wname ■ external function 
(It is the us?-'s responsibility, when writing FORTRAN programs, to insure 
the correct declaration and usage of complex valued quantities.) 

Alternatively, the format allowed for specifying AC sources can be used. 
This format is 

fWname • (entry, entry), type 

where the details are described in subsection 2.2.2.4. 

2.2.4    OUTPUTS 

2.2.4.1 Tabular Form 

Any output must consist of some dependent variable which is a func- 
tion of some independent variable . SCEPTRE outputs consist of printed 
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tabular listings of requested dependent variables as functions of time and/or 
plots of the dependent variables a i functions of time or some other Indepen- 
dent variable. In SCEPTRE, the following general quantities may serve as 
either dependent or Independent variables: 

- The voltage or current associated with any passive element as 
VR1, IL6. 

- The voltage or current associated with any source as El, IE1, 
J2, VJ2. 

- Any element value as C17. 

- Any transient state variable derivative as DC 4, DL13B. 

- Any Defined Parameter as P12. 

- Any Complex Valued Defined Parameter (Wname) In AC Calculations. 

- Any Defined Parameter derivative as DP12 if the user has supplied one. 

- Any internal parameter as defined In table XII. 

All requested outputs in SCEPTRE will be supplied in printed tabular 
form. The general format for requesting printed outputs is: 

f variable, variable, variable 

and/or 

r variable 
variable 

variable 

Note that no output request card ever ends with a comma. 

2.2.4.2 Plotted Form 

In addition, the user has the option of requesting plotted outputs 
for any or all quantities.  If plotted outputs are desired, the word PLOT is 
used as the last entry on each output request card for which plots are de- 
sired. The general format is: 

r variable, variable,  PLOT 
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and/or 
^variable, PLOT ~~ 

[^variable, PLOT 

Some typical output requests follow: 

("VRS, IR3, VR2 

f VR5, VC29 
r'VRY, VC1, ESUP, PLOT 

r IC8 
Note that more than one output can be requested on a single card.    The third 
card indicates that three quantities are required and that all three are to 
be plotted as well as printed.    The quantity,  1C8,   (the current  through 
capacitor C8) would be output  in printed form only.    If the word PLOT is 
used, no other dependent variables may follow it on that card. 

All indicated variables in the above example will use time as the 
Independent variable.    If a different  independent variable is desired for the 
plotted form, the following format must be used. 

flCU, PLOT (VC14) 

In this case, the current through capacitor C14 would be plotted as a function 
of the voltage across it. The printed output would be IC14 as a function of 
time. 

Additional flexibility is available to permit the user to attach a dif- 
ferent label to any output quantity except TIME. Consider that elements Cl 
and R7 exist in a given network and that the voltage across both (VC1 and VR7) 
are of Interest. If the user decides to rename them as VIN and VOUT, the 
outputs may be requested as VC1 (VIN), VR7 (VOUT), PLOT. All renames must be 
limited to six alphanumeric characters and the first character may be any 
alphanumeric character. The plot, rename, and choice of independent variable 
options can be presented in terms of the general format as: 

jyqty(ylabel),...., PLOT(xqty(xlabel)) 

If no rename is desired, the general format reduces to 

f yqty PLOT(xqty) 
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If, in addition, only time is desired as the independent variable, this can 

be further reduced to 

fyqty. .... PLOT 

And, if no plotted information is desired, the simplest form arises as 

(' 
yqty. 

2.2.4.3    Composite Plots 

A specialized plot  format  is available In which up to nine dependent 
variables may be plotted against a conunon abscissa.    The ordinate for each 
dependent variable runs across the page and is separately scaled,  am', unique 
graphic characters are used to represent each quantity.    Use of this feature 
requires that all of the quantities which are to be plotted together may be 
requested on the same card or sequence of cards under OUTPUTS followed by a 
specific plot name.    For example, 

(^OUTPUTS ~     ~~      ~ ~~    ~       ~~        ' 

l'VCl, VC2,  P13,  PLOT ' 

r mi, VCETl, JET6,   IE4,  PLOT 1 

In this case,  quantities VCl, VC2 and P13 would be plotted singly, as 
usual.     Quantities VR11, VCETl,  JET6,  and IE4 would be  plotted together, 
since they have been requested together with a plot that has been "named" 
simply as 1.    Any plot name may  include up to six alphanumeric characters 
and more than one name may be used to plot different combinations of quantities. 

The composite plot  feature also requires a PLOT  INTERVAL entry under RUN 
CONTROLS.    While this is a RUN CONTROL entry,  it  is discussed here because it 
relates only to composite plots,  and   its  omission will cause the requested 
plots to appear in their usual separate formats. 

The physical length of any composite plot may be controlled.    The 
number of pages encompassed by the abscissa (independent variable)   is deter- 
mined by the problem duration  (STOP TIME)  and a user  supplied entry called 
PLOT INTERVAL.    The former divided by the latter will determine the number 
of  lines required which will,   in turn,  determine the number of pages required. 
For the system S/360,  66  lines will  fill one page.    Therefore,  a problem 
duration of 1000 and a PLOT  INTERVAL of 5 will require 1000/5 = 200 lines,  or 
three pages, plus two lines on a fourth page (plus approximately three lines 
per variable for identification and scaling information).    The PLOT INTERVAL 
entry always appears under RUN CONTROLS,  and the format  is simply: 
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r PLOT INTERVAL - number 
Only one PLOT INTERVAL will be recognized regardless of the number of compo- 
site plots that ere requested. For additional dlscufislon of composite 
plots, see Appendix C. 

2.2.4.4 Convolution Outputs 

The above discussion about outputs also applies to transient runs 
employing the Convolution option. One precaution is noted here. When the 
user requests an element of a Convolution model as output, he must prefix 
its name Kname (see table II) with a letter denoting the element desired. 
The code is as follows: 

E for the voltagjp source of an impedance kernel; e.g., EKname 

J for the current source of an admittance kernel; e.g., JKname 

R for the resistancf» value of a kernel; e.g., RKname 

Additional prefixes, I and V, are required if the user is requesting currents 
and voltages of these elements; e.g., lEKname, IRKname, VJKname, VRKname. 
See subsection 4.6 for a discussion of Convolution kernels. 

2.2.4.5 AC Outputs 

The results of AC calculations can be obtained as outputs in either 
tabular or plotted form. The general rules for output requests given in 
subsections 2.2.4.1 and 2.2.4.2 apply equally to AC outputs, except that AC 
outputs are not givon as functions of time. All AC tabular outputs and all 
but one type of ploc are given as functions of frequency. The Nyquist plot 
gives the Imaginary part of a complex function vs. the real part. 

The standard forms of requests, under OUTPUTS, 

/variable, variable, variable 

and/or 

variable ' 

variable 

variable 

f 

will produce a tabular printout of magnitude vs. frequency, and phase in 
degrees vs. frequency for each variable. This is the default entry. The word 
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DEGREES is optional. If the output is desired in radians, the proper entry 
is 

Tvariable, variable, RADIANS 

The entry 

^variable, COMPLEX 

produces a printout of the real part of each variable vs.   frequency and the 
imaginary part vs.  frequency. 

If the work PLOT is added to the entry 

^variable, COMPLEX,  PLOT —— ^ 

a plot of the same data is also obtained, as described in  subsection 2.2.4.2. 

The Nyquist plot shows the imaginary part vs.  the real part  for each 
variable.    The proper entry for the Nyquist plot is 

r^ variable, variable, NYQUIST, PLOT 

In this entry only    the word PLOT is optional.    Both the plot and the 
printout will appear if the word NYQUIST appears in the entry. 

2.2.5    INITIAL CONDITIONS 

The complete solution of the general transient analysis problem re- 
quires that all independent initial conditions be supplied.    The set of all 
capacitor voltages and inductor currents that exist at the start ot  the pro- 
blem are sufficient for this purpose.    These may be supplied by the user or 
computed by the program. 

2.2.5.1    Manual Initial Conditions 

This section is usually superfluous if the run is being made in 
either the initial conditions only, or the automatic initial conditions mode, 
since the initial conditions will be computed by the program in these situa- 
tions . 

When initial conditions are supplied by the user,  the format it 

Svc = number ,  IL = number 
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Initial capacitor voltages and Inductor currents may be supplied by simply 
listing the desired values.    Any Initial conditions not specified will be 
taken as zero.    If all  initial conditions are zero, neither the heading card 
nor the data are required.    Care must be taken to establish the proper 
polarities for initial conditions.    Initial inductor currents are positive if 
they flow in the same direction as the assumed current direction for the in- 
ductor.    Also,  the initial capacitor voltages are positive when they are con- 
sistent with the assumed voltage polarity for the capacitor. 

The assumed current direction through inductor L5 of figure 6 is  from 
node 7 to node 8.    If the initial inductor current is in this direction,  it 
is entered under the INITIAL CONDITIONS  subheading as a positive quantity. 
If, however,  the current flows in the other direction,  it is preceded by a 
negative sign.    The same convention applies to the capacitor, where the as- 
sumed positive sense of the voltage is associated with the tail of the refer- 
ence arrow (node 4 in figure 6) .     If the actual initial voltage polarity 
agrees with the arbitrarily chosen reference direction, that initial voltage 
is entered as positive;  if not,  it  is entered as negative.    Proper statements 
for the example of figure 6 are, under ELEMENTS: 

fLS,  7-8    =    value 

and either of the following: 

j'CH, 4-5    =    value 

^ 
Cll, 5-4    =    - value 

94 

7 1-5 8 + 
o ^™—►—o ±z cn 

65 

Figure 6.    Voltage Polarity and Current Direction 
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2.2.5.2    Automatic Initial Conditions 

When the user requests that  Initial conditions be calculated by the 
program (see subsection 2.2.7.8), he need supply no Initial conditions him- 
self.    To shorten the initial condition calculation, however,  he may supply 
approximations of the voltages across diodes or transistor junctions.    The 
language must be 

(• VJ     =    number 

The interatlve  process will begin with any VJ entries that are supplied. 
One practical application of this type of input would be to bias the ON and 
OFF sides of symmetric circuits such a flip-flops in the desired state.    Ap- 
proximate values could be supplied and the DC solution would then provide 
the correct voltages for the desired state.    The results of the DC solution 
would then carry over to the beginning of the transient solution if one is 
called for.    Appendix A discusses special options in initial conditions. 

NOTE:    If the user requests automatic initial conditions for a transient run, 
and also supplies initial conditions for capacitor voltages and in- 
ductor currents per subsection 2.2.5.1, his supplied values can appear 
as impulses at the start of the transient run.    This situation can 
lead to erroneous results.    See Volume II, subsection 2.4.1. 

2.2.6    FUNCTIONS 

In this data group,  each of the tables and equations referred to under 
"ELEMENTS" pnd  "DEFINED PARAMETERS"  (subsections 2.2.2 and 2.2.3,  respectively) 
must be defined in detail.    It no such references have been made, neither 
the FUNCTIONS  heading card nor data need be supplied.    The equation defini- 
tion sequence will be discussed  first. 

2.2.6.1    Equation Definition Sequence 

Each  unique equation  (used  to define the variation of an element  or 
defined parameter)  is defined by giving the equation name, a dummy variable 
list, and the mathematical definition.    The general format is 

EQUATION name  (Dummy Variable List)    = (Mathematical Definition) 

or 

Q name (Dummy Variable List) =     (Mathematical Definition) 

The dummy variable list must contain the same number of entries as does 
the argument list in the original equation reference.    Each dummy variable 
may contain up  to six alphanumeric characters, the first of which must not be 
a number or the letters I through N inclusive.    For example,   if an equation 
has been referenced under ELEMENTS as: 
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1^X3, 9-3    -    EQUATION 15X (ILX3, TIME,  VCl)     "™^ ' 

then this equation could be explicitly defined under FUNCTIONS ass 

["EQUATION 15X (A, B, C)    -    (Mathematical Definition) 

or 

fa 15X (A,  B, C)    - (Mathematical Definition)      ~ ' 

The dummy variables in this case are A, B,  C which replace ILX3, TIME and VCl, 
respectively.    The mathematical definition itself must be included in paren- 
thesis and must be written in terms of A,  B, C,  along with any constants and 
allowable subprogram functions that apply.     It is important to mention that 
there would be no need for the user to reserve quantities A,  B, and C for 
equation 15X alone-    These dummy variables may be freely used in other equa- 
tions to represent other circuit quantities. 

As another example,  consider the equation mentioned in subsection 2.2.2, 
where it was desired to enter capacitor Ci as 10 + (80)  (TABLE 7) where 
TABLE 7  is a function of VCl.    If, under ELEMENTS,   the user enters Ci,  7-8 - 
EQUATION 2  (TABLE 7  (VCl)),  then EQUATION 2 must be explicitly defined under 
FUNCTIONS.    An appropriate entry would be : 

^EQUATION 2  (A)    ^    (10. + 80.*A) _____ __, 

At each solution pass, the ordinate value of TABLE 7 would replace the 
dummy variable A and the computation 10. + 80.*A would be carried out. Note 
that decimal points are required for the constants 10 and 80 because they 
appear with an EQUATION designation. 

Still another method can be used that is particularly efficient when 
more than one equation of the same general form is used in a given run. Let 
it be desired to enter Cl as in the above paragraph, in addition to C2 as 
5 + (120) (TABLE 4) where TABLE 4 is a function of VC2. Under ELEMENTS the 
user may enter two cards as: 

fci, 7- 8 = EQUATION 2 (10., 80., TABLE 7 (VCl)) 

 1 
(C2,  6-1 = EQUATION 2 (5., 120., TABLE A (VC2)) 

and under FUNCTIONS Equation 2 is explicitly described as 

I EQUATION 2 (A, B, C)  = (A+B*C) 
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At each solution step, C^ is evaluated in the program by replacing dummy 
variables A, B and C by 10., 80., and the ordlnate value of TABLE 7, respec- 
tively. C2 is then evaluated by replacing A, B, and C by 5., 120., and the 
ordinate value of TABLE 4, respectively. Note that two quantities of the 
same mathematical form have been accommodated by one equation. 

The mathematical definition may be any combination of the allowable opera- 
tions, functions, or variables. The following mathematical operations and 
corresponding symbols are Included in SCEPTRE: 

Operation 

Exponentiation 

Multiplication 

Division 

Symbol 

** 

* 

/ 

Addition 

Subtraction 

The order in which operations are performed is indicated by the order In 
which the operators are listed. The use of parentheses, to denote clearly 
the intended mathematical combination, is suggested to avoid ambiguity. For 
example, X+Y*Z should be written as (X+Y)*Z if X+(Y*Z) is not intended. 

Any function of real arguments that is available in the FORTRAN IV Sub- 
program Library may be used in an EQUATION or EXPRESSION. A few of the most 
widely used of these are listed below. In addition, the functions of complex 
arguments listed in table III may be used. 

TABLE  III FUNCTIONS OF REAL AND  COMPLEX ARGUMENTS 

|                   Function Symbol 

Square root 

7090/94 S/360                                                | 

Real Arguments Complex Arguments           1 
(AC only) 

SQRT DSQRT ZSQRT                           | 

Sine SIN DSIN ZSIN                             | 

Cosine COS DCOS ZCOS                              j 

Exponential EXP DEXP ZEXP 

Arctangent ATAN DATAN                               | 

Absolute value ABS DABS DZABS                              j 

Natural logarithm ALOG DLOG ZLOG                               j 

|Common  logarithm ALOG10 DL0G10                                 1 
NOTE:     Each symbol Is followed by an argument  in parenthesis.    Trigonometric 

1              functions require the argument in radians.                | 
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The argument of any function may be any allowable mathematical defini- 
tion.    In addition,  the user may supply subprogram functions that he has 
written himself  (see subsection 2.7).    When these  functions are referenced by 
an EQUATION,  all variables that appear as the arguments of operational func- 
tions must be given in terms of dummy variables.    Mathematical definitions are 
not limited to 72 characters (one card)  and may be continued on subsequent 
cards, using as many as necessary. 

Double precision entry names for FORTRAN subprogram functions must b« 
used.    Thus,  the first character for each entry name of any FORTRAN library 
subprogram must be D,  as DLOG or DSIN.    Consult  IBM System/360 FORTRAN IV 
Library Subprograms,  FORM C28-6596 for available functions.    User written 
FORTRAN subprogram functions must be typed double-precision. 

For AC calculations,   complex defined parameters   (see subsection 2.2.3.4) 
may be entered using equations,  if desired.     In this event,  the argument 
list may contain both real and complex valued terms.     (The complex entries 
are indicated by the prefix E, J, V,  or I only.    No argument of any equation 
may use the prefix W.).    Therefore,   in order to correctly distinguish between 
real and complex arguments internally,  the letter Z has been reserved as the 
prefix to indicate all complex valued dummy arguments. 

For example:    Under 

('DEFINED PARAMETERS    "~    " ~~ "    ~""~~     " ' 

j'w    =    Ql  (3.,  VR2, P3, Tl,  IL3) ' 

and VR2 and the IL3 would denote complex valued arguments. 

Then, under 

r FUNCTIONS 
f^Ql (A, Zl, B, C, Z2) = (mathematical expression)       ' 

where the dummy arguments Zl and Z2 are used in place of VR2 and IL3, respec- 

tively. 

2.2.6.2 Tabular Definition Sequence 

Every TABLE name that has been referenced under ELEMENTS or DEFINED 
PARAMETERS must be explicitly defined under the FUNCTIONS subheading. The 
general fotvit is 

r TABLE name, number, number,   number 
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or 

r DIODL TABLE name, number, number number 

Acceptable variations of this format are shown In the examples following 
figure 7. 

Note that the designations TABLE 1 and DIODE TABLE 1 refer to the same 
table; therefore, these may not be used to name two different tables in any 
run. The tabular data Itself Is represented by a series of numbers in pairs, 
separated by commas, in which the number representing the Independent vari- 
able point comes first with the dependent variable point following. 

Note that as figure 7 suggests, any number of point pairs can be supplied 
per card.  The data pair points must be supplied such that the independent 
variable is in Increasing algebraic order. No specific limit to the number 
of point pairs that may constitute any table is defined. Only single value 
functions are allowed.  It is permissible to supply two consecutive indepen- 
dent-variable values that are equal, but which have different dependent 
variable values.  This may be done to produce step functions as Illustrated 
in figure 7. Whan the table values are updated at each solution time step, 
linear interpolation is used between the points supplied. For independent 
variable values falling outside the range of values supplied in table, 
linear extrapolation is performed to determine the correct table value and, 
therefore, proper termination may be necessary.  For example, in figure 7, 
for any value of TIME in excess of 3, the dependent variable ERIN will be 
assigned the value zero because of the use of the point pair 4, 0. When the 
Independent variable takes on a value exactly at a step point, the ordinate 
used depends upon the direction from which the step was approached. 

TABLE 
ERIN  1 
Value 

Figure 7. TABLE ERIN Values as a Function of Time 
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STABLE ERIN 

["2,  1.5 

p.  1.5 

p. o 

r 4, 0 

^ TABLE ERIN 

or 

p, 0,  1,   1,  2,   1,   2,  1.5,  3,  1.5, 

3, 0,  A,  0 

or 

t TERIN = 0,  0,   1.   1,  2,  1, 2,   1.5,  3,   1.5,   3,  0,  4, 0 

In situations where  the same table will serve to define more than one 
quantity,  the user need only explicitly define  the table once.    A common 
situation occurs when two current generators in the network are defined by 
the same tabular data,  differing only in the independent variable.  In this 
case the user may define hoth generators under ELEMENTS as : 

j^Jl,  1-2    =    TABLE  1  (VC1) 

|02,  7-8    =    TABLE 1  (VC2) 

Under FUNCTIONS,  the user would define TABLE 1 only once. 
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2.2.7 RUN CONTROLS 

This subsection contains all the auxiliary information needed to con- 
trol the run. The information does not directly affect the network. Most 
of these quantities have automatic    default entries that hold unless 
specific entries are supplied by the user. The default entries are given in 
table IV. All possible entries under the RUN CONTROLS subheading are given 
in the following subsections. These entries may be made in any order, and 
as many may be placed on a card as will fit, if they are separated by commas. 

2.2.7.1 Run Limits 

All transient runs must have a problem duration in the time units 
consistent with those used to describe the circuit. The form is simply: 

t STOP TIME    =    number 

Since the user will never know in advance the computer time required for the 
solution of a given run,  it may sometimes be desirable to enter a limit that 
will automatically terminate the run if that limit is exceeded.    The limit 
in minutes may be entered as ■. 

t COMPUTER TIME LIMIT = number 

The preset value for COMPUTER TIME LIMIT is set to 600 minutes. This state- 
ment is active on IBM System/360 computers where a system clock is installed 
and applies to total elapsed time.  It should be noted that for operation 
under OS/MVT the time used for the above statements is elapsed time as accumu- 
lated on the system clock and not CPU utilization time. 

Another type of limit is available that operates on the number of passes 
made by the integration routine. In the absence of any instruction from the 
user, the program imposes a limit of 20,000 passes. The user may change this 
limit by entering : 

CIMUM INTEGRATION PASSES =    number 

2.2.7.2 Start Time 

ffiÄX] 

Most transient problems start at time equal to zero, and this entry 
may be omitted.    Otherwise,  the appropriate entry is; 

f^ START TIME = number 

2.2.7.3 Integration Routine 

Four integration routines are available for use with S/360 SCEPTRE. 
Three are explicit (XPO, TRAP and RUK) and one is implicit.  (Implicit is not 
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TABLE IV.  DEFAULT RUN CONTROL QUANTITIES IN SCEPTRE 

Quantity Default Information 

STOP TIME None 

COMPUTER TIME LIMIT None (7090/94) 600 min (S/360) 

MAXIMUM INTEGRATION PASSES 20,000 

START TIME 0 

INTEGRATION ROUTINE XPO 

MINIMUM STEP SIZE 1 X 10'5 (STOP TIME) xpo, trap 

1 X 10'14 (STOP TIME) implicit 

, ruk 

MAXIMUM STEP SIZE 2 X 10_2 (STOP TIME) 

STARTING STEP SIZE 1 X 10"3 (STOP TIME) xpo, trap , ruk 

MINIMUM ABSOLUTE ERROR 

MAXIMUM ABSOLUTE ERROR 

MINIMUM RELATIVE ERROR 

MAXIMUM RELATIVE ERROR 

Mode of Analysis 

1 X 10_8 (STOP TIME) implicit 

XPO TRAP RUK IMPL. 

.0001 .00005 .00005 .0001 

0,005 .001 .005 

.0002 .0005 .00005 

0.005 .01 .005 

Transient Only 

NEWTON-RAPHSON PASS LIMIT 100 

RELATIVE CONVERGENCE 0.001 

ABSOLUTE CONVERGENCE 0.0001 

MAXIMUM PRINT POINTS 1000 

COMPUTER SAVE INTERVAL 15 

VECTOR EQUATIONS 100 (transient) 70 (DC) 
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TABLE IV.     DEFAULT  RUN CONTROL QUANTITIES   IN  SCEPTRE  (cont.) 

Quantity Default Information 

XPLOT DIMENSION 10 

YPLOT DIMENSION 5 

TYPE FREQUENCY RUN LINEAR 

NUMBER FREQUENCY STEPS 10 

COMPRESSION COUNT .3*(Input Function Buffer) 

RUN MONTE CARLO* 10 

INITIAL RANDOM NUMBER 127263527 

DISTRIBUTION GAUSSIAN 

RUN OPTIMIZATION* 30 

MINIMUM FUNCTION ESTIMATE 0 

OPTIMIZATION CRITERION lO"7 

OPTIMIZATION RANDOM STEPS 0 

RANDOM STEP SIZE CONTROL .2 

INITIAL H MATRIX FACTOR 1. 

RUN WORST CASE* NOMINAL 

* Default value obtains when Run Control is entered without "=number". 
If the Run Control itself is omitted, the indicated calculation will 
not occur. 
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available on 7090/9A.)    The default option is XPO and,   therefore,  this 
method is used unless one of the others is specifically requested.    When one 
cf the others is desired,  the format is 

f1 INTEGRATION ROUTINE    -    TRAP 

or 

^ 
INTEGRATION ROUTINE    -    RÜK 

or 

t INTEGRATION ROUTINE    -    IMPLICIT 

Certain additional operations are required when implicit  Integration is 
ussd.    These are performed internally according to a prescribed default 
mechanism, but the user may exercise control over the; default.     (See Volume II, 
subsection 5.5.) Two possible statements are available. 

SE DIFFERENCED JACOBIAN 

SE SYMBOLIC JACOBIAN 

Use of the Convolution routine requires that the RUK Integration routine 
be specified. 

2.2.7.4    Minimum Step Size 

Any transient run will automatically terminate whenever a time step 
size is required that is smaller than the minimum step size.     If this quan- 
tity is not supplied,  the program will automatically compute a minimum limit. 
For explicit integration,  this minimum limit is equal to 1 x 10~5 times the 
problem duration (STOP TIME).    For implicit integration,  the multiplying 
factor is 1 x 10"^.    If a specific minimum step size independent of the 
problem duration is desired,  the format is; 

(* 
[MINIMUM STEP SIZE    =    number 

For example if,  in a run using explicit Integration, 

t- STOP TIME = 5000 

is specified, the minimum size would automatically be 0.05. To change this 
to 0.01, use 
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(* MINIMUM STEP SIZE - 0.01 

2.2.7.5 Maximum Step Size 

This quantity sets an upper limit to the time solution Increment 
that can be used to prevent a complete transient solution composed of few 
solution points.  If this quantity Is not supplied, the program will auto- 
matically compute a maximum limit equal to 2 x ID"2 times the problem dura- 
tion (STOP TIME) .  If a specific maximum step size independent of the problem 
duration in  desired, the format is: 

f5 MAXIMUM STEP SIZE    =    number 

2.2.7.6    Starting Step Size 

This quantity will be the size of the first time solution increment 
that is taken.    Subsequent Increments are automatically chosen by the inte- 
gration routine.    If this quantity is not supplied,  the program will auto- 
matically compute a starting step equal to 1 x 10-3 for explicit, 1 x 10"° 
for implicit, times the problem duration  (STOP TIME).     If a specific starting 
step size Independent of the problem duration is desired,  the format is: 

(* 
rSTARTING STEP  SIZE    =    number 

2.2.7.7    Error Criteria 

Unless otherwise specified, any of the three explicit integration 
routines will operate with preset relative error criteria.      If It  Is de- 
sired to modify these criteria,  the proper formats would be». 

P MINIMUM ABSOLUTE ERROR    =    number 

rfiÄx IMUM ABSOLUTE ERROR = number 

MINIMUM RELATIVE ERROR = number ,« 

t MAXIMUM RELATIVE ERROR    »    number 

The only error criterion that pertains to Implicit Integration is Minimum 
Absolute Error.    The SCEPTRE integration routines are described In detail in 
Volume II. 

2.2.7.8    Mode of Analysis 

SCEPTRE can compute DC, AC, or transient solutions only, or certain 
combinations of these.    The combinations are DC with AC and DC with transi- 
ent.    Runs combining AC with transient cannot be made.     The default mode of 
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analysis is the transient run; that Js, unless otherwise specified by the 
user, only the transient solution will be computed. The transient solution 
can be run with or without convolution (see Appendix F). 

SCEPTRE offers five DC solution modes; Initial Conditions, Sensitivity, 
Monte Carlo, Worst-Case and Optimization. Any of the five may be used alone, 
or as a source of initial conditions data for a Transient or AC run. Alter- 
natively, the user may supply initial conditions data himself as entries 
to a Transient or AC run without the help of the DC options. One of the DC 
options, called Initial Conditions, takes part in all DC solutions. It may 
be called separately, and if any other DC option is called, that option uses 
two or more passes of the Initial Conditions calculation to produce its re- 
sults. The Initial Conditions solution (and thus the other DC options) may 
use either the Newton-Raphson or implicit method. Table V shows the entries, 
under RUN CONTROLS, used for each mode of analysis. 

If it is desired to run only DC solutions, the proper entry is: 

f [RUN INITIAL CONDITIONS ONLY 

plus the selected DC option,   for which the entries are: 

f RUN SENSITIVITY 
and/or 

IRUN MONTE CARLO 

and/or 

and/or 

,« UN WORST CASE 

[RUN OPTIMIZATION 

(See subsection 2.2.7.13 for more detailed discussion of the Sensitivity, 
Monte Carlo, Worst-Case and Optimization Run Controls.) 

Any one or more of the above five entries will cause Initial Conditions 
to be found by the Newton-Raphson method.  If it is desired that the DC solu- 
tions be run using the Implicit technique, include the extra er.try 

[RUN IC VIA IMPLICIT 

('.•e Appendix A ^v: t rii.'jr.MS.^un of vh«.-. Implicit matii-ni n'i   -.ox^Kivs;   [rdr'.al 

Ci'idi:inr".. ; 
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TABLE V.  RUN CONTROLS FOR SPECIFYING MODE OF ANALYSIS 

Mode of 
Analysis 
Desired 

RUN  CONTROL 
Required 

Notes RUN CONTROL 
Optional 

Notes 

DC 
Solu- 
tions 
Only 

1 

2 

pUJN INITIAL CONDITIONS ONLY TRUN IC VIA IMPLICIT" 

j^RUN  SENSITIVITY 

f'RUN MONTE  CARLO         ' 

pUJN WORST CASE           ' 
> 

(RUN OPTIMIZATION      ' 1                                              J 

DC Plus 
Tran- 
sient 

2 

1 
ftUTN  INITIAL  CONDITIONS 
or one or more of  the 
following 

CHUN  SENSITIVITY 

i 

pUJN  IC  VIA  IMPLICIT 

fRUN MONTE CARLO 

fRUN WORST CASE                 * 

['RUN OPTIMIZATION             J 

DC 
Plus 
AC 

same as  above plus 1 ['RUN  IC  VIA  IMPLICIT      ' 

fRUN AC                                            1 

I'rans- 
sient 
Only 

3 ("STOP TIME = number 

AC Only pRUN AC 

Trans- 
ient 
Plus   AC 

This  combination  is   not 
pc.-,sible 

Notes: 1) The entry RUN IC VIA IMFLI'ILT will cause all requested DC solutions tt 
use Lhe implicit methods.  Tf rhis card Is aot entered, all requested DC 
solutions will be by the Newton-Raphson method. 

2) DC solutions are accomplished in the order shown in this table.  See text 
3) Transient only is the default mode of analysis 
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The user should note that the method he chooses, either Newton-Raphson or 
Implicit, for finding Initial Conditions will be used In all DC solutions he 
requests on the same run. Thus, the choice of the method for a particular 
problem can have a sizeable effect on running time when several DC calculations 
are Involved. The user should thus exercise care in the selection of the 

Initial Conditions method. 

The user should also note that the DC runs are performed In the order 

Sensitivity, Monte Carlo, Worst-Case and Optimization, regardless of the order 
in which the cards are entered. Thus, if the user desires to use the results 
of any particular DC computation as Initial conditions for the transient or 
AC solution to follow, he must not request any of the DC options which appear 
after it in the above-mentioned order. For Instance, if the user wishes to 
use the results of a Monte Carlo solution as initial conditions for a transi- 
ent (or AC) solution, he must not enter a RUN WORST CASE or RUN OPTIMIZATION 
card, or these DC solutions will remove the Monte Carlo data from the voltages, 
currents, and defined parameter tables. 

If the entry 

r RUN INITIAL CONDITIONS ONLY 
is omitted, a transient solution will follow the DC solutions. If the user 
desires an AC analysis, with or without a DC analysis, the entry is; 

r UN AC 
plus entries for any DC analyses desired. 

Under normal computational circumstances, the initial conditions for any 
rerun are either inserted by the user or computed by the DC portion of the 
program (see subsections 2.4.1.4 and 2.4.2.3). There may be situations, how- 
ever, in which it is desirable to have the results of master runs, either AC, 
DC or transient, used as the starting values for one or more associated re- 
runs. 

If it is intended that all associated reruns use the final values of the 
master run as initial conditions, the appropriate entry under RUN CONTROLS is! 

f1 'IC FOR RERUNS « MASTER RESULTS    ~ "'  ~ r 

If it is intended that each rerun use the final result of the preceding 
rerun in the sequence, the entry is: 

f IC FOR RERUNS = PRECEDING RESULTS 

(See Appendix A for additional Information.) 

2,2.7.9 Convergence of the Newton-Raphson Routine 

The Newton-Raphson iteration method should produce convergence and, 
hence, d-c solutions in less than 30 passes for most networks. If convergence 
is slow or does not occur, some realistic limit should be placed on the number 
of passes that are made. Unless otherwise specified, a limit of 100 passes 
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is built into SCEPTRE. To change this limit, the proper entry is; 

j'fii ^EWTON-RAPHSON PASS LIMIT    =    number 

Convergence is considered to have occurred if 

|Y(n)   - Y(n-l)l< A * JYfr) 1 + B, 

where Y refers to the vector of initial condition state variables, n is the 
number of completed passes, A is the relative criterion, and B is the absolute 
criterion.    The values A    =    0.001,  B    =    0.0001 are built into SCEPTRE.    The 
user probably will not want to change these values, but  if either quantity is 
to be changed,  the proper entries are: 

RELATIVE CONVERGENCE    =    number 

ABSOLUTE CONVERGENCE    =    number 

2.2.7.10    Output Control 

Some transient  runs may require thousands of  solution points,and it 
is usually unnecessary to have every solution printed out.    SCEPTRE is pro- 
cessed  to output  a maximum of 1000  spaced points regardless of the number 
of steps  taken.     The maximum number of printed output  points may be changed 
for any particular run by entering; 

j'fiÄX IMUM PRINT POINTS = number 

An additional means exists by which the number of solution points may be 
precisely controlled and chosen more .selectively. The user supplies the de- 
sired time interval and only those solution points that fall on or immediately 
after integer multiples of the specified interval will be printed in this 
series. The required entry is; 

_________ _ number    — r 

This printed series will appear in addition to the normal printed output 
format. If only this printed series is desired, the normal printed output 
format may be suppressed by the entry: 

^MAXIMUM PRINT POINTS =    5  ~~*""~   ^"  " ' 

(For additional discussion of print interval, see Appendix B.) 

A discussion of the PLOT INTERVAL run control, used to control the length 
of composite plots may be found in subsection 2.2.4.3. 
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2.2.7.11 Automatic Termination of Transient Runs 

The user may often desire to monitor certain voltages or currents 
in a network to determine their relation with some predetermined quantity. 
If the relations are satisfied, there may be no further interest in continuing 
the run. The run can be terminated at that point by the entry; 

C' TERMINATE IF (XXXXXX relational operation XXXXXX) 
The X quantities refer to any variable or constant. The user frequently sup- 
plies some element voltage or current for this purpose. The following rela- 
tional operators may be used: 

.LE. (less than or equal to) 

.LT. (less than) 

.GT. (greater than) 

.GE. (greater than or equal to) 

.EQ. (equal to) 

.NE, (not equal to) 

NOTE: Decimal points are required before and after an operator. 

A typical entry would be.' 

? TERMINATE IF   (VCC   . GT.   0.) 

which would automatically  terminate that particular run whenever the voltage 
across capacitor CC became positive. 

The  termination feature may be extended  to cover AND/OR logical  situations 
by  using the logical operators   .AND.  and   .OR..     A legal entry could be: 

r ^TERMINATE IF   ((VCC   .  GT.   0   .)      .OR.   (IL17   .GE.   1   .)) 

This would terminate the run if  the voltage across capacitor CC became posi- 
tive or the current through inductor L17 exceeded  7  units of current.     The 
other logical possibility would be simply 

r TERMINATE IF ((VCC . GT . 0 .) .AND. (IL17 . GE . 7 ,)) 

All automatic Termination conditions must apply to ail reruns that arc asso- 
ciated with a given master run (see Section 2.4.1.6).  One variation Is av i i1- 
able. If it is desired that all remaining reruns be cancelled if a termina- 
tion condition is met, the word ^TOP is used instead of TERMINATE. Then a 
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typical entry would be: 

fST STOP IF (VCC .GT. 0.) 

2.2.7.12 Computer Save Internal 

Particularly long computer runs should be protected against complete 
loss arising from improper termination caused by electrical malfunction, 
operator error, etc. This is done by periodically recording the status of 
the run on tape such that it can always be continued from the last saved 
point if improper termination does occur. A 15-minute save interval is pre- 
set in the program which ensures that no more than 15 minutes of computer 
solution time can ever be lost in this way. The user may change the save 
interval to any number of minutes of computer solution time by the entry? 

r COMPUTER SAVE INTERNAL = number 

2.2.7.13 Run Controls for DC Options 

This paragraph describes the Run Controls for the four special DC 
options, Sensitivity, Monte Carlo, Worst-Case and Optimization.  See sub- 
section 2.2.7.8 for a discussion of the use of these options in combination 
with each other, with the normal Initial Conditions calculations, and with 
the Transient and AC calculations. 

In addition to the Run Controls discussed below, use of the DC options 
requires entries under the corresponding CIRCUIT DESCRIPTION subheadings 
(SENSITIVITY, MONTE CARLO, WORST-CASE or OPTIMIZATION) listing the dependent 
and independent variables to be used in the calculations.  (See subsection 
2.2.8.) Use of Monte Carlo, Worst-Case and Optimization also requires bounds 
on entries under ELEMENTS and DEFINED PARAMETERS.  (See subsections 2.2.2.3 
and 2.2.3.2.) 

Sensitivity calculation requests are made by the entry: 

r RUN  SENSITIVITY 

There are no additional Run Controls for Sensitivity 

The Monte Carlo calculation is  initiated by use of either: 

f RUN MONTE CARLO = number 

or 

' SiW MONTE  CARLO 
I 

The macH'r specified   Lo  the. count of Monte Carlo  iterations to be performed, 
L)"   inh   ■.-Mit   j..  un« pec.if led,   it  is assumed  to be 10. 
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The distribution to be used for random variables in a Monte Carlo run is 
selected by use of one of the controls: 

r5 
DISTRIBUTION - GAUSSIAN 

or 

piSTRIBUTION = UNIFORM 

If neither is specified, the Gaussian distribution is used. The initial ran- 
dom number is specified by use of the control: 

r INITIAL RANDOM NUMBER =■ number 

The number used should be a nine-digit positive odd integer. If no initial 
number is specified, a suitable number is provided by SCEPTRE. If it is im- 
portant to have all reruns start with the same random number, Che statement; 

r INITIAL RANDOM NUMBER *    DEFAULT 

may be used. If this entry is not used, SCEPTRE will select a different 
initial random number for each rerun. 

Optional printed information from each Monte Carlo iteration is obtained 
by inclusion of the statement; 

f1 'LIST MONTE CARLO DETAILS ^ 

The Worst-Case calculations will be executed if one of the Run Controls: 

RUN WORST CASE » LOW 

RUN WORST CASE = NOMINAL 

RUN WORST CASE = HIGH 

is provided. The word following the equal sign determines the set of values 
to be left in the elements, voltages, currents and defined parameter tables 
at the conclusion of the Worst-Case calculation, for use as initial conditions 
in a subsequent transient calculation. LOW and HIGH refer, respectively, to 
those table values which produce the smallest and largest value of the last 
objective function requested in the list entered under the WORST CASE sub- 
heading of CIRCUIT DESCRIPTION (see  subsection 2.2.8). 
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If the control: 

(' 
RUN WORST CASE 

is used, the nominal values are restored to the tables at the conclusion of 
the Worst-Case calculation. 

The Optimization process will be run if the Run Control 

f RUN OPTIMIZATION    -    integer 

appears,  and if the appropriate entries are made under the OPTIMIZATION sub- 
heading (see subsection 2.2.8).    The integer which appears after the equal 
sign indicates the maximum number of optimization iterations which will be 
allowed for any objective function.    If the number is omitted, thirty itera- 
tions will be allowed. 

Since Optimization can be a time-consuming process and may,  in fact,  fail 
if the network has pathological behavior, additional Run Controls have been 
provided to assist the user.    If the card 

t LIST OPTIMIZATION DETAILS 
is used, auxiliary intermediate results will be provided to the user.  If he 
supplies the Run Control 

fPUNCH OPTIMIZATION RESULTS        "   ""  ""      ' 

the most recently updated values of the approximate inverse Hessian matrix 
(see Volume II, subsection 2.4.5), of the gradient vector and of other 
parameters will be punched out. Thus, if the user wishes to limit the number 
of Optimization iterations until he examines the progress of the process, he 
can save the intermediate results for use in reinitializing at a later run. 
To be utilized, these punched values, must be provided as data cards in the 
SCEPTRE deck (see Section VII), and the card format 

r INITIAL H MATRIX FACTOR = 0 

must be included among the Run Controls 

If this Run Control is used with a non-zero number, no attempt will be 
made to read previously punched values. Instead, the number will be used 
to scale the Initial approximation to the inverse Hessian. Careful use of any 
pre-knowledge about the scale of the inverse matrix can improve optimization 
performance.  If this Run Control is not entered, the initial approximation 
is the unit matrix. 
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The tolerance within which the value of objective function should be 
located is provided by the Run Control 

^OPTIMIZATION CRITERION = number ' 

If this card does not appear, the iteration will stop whenever the estimated 
improvement will be less than 10~7. Note that in the presence of a broad, 
shallow minimum, the objective function will be relatively insensitive to 
the values of the independent variables. In this case, even a small objec-
tive function tolerance will permit the program a wide latitude in its 
choice of final values of the independent variables. 

Under some conditions, particularly with a shallow minimum as described 
above, the algorithm may not locate a true minimum because the error criterion 
permits it to stop at a "neighboring" point in the space of the independent 
variables. To protect against this possibility, two additional Run Controls 
have been implemented. If the Run Control 

^OPTIMIZATION RANDOM STEPS = integer ' 

appears, displacements in random directions from the assumed minimum will be 
made the indicated number of times, and the function re-minimized each time. 
The smallest value resulting from the random motion and re-optimization should 
be accepted as the true minimum. If the Run Control 

RANDOM STEP SIZE CONTROL = number 1 

is used, the independent variable steps an amount estimated to increase the 
value of the function by 0.5*(number)**2 above its minimum at each random 
displacement. If this Run Control is not used, the value 0.2 is used. 

The formulation of the Davidon method requires that the objective func-
tion minimum value be positive. Since this is not always the case, provision 
has been made within SCEPTRE to effectively maintain the objective function 
positive by addition of a suitable positive number. However, if the user 
has some estimate ofvthe true minimum value, he may enter his own reference 
value and thereby imp^ve the performance of the optimization. The correct 
form of this Run Control, is : 

^MINIMUM FUNCTION ESTIMATE = number 

Note, however, that the value enured will apply to all objective functions 
specified under the OPTIMIZATION sS^heading. 

• V l;' |, • XT 
. JI r ' • 

2.2.7.14 Convolution Run Controls 

The insert >'• 
(•-fee Table II) ca\» 

of (.iic or more C'f 
KPTC.5.: to requ i r 

»'.• I*'"• Mr Ca 
..-nv M.' ) 
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transient run. Four Run Controls are used to regulate the Convolution option. 
These Run Controls are in addition to those described above for the transient 
run proper. Of the four Convolution Run Controls, two regulate the run and 
define the storage required, and two are associated with the optional COMPAC 
routine, which provides in-process smoothing of the calculated results, with 
attendant saving of storage space. 

The first two Run Controls allocate internal core storage for the two 
functions associated with the Convolution process. These Run Controls are: 

^IMPULSE RESPONSE BUFFER = number * 

and 

|INPUT FUNCTION BUFFER = number 

where number, in the first instance, is the average number of storage points 
required per impulse response function and, in the second, is the number of 
points required to store each corresponding kernel's input function. (The 
input functions are SCEPTRE-generated, and an equal number of storage spaces 
must be set aside for each.) If the allocated storage space is exceeded, 
the run will terminate. 

The other two Convolution Run Controls are optional. They call and 
control the internal compression routine. Without COMPAC, the user must 
anticipate the number of steps the program might take,and then allocate 
enough storage space via the INPUT FUNCTION BUFFER mechanism. This approach 
obviously makes increasing demands on storage as either the number of convo-
lution kernels or the number of desired integration steps increases. The 
COMPAC routine reduces the total core storage required by Convolution, by 
compressing the SCEPTRE-generated data tables that are convolved internally 
with the impulse response functions. The first of the Run Controls which in-
voke and regulate this compression routine is: 

|CUMftiLS^lON COUNT = i n t e g e r ' 

where integer, which must be no greater than that set in by INPUT FUNCTION 
BUFFER, is i-ed to indicate the number of successful integration steps taken 
between successive, calls to COMPAC. The second entry is used in the internal 
decision-oak lug process to determine it intermediate points need to be re-
tained. Thi ° otht'r COMPAC control is: 

I^O fPRL'JoION CRITERION - con-'t 

* Use of Coiwo i-j t j u cequLtf. *5 t h a t t h o R'JK L o t e y •»>. a ..••utx,»- e>: . jp '-nu <• 
RUK i •; "<o'j vhe tef lul r. i .n t n g 'a t i f> f i rv«.'.e. (.<?«•#• '••lr-v-r.' '.OP < *?. 7 . " O 
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where constant *100 indicates the maximum percentage area which may be lost 
due to omitting the middle point of any three consecutive data points.    For 
one pass through the algorithm,   this is also the maximum total percentage 
area lost due to leaving out all possible middle points.    However,  the 
routine is repeatedly cycled through until no more points can be removed. 
For each additional pass this COMPRESSION CRITERION is automatically tightened 
by a factor of four. 

Because of this tightening and repetition process,  the maximum possible 
percentage loss, over a series of compressions can exceed the value set  in by 
the COMPRESSION CRITERION entry.    For normal criteria  (up to  .05), however, 
the maximum total loss on all passes could not exceed the criterion by more 
that 25 percent  (or from  .05 to   .0625,  for example). 

2.2.7.15    Run Controls for AC Analysis 

AC Analysis  is called by use of the Run Control 

^ RUN AC 

Frequencies at which the analysis is to be carried out are specified in 
one of two ways. If the response at a single frequency is desired, the 
single entry under RUN CONTROLS 

[^FREQUENCY - number 

is used. Number, in the above entry, is the desired single frequency. If, 
however, the response is desired over a range of frequencies, the following 
sequence of three entries is used: 

r INITIAL FREQUENCE = number 

(^FINAL FREQUENCY = number ——  ~    , 

where number in each case denotes a frequency, and 

^NUMBER FREQUENCY STEPS = number       ~       ~~  ' 

Where number is the number of intervals desired (one less than the number of 
calculations to be made). This entry may be omitted. The default value is 
ten (eleven calculations). 

If linear frequency spacing is desired, the control 

j^TYPE FREQUENCY RUN = LINEAR ~ ~~     ' 

may be used. If logarithmic spacing is to be used, the proper control is: 
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r TYPE FREQUENCY RUN    -    LOG 

If neither of these two entries is supplied,  the default value is linear. 

If circuit ELEMENTS  (other than source values)  are not varied in reruns, 
computation time for the eigensolution portion of the analysis can be saved 
by inclusion of the Run Control : 

f1 USE FIXED AC MATRIX IN RERUNS 

2.2.7.16 Additional Run Controls 

There are seventeen additional Run Controls in SCEPTRE which are not 
described in subsection 2.2.7. These Run Controls either have semi-diagnostic 
roles or are best explained within the detailed discussion of functions they 
control. Table VI lists these Run Controls and the paragraphs which describe 
them. 

2.2.8 DC OPTIONS 

Subheadings under the CIRCUIT DESCRIPTION heading are provided for the 
user to identify the variables he wishes treated in the Sensitivity, Monte 
Carlo, Worst-Case and Optimization calculations.    The input data consists of 
the appropriate subheading : 

r 

r 

SENSITIVITY 

MONTE CARLO 

WORST-CASE 

or 

r OPTIMIZATION 

followed by the appropriate parameters.    Each set of parameters is enclosed 
in parentheses.    The objective functions or dependent variables are listed 
first, followed by a slash and rhe list of independent variables.    Individual 
variables in the list are separated by commas.    Each set must name at least 
one dependent variable and at least one independent variable.*    The form is: 

(dependent variable  list  /  independent variable  list) 

For Monte Carlo,  Worst-Case and Optimization calculations,  the independent 
variables named here must be specified, with bounds,  under the ELEMENTS 
sub-headings of CIRCUIT DESCRIPTION  (see subsection 2.2.2.3). 
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TABLE VI.  ADDITIONAL RUN CONTROLS 

Run Control See Subsection Remarks 

PRINT A MATRIX 2.8.5 AC Diagnostic 

PRINT EIGENVALUES 2.8.5 AC Diagnostic 

PRINT EIGENVECTORS 2.8.5 AC Diagnostic 

LIST NODE MAP 2.8.4 Network Diagnostic 

X PLOT DIMENSION   

Y PLOT DIMENSION   

SOLUTION TIME LIMIT   

NO ELEMENT SORT 2.8.2 

PRINT B MATRIX 2.8.3 

PUNCH PROGRAM   

FUL1ST   

PUNCH BINARY CARDS   

WRITE SIMUL8 DATA 2.8 

VECTOR EQUATIONS   

WRITE DEBUG 7.9 Prints 1 r.i crnn] Proy, 
Data 

rnin 

EXECUTE SETUP PHASE ONLY   

PLOT INTERVAL 1.1. u Used .•■■ t'. ''■ . :pos LU 
Omisr,; '  •«-? ul ts in 
■ :i: .. ■ ' ' i    J '  ■ ,(_■ , ,-,n..  - 

Plots. 

Plof:^ 
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Allowable dependent variables are listed in table VII.      Allowable independent 
variables are listed in table VIII.    The Sensitivity, Worst-Case and Optimiza- 
tion solutions use Adjoint Calculations as discussed in Volume II.    Adjoint 
calculations give the partial derivatives of dependent variables with respect 
to a list of independent variables.    There is no specific limit on the total 
number of dependent variables or independent variables.    The limit is on 
sets of variables.    A set  is a list of dependent variables,  together with 
its list of independent variables.    The total number of all sets entered for 
Sensitivity plus Worst-Case plus Optimization must not exceed one hundred. 
Also,  four times the total number of dependent variables plus the total number 
of  independent variables must not exceed four hundred.    The total number of 
Monte Carlo sets must not exceed forty.    Four times the number of Monte Carlo 
dependent variables plus the total number of Monte Carlo independent variables 
must not exceed one hundred. 

An example of valid Sensitivity Input data cards is: 

SENSITIVITY ~ ~   ~"  ~ rl5E 

|^(IL3,  PX/JX,EY) 

j^VRl,  IR1, VCX/P1,E1) 

In  this example the following partial derivatives would be calculated: 

5IL3   ,  3IL3   , ^PX  , SEX  , aVRl  ,  aVRl   ,  3IR1   ,   9IR1   , 
ajx    8EY    8JX   8EY   an     aEi    an    ani 

9vcx , avcx 
a?].      aEi 

An example of Optimization  input data is: 

['OPTIMIZATION-      " — - -       -        , 

f'dRl, P1/R1,P2,E1) ' 

^(VCl/Jl.RZ) ""1 

In this example 

IR1 is optimized with respect to Rl,P2,El 

PI is optimized with respect to R1,P2,E1 

VC1 is optimized with respect to J1,R2 

'n example input for Worst-Case calculation would take a form like those 
abovo utid'ir ' ; 
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TABLE VII.  DEPENDENT VARIABLES IN DC CALCULATIONS 

Name Description (see Table II) 

| vc Voltage across a capacitor 

! IE Current through an independent voltage source 

1 J 
Value of a primary dependent current source 

VJ Voltage across an independent current source 

IL Current through an inductor 

IR Current through a resistor 

VR Voltage across a resistor 

P Defined Parameter* 

| * For a Sensitivity, Optimization, or Worst Case dependent variable 
Pnam e, the differential GPname must also be supplied (see subsection   1 

1   2.2. 3.3). 

TABLE VIII.  INDEPENDENT VARIABLES* IN DC CALCULATIONS 

Name Description  (see Table II) 

E 

J 

P 

Resistor 

Independent Voltage Source 

Independent Current Source 

Defined Parameter* 

* A defined parameter  independent variable can only be the  factor in a 
secondary dependent current  source definition,  e.g.,  J0=Pname*J9. 
See subsection 2.2.3.2  for  the  format of defined parameters with 
bounds. 
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2.2.9  PROGRAM LIMITS 

The standard core memory capacity available on the IBM 7090/9A data 
processing system is 32,000 words, which imposes certain program limits on 
the capacity of the SCEPTRE program. Two factors that establish these 
limitations are program storage and data storage. 

The program storage requirements have priority over data storage and 
must be satisfied first. The entire SCEPTRE program would require approxi- 
mately 64,000 words of core storage, but this capacity is not necessary if 
the overlay feature of the IBSYS monitor system is used. This feature breaks 
up the program into several segments called "links" which are executed 
sequentially. Each segment overlays or occupies the portion of core storage 
used by the preceding segment.  Therefore, the amount of program storage 
required is equal to the largest program segment. 

The storage capacity that remaiis after the program storage requirements 
are satisfied is available for data.  In the SCEPTRE program, there are about 
10,000 words of storage available for this purpose. Within this area, the 
program data are limited by FORTRAN dimension statements which allocate 
specific amounts of storage.  Although these limits are usually considered 
fixed, they can be changed somewhat by a programmer.  However, increasing 
limits in this manner usually is accomplished by decreasing one or more of 
the other program data limits.  Also, any change which affects the total 
amount of data storage will necessitate a change to the program storage, and 
therefore, the program. 

The main storage capacity on the IBM System/360 Dct.i Processing System 
is facility dependent.  It is recommended that the user consult with a system 
programmer concerning the main storage available for problem programs. The 
disseminated version of the System/360 SCEPTRE is set up for OS/MVT operation 
and requires a 22Ak byte region.  The program data limits remain unchanged. 

Table IX  gives the program data limits which have been established in 
the program as it is distributed.  These limits are considered adequate for 
most normal circuit analysis work. Approximate limits are also given for 
the number of TABLE and EQUATION functions. 

If only one-half of an input card is used to write the equation specifi- 
cation, 160 equation functions could be used. Conversely, if each equation 
specification took two full data cards, only A0 equations would be allowed. 
Defining table functions involves a similar process, which considers the 
number of x-y coordinates and the number of tables.  Forty tables, each con- 
taining 20 point pairs, or eight tables each containing 100 point pairs would 
be allowed. 

The limits shown in table IX are checked by SCEPTRE as the data is read 
into storage.  If any limits are exceeded a message stating the limit is 
produced, and the computer run terminated. 

(7090/94 
Only) 

- 55 



TABLE  IX.     PROGRAM  DATA LIMITS 

Description of data* Maximum number 

Heading Cards 11 

Elements 300 

Nodes 301 

Source Derivatives 50 

Defined Parameters, P 100 

Defined Parameters, W 50 

Defined Parameter Differential Equations 100 

Mutual Inductances 50 

Arguments in Equation Value Specification 50 

Model Table Changes 15 

Model Equation Changes 15 

Model Output Suppressions 10 

Output Requests 100 

Supplied Initial Conditions 100 

Equation Functions (1 equation per card) 80 (approximately) 

Cards per Equation Function 20 

Table Functions 80 (approximately) 

Optional Termination Conditions 10 

Models on Library Tape (Combined) 250 

Characters in Model Name 18 

Mo-!' I Terminals (External Nodes) 25 

Model Internal Nodes 301 

Linearly Dependent AC Sources plus 

Secondary Dependent AC Current Sources 
50 

Independent AC Voltage and Current Sources 50 

Maximum Convolution Kernels 50 

*     See also  subsection 2.2.8. 
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The alphanumeric character limits are listed in table X.  The circuit 
designation used for models is always appended to any names used in a model 
description and the combined total characters must not exceed the circuit 
description limits. For example, element CB in a model designated as T15 in 
the circuit description becomes CBT15. 

TABLE X.  MAXIMUM ALPHANUMERIC CHARACTER LENGTHS ALLOWED 

1        Item 
Circuit description 
maximum number 

Model description 
maximuvn number 1 

Nodes Names 6 3 

ET-ment Names 5 2 

{ Oefmed Parameter Names 6 3       { 

| Table Names 5 
2       1 

Equation Names 5 2       | 

Model Names 18 18       1 
Output Labels 6 

3       1 
j Circuit Designation (for 

31 calling models) 

Note: 
1.  Recommended 

2.2.10  VECTORIZED NOTATION 

When large networks are encountered, SCEPTRE automatically reverts 
to an internal renaming feature (VECTORIZED NOTATION) which effectively 
enlarges the capacity of the FORTRAN Compiler.  "Large" networks, in 
this case, refer to those containing 70 or more elements if a DC solution 
is requested, or 100 or more elements if only a transient solution is to 
be made.  This feature will not affect the user operationally as long 
as the input formats given in this manual are followed.  It will, however, 
cause SIMUL8 to be written in terms of the renamed quantities.  A complete 
listing of all circuit Elements and Defined Parameters along with their 
corresponding Internal names will be provided for every run in which 
renaming occurs. 
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2.3 STORED MODEL FEATURE 

All active devices must be represented In SCEPTRE by combinations of 
R, L, C, M, 2,  and J. Most users will find that repeated use is made of 
certain models of active devices or of standard combinations of passive ele- 
ments, such as filter sections, biasing networks, etc. These situations can 
always be handled by inserting the components one by one in a CIRCUIT DE- 
SCRIPTION under ELEMENTS. A more convenient approach is to describe the 
model or network once and store it for future use. The stored model feat ire 
is not "free"; its use requires extra tape manipulation, and hence, more 
computer time.  However, the time saved in circuit preparation and the addcH 
flexibility will compensate for the extra time. 

The stored model feature of SCEPTRE is especially flexible since the 
user stores whatever models meet his specific needs. A model may be stored 
permanently or temporatily.  If it is stored permanently, the model may be 
called out for insertion in a main network as often as desired per run and 
for any number of runs. The user might desire to reserve this type of stor- 
age for proven models that will see reasonably frequent service.  Temporary 
storage, on the other hand, stores a model for one run only (plus whatever 
reruns may be made during that run).  This type of storage will probably 
prove most useful for experimental models or for models that are seldom used. 

All stored models are transferred from storage to the main circuit 
where they are used by reference to their external nodes or terminals.  The 
user must ensure that corresponding nodes in both the main circuit and the 
stored model match in sequence.  Internal nodes of any stored model are of 
no particular significance and will be briefly nentioned later. 

The stored model feature is best illustrated by an example. Assume that 
the stored transistor model in figure 8b is to be inserted into the main cir- 
cuit in figure 8a.  The stored model contains terminal nodes 1, 2, and 3 
(which correspond to the base, emitter, and collector nodes of the transistor) 
and internal nodes 7 and 12.  The main circuit may also contain nodes 1, 2, 
3, 7, or 12 without danger of ambiguity.  Assuming that the model was orig- 
inally stored with the node sequence 1, 2, and 3, the user could enter the 
following under ELEMENTS of the main program: 

r Tl, 14-21-23 = MODEL X476900 (PERM) 
This will match nodes 14, 21, and 23 of the main circuit with nodes 1, 2, 
and 3 of the stored model. The circuit designation of the stored model is 
Tl and the name of this particular stored model is X476900. The stored 
model is transferred from the tape into the main circuit and nodes 1, 2, and 
3 of the model become nodes 14, 21, and 23 of the main circuit.  Internal 
nodes 7 and 12 become 7 Tl and 12 Tl in the main circuit, because all internal 
nodes of stored models have appended to them the circuit designation of that 
model.  Since no node name may contain more than six alphanumeric characters 
the user should use as few characters as possible for the circuit designation 
names and internal nodes of any stored model. 
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Figure  8.    Example of the Stored Model Feature of SCEPTRE 

2.3.1    TRANSISTOR MODEL INSERTION 

Transistors  deserve special mention because of the frequency with which 
they occur in contemporary network:;.     The remainder of this section given 
the rules by which  the user may ^tore models of  his choice. 

2.3.1.1    Permanent  Storage 

Any three-terminal transistor may be permanently stored on tape using 
the following  format after the MODEL DESCRIPTION  card: 

r5 MODEL name  (PERM)   (B-E-C) 

The name may 
tion is used 
emitter,  and 
name would b 
CONDITIONS, 
heading RUN 
case of  the 
card must be 
cedure  tells 
appropriate 

contain up to 18 alphanumeric characters and the B-E-C combina- 
to  correspond to  the specific nodes  connected  to  the base, 
collector terminals of  the  transistor.     Following the MODEL 

e  subheadings ELEMENTS,   DEFINED PARAMETERS,  OUTPUTS,   INITIAL 
and  FUNCTIONS as specified earlier  in this report.    The sub- 
CONTROLS will never appear in a stored model.     For  the special 
first  model permanently  stored on any individual  tape,   the  first 

MODEL DESCRIPTION   (INITIAL).     The   following example of   the pro- 
how  to permanently store the  transistor of figure 8-at    The 

entries could be as follows: 

['MODEL  DESCRIPTION   (PRINT) 

('MODEL  2N1734B  (PERM)   (B-E-C) 
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______ ..    „_____   _ _ 

l'CE,   B-E -  EQUATION 1   (5.,   80.,  TABLE  1   (VCE)) 

fee,   B-C =  EQUATION 1   (10.,   200.,   TABLE  2(VCC)) 

pi,   B-E =  DIODE TABLE 1      '~~~' ' 

? JA,   E-B =   .1  *  J2 

I^J2,   B-C = DIODE TABLE 2 

l<JB,   e-B =   .98  * Jl 

r OUTPUTS 

p/eE, vec, Jl, PLOT 

r FUNCTIONS 

fDIODE TABLE  L "                                          "     '  ———                                       > 
I 0,0. .3, 0, .65, .05, .7, .6, .72, 1.4, .73, 2, .74, 3.4, .8, 10, .82, 15 

fDIODE TABLE 2   " ™"" """"  -——-————  -  I 
10,0, .58, 0, .62, .4, .64, 1, .66, 2, .67, 3, .69,7, .7, 12 

TEQUATION 1 (A, B, C) = (A+B*C) 

With  the word  PRINT  on  the MODEL DESCRIPTION  card   the program will 
generate  a printed  listing of all models   (including MODEL 2N1734B)   stored 
on the permanent  library  tape.    The word PRINT  is omitted if no listing  is 
desired. 

The  B,   E,   C nomenclature used  to name  the base,   emitter,  and collector 
nodes of  the above  transistor is not mandatory,  but   it  is recommended as  a 
systematic and orderly  procedure for storing transistor models.    The designa- 
tion VCE refers  to  the voltage across  capacitor CE and has no connection with 
the often used designation of collector to emitter voltage. 

After  this  model   is  stored permanently,   it  may  be  called upon as often 
as required.     The user  should use as  few alphanumeric  characters as  possible 
to represent   individual  elements  in stored models  because  the program must 
combine  the element name with the circuit designation  given under ELEMENTS 
(but not with  the model  name).     If  the above  stored model is used in a net- 
work designated Til,   the  program must  refer  to  the  base-emitter capacitance 
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as CET11.     In  this  case,   the maximum number of  five alphanumeric characters 
has been used  for  a given element.     If either  the  circuit designation or  the 
element name  contained more characters,   the  run would be aborted.     This 
consideration  is   independent of  the model name. 

2.3.1.2    Temporaiy Storage 

Each model  intended  for temporary storage must be described element by 
element under MODEL DESCRIPTION in the run  in which  it  is  to be used.     The 
words  INITIAL and PRINT are never used on  the MODEL DESCRIPTION card  for 
temporary storage.     The  rest of the  entry  format  is  the same as  for permanent 
storage except  the word TEMP: 

0 MODEL name (TEMP)(node-node-node) 
or 

r1 
MODEL name (node-node-node) 

If neither TEMP or  PERM is used  the program will automatically assume 
temporary storage. 

After  the model  is  stored,  the  circuit designation format  in  the main 
program for  temporary models differs  slightly  from the  format used  for per- 
manent models.     Where a permanently stored model  is  designated as: 

^Tl,   7-8-9  =  MODEL X47690O   (PERM) 

a temporarily stored model could be designated as " 

r Tl,   7-8-9  = MODEL XA76900 

or 

(Tl,   7-8-9  =  MODEL X476900   (TEMP) 

2.3.2     N TERMINAL MODEL  STORAGE 

The storage of N  terminal models differs  from the storage of  transistor 
models only  in  the number of  terminal nodes   (program limit  25 nodes)   that  are 
specified.     Storage may be effected by an  entry  following the MODEL DESCRIP- 
TION card as t 

r MODEL name (PERM or TEMP) (node-node-... .node) 
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As many internal nodes as desired may be included within the program limit 
of 301 nodes. The remainder of the information will be entered under the 
appropriate subheadings.  Regardless of the number of terminal nodes that 
are supplied, the user must take care that these nodes are referenced in 
the same sequence wiien called by the main program. 

2.3.3 CHANGES TO A STORED MODEL 

The user who frequently makes use of the stored model feature of 
SCEPTRE will often encounter the situation in which the topology of his 
stored model is satisfactory but the size of some of the model elements 
must be changed.  Changes can be effected easily for any individual run, 
but no permanent changes to the stored model are possible.  (The user 
has the option of storing a second model which contains a different version 
of the original).  All changes must be indicated along with the statement 
that locates the stored model in the main circuit.  This will always be 
under the main circuit ELEMENTS subheading. 

2.3.3.1 Changes in ELEMENTS or DEFINED PARAMETERS 

Consider that a stored model has been called out as ; 

r Tl,   7-8-12  =  MODEL  2N1734B 

In this case,  the model will be inserted  into  the main circuit as it was 
originally  stored.     If  a  change  is desired  in one  or more  internal  elements 
or defined parameters  of   the  stored model,   the  proper  entry could be; 

f1 Tl,   7-8-12  = MODEL 2N1734B (CHANGE CC =  50) 

In this case, CC of the original model has been changed to 50 units of capa- 
citance, regardless of its original form or size, All other elements in the 
stored model would  remain as originally  stored. 

Another practical  situation could be reflected  by  the entry) 

fTl,   7-8-12  = MODEL 2N1734B (CHANGE CC  = TABLE 7   (VCCTl),' 

r- JA =   .2 * J2T1,   JE = DIODE TABLE 4) 

In this case, CC of the original stored model has been changed to a tabular 
function which must be represented (TABLE 7) under the FUNCTIONS subheading 
of the main circuit. Also, JA has been changed to a different mathematical 
definition and JE has been changed to another tabular function which must 
appear under FUNCTIONS. The other elements of the stored model will remain 
in their original  forms. 
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As a final example, assume that it is desired to change CC in a stored 
model to a different equation. Then r 

Til, 7-8-12 = MODEL 2N1734B (CHANGE CC " EQUATION 5 (VCCT1, VCX))' 

In this case, CC of the stored model has been changed to a closed form func- 
tion which must be represented by EQUATION 5 under FUNCTIONS of the main 
circuit description.  All elements or element voltages or currents (within a 
model) that are referenced on the right hand side of the changed expression 
or in the main circuit description, must include the model designation as a 
suffix (VCC Tl, J2T1) .  VCX is the voltage across a capacitor,CX, that is 
not in a model, and therefore, uses no suffix. 

2.3.3.2 Changes in OUTPUTS 

The sample stored transistor model of subsection 2.3.1.1 called for the 
output of three quantities (VCE, VCC, Jl).  Normally, any run that uses this 
stored model will produce these three outputs without further instruction 
from the user.  If some other quantity in the stored model is desired as out- 
put, e.g., J2, it must be requested under tht main circuit OUTPUTS subheading, 
e.g., J2T5 if the circuit designation T5 were used to call the model under 
the main circuit ELEMENTS subheading. 

Output requests in the stored model may be inhibited as well.  If any 
quantity is not desired as output for a given run, e.g., Jl, (even though a 
stored request for that quantity exists) that output may be inhibited in the 
statement that locates the stored model in the main circuit. The proper 
format is; 

pTl, 7-8-12 = MODEL 2N1734B (PERM, SUPPRESS Jl) '  ""—' 

If it is desired to suppress more than one output, the format is. 

pTl, 7-8-12 = MODEL 2N173AB (PERM, SUPPRESS Jl, VCE) ~ "^ 

All output associated with a stored model may be inhibited by entering: 

fn, 7-8-12 = MODEL 2N173AB (PERM, SUPPRESS ALL) 

The normal output routine will produce a listing of the entire circuit 
without a detailed printout of any stored models.  The proper language for a 
detailed printout of any stored model is.' 

TTI, 7-8-12 = 2N173AB (PERM, PRINT) 
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2.3.3.3    Changes  In FUNCTIONS 

This subsection describes  the manner in which data listed under FUNCTIONS 
(i.e.,   tables and equations)   in a stored model may be  changed.     A table in 
a stored model may be changed by  the entry; 

r Tl, 7-8-12 = MODEL 2N1741B (PERM, CHANGE TABLE 1 = TABLE 7) 

which replaces TABLE 1 of the stored model with TABLE 7. TABLE 7 must be 
supplied under FUNCTIONS of the main circuit. No correlation is required 
between the number of point pairs contained in the original table and the 
point pairs in the new table. It is never possible to directly change DIODE 
TABLE X = DIODE TABLE Y. The same effect can be achieved by changing the 
element as in subsection 2.3.3.1. 

An equation in a stored model may be changed by the entry ; 

frTT 7-8-12 - MODEL  2N1741B   (PERM,   CHANGE Ql  = Q2) 

which  replaces  the  original  EQUATION 1 of  the  stored model  with  EQUATION  2. 
EQUATION 2 must be supplied  under  FUNCTIONS of  the  main  circuit.     The only 
special  stipulation  is   that   the  same  independent variables   that held  for  the 
original  equation must  also apply  to the new equation.       It  is  never possible 
to directly change an equation  in a stored model  to a table,  or a table in a 
stored model  to an equation,   (CHANGE EQUATION 1  = TABLE  1)   not  allowed. 
However,  an element or a defined parameter in a stored model  can be changed 
to a constant,   table,   or equation   (see subsection 2.3.3.1). 

2.3.3.4    Multiple Changes 

When several  different   types  of changes are desired,   the  change state- 
ments described in 2.3.3.1  through  2.3.3.3 are separated by  commas.    The 
overall change statement  is  enclosed in one set of parentheses.     For example: 

(Tl,   7-8-12  = MODEL  2N1741B  (PERM,   CHANGE CC =  53., 

[CE =   30,   SUPPIESS  ALL,   PRINT) ~      " ~ ' 

2.3.4     INITIAL  CONDITIONS   FOR A  STORED MODEL 

Users should not  store   initirti  conditions with stored models,   since  that 
would make the model  circuit dependent.    To supply a set  of  initial conditions 
for a stored model,   the  user need only supply entries of  the  form: 

I* C2T6 = number 

for a circuit designation of  T6   for  the stored model.     These  entries would be 
made under  the  INITIAL  CONDITIONS subheading of  the main  circuit. 
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2.3.5 MODEL DELETION 

An entire model may be removed from the user's permanent model library 
tape. This can be done with an entry under MODEL DESCRIPTION of the follow- 
ing form: 

[M [MODEL 2N367A   (DELETE) 

2.A    RERUN  FEATURE 

The rerun feature will permit  the user  to  run multiple versions of  a 
master run which differ  from the master  in one  or more ways.     The user need 
supply only the quantities  that have been changed  from the master run.    An 
unlimited number of reruns may be made from a single master run,  but each 
rerun will require approximately as much computer solution  time as did  the 
master.     Each individual  rerun will utilize all  information  from the master 
run except  that which  is  specifically modified  for  that  particular rerun. 
Any intermediate reruns   that may have been made will  have no effect on a 
subsequent  rerun.     Also  see Appendix A,   subsections  A. 2 and A. 3  for special 
uses of  the  rerun  feature. 

2.4.1    GENERAL  USAGE 

As  indicated   in  the   general sequence,   the  RERUN  DESCRIPTION section 
follows  the RUN CONTROLS  section of  the main circuit   description.    The RERUN 
DESCRIPTION card  is  followed by any of  the  five  possible  subheadings  that 
are listed.     The  format  of  the card isJ 

(' RERUN DESCRIPTION (N) 

where N is the number of reruns desired.  The (N) designation may be omitted 
if just one rerun is desired.  The user may not describe the values of more 
than one variable on the same card anywhere in the RERUN DESCRIPTION section. 

2.A.1.1 ELEMENTS Under Rerun 

The subheading ELEMENTS is used if any constant-valued element is to be 
changed for any of the reruns.  If two reruns are desired in which resistor 
Rl Is to assume constant values 9.3 and 9.5, then, under ELEMENTS, 

I'Rl = 9.3, 9.5 ' 

regardless of the constant value Rl had in the master run. 

2.4.1.2 DEFINED PARAMETERS Under Rerun 

This subheading is used if any constant defined parameter is to be 
changed for any of the reruns.  If a defined parameter PX was used as constant 
in the master run, a legal entry for rerun under DEFINED PARAMETERS would bej 
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fPX - 5.1, 

2.4.1.3    Bounds on Elements and Defined Parameters in Reruns 

Any elements or defined parameters which are unchanged under a RERUN 
DESCRIPTION heading will  retain any bounds previously  given   (subsections 
2.2.2.3 and 2.2.3.2).     However,   if  the user specified an element or defined 
parameter value, he may at  the same  time chnnge,  delete or add  bounds  to  the 
element value whether or not bounds had been previously  specified.     For 
example,  under ELEMENTS  for a RERUN DESCRIPTION with  two  reruns  the user 
might  include 

fR3 ^TjT,  9   (8.0,  10.5) 

Here,   the first rerun value of  R3  is 4.6 with no bounds  given,   regardless 
of whether its preceeding value had bounds.    However,   in  the  second rerun 
bounds of 8.0 and 10.5 will be  placed on the nominal value of  9.     The user 
is  cautioned,  however,   that  the  removal of bounds required  for  the DC options 
(subsection 2.2.8)  will  result   in an error. 

2,4.1.4    INITIAL CONDITIONS Under  Rerun 

This subheading is  used  to  rerun any number of  transient  runs  that 
start  at different operating points.     For  two reruns,   a sample  form under 
INITIAL CONDITIONS would be 

|VC1 =  1.5,   3 

fvC2 = 7,   2.5 

flL4 =0,   1.5 

2.4.1.5    FUNCTIONS Under  Rerun 

This  subheading is  used   to  change any part of  a  table   that  describes an 
element or defined parameter of  the original run.     Changes  in equations are 
discussed in subsection  2.4.2.2.     If TABLE 7 was used  to describe an element 
or group of elements  in  the master  run,   it may be modified under  FUNCTIONS 
in  the rerun section as 

(TABLE 7 = 0,  0, 

r 1.   3,   5 
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r 
r 

3. 4. 8 

5, 7, 4.9 

These entries reflect the situation shown in figure 9.  The independent 
variable values of the original table (0, 1| 2, 4) are replaced by 0, 1, 3, 5 
for both reruns. The original corresponding table values (0, 10, 27.1, 47) 
are replaced by 0, 3, 4, 7 for the first rerun and 0, 5, 8, 4.9 for the 
second rerun. 

Master run First run Second rerun 

Independent 
| variable 

Table 
value 

Independent 
variable 

Table 
value 

Independent 
variable 

Table 
value 

0 
1 
2 
4 

0 
10 
27.1 
47 

0 
1 
3 
5 

0 
3 
4 
7 

0 
1 
3 
5 

0 
5 

8 
4.9 

Figure 9. Tables In Rerun 

If both reruns are intended to use tables in which the independent 
variables differ form each other, another procedure must be used.  Instead 
of one RERUN DESCRIPTION card with N = 2, two such cards may be used (each 
represents one rerun).  The sequence of subheadings could appear as 

f' RERUN DESCRIPTION 

JUNCTIONS 

["RERUN DESCRIPTION 

^FUNCTIONS 

Each new table is given separately under one of the FUNCTIONS subheadings. 
The length of any table in a rerun must be equal to its counterpart in the 
master run. 

2.4.1.6    RUN CONTROLS  Under  Rerun 

Any of  the quantities  except Automatic Termination messages  that were 
defined under the RUN CONTROLS of a master run may be  changed in any rerun. 
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The Automatic Termination messages of the master run apply to all reruns. 
If three reruns are to be made in which the problem duration differs for 
each rerun, an appropriate sequence would be 

( 
RUN CONTROLS 

f^ STOP TIME = 500, 600, 700 

The problem durations of the three reruns would be 500, 600, and 700 units 
of time regardless of the duration of the master run. 

2.A.2  LIMITATIONS OF THE RERUN FEATURE 

There are certain features of the master run which cannot be changed 
in any of the corresponding reruns.  These are in the areas of output, 
element form, and operational mode. 

2.4.2.1 Output 

There can be no difference between the quantities that are output in 
the master run and those that are outputs in any of the reruns.  Therefore, 
no OUTPUTS subheading is allowed under RERUN. 

2.4.2.2 Element Form 

No  change  in element   form  is  allowed between  the  master   run and   the 
reruns.     If  an element  originally appears as a constant,   its   rerun version 
must also be a constant.     An element originally appearing as  a  table,  must 
also be a  table  in  the   rerun version.     The  new table would be  defined  under 
FUNCTIONS.     An element  originally appearing as an equation must  also be an 
equation  in  the  rerun.     The  only parts of an equation  that may  be  changed 
are   those   that  are defined  under DEFINED PARAMETERS.     To   illustrate,   consider 
that   the master run had  an  element 

fjE,   1-8  =  DIODE   EQUATION   (PXl,   rX2) 

where PXl   and  PX2  are defined  under DEFINED PARAMETERS.     A legal  rerun would 
be 

r^ RERUN DESCRIPTION 
f DEFINED PARAMETERS 

0 PXl = NUMBER 

f1 PX2 = NUMBER 
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2.4.2.3 Rerun Mode of Analysis 

A master run may consist of the combination of solutions discussed in 
subsection 2.2.7.8. A general rule is that no rerun may contain more than 
its master run did.  If the master run was an AC or transient solution only, 
all associated reruns must be the same.  If the master run was initial con- 
ditions only, all associated reruns must also be initial condition or other 
DC solutions. Thus the Run Control 

r RUN AC 
is illegal on reruns if it was not used on the master run, and will terminate 
the run if used.  If the master run was an initial condition solution plus a 
transient solution, there is some leeway. The user should determine whether 
the changes in the network will affect the initial conditions.  (Usually only 
changes in resistors or batteries will have an effect.)  If it is decided 
that the initial conditions will not change, the initial condition run that 
was made for the master will suffice for all reruns.  In this case, no 
special entry is made for the reruns.  If, however, it is decided that a new 
initial condition run is required for each rerun, the user must request this 
with the entry under RUN CONTROLS under RERUN as 

r RUN INITIAL CONDITIONS 
The single entry will allow for recomputation of initial conditions for all 
reruns in that group. The user may ask for new initial condition solutions 
for each rerun even if the master initial conditions are valid. However, 
this action is wasteful of computer time and should be avoided. 

The following RUN CONTROLS are legal on a rerun only if INITIAL CONDITIONS 
were calculated on the master run, otherwise, the run will terminate. 

f1 RUN  SENSITIVITY 

fiuJN MONTE CARLO 

f 
RUN WORST CASE 

RUN OPTIMIZATION 

RUN INITIAL CONDITIONS 

0 RUN INITIAL CONDITIONS ONLY 
The following RUN CONTROLS are illegal on rerun but will not terminate 

the run.  SCEPTRE will merely ignore them and process whatever other requests 
have been entered under RERUN DESCRIPTION. 
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r5 
NO  ELEMENT  SORT 

f PUNCH PROGRAM 

r FULIST 

r PUNCH BINARY CARDS 

RITE  SIMUL8  DATA 

^VECTOR  EQUATIONS 

A WRITE  DEBUG 

r1 PRINT  B  MATRIX 

<LIST  NODE MA? 

['IC  FOR  RERUNS 

[USE  DIFFERENCED  JACOBIAN 

fUSE  SYMBOLIC  JACOBIAN 

(EXECUTE   SET UP  PHASE ONLY 

fUSE  FIXED AC MATRIX IN  RERUNS 

^IMPULSE  RESPONSE  BUFFER 

flNPUT   FUNCTION  BUFFER 

(7090/9^4 only) 

(7090/94 only) 

The  following RUN CONTROLS are reset by  the program prior  to a rerun. 
Therefore,   if  they were  in  the master  run and  are desired  in  the  rerun,   the 
user must   reenter  them. 

fRUN AC 

f1 RUN  SENSITIVITY 
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fRUN MONTE CARLO 

rfm WORST CASE 

fRM OPTIMIZATION 

['LIST MONTE CARLO  DETAILS 

['LIST  OPTIMIZ/ 1 *•;.' ."^TAILS 

,XPUNCH  OPTIMIZATION  RESULTS 

/: OPTIMIZATION RANDOM STEPS 

.''PRINT A  MATRIX 

A PRINT  EIGENVALUES 

f1 PRINT  EIGENVECTORS 

('MINIMUM   FUNCTION  ESTIMATE 

('INITIAL   RANDOM NUMBER     ~"~     ~ 

If  either of  the   following RUN CONTROLS 

/iC  FOR  RERUNS =   MASTER RESULTS 

or 

j^IC FOR RERUNS = PRECEDING RESULTS    "   ~"~     —'   ' 

has been entered for the master run (see subsection 2.2.7.8), Initial Condi- 
tions for reruns will be taken from the source indicated without another 
request.  In this case, if 

/RUN INITIAL CONDITIONS ' 

(' 
RUN INITIAL CONDITIONS ONLY 

or 
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(Tv RUN  IC  VIA IMPLICIT 

is entered under  RERUN DESCRIPTION,   the run will terminate.    Any of  the other 
DC options may be  requested, however. 

2.4.2.4    Rerun with Stored Models 

Many users will probably apply the rerun option to networks  in which 
stored models appear.     If network changes leading to  rerun occur in the body 
of  the stored model,  a slightly different format  is  required.     To illustrate, 
assume that a model has been stored with the  following card sequence: 

(MODEL DESCRIPTION       ~ 

j^MODEL  XXXX (PERM)   (1-7-8-9) 

ELEMENTS 

Rl,   1-2 r  
j^Cl,   2-3 = TABLE  1   (VC1) 

r^El,   9-1  = 20 "" 

j<Il,   8-7 = EQUATION 1   (VC1,   PI) 

r 
r 

EFINED PARAMETERS 

PI = 2.7 

OUTPUTS 

VR1, VC1, IC1, PLOT 

INITIAL CONDITIONS 

Cl = 10 

FUNCTIONS 

TABLE 1 
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f-S, 1, 0, 2, 1, 5, 2, 10 

fEQUATION 1 (A, B) = (3.*A + B) 

Assume that this stored model is designated as T8 under CIRCUIT DESCRIP- 
TION.  To chanp > the constant element Rl under the rerun option, the entry 
should be Rl.i'B ■- NUMBER. Note that the circuit designation for the model has 
been appended to the element name.  In the same way, changes to PI and TABLE 
1 may be effected by the entries PITS = NUMBER and TABLE 1 T8 = NUMBER  
NUMBER.  All changes must be made under the appropriate subheading.  For re- 
run, changes may be made to EQUATION 1 of the stored model only by changing 
the defined parameter which appears in the equation. Therefore, the user is 
advised to use the DEFINED PARAMETERS section liberally if frequent recourse 
is expected to both stored models and reruns. 

2.5 CONTINUE FEATURE 

The purpose of this feature is to allow the user to continue transient 
runs that have been run previously and have been properly terminated.  With- 
out this feature, the user would be forced to begin the problem again.  This 
would waste comput tion.  Most continue runs will consist only of an extended 
problem duration time, but the user has much more flexibility with the con- 
tinue feature. 

2.5.1 GENERAL USAGE 

This feature is intended primarily to extend the time duration jf tran- 
sient runs.  The only changes permitted under this heading are most of the 
changes allowed under RUN CONTROLS.  No changes are allowed to the network 
under this heading, so the subheadings ELEMENTS, DEFINED PARAMETERS, OUTPUTS, 
INITIAL CONDITIONS, and FUNCTIONS can never appear under CONTINUE. 

The following representative sequence is appropriate for the case where 
an original run is carried to its specified duration and the user subsequently 
wishes to continue the run to a new duration of 2000 units of time. 

C CONTINUE 
TRUN  CONTROLS 

r STOP TIME = 2000 
r5 END 

Other changes that are permissable under continued RUN CONTROLS are those 
described in subsections 2.2.7.1, 2.2.7.3 through 2.2.7.7 and 2.2.7.10. 
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2.5.2 LIMITATIONS ON THE CONTINUE FEATURE 

This feature is intended for transient runs only and has no control over 
DC or AC computations (including Initial Condition computations). When the 
original run contains a number of reruns, the continue option will apply only 
to the last run that was processed, which will usually be the last rerun. 

2.6 RE-OUTPUT FEATURE 

The user may often desire additional copies of output from previous runs 
without the necessity of repeating the runs.  This can be done in SCEPTRE 
through the use of the Re-output feature is the original run has been pre- 
served on tape.  In addition to repeating the original output, the Re-output 
feature permits some degree of modification.  Any quantity that was originally 
outputted in printed form may be obtained in both printed and plotted form by 
the use of this feature. 

If the printed output results of a previous run are desired without 
modification, the appropriate entries are simply 

<RE- OUTPUT 

(7090/94 
Original output requests (without the OUTPUTS subheading)        1   Only) 

( 
END 

If, in addition to the printed results, any of the same outputs are desired 
in plotted form (regardless of how many were plotted in the original run), 
appropriate entries would be 

OUTPUT /RE^ 

(7090/94 
New output requests (without the OUTPUTS subheading) 1  Only) 

r1 END 

Re-output generally does not permit the printed output to exceed that 
which appeared in the original run.  The RE-OUTPUT heading cannot be used 
in the same run with any other heading or subheading except END. 

The RE-OUTPUT feature requires the subheading OUTPUTS which is followed^ 
by a list of the desired outputs as described in subsection 2.2.4. This 
list may contain any or all of the output requests from the original run. 
Any quantity output originally may be obtained in either printed and/or 
plotted form using this feature. For example: 

r RE-OUTPUT 

(S/360 
Only) 
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f OUTPUTS 

fVR1,   VR2 

/VCIO,   PLOT 

r1 END 

(S/360 
Only) 

RE-OUTPUT also permits the subheading RUN CONTROLS, 
may be used under Run Controls.  For example: 

MAXIMUM PRINT POINTS 

r RE-OUTPUT 

/VRl,   VR2 

ACIO,   PLOT 

0 

CS/360 

"    Only) 

RUN  CONTROLS 

^MAXIMUM PRINT  POINTS =  2000 

0 END 

On AC runs it is also possible to obtain a plot via the RE-OUTPUT 
feature if it was not requested on the original run. As is the case for 
other runs, a plot cannot be obtained of an output which was not printed on 
the original run.  In the AC case, this restriction extends to type of plot. 
If the original run requested a print of magnitude and phase in degrees vs 
frequency, a plot vs radians cannot be obtained.  A Nyquist plot can be 
obtained only if a complex printout (with or without a Nyquist plot) had 
been requested on the initial run. 

2.7 SUBPROGRAM CAPABILITY 

This feature is intended for the user with some experience in FORTRAN 
programming and with an occasional need for special computation that Is not 
directly provided by SCEPTRE. Any subprogram may be written according to the 
rules of FORTRAN IV Function Subprograms and retained on tape or cards until 
it is needed. 

As an example of a practical use of this feature, consider the problem 
of creating a periodic train of pulses as shown in figure 10. 
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VO - Initial Voltage 
VI - Peak Voltage 
TO - Pulse Delay 
TR - Total Rise Time 
TD - Peak Duration Time 
TF - Total Fall Time 
TP - Period 
ZO - Number of Complete Pulses 
Z - Internal variable that is independent of the desired waveshape 

Figure 10.  Pulse Train 

A voltage source (e.g., El) may generate a wave of this type. An ap- 
propriate procedure would include under ELEMENTS, 

r El,  none-node =  Fname  (X   X,  TIME) 

where the X quantities  refer  to constants or network variables and Fname 
refers to the chosen subprogram name.    The subprogram name must be unique 
and begin with  the  letter  F.     It may not exceed  six alphanumeric characters. 

With specific  reference  to  figure  10,   the  user could  enter under ELEMENTS, 

i^El,   1-2  =  FGEN   (0.,   5.,   20.,   40.,   100.,   100.,   300.,   2,,  TIME)' 

which references  the  following subprogram: 

/FUNCTION   FGEN   (V0,   VI,   TO,   TR,   TD,   TF,   TP,   ZO,   TIME) 

_______ _ __ _      _     __ 

^     ___________ __________        ________ 

n    (7090/94 
Only) 
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r 3    IF   (TIME.GE.(Z*TP+TO))   GO TO  2 

|^X = TIME-(Z-1.)*TP-T0 

I^IF  (TIME-TO)   4,   4,   5 

(2 Z = Z+l. 

("IF  (Z-ZO-1.)   1,   4,   4 

^4  FGEN  = VO 

(^RETURN 

j^S     IF(X.LE.TR)   GO TO  6 

AF   (X.GT.TR.AND.X.LE.(TR+TD))GO TO  7 

^TF (X.GT.(TR+TD).AND.X.LE.(TR+TD+TF))   GO TO  8 

<IF   (X.GT.(TR+TD+TF))   GO TO 4 

j^6  FGEN =  VO +  X*(Vl-VO)/TR 

f RETURN 

<7   FGEN  =  VI 

[^RETURN 

1^8  FGEN+V1-(X-TR-TD)*(V1-V0)/TF 

Swi TURN 

r^ END 

The value of  El will be   computed  in  the  function subprogram FGEN at  each  time 
step of  the  transient  problem.     The user may change  any of   the parameters 
given in  figure  10  to  create variations in waveshape.     It  is  the users' 
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responsibility to avoid format errors in the body of any included sub- 
program since they will cause the entire run to bi: aborted. 

Subprogram functions on S/360 must be typed double-precision.  In the 
above example, the function FGEN (  ) card would be replaced by: 

pKHIBLF PRECISION FUNCTION FGEN (A,B,...,H)    ~"  ™'—' 

Also, variables such as A,B, .... H in the argument list for subprogram 
functions must be typed double-precision. The appropriate entry may be 

(' 
REAL*8 A,B H 

or 

r5 IMPLICIT REAL*8   (A-H) 

2.7.1     SUBPROGRAM INSERTION 

Once the subprogram cards are  generated,   they are inserted  In the second (7090/94 
half of the SCEPTRE Program Control Deck behind the $IBJOB card PGMC 1970 0 1 ) 
(see  figure 72).     Assuming that  a source deck is  to be submitted,   the proper n y' 
sequence of cards would be 

16 

f$IBJ0B  ~    ALTIO,  NOFLOW 

r$IBFTC       FGEN. FULIST,   DECK      ————     —— 

^FUNCTION  FGEN   (V0,   VI,   TO,  TR,  TD,   TF,   TP,   Z0,   TIME) 

C END 

This feature may be used more efficiently by inserting the subprogram in 
compiled frrm. The compiled deck is simply inserted behind the second 
$IBJOB card, PGMC 1970, as illustrated in figure 74. 

When S/360 subprogram cards are generated, they are inserted in the second    (S/360 
half of the SCEPTRE Program Control Deck behind the card identified as       Only) 
PGMC0310 in figure 81.  If, instead, an object deck is available it is simply 
inserted behind the card identified as PGMC0360. 

This example was intended to build a general wave for input purposes. 
The imaginative user will find other applications in the course of practical 
analysis which cannot be implemented through conventional input. 
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2.7.2     SUBPROGRAM WITH MODELS 

There is no  difficulty  in combining the subprogram  feature with stored 
models.    The models may be  stored  (either permanently or  temporarily) with 
appropriate  reference  to  the user's  subprograms.     To  illustrate: 

['MODEL DESCRIPTION ' 

fMODEL name   (PERM)   (1-6-4-A) '       ——— —     r 

^ELEMENTS    ~                                                                                                         ' 

fll,   1-2  =  FCOR   (IL1,   IL2,   IL3, 25.,   100.) ~        ' 
etc. 

Here the user would ensure that the model includes elements LI, L2 and L3 
because the currents through these elements have been used as arguments in 
the subprogram.  The subprogram itself should be supplied in either source 
or object form as in subsection 2.7.1. 

2.8 ADDITIONAL OUTPUT AND CONTROL 

Some additional output and control is available to the interested user. 
This information will probably not be desired for most runs that are made 
but can be useful in special situations. 

2.8.1 SIMUL8  PROGRAM DATA 

Normally,   the  program outputs  the  results  of  Initial  conditions  computa- 
tions once after  convergence has been achieved  regardless of  the number of 
iterations  required.     However,   all resistor and  primary dependent  current 
source voltages may be output  after each iteration of  the DC program.     In 
addition,  all  the   formatted data that  is used by  the  FORTRAN program  (SIMUL8) 
written by SCEPTRE   is available.    This  information may be obtained by  the 
request WRITE  SIMUL8  DATA  in  the RUN CONTROLS  section. 

2.8.2 NO ELEMENT   SORT 

In the absence of any user direction, the program forms the network 
tree by giving priority to the smaller elements within any passive element 
type.  Variable elements are considered to have zero value for this purpose. 
If the instruction NO ELEMENT SORT is inserted in the RUN CONTROLS section, 
tree priority is given within passive element types according to orders of 
appearance under ELEMENTS.  This instruction of course does not change the 
basic element type preference order of E, C, R and L. 
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2.8.3 MATRIX PRINTOUT,S 

The network B matrix, which gives the topological relation between all 
network links and tree branches, is available in labeled and constructed form.  (7O90/9A 
The required entry is BTFORM = 1 to obtain the matrix for the transient pro-    Only) 
gram.  The corresponding matrix for the DC program is called by BTF0RM=2. 
A card indicating the desired option must be placed immediately after the 
$DATA card that normally precedes MODEL DESCRIPTION or CIRCUIT DESCRIPTION. 

The network B matrix, which gives the topological relation between all 
network link and tree branches, is available in labeled and constructed form.   (S/360 
To obtain the matrix for the transient program and/or DC program, the entry     Only) 
PRINT B MATRIX must be placed in the RUN CONTROLS section of the SCEPTRE 
input data. 

2.8.4 NODAL LISTING 

A printed listing of each network in.de  and the elements incident at the 
node can be generated with any run.  (See Appendix D.)  This listing is re- 
quested by 

f 1ST NODE MAP 
2.8.5 AC MATRIX OUTPUTS 

Three Run Controls are provided to enable the interested user to obtain 
additional outputs relative to an AC analysis. The appropriate card formats 
and an indication of the outputted information ace.  as follows: 

I5 PRINT A MATRIX 
This output depends on the particular case involved.  See Volume II, 

subsection 2.5 for an explanation of the four cases encountered. 

For case (1) independent sources only, the output will be the system 
Matrices A and G. 

For case (2) independent sources and dependent sources, the output will 
be the system Matrices A, G and H. 

For case (3) independent sources requiring time derivatives, the output 
will be the system Matrices A, G, and Q. 

For case (4) independent sources requiring time derivatives and dependent 
sources, the output will be the system Matrices A, G, H and Q. 

f RINT EIGENVALUES 
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This entry will result in a listing of the N complex valued eigenvalues 
obtained in the analysis.  As a check on the correctness of ♦'.he similarity 
transformation, it will also cause a print-out of the results of the calcula- 
tion AS-SA, where S is the complex-valued modal matrix and A is the diagonal 
matrix composed of the complex system eigenvalues.  If the transformation is 
correct, the calculation gives the zero matrix. 

(^ 
PRINT EIGENVECTORS 

This entry will result in a listing of the S matrix and the inverse 
of this matrix, S~l, As a check on the correctiness of the inversion it 
will also provide the results of the calculation S*S-1-I, If the matrix 
inversion is correctly obtained, this calculation gives the zero matrix, 

2,9 ERROR DIAGNOSTICS 

The free form input data format of SCEPTRE is intended to minimize for- 
matting errors. Other types of errors such as those of omission, ambiguity, 
inconsistency, and violation (of syntax, program limits, etc) must be de- 
tected and diagnosed and the user alerted.  For this purpose, the program 
possesses a comprehensive input data diagnostic capability.  A listing of the 
principal error messages in the input processor program are shown in figure 
11. As the input data cards are read-in by the input porcessor, each card 
is printed-out and then scanned for errors.  If an error is found, an error 
message stating the trouble is printed immediately following the detection 
of the error. The severity of errors detected in this manner is also in- 
dicated. There are three levels of severity: 

Level 1:  (warning only) errors of this type are not critical and will 
be repaired by the input processor. The error scan is continued and 
the analysis phase executed providing that errors of a higher level 
are not detected elsewhere in the input data. 

Level 2:  (simulation deleted) errors of this type are critical and 
thus prohibit execution of the analysis phase.  However, the error 
scan is continued in order to detect, diagnose and alert the user of 
any remaining errors in the input data. 

Level 3: (execution terminated) this type of error will not permit the 
proper execution of the input processor and, thence successful con- 
tinuation of either the error scan or execution of the analysis phase. 

Most input data errors fall into level 2 as illustrated by the following 
example of an initial condition specification which should contain an "I" 
prefix designating the initial current through inductor L3: 

INITIAL CONDITIONS 
VC1 = 100 
L3 = 0.01 
*** Error Message 1 - level 2 - simulation deleted - ERROR SCAN CONTINUES 

INITIAL CONDITION LACKS A 'V OR 'l' PREFIX 
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1 INITIAL CONDITION   LACKS  A   'V'   OR   'I'   PREFIX 

2* EQUAL SIGN  MISSING 

3* VARIABLE NAME  EXCEED  CHARACTER  LIMIT 

A REDUNDANT  VOLTAGE  OR  CURRENT  SPECIFICATION 

5 NO VALUE SPECIFICATION   FOLLOWS   EQUALS 

6 INCORRECT  VALUE  SPECIFICATION 

7 MORE THAN 100  INITIAL CONDITIONS HAVE BEEN SPECIFIED 

8 THE MAXIMUM OF  100  DEFINED  PARAMETERS  HAS   BEEN  EXCEEDED 

9 DEFINED PARAMETER LACKS A   'D'   or   'P'   PREFIX 

10 DEFINED PARAMETER  DERIVATIVE CANNOT  BE A CONSTANT 

11 IMPROPER DELIMITER  SEQUENCE  FOUND IN NODE  STRING 

12 NODE DESIGNATION  MISSING 

13 LIMIT OF 25   MODEL NODES HAS BEEN EXCEEDED 

14 NODE  STRING  IMPROPERLY  TERMINATED 

15 PRECEDING MODEL IS  NOT   IN THE MODEL LIBRARY 

16 TABLE NAME OR  INDEPENDENT  VARIABLE EXCEEDS  6  CHARACTERS 

17 TABLE VALUE  OR ARGUMENT  EXCEEDS  VALUE  LIMIT 

18 TABLE  INDEPENDENT   VARIABLE  IMPROPERLY  SPECIFIED 

19 RIGHT PAREN  FOLLOWING TABLE  INDEPENDENT VARIABLE  MISSING 

20 EQUATION ARGUMENT   STRING MISSING 

21 NO  OUTPUT  REQUESTS   SUPPLIED,   RE-OUTPUT  HAS  BEEN  DELETED 

22 INCORRECT  DELIMITER OR  INSUFFICIENT DATA ON  CARD 

23 THE LIMIT OF ONE  HUNDRED OUTPUTS HAS  BEEN  EXCEEDED 

* Messages numbered 2 and 3 are not issued in the System/3t0 version. 
Instead, the run will be aborted after message #1 is issued and the 
system condition code set   to  terminate processing. 

Figure 11.     Input  Processor Error Messages 
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24 MISSING COMMA SUPPLIED   BY  PROCESSOR 

25 OUTPUT VARIABLE OR LABEL  EXCEEDS   SIX CHARACTERS 

26 PLOT  NAME  OR LABEL   IS   MISSING 

27 PRECEDING UNRECOGNIZABLE  CARD  IGNORED 

28 THE  MAX OF  100  DEFINED   PARAMETER DERIVATIVES   IS  EXCEEDED 

29 REDUNDANT  DEFINED PARAMETER OR  DEFINED PARAM DERIVATIVE 

30 MAX OF TEN  TERMINATE   IF  RUN  CONTROLS  HAS   BEEN  EXCEEDED 

31 IMPROPER  RUN  CONTROL   FORMAT 

32 INCOMPLETE  SPECIFICATION  PRIOR TO GROUP  OP  MODE CARD 

33 LEFT  PAREN  MISSING  FOR TERMINATION CONTROL 

34 EXTRANEOUS  DELIMITER  IGNORED 

35 SECONDARY  DEPENDENT   SOURCE   IMPROPERLY  SPECIFIED 

36 INVALID NUMBER OR  INTEGRATION ROUTINE 

37 UNRECOGNIZABLE DATA  FOLLOWS  MODEL DESCRIPTION 

38 MODEL NAME MISSING 

39 REDbiMUANT  MODEL HAS   BEEN  SPECIFIED 

40 THE MAXIMUM OF  11  HEADING CARDS  HAS  BEEN  EXCEEDED 

41 TABLE  OR  EQUATION  SPECIFICATION   EXPECTED 

42 INCOMPLETE  EQUATION  OR UNEVEN TABLE  PRIOR TO NEW  FUNCTION 

43 TABLE OR EQUATION  IMPROPERLY SPECIFIED 

44 TABLE OR EQUATION  IS   REDUNDANT 

45 TABLE OR EQUATION NAME   EXCEEDS   SIX CHARACTERS 

46 INVALID CONSTANT SPECIFIED 

47 TABLE DATA EXCEEDS  CAPACITIY OF THE INPUT  PROCESSOR 

48 THE MAXIMUM OF  300   ELEMENTS  HAS  BEEN EXCEEDED 

49 THE MAXIMUM OF 50 MUTUAL  INDUCTANCES HAS  BEEN EXCEEDED 

Figure 11.     Input  Processor Error Messages   (cont'd) 
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50 THE MAXIMUM OF  50 SOURCE DERIVATIVES  HAS   BEEN EXCEEDED 

51 COMMA OR -  SIGN MISSING OR WRONG DERIVATIVE  SPECIFIED 

52 SOURCE ELEMENT MISSING  FOR TABLE OR DIODE   EQUATION 

53 INCORRECT MODEL CARD  -  ELEMENT NAME   INCOMPLETE 

54 IMPROPER MODEL CHANGE  SPECIFIED 

55 INCONSISTENT  MODEL CHANGE,   EQUATION AND TABLE ARE  EQUATED 

56 LIMIT OF 15  TABLE OR EQUATION MODEL CHANGES  EXCEEDED 

57 INSUFFICIENT  MODEL NODES SPECIFIED 

58 MODEL NAME  EXCEEDS EIGHTEEN CHARACTERS 

59 MODEL CIRCUIT   DESIGNATION EXCEEDS  FOUR CHARACTERS 

60 MODEL CHANGE   VALUE  IS  VARIABLE 

61 THE  LIMIT OF  TEN SUPPRESSED OUTPUTS  HAS  BEEN  EXCEEDED 

62 UNRECOGNIZABLE MODEL  MODIFICATION DATA 

63 MORE THAN ?50   TEMPORARY OR PERMANENT MODELS   SPECIFIED 

64 AN EQUATION   IS  NOT A PERMISSABLE ARGUMENT 

65 IMPROPER ARGUMENT FORMAT 

66 EQUATION,  ARGUMENT OR VALUE EXCEEDS  1200  CHARACTERS 

67 MODEL NOT IN   SPECIFIED  LIBRARY,   ALTERNATE  LIB SCAN  STARTS 

68 MUTUAL  INDUCTANCE REFERENCES  NON-EXISTENT   INDUCTOR 

69 SOURCE  DERIV'.TIVE REFERENCES   NON-EXISTENT  SOURCE 

70 DEFINED PARAM  DERIV.   REFERENCES NON-EXISTENT  DEF.   PARAM. 

71 A  MODEL  ELEMENT  CANNOT  BE A MODEL 

72 ELEMENT,   MUTUAL  INDUCTANCti OR  SOURCE  DERIV  IS  REDUNDANT 

73 MODEL TABLE OR  EQ ATION CHANGE   IS  REDUNDANT 

74 ELEMENT  IMPROPERLY SPECIFIED 

Figure  11.     Input  Processor Error Messages   (cont'd) 
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75 REFERENCED TABLE,   EQUATION,   DEF  PARAM OR ELEMENT MISSING 

76 THE  FOLLOWING OUTPUT REQUEST  IS  NOT VALID 

77 NO OUTPUT  REQUESTS  HAVE  BEEN  SUPPLIED 

78 IMPROPER  EXPRESSION  FORMAT  —COMPUTATION  DELAYS  MAY OCCUR 

79 INVALID  SYNTAX 

80 TABLE  XXX  FORMAT ALTERED TO TXXX 

81 TIME SUPPLIED AS ARGUMENT  IN XT ABLE FUNCTION 

82 THE MAX.   OF 100  PARTIAL DFPRAM.   DERIV.   HAS BEEN  EXCEEDED 

83 PART.   DFPRAM DERIV REFERENCES  NON-EXISTENT DFPRAM DERIV. 

84 INVALID OR MISSING DELIMITER IN  A DC OPTION CARD 

85 INVALID VARIABLE  IN A DC OPTION  CARD 

86 MONTE  CARLO  DEFAULT,   10  PASSES  SUPPLIED 

87 OPTIMIZATION DEFAULT,   30  PASSES   SUPPLIES 

88 NOMINAL  VALUE  DOES  NOT  LIE  BETWEEN  BOUNDS 

89 AC  RUN  REQUESTED WITH INITIAL CONDITIONS  ONLY  RUN 

90 COMPLEX  DEFINED  PARAMETER GIVEN  AS  REAL   CONSTANT 

91 LIMIT OF  50  COMPLEX DEFINED PARAMETERS   EXCEEDED 

92 AC  SOURCES  PRESENT  IN NON-AC RUN 

93 SYMBOLIC  JACOBIAN WITH ADJOINT  RUN MAY   LEAD TO  ERROR 

9A INVALID OR MISSING DELIMITER IN A DIFFERENTIAL  DATA CARD 

95 INVALID  VARIABLE  IN A DIFFERENTIAL DATA  CARD 

Figure  11.     Input  Pre   .  . A>;   'Lrror  Messages   (cont'd) 
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The program generator portion of the program also contains a diagnostic 
capability to inform the user of errors that can only be detected after the 
network topology is analyzed.  Such errors may or may not cause the execution 
of the analysis phase to be aborted as indicated by the error messages which 
occur. A list of diagnostic messages that ;?ay originate in the program 
generator follows. 

AN ILLL'GAL PROCESSING SEQUENCt HAS BEEN REQUESTED 

PROGRAM CAPACITY HAS BEEN EXCEEDED—XXX LIST OVER FLOWED IN FILING XXX 

'WTSPTP' HAS BEEN ASKED TO WRITE XXX SOURCE STATEMENT CARDS.  THE LIMIT 
IS XXX 

THE IIIIII ELEMENTS TO BE PROCESSED EXCEEDS THE LIMIT OF XXX. 

XXX RESULTS IN A CURRENT SOURCE CUT SET. 

XXX CAUSES J-C CUT SET PREVENTING I/C SOLUTION. 

XXX RESULTS IN A VOLTAGE SOURCE LOOP. 

XXX CAUSES E-L LOOP PREVENTING l/C SOLUTION. 

THE ELEMENT XXX FROM XXX TO XXX IS SHORTED OUT OF THE CIRCUIT. 
EXECUTION WILL BE TERMINATED AFTER COMPLETED ERROR SCAN. 

WARNING ONLY ~ THE XXX NODE OF XXX IS NOT CONNECTED TO ANY OTHER 
ELEMENT IN THE CIRCUIT — EXECUTION CONTINUES. 

AN ERRONEOUS TREE BRANCH EXISTS IN THE PATH OF XXX. 

ERROR IN BCD CONVERSION OF XXX ENTRIES IS CLASS II 

THE REFERENCE INDUCTOR XXX FOR XXX CANNOT BE FOUND IN THE ELEMENTS TABLE 

PROGRAM ERROR IN 'WTEQTM'.  ILLEGAL ARGUMENT TYPE CODE FOUND IN 
DEPENDENCY TABLE. 

THE VARIABLE XXX COULD NOT BE FOUND IN THE VALUE LIST BY 'WTEQTN' - 
PROGRAM ERROR. 

THE VARIABLE XXX IS DEPENDENT UPON ITSELF.  THE RUN CANNOT BE CONTINUED. 

THE DEPENDENCY TABLE HAS OVERFLOWED IN 'WTEQTN' - PROGRAM ERROR. 

THE TERM XXX WILL CAUSE A COMPUTATIONAL DELAY. 

THE TERM XXX COULD NOT BE FOUND JN THE VALUE LIST BY 'EQFORM' - PROGRAM 
ERROR. 
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VALUE EXPRESSION FOR TYPE 6 IS NOT CODED YET.  THE RUN CANNOT BE 
CONTINUED. 

THE VARIABLE XXX CANNOT BE FOUND IN EITHER THE LIST OF CIRCUIT ELEMENTS 
OR DEFINED PAR/METERS BY 'COMPCK'- 

THE FOLLOWING INVALID PREFIX HAS BEEN SUPPLIED TO 'COPYDP1, 'X' 

'COPYDP' IS BEING REQUESTED TO GENERATE THE FOLLOWING (INVALID) 
RESISTOR DERIVATIVE TERM IN AN EQUATION XXX 

THE FOLLOWING TERM WILL CAUSE THE DEPENDENCY TABLE TO OVERFLOW XXX 

'SCANEQ' COULD NOT FIND THE TERM XXX IN THE ELEMENTS TABLE ~ PROGRAM 
ERROR 

THE XXX ELEMENT COMPLETES A LOOP CONTAINING XXX WHICH WILL PROHIBIT 
AN INITIAL CONDITIONS SOLUTION. 

THE VARIABLE ELEMENT (XXX) COMPLETES A LOOP CONTAINING AN ELEMENT OF 
THF, SAME TYPE WHICH PROHIBITS AN IC SOLUTION 

CAPACITOR XXX REFERENCED IN TABLE OR EQUATION BUT NOT SUPPLIED 
AS ELEMENT 

ELEMENT XXX IS FUNCTION OF CAPACITOR XXX VOLTAGE FOR WHICH VOLTAGE 
SUBSTITUTION CANNOT BE PERFORMED (INITIAL CONDITIONS) 

RESISTOR OR INDUCTOR CURRENT SUPPLIED AS TABLE INDEPENDENT VARIABLE OR 
EQUATION ARGUMENT FOR XXX IS NOT ALLOWED FOR INITIAL CONDITIONS PROBLEM 

XXX UPON WHICH XXX IS DEPENDENT CANNOT BE FOUND IN THE CLASS 9 SECTION 
OF THE ELEMENTS TABLE. 

AN INTEGER-TO-BCD CONVERSION ERROR OCCURRED IN A DIMENSION STATEMENT 
GENERATION 

XXX WHICH XXX IS DEPENDENT UPON IS NOT IN THE CLASS 2 OR 5 SECTION 
OF ELEMENTS—PROGRAM ERROR 

THE VMUTUAL SUBROUTINE SUPPLIED XXX FOR TYPE OF MUTUAL TERM TO BE 
ADDED TO V3P(N) or V6(N)—MUST BE IN RANGE OF 1 - 5. 

THE DERIVATIVE OF THF. VARIABLE SOURCE XXX HAS NOT BEEN SUPPLIED. 

'GTCODE' CAN'T ENCODE THE ILLEGAL TERM XXX - PROGRAM ERROR. 

NUMBER OF HEADING CARDS EXCEEDS MAXIMUM - THIS CARD IS IGNORED 

SIMUL8 DATA GENERATION HAS BEEN DELETED FOR THIS RERUN 
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NO STOP TIME HAS BEEN SPECTI'IED 

ILLEGAL INITIAL CONDITION VARIABLE NAME - XXX 

IMPROPER VALUE SPECIFICATION ON CARD PRIOR TO GROUP CARD 

ILLEGAL VALUE SPECIFICATION 

ILLEGAL TABLE SPECIFICATION 

EXTRANEOUS X IGNORED 

FOLLOWING VARIABLE NAME TRUNCATED TO SIX CHARACTERS XXX   

INCORRECT DELIMITER FOLLOWS VARIABLE NAME XXXXXX AN = HAS BEEN SUPPLIED 

INCORRECT DELIMITER FOLLOWS VARIABLE VALUE EEEEEEE.  EEEEE X, HAS BEEN 
SUPPLIED 

ILLEGAL RUN CONTROL SPECIFICATION 

RUN CONTROL DATA MISSING 

INITIAL CONDITIONS WEPE NOT SPECIFIED FOR THE ORIGINAL RUN 

EXTRANEOUS X IGNORED 

INCORRECT DELIMITER FOR FOLLOWING RUN CONTROL SPECIFICATION - XXX  

AN EQUAL SIGN HAS BEEN SUPPLIED 

INVALID NUMBER OR INTEGRATION ROUTINE SPECIFIED 

NO ENTRIES IN RERUN DATA LIST 

ILLEGAL VARIABLE NAME - XXX 

ILLEGAL TABLE NAME SPECIFICATION - XXX 

TABLE XXX - RERUN TABLE EXCEEDS LENGTH OF ORIGINAL TABLE 

ILLEGAL CONTINUE SPECIFICATION 

ILLEGAL RUN CONTROL SPECIFICATION 

RUN CONTROL DATA MISSING 

INCOMPLETE RUN CONTROL SPECIFICATION ON CARD PRIOR TO END CARD 

ILLEGAL DEBUG CARD IGNORED 
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THE NEWTON-RAPHSON PASS LIMIT HAS BEEN EXCEEDED WITHOUT ATTAINING 
CONVERGENCE 

MATRIX XXX IS SINGULAR 

UNABLE TO LOCATE DEPENDENT PLOT VARIABLE FOR INDEPENDENT VARIABLE XXX 

NO. PLOT PTS. HAVE EXCEEDED PLOT STORAGE BLOCK SIZE 

DERIVATIVE XXX FOUND IN THE TERMINATION CONDITION(S) IS NOT RESOLVED 

THE LENGTH OF THE FIRST SOLUTION BUFFER IS ZERO. 

MORE THAN 9 OUTPUTS WERE REQUESTED ON PLOT NUMBER XXX. 
ONLY THE FIRST 9 REQUESTS WILL BE HONORED. 

PLOT REQUEST XXX WAS NOT SPECIFIED AS AN OUTPUT IN THE ORIGINAL (CIRCUIT 
DESCRIPTION) RUN FOR THIS SYSTEM. 

MAXIMUM PLOT LENGTH (2000 LINES) HAS BEEN EXCEEDED. 

A TRACE ON ONE OF THE PLOTS IS DISPLACED FROM ZERO BY MORE THAN 10**6 
TIMES ITS TOTAL RANGE.  LOSS OF SIGNIFICANCE IS POSSIBLE IN THESE 
RESULTS. 

TABLE CONTAINING IMPLICIT INTEGRATION DATA HAS OVERFLOWED. 
SIMULATION HAS BEEN DELETED. 

TABLE CONTAINING SPARSE MATRIX DATA HAS OVERFLOWED. 
SIMULATION HAS BEEN DELETED. 

TABLES CONTAINING SPARSE MATRIX DATA HAVE OVERFLOWED. 
PIVOTING OF THE MATRIX WILL BE DELETED. 

If the analysis phase is aborted by any of the error messages indicated 
above, the following messages will also appear. 

IBFTC CARD WITH CORRECT DECK NAME NOT FOUND.  This message is printed 
following the Program Control Deck card labeled PGMC 1960. 

LOADING HAS BEEN SUPPRESSED.  This message is printed following PGMC 2300. 

(7090/94 
Only) 
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SECTION III 

FQUmLENT CIRCUITS AND ASSOCIATED NOTATION 

A prime objective in the development of SCEPTRE was to permit the users 
as much freedom as possible in their choice of equivalent circuits. The re- 
sult is that almost any combination of the allowable elements (R, C, L, M, E, 
or J) may be used to represent any active device. This is true whether the 
user relies on the stored model feature or elects to enter each component of 
the equivalent circuit individually under ELEMENTS. A complete discussion 
of equivalent circuits is beyond the scope of this manual, but a few pertinent 
points that will be given in this section may prove useful to the user. 

3.1 DIODES 

A general diode model is shown in figure 12 in which C represents the sum 
of the junction and diffusion capacitances of the diode, the RB and RS refer 
to the bulk and shunt resistances of the diode, respectively.  The heart of 
the model is the perfect diode, the current of which is given by the diode 
equation, which, in turn, is dependent upon the diode junction voltage, VJ. 
The perfect diode itself is just a voltage dependent current generator, and 
it is entered in SCEPTRE as such. The general diode model is replaced by a 
form suitable for SCEPTRE as shown in figure 13. 

Figure 12. General Diode Model 

0 

RS 

■e- 
JD 

„© 
RB 

♦—wv—o © 
Figure 13.     SCEPTRE    Diode Representation 
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The only difference is that a current generator with the arbitrary desig- 
nation JD replaces the perfect diode. JD vould be indicated under ELEMENTS 
with a diode equation designation. This closed form representation of the 
general diode requires that the user possess accurate values of IS and 0 for 
use in the descriptive equation. The sequence of cards that could be used 
to describe the circuit of figure 13 under elements is - 

(C' Wt 20 

IRS, 

f 
1-2 - 2000 

RB, 2-3 = .05 

fjD, 1-2 = DIODE EQUATION (l.E-7, 35.) 
T 

The description for current generator JD is based on the explanation given for 
current generator J18 in subsection 2.2.2. 

An alternate procedure (figure 14) would be to obtain the terminal charac- 
teristics of the diode by measuring the diode current as a function of the 
voltage across it. The current generator could then be described in tabular 
form, which would include the effect of RB (see figure 14). Either represen- 
tation would permit the user to omit the shunt resistance RS. The equivalent 
shunt capacitance is quite another matter. There is nothing to prevent the 
user from representing the diode as a current generator without the shunt 
capacitance; in fact, some low frequency applications would tempt the user 
to do just this. The difficulty with this practice is that the current gen- 
erator is voltage dependent and the voltage in question must be across some 
element.  If the current generator is dependent on a capacitor voltage, the 
current source will be updated at the start of each solution step based on 
known internal state variables. If, however, the equivalent capacitor is 
removed and dependence is placed on the voltage across the current source 
itself, or some shunt resistor, the current source may be updated based on 
the information from the previous solution increment. A "computational delay" 
will have been created and significant errors can result.  For this reason, 
the user is cautioned against removing the shunt capacity associated with 
diodes for all transient applications. This consideration does not hold for 
the initial conditions program. 

RS 
-AAV- 

■& 
*—O 

JD 

Figure It. Alternate SCEPTRE Diode Representation 
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When the diode model (figure 13 or 14)Is used, the user will find it 
more convenient to assume the reference direction for the capacitor in the 
same direction as the current source.  The reason for this is that a positive 
capacitor voltage will correspond to a forward bias on the diode.  Post-run 
solution interpretation usually is simpler in this case. This convention is 
not mandatory. 

3.2 TRANSISTORS (LARGE SIGNAL EQUIVALENT 
the end of subsection 3.2) 

See "Definition of Terms" near 

Conventional Ebers-Moll equivalent circuits for NPN and PNP transistors 
are shown in figure 15. This model is in wide use because it can accommodate 
all four regions of operation with a minimum amount of complexity and operates 
with conventional electrical quantities. 

(a)   NPN 

B)o y&i        t 

Ce~ »^ 

re 

■K- 
re 

■w— 
Vre 

0 ". 're 
e- 

1r^^ VW- <S) 

(b)  PNP 

B)O y&i        '     " 

re 

© 

Hf 
re 

-M- 
N "re 

& 

I   re 

© cc 
i i *** Ol © 

Figure 15.     Basic Ebers-Moll Transistor Equivalent Circuits 
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The currents through the perfect diodes I      and I      are represented by 
voltage dependent non-linear current  generators.    The'expressions for these 
generators are as follows: 

9 VB'E ^o e VB'E 

!_.    "    I._(e e - 1)    -    Y— (e    e - 1) (1) 1   VN re es 

and 
0 VB'C'                      ^o 0 VB'C 

c ^ r«    c 
I        =    I    (e c - 1)    =    i (e    C - 1) (2) 
re cs 1 —Qf-ra., re cs J. ^Qf-j-Ojq 

The equation of the form, I      (eexVbx-l)  is the emitter (collector)  junction 
current of a transistor witüSthe collector  (emmitter)  shorted to the base. 
The equation Ix0 (eex Vbx_i)  is the emitter  (collector) junction current of a 
transistor with the base-collector  (emitter)  junction open-circuited.    Thus, 
the short circuit junction current  is greater than the open circuit junction 
current by a factor of l/Q-a-Q' ).    For alpha inverse equal to zero,   the open 
and short circuit junction currents are the same. 

The current sources (I and I ) are defined in SCEPTRE as "primary 
dependent sources" and, in order to achieve numerical convergence for the 
initial condition computation,  they must be entered in the general form: 

f 
1 

jJX, B-X = DIODE EQUATION (XI, X2) 

where XI = Ies or Ics and X2 = Ge or QQ  or, if tabular data is to be used, 

I5 JX, B-X = DIODE TABLE XXXXX 

and the DIODE TABLE is subsequently defined. The current sources  Ire and 
lire are defined as "seconda-y dependent sources" and should be entered as 

JS = value * JX where value represents QfN or oil  and can be a number, table, 
defined parameter, equation or math expression. 

The total capacitance associated with the emitter junction is usually 
expressed as - 

CE = C junction + C diffusion = C /(V VCE)"6 + 9 T I ^"' 

or 

CE = C /(V  - VCE) e + 0 T  (I  + I ) (3) 
oe  oe e e  re   es 
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which is an explicit function of the junction voltage.     In tl.e forward region, 
I   > >I     >0 and,  therefore, Equation 3 may be written 

CE «   C    /(V      - VCE** + 0 T I (4) 
oe      oe e e re 

Note that Equation 3 must always have a positive diffusion capacitance, even 
when Ire < O    (because jlesl >|lire|   when VCE<0 in the diode equation), but 
that a negative diffusion capacitance and,  therefore, a negative total capaci- 
tance is conceivable in (4).    Normally,  any negative contribution due to the 
diffusion term will be orders of magnitude less than the positive junction 
term and the total capacitance will be positive.    It is clear that.   If the 
current source Ire in (4)  Is represented by a diode table that permits no nega- 
tive current, a negative capacitance is never possible.    The situation re- 
garding the collector capacitance is not substantially different as   (3) becomes 

(3')   cc   =   c   /(v     - vcc)nc + 0 T   (I     + I   ) oe     oc c s      re        cs 

In SCEPTRE language, the total emitter capacitance may be entered as 

|CE,   B-X    = EQUATION 1  (K1,   K2,  VCE,  K3,   K^  JE,  K5) (5) 

and 
  I 

f EQUATION 1   (A,  B,  C,   D,  E,   F,   G)     =     (A/(B-C)** D + E*   (F + G)) 

where the constants have been chosen ao 

K.     =    C     ,  K.    =    V     , K,    =    n  ,  K.     =    0 T  , K,    =    I 
1 oe      2 oe      3 e      4 e e      5 es 

If JE is in a tabular form that insures JE s: 0 only, of if the user is con- 
fident that his application cannot cause a negative capacitance,  a reasonable 
simplification permits the entry 

f 1 
CE,   B-X    =    EQUATION 1   (1^.,   K2,  VCE,  K3,  K^,  JE) (6) 

and 

f EQUATION 1  (A,  B, C,  D,  E,  F)     =     (A/(B-C)**D + E* F) 
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A popularly used approximation is  to consider that the junction component of 
capacitance is constant at some value K  .    Then (6) simplifies to 

f CE,   B-X EQUATION 1   (K 6» K4,  JE) 

and 

f EQUATION 1  (A,  B,  C^'    =     (A + B * C) 

Another approximation that is often made is to enter RBB as a constant 
resistor when it really is a nonlinear function of emitter current.    If the 
user desires a greater degree of sophistication in his model, any of the 
above constants K.  - K, may be entered as a variable quantity in equation or 
tabular form.    The situation for the total collector capacitance is entirely 
analogous.    The following examples  illustrate suggested NPN and PNP transis»« 
tor models coded for SCEPTRE when closed form expressions for I 
the junction capacitances are available  (Reference figure 16) 

re' 
I      and 
re 

(a)    NPN 

® RB 
O -VW     »      f 

CE ^ 

(b)    PNP 

Bl)o- 
RB 

-ww- 

CETk 

0 

-If 

■e 
JC 

®JE   "—&— 
© 

RC 

© 
Figure 16.    SCEPTRE Ebers-Moll Representations 
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For the NPN: 

ELEMENTS 
CE,   B-E - EQUATION 1  (57.,   1.,  VCE,   .A3,   189., JE,  2.9 E-9) 
CC,   B-C - EQUATION 1  (10.,   .8,  VCC,   .32,   7500.,  JC,  1.46 E-8) 
JE,   B-E - DIODE EQUATION  (2.9 E-9,  36.7) 
JC,   B-C - DIODE EQUATION  (1.46 E-8,   28.2) 
JI,   E-B =   .534 *  JC 
JN,  C-B -   .99  * JE 
IB,   Bl-B - 1. 
RC,  Cl-C »   .06 
OUTPUTS 
VCE,  VCC,   VRB,  PLOT 
ICC,   ICE,   IRC 
FUNCTIONS 
EQUATION  1(A,   B,  C,D,  E,   F,   G)=   (A/(B-C)**D+E*(F-KJ)) 

Foi  the PNP: 

ELEMENTS 
CE,   E-B = EQUATION 1  (9.,   .9, VCE,   .55,   7.05,  JE,  2.67  E-5) 
CC,  C-B = EQUATION 1  (11.,   .6,  VCC,   .34,   1620.,  JC,  2.12 E-4) 
JE,   E-B = DIODE EQUATION   (2.67 E-5,   36.7) 
JC,   C-B = DIODE EQUATION   (2.12 E-4,   34.) 
JI,   B-E =   .2598 * JC 
JN,   B-C =   .985 * JE 
RB,   B-Bl  =   .1 
RC,   C-Cl  =   .005 
OUTPUTS 
VCE,  VCC,   VRB,  PLOT 
ICC,   ICE,   IRC 
FUNCTIONS 
EQUATION 1   (A,   B,  C,  D,  E,   F,   G)   =   (A/(B-C)**D+E*(F+G)) 
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DEFINiriüw OF TERMS 

- Junction capacitance associated with the collector junction 

- Diffusion capacitance associated with the collector junction 

- Junction capacitance associated with the emitter junction 

- Diffusion capacitance associated with the emitter junction 

Inverse alpha 

- Forward alpha 

Base-emitter saturation current with base-collector open-circuited 

- Base-collector saturation current with base-emitter open-circuited 

- Base-emitter saturation current with base-collector short-circuited 

- B.i.se-collector saturation current with base-emitter short-circuited 

Slope of In I  versus V, 
re       be 

Slope of In I  versus V, 
re       be 

- Constant of base-emitter junction capacitance equation 

- Constant of basfj-collector junction capacitance equation 

Exponent of base-emitter junction capacitance equation 

Exponent of base-collector junction capacitance equation 

- Minority carrier transit time 

Storage time constant 

Built-in potential in base-emitter junction 

Built-in potential in base-collector junction 
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An alternative form of the  Ebers-Moll equivalent may be used as in figure 17. 
The effects of bulk resistors RB and RC have been Incorporated Into the repre- 
sentations  for Jl  (the base-emitter junction)  at.d J2   (the base-collector junc- 
tion) respectively.     The current generators themselves are represented by 
tabular data obtained by laboratory measurement.     Both versions of the basic 
equivalent circuit contain approximations of one form or another, and others 
may ba made for  the sake of simplicity.     For example,   if the Inverse alpha 
(a ) of a  transistor  is judged to le negligible,   then generator JA may be 
onitted. 

Figure 17.     Alternate Ebers-Moll Representation 

In either version,  it  is always true that diodes or transistor junctions 
must always be represented as current generators by the designation DIODE 
EQUATION  (XI, X2)  for closed form representation,  and the designation DIODE 
TABLE for  tabular functions.    The current generators that are functions of 
other current generators must always be represented as a SPECIAL VALUE (see 
subsertlon   2.3.1.1). 

3.3      TRANSISTORS   (SMALL SIGNAL EQUIVALENT) 

There exists a  family of transistor models known as  small signal equiva- 
lent circuits.     These are composed of H,  Y,  Z,  and R parameter circuits  that 
differ from one another only slightly in configuration and technique of para- 
meter measurement.     These models are all alike  In  that  they are intended for 
operation at some particular operating point  in  the linear region of operation. 

Saturation and cut-off cannot be accommodated and large signal swings 
are subject to error.    As a consequence,  small signal equivalent circuits 
are not nearly as versatile as the Ebers-Moll model, but  for some applications 
the user can legitimately make use of their  inherent  simplicity.    Voltage 
sources that are linearly dependent upon resistor voltages and current  sources 
are handled directly.   If voltage sources dependent upon resistor currents,  or 
current sources dependent upon resistor voltages,  are desired, the user must 
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make the appropriate conversion first.    A low frequency H parameter equivalent 
circuit  is shown In figure 18 and Its SCEPTRE representation and sample  listing 
follow In figure 19. 

®' -wv- 

11 
0h12V: 

w 
Fisure 18.    Low Frequency H Parameter Model 

Figure 19.     SCEPTRE Representation of H Parameter Model 

ELEMENTS 

Rl, B - X = 0.5 

EA, E - X =■ U.0005*VR2 

JB, C - E = 50.*IR1 

R2, C - E = 1000 

This discussion has emphasized diode and transistor equivalent circuits 
because they are by far the most common active elements that occur in practical 
circuit analysis today. The experienced user should have no trouble using 
the flexibility of SCEPTRE to develop and use practical equivalent circuits 
for other devices.  However, it is the user's responsibility to choose the 
proper equivalent circuit and the correct parameter values, no matter what 

device is used. 
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3.4    THSERTIQN OF  BASIC  RADIATION EFFECTS 

Probably the most basic radlalion effect  that must be simulated Is the 
flow of charge -»cross semiconductor Junctions  (primary photocurrent)   that occurs 
In certain gamma rate environments.    The simplest way to do this Is to Insert 
a time-dependent current  generator In parallel with the equivalent circuit of 
the Junction.     In the case of the diode equivalent circuit of figure 13,   this 
current generator wouid normally be directed from node 2  toward node 1 to 
reflect the fact that primary photocurrent usually flows across a reversed 
biased semiconductor Junction.    The magnitude of the current generator is 
often explicitly described  in tabular  form under FUNCTIONS. 

The situation with regard to transistors is analogous to diodes.    Both 
junctions of the transistor are subject  to primary photocurrents when exposed 
to appropriate gamma rate environments.    As a practical matter, however,  the 
larger dimensions of the collector-base junction with respect to the base- 
emitter junction often permit    the analyst to make the approximation of omit- 
ting the current generator across the latter junction.    The basic procedure is 
illustrated in example 1   (figure 23), where current generator JX is placed 
across the collector-base junction of a transistor to represent primary photo- 
current.    This generator  is  indicated as a tabular form under ELEMENTS and 
then explicitly described  as a function of  time under FUNCTIONS. 

The procedure given In the preceding paragraph la usually quite sufficient 
for most purposes.     However,  it does suffer the deficiency of assuming that 
the primary photocurrent  is strictly time dependent and completely indepen- 
dent of any circuit conditions.    This assumption can lead to significant error 
if the transistor junction  in question becomes  lorward biased during the 
course of the run.     The primary photocurrent  that  flows  under these conditions 
is markedly different  from  that which  flows when the junction Is reverse- 
biased.    Furthermore,  componrnt research  Indicates  that  some transistor junc- 
tions exhibit  primary photocurrents that are significantly voltage dependent 
even under reverse bias  conditions.    Consider  the hypothetical situation  in 
which measurements  Indicate  the primary photocurrents of a transistor or 
diode In a given environment are as shown  In  figure 20.     The photocurrent.  Is 
clearly a function of the voltage across  the junction as well as time.    One 
manner in which this double dependency may be  represented  in SCEPTRE  is to 
define the current  generator under ELEMENTS as  an equation.    This equation 
multiplies  two tables;  the  first table simply represents  the -20 volt  curve 
as a function of  time,  and  the second  table effectively applies a scaling 
factor that appropriately  reduces the photocurrent as a  function of the junc- 
tion voltage.     The entries  could be - 

JX,  4-3    =    EQUATION 2  (TABLE 2   (TIME),   TABLE  3   (VCC)) fj> 

f FUNCTIONS 
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Figure  70.     Voltage Dependent Primary Photocurrent 

TABLE  2 0,  0,   50,   5,  100,  3,  300,  1,  600,   0,  700,  0 

TABLE  3 -50,   1,  -20,  1,  -10,   .6,  -1,   .4,  0,   .2,   i,   .2 

EQUATION 2   (A,   B)     =     (A * B) 

The second  table  dependence   is on the capacitor voltage assuming that  capacitor 
CC shunts  the transistor junction of interest. 

The effects of neutron  environments on transistor gain may be represented 
In several different ways.     If the analyst  is  interested only in the steady 
state result cf beta degradation,  it is only necessary to operate in the 
INITIAL CONDITIONS ONLY mode as illustrated in example  3.     If the transient 
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aspect of beta degradation "iust be examined, the alpha term may be made a 
tabular function of time.  To Illustrate, consider the transistor equivalent 
circuit that Is used In figure 23.  Since a constant alpha of 0.98 Is used, 
the simple entry JB, 4-3 = 0.98 * Jl suffices.  If a variable alpha which 
is a function of time is desired, that entry could be 

JB, 4-3 - TABLE 8 (TIME) * Jl f' 
where the data for TABLE 8  is supplied under FUNCTIONS.    The user should 
always keep in mind the  ^act  that  comparatively long beta degradation and 
partial recovery times which  run  into many microseconds can lead  to long com- 
puter solution times. 

The most pronounced radiation effect in capacitors  is  the change in the 
conductivity of the dielectric material.    This effect can be represented by 
a voltage dependent current source in parallel with the capacitor.    This 
current source can be approximated by the following relationship: 

m t j. 

i(t)    -    C V K D(t)  +       E C V Kd \       D  ( \ )   exp(-(t-X )/Td  )d X      (7) 
p n n       ■' n r n ;-'  1 o 

where 

m is the appropriate number of delayed components  for a given dielectric 

C is capacitance 

V is the voltage across C 

K's are empirically determined coefficients 

D(t)  is the  gamma exposure rate in R/sec as a function of  time 

X is a dummy variable of  integration 

Td    are empirically determined  time constants 

The first  term in this  expression represents the prompt  component, while 
delayed components are  Included under the summation.     The prompt component 
and one or two delayed cc-ponents are sufficient for most applications, as 
illustrated in the following example. 

Figure 21 and the following SCEPTRE entries can be used to determine the 
effects of the prompt component of a high intensity pulse of nuclear radiation 
on a tantalum oxide capacitor. 

"Transient Radiation Effects on Electronics Handbook,  ,,DASA-1420,  July 1966, 
Battelle Memorial Institute,  Columbus, Ohio. 
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C1 (picofarads) 
JP (milliamperes) 
VC1 (volts) 
KP(5x lO^R"1) 
TABLE 1 (D (t) gamma exposure 

rate (R/sec) versus time) 
Time (nsec) 

Figure  21.     Capacitor Radiation Equivalent Circuit 

SCEPTRE entries: 

under ELEMENTS 

f JP,  5-6    =    EQUATION 1   (Cl, VC1,  5.E-7,  TABLE 1   (TIME)) 

under FUNCTIONS 

f EQUATION 1   (A,   B,  C,  D)     =     (A*B*C*D*l.E-9) 

/  
[TABLE 1     (The point pairs describing the gamma exposure rate  (R/sec) 
'        versus time.) 

The factor l.E-9 converts TABLE 1 (D R/sec) to (D R/nsec) to obtain a consis- 
tent set of units. 

A second current generator JP1 for the first delayed component could be added 

in parallel with JP. 

Using Fl(t) as the solution to the integral portion of equation (7) for 
the f'.rst delayed component, Pl(t) may be obtained by solving the following 
differential equation, 

Fl(t) + Fl(t)/Td1 D(t) with F1(0)  - 0 

- 103 - 

(8) 



l^   ,„1 uwwwmmwwwtrvpf^vmr:.7^-^" ■ nui 'w iwm ^H'-nm-.h M.M'i'.,"i.'>^.i»y».- «•* 
'mrrw *■-**-,'■* .... 

using DEFINED PARAMETERS 

Fl(t) - PF1 

Fl(t) - DPF1 

3 
.ijd, - .9 * 1C nsec 

Kd  - 4 * 10"9 (R-nsec)"1 

Additional SCEPTRE entries: 

uader ELEMENTS 

fjPl, 5-6 = EQUATION 2 (Cl, VC1, 4.E-9, PF1) 

under DEFINED PARAMETERS 

(- 
DPF1 = EQUATION 3 (TABLE 1 (TIME), PF1, .9E3) 

IPF PF1 

under FUNCTIONS 

(EQUATION 2 (A, B, C, D)  =  (A*B*C*Ü) 

[EQUATION 3 (A, B, C)    =  (A*l.E-9-B/C) 

The factor l.E-9 converts TABLE 1 to nanosecond time units as in EQUATION 1, 
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SECTION IV 

EXAMPLES OF SCCPTRE USE 

This subsection presents various examples which the user may use for 
checkout or as sample entry forms.     Considerable effort was expended to make 
these examples as practical and,  therefore, as useful as possible. 

4.1    EXAMPLE 1    -    INVERTER CIRCUIT LOADED WITH RC NETWORK 

Figure 22 shows a schematic of an inverter 
work. It Is desired to analyze the effects of a 
ment on this circuit. The forcing function will 
appropriate to the environment. Two raruns are 
from the master run only in the magnitude of the 
applying an upper and lower tolerance to the Inn 
will not be used, and the initial conditions wll 
titles;  therefore,  the mode of analysis will be 

circuit  loaded with an RC net- 
transient radiation envlron- 
be the primary phor.ocurrent 

to be made and these differ 
photocurrent   (effectively 

).    The stored model feature 
1 be supplied as known quan- 
translent only. 

R1 =2kfi 

I ■^w- 

R2 = 18kfl 

+10V 
o 

R3=1.5kfi 

R4 = 

18.5 kfl 

J^C^SOOpF 

o 
-10V 

Figure 22,     Example 1 Schematic Diagram 

The schematic of figure 22 is redrawn In SCEPTRE form In figure 23.    Here 
Jl and J2 represent the transistor junctions. Ja and JB represent the conven- 
tional current-controlled current  generators of the Ebers-Moll equivalent 
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circuit, and JX represents the primary photocurrent caused by the effects of 
the radiation on the transistor in the inverter. 

cc 

Rl 0   RB © 
r ■VW » m m*r- m m 

■e JX 

e 
e 

J2 

E2= 10 

©  © 
<>—WV-4——(► 

R3 

JB 

R2 

©t 
CE: Ji 

© ® JA 

El = l0-r 

© 

_Lci 

Figure  23.     Example 1 SCEPTRE Form 

A valid sequence of cards would be; 

/CIRCUIT DESCRIPTION 

/EXAMPLE 1 NETWORK 

/ ELEMENTS 

/El, 7-1 = 10 

/E2, 1-6 = 10 
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'a, 3-1 = --EQUATION 1 (5., 70., J')                                                       ' 

'cc 3-4 = EQUATION 1 (8. , 370. , J2)                                                    ' 

'a, 5-1 • = 500 

'R-, 1-2 = 2 

R2, 2-7 = 18 

R3, 6-5 = = 1.5 

5-1 = = 18.5 

'n. 2-3 = = .3 

RC, 5-4 = .015 

Jl, 3-1 = = DIODE EQUATION (l.E -7, 35.) 

'n. 3-4 = = DIODE EQUATION (5.E -7, 37.)                                                 ' 

JA, 1-3 = .1 * J2 

JB, 4-3 = = .98 *J1 

JX, 4-3 = = TABLE 1 (TIME) 

OUTPUTS 
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r 
r 
( 

( 

( 

{ 

VCE, VCC, VC1, IR3, Jl, PLOT 

INITIAL CONDITIONS 

VC1 =9.25 

VCE = -1 

VCC =-10.25 

FUNCTIONS 

TABLE 1 

r 40, .8 

|   100, 

{ 
[500, 

{ 
( 

{ 

200, .25 

600, 0 

EQUATION 1 (A, B, C) =(A+B*C) 

RUN CONTROLS 
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r 
r 
r 
r 
/TAE 

INTEGRATION ROUTINE = TRAP 

STOP TIME =800 

RERUN DESCRIPTION (2) 

FUNCTIONS 

TABLE 1 =0, 0, 0 

40, 1.2, .4 
100, .75, .25 
200, .375, .125 
500, 0, 0 
600, 0. 0 

( 

END 

The results of the master run Indicai-e that the inverter turned on at 
about 48 nanoseconds (base-emitter junction forward biased) and returned to 
the OFF condition at about 135 nanoseconds. Since the degree of turn-on was 
small (maximum positive VBE « 0.26V), the transistor never approached satu- 
ration in this environment. The voltage excursion seen by the RC network 
was about 0.18 volt. 

The first 35 and the last 7 print intervals are enclosed in this subsec- 
tion as figure 24. In addition, a reproduction of the plotter output for the 
voltage across capacitor CE (or VBE) is also enclosed, figure 25. 

The first rerun effectively included the effects of a 50 percent in- 
crease in Ipp as reflected in the modified TABLE 1. The increased effects 
on the base-emitter junction voltage are shown in figure 26. The second re- 
run effectively included the effects of a 50 percent decrease in Ipp and the. 
corresponding reduced circuit reaction can be seen ii. figure 27. 
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4.2 EXAMPLE 2 - TRANSFORMER COUPLED AMPLIFIER 

The schematic of an emitter follower-common emitter combination driving 
an output transformer with a resistive load Is shown In figures 28 and 29. 
The circuit will be driven by a ramp voltage Input coupled through a capaci- 
tor. For this example, It will be assumed that the urcr wishes to permanently 
store a transistor model and to use this model for both circuit transistors. 
The Initial conditions will be computed along with the transient solution. 
No reruns will be made. 

A few remarks about this run are In order.  It happened that the stored 
model that was used for this run was also stored along with the run, but It 
could as well have been stored at some previous time. Only three quantities 
are requested for plotting (VR6, VL1, VL2) under the main program, but In 
addition to these, the user will get six more from the stored models (VCE, 
VCC, Jl for each transistor). Four Instructions are Included under  RUN 
CONTROLS. The first Is the problem duration which must be supplied whenever 
the transient program Is used. The second Is a flve-mlnute limit on the 
amount of computer solution time that can be expended, and the third entry 
requests that the Initial conditions be computed and then used for the start 
of the transient run. The fourth Is an Increase In the maximum print points 
to assure that every solution point Is printed out (see table III).  Note 
that a change has been made In the stored model to use a lower current gain 
for the second transistor. 

The Input voltage caused a conduction pulse In both transistors. The 
conduction of the second stage caused a voltage pulse In the primary of the 
transformer which was reflected into the secondary as a 1.6 volt swing. The 
transient in the secondary had almost abated by the problem duration time of 
500 nanoseconds, even though significant current levels remained in the two 
transistors. The first 14 and the last 7 print Intervals and the plots of 
the transformer primary and secondary voltages are given in figures 30, 31 
and 32. 

+20V 

Rl = 30kn 

CZ =0.00T^F 

El 
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R2 - 201^. Cx-0.00VF 

R3 = 2kü 

= 299.7H,H 

12 = 900/iH 

R6 = 1 .Sklk 

Figure 28.    Example 2 Schematic 
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Figure 29.     Example 2 SCEPTRE Form 
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MODf'.L DESCRIPTION (INITIAL) 
MODEL 2N9999AA (PERM) (B-E-C) 
ELEMENTS 
CE, B-E - EQUATION 1 (5., 40., TABLE 1 (VCE)) 
CC, B-C - EQUATION 1 (10., 400., TABLE 2 (VCC)) 
Jl, B-E - DIODE TABLE 1 
J2, B-C - DIODE TAbLE 2 
J3, C-B - PI * Jl 
DEFINED PARAMETERS 
PI = .98 
OUTPUTS 
VCE, VCC, Jl, PLOT 
FUNCTIONS 
EQUATION 1 (A, B, C) = (A+B*C) 
DIODE TABLE 1 
0, 0, .3, 0, .65, .05, .7, .6, .72, 1.4, .73, 2, .74, 3.4, .77, 10, .8, 22 
DIODE TABLE 2 
0, 0, .58, 0, .62, .4, .64, 1, .66, 2, 67, 3, .69, 7, .7, 12 
CIRCUIT DESCRIPTION 
EXAMPLE 2 NETWORK 
ELEMENTS 
El, 1-2  « TABLE 1 (TIME) 
DERIVATIVE El = TABLE DEI 

20 
1E3 
1E3 
30 
20 
2 
240 
3.3 
1.8 
= MODEL 2N9999AA (PERM) 

T2, 6-1-8 - MODEL 2N9999AA (PERM), CHANGE PI = .975) 
LI, 7-8 = 100 
L2, 9-1 = 900 
M, L1-L2 = 299.7 
OUTPUTS 
VR6, VL1, VL2, PLOT 
ICZ, ICX, IR3, IR2, IR1, J3T1, J2T1, CCT1, ICCT1 
FUNCTIONS 
TABLE 1 
0, 0, 50, .5, 100, .5 
TABLE DEI 
0,   .01,   50,   .01,  50,  0,  100.  0 
RUN CONTROLS 
STOP  TIME = 500,  COMPUTER  .IME LIMIT = 5,  RUN INITIAL CONDITIONS 
MAXIMUM PRINT POINTS -  3000 
END 

E2, 1-4  = 
CZ, 2-3 = 
CX, 5-6 = 
Rl, 4-3 = 
R2, 3-1 = 
R3, 5-1 = 
R4, 4-6 = 
R5, 4-7 = 
R6, 9-1 = 
Tl, 3-5-4 
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4.3 EXAMPLE 3 - DARLINGTON PAIR 

The schematic of a Darlington pair appears in figure 33.  The problem is 
to determine the d-c output voltage and power requirements of this circuit 
under nominal conditions and after the first stage transistor alpha has been 
degraded to various levels due to the effects of a steady-state radiation en- 
vironment. Assume that the transistor model shown in figure 36 has been per- 
manently stored at some previous time.  The Rerun feature will be used to accom- 
modate the additional runs that are required for the degraded alpha versions. 
The problem can be prepared from figure 34, which is the SCEPTRE form of 
figure 33. 

Rl =20kü 

+10V 

R2 = Skti 

® 
IN=1VQ 

R5 = IkH 

R3 = 200k il 
R4 = 0.4kü 

Figure 33.    Example 3  Schematic Diagram 

r'M 
^      Rl        © 
(2)1—ws>   » < 

i;R2 

Tl 

© 
EIN 0 

0 
;;R3 

R5 

© 
T2 

R4 

Figure 34.  Example 3 SCEPTRE Form 

- 120 - 



Hfl   HI   I, t..i>p   ..■»!■■.■ ■■lu.r)CT^iiiiiiii||ii  I ».ill I   i!|IW|pn»ll|impill   ll-n »IJ   DJ i ipi m^  -       "•.l«l*,«"!l>l'»M;»WB«llJI"-l imi^rWHrmtl'virm-WTniir ■' IT»-—,,^..,»,..,.,i,™-i-r. 

A valid sequence of cards for example  3 would be as  follows: 

^CIRCUIT DESCRIPTION 

' ELEMENTS 

f EC, 1-6 = 10 

^ EIN, 1-2=1                                                                                                ' 

^Rl, 2-3 = 20 

/R2, 6-5=5 
1 

/                                                                                                                      1 f R3, 4-1 =200 

f R4, 8-1 =   .4 

/                                                                                                                           1 
R5, 6-7 = 1 

/ Tl, 3-4-5 = MODEL 2N706A (PERM) 

^ T2, 4-8-7 = MODEL 2N706A (PERM) 
1 

^ DEFINED PARAMETERS 
1 

^ PEC = XI (EC * IEC) 
1 

^ PEIN =X2 (EIN MEIN) 
1 
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r 
r 
( 

( 

OUTPUTS 

PEC, PEIN, VR3, VR4 

RUN CONTROLS 

RUN INITIAL CONDITIONS ONLY 

RERUN DESCRIPTION (3) 

DEFINED PARAMETERS 

/piTl 

[END 

= .96, .93, .9 

The RUN INITIAL CONDITIONS ONLY entry ensures that no transient computa- 
tions will be made.  The Newton-Raphson process will iterate to the final DC 
solution for the master run; then do the same for each of the retuns in turn. 

Figure 35 shows the results of the master run and the three reruns in 
tabular form.  The listing of the stored model is also shown for convenience 
in figure 36.  Even though only four quantities were specifically requested 
under CIRCUIT DESCRIPTION, ten appear in the output listing because each 
transistor uses the stored model which, in itself, has three output requests. 
There is little change between the results of the master run and the reruns 
because of the inherent stabil"ty of the circuit. The power supplied from 
the input source EIN increases successively in the reruns because the reduced 
alpha of the first stage permits more input current. 
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HESULTS OF   INITIAL CONDITION COMPUTATIONS HFSULTS  UF   INITIAL   CUWITION   COCHUTATIONS 

EIAMPLF   J 

TIME 0. 

VCETI 3.38iae6BF-CI 

VCCTl -8.')3?MiS9E   00 

J1T1 l.31?l9?*E-0? 

VCET2 '..42?19?Ot-0l 

WCCT2 -R.82?67e4E  00 

J1T2 5.7706«02e-OI 

PEC 5.30073I4F  00 

PEIN ?.7M8BTIE-0« 

WR3 6.5620869E-C1 

VR4 2.I087720E-01 

EXAMPLE   3 

RERUN 
EXAMPLE   3 

I 

TIME 0. 

VCETI 3.37691846- •01 

VCCTl -8.94S6204C on 

JITI l.358369')E-02 

VCET2 'J.4163123F- -01 

VCCT2 -e.83ai600E CO 

JIT2 9.I6*8731E- -01 

PEC 5.1910089»; 00 

PEIN 5.«7B97«*E-C4 

VR3 6.S128729E- -Cl 

VR4 2.0AS5A86t- -01 

RESULTS   OF   niTIAL   CONDITION  COKPUTATICNS RESULTS  OF   INITIAL  CONDITION  COPPUTATICNS 

RERUN 2 
EXAMPLE   3 

TIME 0. 

VCETI 3.3696S83E-01 

VCCTl -a.9570*22E   CO 

JITI 1.3242e61E-07 

VCET2 «.«077594E-0I 

VCCT2 -8.8603308E   CO 

JIT2 5.011062AE-01 

PEC 5.0340096t   00 

PEIN 9.2655059F-04 

VR3 6.A422500E-0I 

VM 2.0044752E-0I 

RERUN 
EXAMPLE   ) 

3 

TIME 0. 

VCETI 3.'626IUF-0I 

VCCTl -8.9679C06E   00 

JITI 1.29i0ierf-02 

VCET2 4.399396TE-0I 

VCCT2 -8.8813277E  00 

JIT2 4.866510tf-Cl 

PK 4.88941I3E  00 

PEIN 1.2919687E-03 

W* *.37»19«TE-0I 

VH4 a.94*«MOC-OI 

Figure 35.    Example 3 Output Listings 
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1 

MODEL   ?Nf06*   «PEKt'l    (B-e-CI 
ElEMENTS 
CEil-E«E0UATinNm.,7C.ljn 
CC,l-2oEüU*TrnNl(H., itO.,J?) 

RCtC-2».Ül5 
Jiii-E-orroE EOUATirmi.F-r,».) 
J?il-?«0I0DE   fOUATIOrj(5.F-7,17.» 
J»fE-l«.l*J? 
JB,2   1*P1«J1 
JX,2-1.0 
DEFINED PARAPEfERS 
PI».98 
OUTPUTS 
VCEfVCC.JI.PLOT 
FUNCTIONS 
E3UATIONl(A,a,C»»(A»B*CI 

Figure 36. Model Listing for Example 3 

4.4 EXAMPLE 4  - USE OF SMALL SIGNAL EQUIVALENT CIRCUIT 

This example is intended to Illustrate the proper use of one of a class 
of small signal equivalent circuits with SCEPTRE. Figure 37 shows the 
schematic of a two-stage linear RC coupled amplifier. Let it be desired to 
determine the response of this circuit to a low amplitude 100 kHz sinusoidal 
input . 

The low frequency small signal h parameter equivalent circuit shown in 
figure 38 will be temporarily stored. As is customary in the use of this type 
of equivalent circuit, all d-c power supplies will be grounded since only the 
a-c excursion around each of the individual operating points is of interest 
The resulting SCEPTRE form appears in figure 39.  The automatic termination 
feature is invoked to halt the run if  the voltage across the load resistor of 
the second stage reaches 20 volts. 

I—1 
VCC = 20V—   4r 

RB2 — 
RBI = 100kn>    RL1 = IkXi?   ]00kU< RL2 = Ikfi 

Figure 37.     Example 4  - Schematic Diagram 
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o vw»    i 

EA = 0.0005VR2 0 JB = 50IR1 

© 

© 

^ 
R2 = 2000kXl 

Q) 

Figure 38.    Low-Frequency H-Parameter Equivalent Circuit 

Jt 
RBI 

»     » 

© 

© 
Tl 

? © 

III I <RB2     SRL2 

C2      1 <   © 

© T2 

Figure 39.  Example A - SCEPTRE Form 

A valid input sequence for Example 4 would be: 

MODEL DESCRIPTION 
MODEL SSI (TEMP) (B-E-C) 
ELEMENTS 
EA, E-X =  .0005 * VR2 
R2, C-E  = 2000 
Rl, B-X =-  .3 
JB, C-E =  50. * IR1 
CIRCUIT DESCRIPTION 
ELEMENTS 
El, 1-2  = XI (.0C1 * SIN (.000628 * TIME)) 
Cl, 2-3 =  5E6 
C2, 4-5 = 5E6 
RBI, 3-1  = 100 
RL1, 1-4  = 1 
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1 

RB2, 5-1 = 100 
RL2, 1-6 - 1 
Tl, 3-1-A "    MODEL SSI 
T2, 5-1-6 = MODEL SSI 
OUTPUTS 
VRL1, VRL2, VC1, VC2, PLOT 
RUN CONTROLS 
STOP TIME ■  30000 
INTEGRATION ROUTINE  = TRAP 
TERMINATE IF (VRL2 . GE. 20.) 
END 

Since the frequency of the input  sinusoid  is  100 kHz,  its period is 
10,000 nanoseconds.     The problem duration has been set  to 30,000 nanoseconds 
to accommodate  three cycles of the input wave.     Output  plots for the voltages 
across the two load resistors are shown in figures 40 and 41.    The latter 
waveshape peaks at about  6.6 volts which indicates  that  this circuit has an 
overall voltage gain of  6600 at this  frequency.     The automatic termination 
condition was never activated since VRL2 remained below 20 volts throughout 
the run.     It  is worth noting that the  input  sinusoid.  El, was entered directly 
under ELEMENTS as a direct math expression and its value  is completely enclosed 
in parentheses   (see subsection 2.2.2).     An equation could have been referenced 
for El and then subsequently defined under FUNCTIONS,  but  this was not done 
for this run. 

4.5    EXAMPLE 5    -     SOLUTION OF SIMULTANEOUS DIFFERENTIAL E0UATI0NS 

This example  is  Intended to illustrate  the flexibility of SCEPTRE through 
the special use of  the DEFINED PARAMETERS section.     Assume that the user has 
the problem of solving the  following set of  first  order,  simultaneous differ- 
ential equations that may be entirely  independent  of any electrical network: 

X    =    -6X + 5Y + 10 

Y    =    5X -  7Y + 2Z 

Z    =     .2Y -   .2Z -   .5 

with X(0)     =    6,  Y(0)     =    5,  Z(0)    =    4 as  initial conditions.    Note,  since 
the derivatives of  PX,  PY and PZ  (DPX,   DPY,  DPZ)  are entered, PX,  PY and PZ 
will be updated at  each integration step.    Only capacitor voltages and inductor 
currents are entered under  the INITIAL CONDITIONS  subheading. 
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The user may enter each of the derivatives under DEFINED PARAMETERS in 
explicit form (subsection 2.2.3). A proper sequence would be: 

/ CIRCUIT DESCRIPTION 

[   EXAMPLE 5 

f   DEFINED PARAMETERS 

/ DPX = EQUATION 1 (PX, PY)                                                                      ' 

/ DPY = EQUATION 2 (PX, PY, PZ) 

/DPZ = EQUATION 3 (PY, PZ)                                                                       ' 

/ PX = 6                                                                                                               i 

/PY=5                                                                                                               ' 

[PZ = 4 

/ OUTPUTS 

/  PX(X), PYW, PZ(Z)/ XSTPSZ, PLOT 

/   FUNCTIONS 

/  EQUATION 1 (A, B) = (-6.*A+5.i 
1 

rB+10.) 

f  EQUATION 2 (A,B,C) = (5.*A-7. *B+2.*C) 

AQUATION 3 (A,B) = (.2*A-.2*B- .5) 
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1 

RUN CONTROLS 

INTEGRATION ROUTINE = TRAP 

STOP TIME = 100 

/END 

Note that the  initial values of each of the variables X,  Y and Z have 
been entered as FX = 6,  PY =  5,  and PZ = 4,  respectively.     The differential 
equations therasalves are entered under DEFINED PARAMETERS  in  the language 
given in subsection 2.2,3.     The quantities X, Y,  and Z will ba treated in the 
same manner as would the state variables of  the general  transient problem and, 
therefore,  these equations will be subjected  to  the  same  step  size limitations 
in whatever integration routine  is used.    These quantities are explicitly 
labeled as X, Y,  and Z because of the format used under OUTPUTS  (see subsec- 
tion 2.2.4).    The step size  is output through  the use of  the  internal name 
XSTPSZ  (see TABLE XI).     The  first 56 and the last  19 print  intervals are 
shown in figure 42. 
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f S.*27lTf 00 ».44?»0F 00 46lB?t   00 ».<>]0<0k 00 ».4U011F 00 )707*f 00 l«075t 00 
1 1.S491IF 00 ).»4470F 00 »I'MIF   00 1.46700E 00 S.4|9»7F 00 JTB77f 00 3]77kf CO 
STtr 4.000COF ■01 4.OOOOOF 01 OOOOOF-Oi 4.000001 -01 «.OOOOOf 01 OOOOOf 01 OOOOOf •0| 

T|Mt *>.*?b00f 00 b.tfioni on O^^OOt   OU 7.(7>00i 00 e.'>7-.oot 00 *7'-00f ■10 07 75UI 01 
1 6.IDJHE «0 t.ossnr no 0104»«   Pu 3.96T0»t 00 5.97i*9«: 00 nmjhi 00 "sFPol OJ » 9.11II6F 00 ».?««£ Of. 70159F   00 ».14997? 00 5.1U057F 00 0»i76f 00 007B3f 00 
1 I.2<>ltl4t oo y.izotif 0) l*fc<11f   00 1.07674F 00 J.0OB>Jf 00 945Mf uo saint 00 
STIF S.OCOCnc 01 n.OOOOOF 01 'JC.OOOf-01 R.OOOOOF -01 B.OOOOOt 01 OOOOOF ■01 OOOOUf 01 

Il»"t 1.10?»0* 01 1. l<.?^or '1 i?na' '<\ 1.77?-0; >)l |,7'.7xO' 01 jn?<,nf 01 .-7»..' 01 « S.HWJ^f on ■>. Min* JO r/toi'  ^i ■ tiyrtn 0" ,, f 4 !■»■>* O'l T7f-7f 3G '1 llt-i Ou 
y ».163S*'. oo <>.V440)F 00 i?iftor on 4.90(69e 00 4.05471!: 00 B6515E 00 84650E 00 ; ?.9?2Hf 00 7.741BSF 00 Ih'-tnt    30 7.71fl6 7l uo 2.M197f 00 6B)84f 00 66374f Oü 
Mt* S.OOOCOF 01 4.OOOOOF 01 Ououüt-m 4.000OOt 0| 4.0ün00t PI OOOOOf 01 OlOOut 01 

n« (.H7i«f 01 UVW 40t 01 -.?V0>    "1 l.A??^t Tl i.7o?ia« 01 T''7»0" "1 'i ./ti* M 
i i.616*1f oo •>.tb:->T -in »..■Ttt1    PO j.ftl"-.)' Oo ».3^*JU' 01 ■. -. * i * ■" no .■.,?(■ OJ » *.fl?B?6c 00 4.7976^F 00 ti'aif   00 4.77i,04t oo 4.c )4ybf oo '.'»jor.t .10 -.»,-tj' O'l 

i i.fclS^Tf oo ?.»(lb»0F ou SilW   00 7.49S16' QJ 7.'.->74ir 00 41l)0r 00 W7>>l ou 
srtp B.000COF 01 «.00000t 01 OJOSOt-Ol ».OPOOOt o: e.ooooo' 01 onooof 01 IjOOo»^ 'Jl 

UM ').Ü4?1')F 01 9.0B?f0f 01 l?7iOF   01 9.167»0C 01 9,7r;»ot 01 747501 01 7B7iUl 01 * I.ÜiOS'f ')■} ».aiv*i u"' nioof    00 j,m)On^>- 0.' r.C'iMft^ 00 11 >*, 11 nn Jl,  ».')! ug » *.0l^5l( 00 *.DU?4t on oil17t   np h.iintf Qfy 4.ÖJI4M 00 PII77' 00 Jl 107' Oil / usin«« 00 UltbtTf 0^ »l*-4if  m i.»l6oei 
JO i.iiwr 00 ',lS<7f 00 J! lOo'' 00 

UM 4.00000F -01 4.00000E 01 ooooor-Pi 4.00000? •01 4.OOOOOf 01 OOOOOF 01 OOOOOf -u 

TIM 9tmntl 01 <1.44249F 01 'J7?49E   01 9.60749E 01 4.6II744F 01 r6749f 01 0W4II 01 
i 5.Ü0B«(f 00 b.D044»r no oüfow o: •..(h>11?f 0(1 >.PuT?1* on O-Jfl' t lif,l<iu> ''U 

T •..OIO^OF 00 4.0100SF on 0090"^    00 4.00974' on ',,'HialH 01 001«, 7' ■JO OOHI«! IiO 

1 I.^U40F 00 i.»n7»F no siii'tf or, 1.5iUt?t OO I.5l?07t 00 »I15-.t 00 ilUU flf, 
Sfff a.OQOOOE 01 •.OOOOOF 01 OOOOOf-01 B.OPOOOF 01 8. OOOOOF 01 OOOOOf 01 OOOOO« 01 

UM 9.B4244F 01 9.U749F 01 97?49f   01 9.962496 01 1.0007'jf 07 < 5.00674F 00 ».00664F on OOtSOF   00 ».OOAlbt 00 ».00fc?7[ 00 » *.00«C8F 00 4,00790F 00 00T71f   no 4.007iht 00 4.0074ÜF on 
I I.SII07E 00 I.»I0B1E 00 *I0^9«   00 I.S|n37t 00 I.S|Ol*F ou 
STM 4.00000E 01 4.OOOOOF 01 00000«-0| 4.OOOOOF 01 4.OOOOOF 01 

Figure 42.    Example 5 Output Listing 
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4.6     CONVOLUTION EXAMPLE 

4.6.1 GENERAL 
A transient run utilizing the Convolution mode requires  that a single 

entry  for each convolution kernel   (see Appendix F) be inserted under the 
CIRCUIT DESCRIPTION subheading ELEMENTS.    Each of  the two convolution models 
is made up of two elements,  a variable source and a variable resistor.    The 
impedance model consists of a resistor-voltage source in series,   and the ad- 
mittance model consists of a resistor-current source in parallel.     Convolution 
can be performed with oither  type,  or with a mixture of  types.     The following 
illustrates the appropriate card entry for each model.     Consider  the situation 
shown  in figure 43.     Assume  that a larger network circuit was partitioned and 
an  interface created which requires  three impulse response  functions.    Further 
assume that the three functions,  KH,  have previously been obtained and are 
given as tabular functions of  time,  and that they reside on Disk 12  in the 
proper format. 

(NOTE:    Disk 12 has been preassigned for this purpose,  and  the re- 
quired format and preparation instructions are given in 
paragraph 7 of Appendix F.) 

4.6.2 CONVOLUTION IMPEDANCE MODE 

The. three functions KHAB,  KHBC AND KHAC,  given in figure  43,  represent 
impedance functions.    They are identified with the arbitrarily preassigned 
integers 1001, 2002 and 3003  (see figure 44). 

(NOTE:    That integers are written as constants(i.e.,  followed by 
decimal points)  when used as arguments  in function  state- 
ments. ) 

The appropriate entries are: 

j KHAB, A-B    =    FCONVE   (1001.) 

JKHBC,  B-C    =    FCONVE   (2002.) 

|KHAc7 A-C    =    FCONVE   (3003.) 

The order of  these entries  is  immaterial.     Each entry 1:3  sufficient to 
cause  SCEPTRE to insert.   Internally,   the corresponding two elements associated 
with  the model.    The suffix,  E,   i-.  the subroutine name FCONVE     is a reminder 
that  the impedance model contains a voltage source.     The internally created 
node   name will be given the kernel's  four-character  identifier,   and the names 
for  the resistor and voltage source are created by prefixing an R and E,  re- 
spectively,  to the kernel's  identifier.    Thus,  the user can always know the 
correct name for each neu element,  and can thereby obtain these   (and/or their 
voltage or current)  under OUTPUTS  if he so desires. 
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Figure 43.  Convolution Mode Interface 

Figure 44. Convolution Representation Using Series Impedance Elements 
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4.6.3    CONVOLUTION ADMITTANCE MODE 

The three functions KHAB, KHBC and KHAC given in figure 43, represent 
admittance functions. They are identified, respectively, with the following 
arbitrarily preassigned integers 1101,   1102 and 1103  (see figure 45). 

(KHAB,  A-B    =    FCONVJ   (1101.) 

fKHBC,   B-C    =    FCONVJ   (1102.) 

P KHAC,  A-C    =    FCONVJ  (1103.) 

The  suffix J in the subroutine name FCONVJ    is a reminder  that  the admit- 
tance model contains  the current  source.     The names  for  the  resistor and 
surrent  source are automatically created by prefixing an R and J,  respectively 
to  the kernel  identifier. 

4.6.4     SAMPLE PROBLEM 

This paragraph illustrates a way the Convolution mode may be used,  and 
gives  the appropriate CIRCUIT DESCRIPTION cards to  illustrate how it  is set 
up.     A transient run was  first made on  the reference circuit   (shown  in  figure 
46),   to obtain a typical output  for later comparison.     Figure 47  lists  the 
entries under CIRCUIT DESCRIPTION.     The output chosen for  this  problem, 
WCV2,   is  given in Figure 48. 

Next,   in order to establish the Convolution mode,  three blocks of cir- 
cuitry were removed from this reference circuit.    Each removed  portion had a 
known analytic spectral representation.     The impedance representation was 
used   (see  figure 49),  and  the spectra were evaluated.    The inverse  Fourier 
transforms were then taken,  supplying an h(t)  impedance kernel  for each of the 
removed blocks for analysis by SCEPTRE  in the Convolution mode.     Disk 12 was 
prepared  in accordance with Appendix F,   Section 7.    A SCEPTRE CIRCUIT DESCRIP- 
TION was prepared in accordance with  the guidelines  in TABLE II,   in paragraph 
2.2.7.14,  and in the text preceeding  this sample problem.     Figure  50  shows 
these CIRCUIT DESCRIPTION entries.     Figure 51 shows  the output coltage across 
the same nodes as were used  for  the reference circuit,  figure 46. 
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Figure 45.    Convolution Representation Using Parallel Admittance Elements 
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ORIGINAL NETWORK TERMINATIONS 
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Figure 46.    Convolution Sample Problem Reference Schematic 
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CIKCÜIT      Üfc-SCHIPTIÜN 
ELFMbNTb 
f-1 ,    0-l    ■ 
y If 
LI, 
Cl, 

h I, 

C3, 

1-^ 

3-S 
^_ > 

5-6 
b-n 
5- 7 
6-f) 

(;1 (T IMt ) 

/  .   • 
. ■",i 

?"^. 

17b. 

1 r, c"«. 
rCVl 
CCV1 
LCV1 
PCV2 
CCV? 
LCV? 

CCV3 
LCV3 

FUNCTIONS 
Ql ( T)=( n*r*0tXP(-.5*TI I 
g?( A,b,C) = ( A + li + C) 

Ofcf-lMhD   PAPAMTTEKJ 

PCUI<l=iJ2( [KlVl, ICCV1, ILCVU 
PCü(-2 = W2( IRCV2, ICCV2, ILCV2) 
PCüt<3=w2{ 1KV3,ICCV3,ILCV'3» 

flUTPUTS 
Fi ,PLC;T 
VCCVlfPCUölfVCCV2.i:,CUH2,VCCV3,PCUR3,PLUT 
VR2,VR^ 

RUM   CUMTKULS 
IMTILGKATIDN  ^'UUTINE   =^UK 

WRITE   SIMULB   UATA 
PR INT   6   MAThIX 

STUP   TIMH=4.7 
MAXIMUM   STEP   SIZK=.015 

FND 

7-H = I2^^r<. 
7"d = .m 
7-ri = l^^O. 
P-0 = 12000. 
K-^ r .^'•2 
ft-n = 5^C. 
7-1 = 12ror. 
7-0 = .^0A5 
7-- - 2'"00. 

Reproduced  from 
best  available  copy. 

Figure 47. Convolution Reference Example Description 
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CONVOLUTION REPLACEMENT MODELS 
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Figure 49.    Convolution Example,  Impedance Model Schematic 
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CIRCUIT DESCRIPTION 

ELEMENTS 
El, 0-1 = Ql(TIMF) 
Rl, 1-2 = 5000. 
LI, 2-3 = 25. 
Cl, 1-A = .001 
R2, 3-4 = 3000. 
R3, 3-5 = 2000. 
R4, 4-0 = 8500. 
C2, 4-6 = .004 
R5, 5-6 - 11000. 
L2, 6-0 - 175 
C3, 5-7 = .0025 
R6, 6-8 = 1000. 

KCV1, 7-8 = FCONVE(1001.) 

KVC2, 8-0 = FCONVE(1002.) 

KVC3, 7-0 = FCONVE(1003.) 

FUNCTIONS 
Q1(T) « (10*T*DEXP(-.5*T) 
Q2(A,B) = (A+B) 
DEFINED PARAMETERS 
PV0LT1 = Q2(VRKCV1, EKCV1) 
PV0LT2 = Q2 (VRKCV2, EKCV2) 
PV0LT3 = Q2(VRKCV3, EKCV3) 
OUTPUTS 
El, PLOT 
IRKCV1, IRKCV2, IRKCV3, PLOT 
PV0LT1, PV0LT2, PV0LT3, PLOT 
VR2, VR4 
RUN CONTROLS 
INTEGRATION ROUTINE=RUK 
WRITE SIMUL8 DATA 
PRINT B MATRIX 
STOP TIME =4.7 
MAXIMUM STEP SIZE =0.15 

IMPULSE RESPONSE BUFFER = 300 
INPUT FUNCTION BUFFER - 900 

END 

Figure 50.  Convolution Example, Impedance Model Description 
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4.7 EXAMPLE 7 - USE OF MONTE CARLO 

The Darlington Pair used for Example 3 and shown in figure 33 Is used 
also to d^mcnstrate the Monte Carlo option. While all four of the DC options 
(Monte Carlo, Sensitivity, Worst-Case and Optimization) can be requested in a 
single run, they are shown separately in this and the next thi-ee examples for 
clarity. In each case, the complete SCEPTRE input deck is listed, and the 
output due to execution of tiie requested feature is shown. 

In the Monte Carlo example (see figure 52 for input listing) Gaussian 
distribution was used (since none was requested and Gaussian is 
the default mode), and ten iterations were requested. The Independent 
variables are the defined parameter PI as used in both model Tl and model T2. 
Since no initial random number was specified, SCEPTRE supplied its own. De- 
tails of each iteration were not requested.  If they had been, the random 
element and defined parameter values and the requested output values would have 
been listed for each run. The outputs provided, shown in figure 53, are the 
statistical parameters of the independent variables, plus a summary of the 
maximum, minimum, and mean and standard deviation of the requested output 
parameters. 

4.8 EXAMPLE 8 - USE OF SENSITIVITY 

The Darlington Pair used in Example 3 (shown in figure 33) is used 
to demonstrate the Sensitivity option. For this case, two sets of partial 
derivatives were requested; the first with five dependent and two independent 
variables and the second with four dependent and three independent variables. 
The input data is shown in figure 54. The 22 partial derivatives calculated 
are tabulated with dependent and independent variables identified. The output 
appears in figure 55. 

The problem shows the use of defined parameters as both independent and 
dependent variables.  Only those defined parameters used to islate primary 
and secondary current sources may be used for independent variables. The de- 
fined parameters used for dependent variables must have their total differen- 
tials provided (see paragraph 2.2.3.3). Thus, 

PEC = EC*IEC 

and its total differential is 

EC • d(IEC) + IEC • d(EC) 

Since EC is constant and is not one of the independent variables, it is not 
necessary to include its differential contribution to the total differential, 
GPEC. 
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MODEL DESCRIPTION 
MODEL 2N706A  (B-E-C) 
ELEMENTS 
CE, 1-E - Ql  (5., 70.,  J 1) 
CC, 1-2 = Ql  (8., 370., J2) 
RB, B-l = 0.3 
RC, C-2 » 0.015 
Jl. 1-E = DIODE Q(l.E-7, 35.) 
J2, 1-2 = DIODE Q(5.E-7, 37.) 
JA, E-l = 0.1*J2 
JB, 2-1 = P1*J1 
DEFINED PARAMETERS 
PI - 0.96(0.98,  0 9) 
OUTPUTS 
VCE , vcc. Jl 
FUNCTIONS 
01 (A,  B, C)  =  (A + B  * C) 
CJRCUIT DESCRIPTION 
ELI: ̂ fENTS 
EC, 1-6 = 10 
EIN .  1-2 = = 1 
Rl, 2-3 = 20 
R2, 6-5 = 5 
R3, 4-1 = 200 
RA. 8-1 = 0.4 
R5, 6-7 = 1 
Tl. 3-4-5 = MODEL 2N706A 
T2, 4-8-7 = MODEL 2N706A 
MONTE CARLO 
(VCET1,  VCCT1,   J1T1,  VCET2,   VCCT2,  J1T2,   PEC,  PEIN,  VR3,   VR4/P1T1,  P2T2) 

■JEFINFO   PAHAM^Tf-ws 

p»ec=xec( EG* IEC > 
OEIN=X^   ( PIN#IFIM ) 

OUTPUTS 
VR3,VR4 

»UN   CCNTPULS 

BUN   MfNTF    CA»LO=tn 

RUN    INITIAL    CnNOITIONS    ONLY 

END 

Figure 52.    Monte Carlo Example Description 
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MUOEL   QESCMPTIUN 
MUOCL   2M7n6A   (B-t-C) 
tLEMENTS 
CE,l-£-Jl   (b.,?0.,Jll 
CC,l-<? = Jl   (y.,37^,,J2) 
«a,ti-i=o.3 
RC,C-? = 0.'>15 
Jl,l-E = üinut   Ul l.E-7,lf-.) 
J2,l-2 = 01üOE   (J(5.E-7, ^7.) 
JA,E-l=0.l#J2 
JÖ,2-1=P1*J1 
JEFINEU   PAWAMETEKS 

GüTPOTb 
VCE.VCCJl 
FUNCTIGNS 
Jl    (A,d»C>=(A+B*C) 
CIRCUIT   üfcSCI^lPTIUN 
rLLM[ M   , 

L c, i - ( _ i . 
c I N . 1 -  ' = 1 

«1 , ?- ',= -0 

«?, 6-b-'i 

'>.Jl -51- I =  'i. "■ 
M4,H- 1= I.'* 
tJb.b- 7= 1 

T l , 3-4- .--•',: i L    s-if )(.,(' 

T ? % ti->'- 7~   '■  ,\     i      ,'-, 7 )- A 

SENS M1V1 1Y 

( VCtT 1 ,7t,C, 1  I , J 1 T 1 ,   > 

)     r   A       ,. 

'■  ('If 
"♦v   i 1 ' 

I   I N I 

'.(    1«-] 
; ■ IK ;i 

. T     ■", 

114) 

) 

-<) 

( VLilT ,' 

PL" IN= X 
r.r»E 1N- 

IJ^-XA ( 

r>Ok.J- A'l  ^   5 (   It 

^Ülh^rKU I -• .i( 
|TP,.3r X'.- .< (  I I 

ijPPf-' 3-  '  ) I   .;, 

P01f-F-^ = VL  111 

PDVGP 1= KDVi- i 

UUTPUT .■> 

VPJtV^4 

«UN   C C. N ri-1 U ! 

HUN   üfN slrI V I T Y 

qUN    IM r I M.     ,    , JUI T If.NS 

* tit-i  4/. i 11 .^n 

<*/(• 1 T ,?,!■ 1 1,- ,-.   4,,. O 

< ) 

. <-; I >• 

' * i '■ n 

••. * i - .< 

'It    J ♦ JL V ^ t' 

U VI   J > 

'(1^1) 

1v.)Vh 

l;NLY Reproduced  from 
best  available copy. 

Figure 54.     Sensitivity Example Description 
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SENSITIVITY   CALCliLATIUN( S» 

NO&MALIZFD 
SENSITIVITY 

0.11927347 
-1.3679399 

-0.9S3322040-02 

VCCT1 P1T1 O.ba'591209 -0.7 38811200-0 1 
"•'■-> -•    ""•—• 0.16481784 

0. 1 rV079 140-02 

1 .4662820 
-16.816695 

-0.12149884 

1 .1 328530 
2.4673100 

-0.98217395 

1. 1 328530 
2.4673100 

-0.98217395 

0.26915882 
0,26915882 
0.165830200-02 

-0.467510970-01 

-0.36148703 
-0.36143703 
-0.191300050-02 

0.330004 990-0 1 

-16.^25368 
-16.825368 

-0.12156150 
-0.60801088 

4. 1332396 
4.1332396 

0.254651 130-01 
0.28208376 

SET DEPFNOFNT INOFPFNOENT PARTIAL 
UMdFf- VAS I A 1LC VAS I AULF OEF. I VATI V£ 

1 . VCFT1 P 1T1 0.436391450-01 
P 1T2 -0.30049458 
ü 3 -0.1735689 70-04 

VCCT1 P 1T1 0.68591209 
PI T2 -1.5301683 
C 3 -0.530654580-04 

Jl Tl PI Tl 0, 33334625D-01 
^»1 T2 -0.38231269 
F. 3 -0.1325841 00-04 

3*. 3 P 1 Tl 0.234961 530-02 
P 1T2 0.511737110-02 
P 3 -0.977806320-05 

of-f- 3 PI Tl 0.234961530-0^ 
PI T2 0.511737110-02 
S  7 -0.977806320-05 

?. VCFT2 P 1 T2 0. 12301 307 
P 1 T2 0. 12301307 
P. 5 0.363787290-05 
P 4 -0.512797260-01 

VCCT? P 1T2 3.3587232 
oi T2 J.3587232 
F. 3 0.853174400-04 
c 4 -0.7358 iOftO 

MF IN P 1T2 -0. 152925080-01 
P 1T2 -0.152925080-01 
t 3 -0.530336380-06 
C 4 -0.132o28460-02 

VE 4 P 1 T2 0.80382902 
P 1 T2 0.80382962 
n 3 0.237717020-04 
34 0. 13166270 

Figure  55.     Sensitivity Example Output 
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1 

4.9 EXAMPLE 9    -    USE OF WOKST-CASE 

The Darlington Pair used  for Example J (shown in figure 33)   is used to 
demonstrate the Worst-Case option.     The Worst-Case request,   figure  56,  specifies 
one set of  ten dependent and  two  independent variables.     The output  from the 
Worst-Case calculation on one of  the requested dependent variables,  VCCT1,   is 
presented  in figure  57 as  typical of the entire set. 

The function value of -8.9126  for the nominal  independent  variable valies 
(P1T1,  P1T2)  is printed,  followed by the gradient components of VCCT1, with 
respect  to each independent variable.    A projection along  the positive dirtc- 
tion of  the gradient vector  then  intersects the upper bound of P1T2 as its 
closest boundary surface.     Along the negative direction of  the gradient,  the 
closest boundary surface was  found  to be the upper bound of  P1T1. 

Using the values at  the boundary along the positive direction,  a calcula- 
tion was performed which yielded a value of -8.81/»9 for VCCT1.     At  the boundary 
in  the negative direction,   the value was  found  to be -8.9487. 

4.10 EXAMPLE 10    -    USE OF OPTIMIZATION 

Tht Darlington pair used  for Example 3 (shown in figure 33)   is used 
to demonstrate the Optimization option.     For this case,  one set of  opti- 
miration parameters was specified.     The set contained two objective functions 
and  four  independent variables.     The  input data is shown in figure  58.    The 
two objective functions are minimized with respect  to the  four  independent 
variables specified.     The output appears  in figure 59. 

The problem shows the use of defined parameters as both objective func- 
tions and independent variables.     Only those defined parameters used  to relate 
primary and secondary current  sources may be used as independent variables. 
The defined parameters used  for objective functions must have their  total 
differentials provided   (see paragraph 2.2.3.3).    Thus, 

PEC    =    EC*IEC 

and its total differential is 

EC ' d(IEC) + IEC ♦ d(EC) 

Since EC is constant and not one of the independent variables,   it  is not 
necessary to include  its differential contribution to the  total differential, 
OPEC. 
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1 

MUUEL   DESCRIPTION 
MUOEL   2N/06A   (Ö-E-C) 
ELIMLMS 
Ce»l-fc=Jl    (b.,70.,Jl) 
CC»l-2 = vJl   {8.,370.,J2) 
Kb,a-l = ">.3 
»C,C-2=0.^15 
Jl ,l-£ = aiUDE   w(l.E-7,j5. ) 
J2il-2=DIüUF   U(5.E-7,37.) 
JAlE-l = ').l*J2 
Jd,2-l = Pl*Jl 
OEF INFO   PARAMETERS 
Pl=n.96(0.96,0.9» 
ÜUTPUTS 
VCfc.VCCJl 
FUNCTICNS 
gl    (A,blL)=lA+H*C) 
ClkCUlT   OESOIPTIGIM 

LCX" -\: 
E    l INI .   1   -   -' ^   l 

W 1 ,2- '-- 

U ?, ■ -u = 

« 3 , '»- 1 - 
^4, ■'- 1 - 

W 5 , ';. - 7 - 1 

T I, 3- 4- -1 = 

T ?,4-r- / = 
WQ(< il    C A ■,; 
{ VC-n 1 , \/( (. M . J 1 T 1 ,,•> 

( vc.:-T ^. ;• '•/!  n .'.-• 3 , 
DEF INt- ')    I ".'  AV,!- 1 t  '• ':, 

Mr I\=X  ,    {     i r.-, It   IN ) 
.jP»-- if^u/«* ,. i: i J 

P 4 = x'» {■   1: ■ ) 

OUTHUI -: 
V W 3 . V h 't 

RUN    C CNTI<(JL  S 

^UN    WL> '>T     ( A:.h 

« U N    I M T I A I 

ENO 

. ( 1   ■ 

( f . .-i 

!   I 

i 7 D',A 

i 7 )(,A 

I N/-M Tl 

t ) 

MI < ) 

LUND 1 T 1 CKS   W sIL Y 

Reproduced  from 
best available  copy. 

Figure 56. Worst-Case Example Description 
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AOvzi   2N7n6A   (H-^-C) 
l-.LtMfcNTS 
CE«l-F = -.vl    lfi,,70#,.n} 
CCtl-2=Jl   (b.,i7>.fJZ) 

Jl , l-£=DI0UE. U( l.E-7, ib, ) 
J2tl-2 = üIÜÜL u(b.E-7t37.) 
JAtE-l*T.l*J2 
JB,:-I=PI*JI 
Jt^ INEO   PASAMbTE^S 
Pl=0.SoK.9h»0.9) 
JUTPUTS 
VCE.VCC.Jl 
FUNCTirNS 
wl    ( A,ö,L)=( A + L)«CJ 

Cll-Coir   uESO IPTIDM 
r.L t  vlt M   > 

(-. C f 1-■-   - 1 ■■.('■.:, 1 '.; ) 

F 1 N . 1 - ' - 1 

.VI ./-.?= ^ .; 

Hf  J  ,    't -   1   - .^   -,   ^ 

P/* ,   -i-   1 -   I.   '4 

U j,a-7= I 

T 1 , ■!-<♦-',= Mi. ■ , L .■'\7:'A 

T^ . *-t- /-v.Jt i L ?% 7 >f.^ 

T P T I v I / A T 1 i   i\ 

( VP Si Mt c/r»j T i ir>n ?tt c ) 

DEP INT;)   HA. / ■.,'   n   . s 

PrC^A 1 C( i c ■;• 1 i '. ) 

G»-,fc = iL'iCf'»ic(. tt'i) ] ~(. * ui c; 

PDLC = X^! e ( -C   ) 

P13 ILC-Xi-I i r { 1;.C ) 

OUTPL I  3 

V R ^ , V t- '4 

WUN    CCMHiL? 

^UN   (.IK'T IM 1/ A 1 11 !\-/t ) 

RUN     INITIAL    CONDI T It>NS    C-NLY 

END 

Reproduced from 
best available copy. 

Figure 58.  Optimization Example Description 
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T E R M I N A T I O N C O N D I T I O N 

O B J E C T I V E F U N C T I O N 

V A L U E OF O U J E C T I V E F U N C T I O N AT T E R M I N A T I O N 

O P T I M I Z A T I O N P A S S COUNTER 

M A X I M U M P AS S t i S P E C I F I E D 

O P T I M I Z A T I O N R E S U L T S 

O P T I M I Z A T I O N N U N C O M P L E T E D 

P E C 

3 . 0 2 3 9 7 6 S 8 D 0 0 

8 

AO 

I NDEPE NOCNT V AW I A OI.E* V A L U E S AT T E R M I N A T I O N 

V A R I A B L E 

P I T I 
P I T 2 
E C 

VALUE 

9. 0D0 00C00D—01 
• OOOOOOOOD-O I 

*#.5030 00040 00 

G R A D I E N T 
COMPCNF NT 

8 * S 1 0 0 0 b J 8 D 0 0 
1 . I 9 6 o l 8 9 5 ' ) 01 
3 . 1 8 3 1 3 3 2 3 0 - 0 1 

T N A N S F O K M E O 
V A L U E ( R A D I A N S ) 

3 * 7 4 4 5 7 O 8 9 D - 0 S 
I . 0 7 3 7 7 b 6 e D - 0 S 
J . 8 9 8 U 0 S 6 4 U - D 4 

T R A N S F O R M E D 
G R A D I E N T 

I » 2 7 4 6 S 4 7 8 0 " O S 
S . 1 4 S I * # I 4 3 O - 0 6 
6 . 2 0 5 2 0 8 7 3 D - 0 S 

I N I T I A L V ALU f S Kjr O P T I M I S A T I O N P A R A M E T E R S 

O B J E C T I V E F U N C T I O N 

NUMOER 0»- I f Ot P L N D E N T V A R I A B L E S 

VUMBFR u r RANDOM S T E M S 

I N I T I A L M M A T R l A EACTUfr 

C O N V E R G E N C E CM I TCP I O N 

MANCCM S T E P S I Z E CONTROL 

M I N I M O M F U N C T I O N E S 1 I M A T L 

H M A T R I X OE Tt R M l N A N T 

J 

0 

I • O O O O O C O O D 0 0 

1 • 0 0 3 0 0 0 0 0 0 - 0 7 

2 • 0 0 0 OOOOOD—0I 

0 . 0 

I . O O O O O C O O u 0 0 

I N I T I A L V A L O E S OF I N u E P E N D t N T V A R I A H L E S 

V Aw 1 A PL t-

P I T I 
P I T 2 
EC 

N( M I N A L 
VAL J t 

•>.f^0 > n o o O O P - O I 
* • 6 0 0 0 ) O : O D - O I 
l . O C O O O C C O D 0 1 

LOitE R 
O L U N O 

9 . 0 0 0 0 0 0 0 C \ > - 0 1 
9 . 0 0 0 >0 0 0 0 3 - 0 1 

• 5 0 0 OC 0 0 0 0 0 0 

UMPfi W 
QUO NO 

* . 8 O 0 0 0 0 C 0 0 - 0 1 
9«scooooooo-oi 
1 . 0 5 0 0 0 0 C C D ?1 

I N I T I A L A ^ t . OA 1 MA T I ON TO M MA I R I X 

i.coooccoo 00 o.e o.o 

c.o i .ooo:ocoo oo o.o 

C . O 0 . 0 I • 0 0 0 0 G >0D 0C 

O P T I M I Z A T I O N R E S U L T S 

T E R M I N A T I O N C J N O I T I ON O P T I M I Z A T I O N MJN C O M P L L T L O 

O B J E C T I V E F U N C T I O N V R 3 

V A L U E OF O r t j l - C T I V E F U N C T I O N AT T E R M I N A T I O N S . o S O 2 1 3 2 t>D-0 1 

O P T I M I Z A T I O N P A S S C O U N T E R 

M A X I M U M P A b b L S S P E C I F I E D 

1 3 

4 0 

I N O E P E K O E N T V A R I A B L E V A L U E S AT T E R M I N A T I O N 

V A R I A B L E 

P I T I 
P I T 2 
EC 

VAL JF 

9 * 0 0 0 0 3 0 0 2 D — 0 I 
9 . 0 0 3 C 3 0 0 4 0 —0 I 
1 . O O O C O O C OD 0 1 

G R A D I t NT 
COMPONENT 

4 . S 0 H 4 O I I J D - 0 1 
5 . 4 8 4 S I 0 2 9 J - 0 I 
C . O 

T R A N S F O R M E u 
V A L U E ( R A D I A N S ) 

> 2 . 8 6 2 0 1 9 8 1 0 - 0 4 
- A . 4 4 S 5 4 6 7 4 0 - 0 < » 

I . S 7 0 7 9 6 3 3 0 0 0 

T R A N S F O R M E D 
O P A D I E N T 

- S . 1 6 1 3 2 1 9 6 D - 0 6 
— 9 . 7 5 2 6 S B 4 3D— 0 6 

0 . 0 

Figure 59. Optimization Example Outputs 
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4.11    EXAMPLE 11    -    USE OF AC ANALYSIS 

This example is intended to illustrate the proper use of the AC program 
which is designed to conduct a small signal AC analysis around a circuit's DC 
operating points.    Figures 60 and 61 show a circuit containing an active de- 
vice in both schematic and SCEPTRE form. 

The DC operating point set up is either supplied by the user,  or is done 
automatically by the program.    The only response required by the. user,   in 
addition to requesting the AC run by supplying the appropriate Run Controls, 
is the inclusion of the cards for th^ DC mode he desires  (paragraph 2.2.7.8). 
Run Controls must be supplied if Initial conditions are to be calculated, or 
the subheading card INITIAL CONDITIONS must be included   (followed  by the IC 
data)   if  the user is supplying the.  initial conditions.    A valid  sequence of 
cards would be: 

MODEL DESCRIPTION 

MODEL 101M (B-C-E) 
ELEMENTS 
RBC, BR-B=50. 
RC, C-BR=2.1*EO 
RE, E-BR=5.TE8 
CC, C-BR=EQUATI0N l(5.5E-12,.fi,VCC,. 3,S.88E-7,J2,3.12E-12) 
CE,E-BR=EQUATION 2(3.5E-12,lT.E-9,J1) 
JA,BR-E=.332»J2 
JB,BR-C=.q8fi»Jl 
J1,E-BR=DI0DE EQUATION {60.E-9,38.U) 
J2,C-BR=DI0DE EQUTION (5l*. 3E-8,38. U ) 
FmCTIONS 
EQUATION 1 (A,B,C,D,E,F,G) = (A/(B-C)»»D+E^F+G)) 
EQUATION 2(A,B,C)=(A+B»C) 
OUTPUTS 
VCC, VCE .NYQIIIST .PLOT 
CC,CE 
JA,JB,DEGREES 
J1,J2 .RADIANS,PLOT 

CIRCUIT DESCRIPTION 

ELEMENTS 
EAC.1-B=(0.2.0.) 
R1.B-2=25.E+1* 
R2,2-1=2000. 
R3,2-3=11500. 
RLOAD.S-^IOO. 
El.l-lt=-20. 
Tl,2-3-l=MODEL 101M 

OUTPUTS 

VR2.VR3.COMPLEX PLOT 
RUN CONTROLS 
RUN INITIAL CONDITIONS 
RUN AC 
INITIAL FREQUENCY«!.E5 
FINAL FREQUENCY»!.86 
NUMBER FREQUENCY STEPr-1^ 
TYPE FREQIfENCY RUN-" ' V. 

END 

- 151 - 

<a 



l^ini',nwuii"i^Mi^iii.^yniii»,niT.ij)Jii^w. HUBii mmm^f^mn "' ppwiwpipw *T*W'    ■Ty"VTV.^Wl'f"mr»'^"'W'y^na1i»)«wf»T/-yM.-jBi ^-vy •T1|-^JWW"'WT^-,--' 

RLOAD 
MAr 

J2.(54.3E-8)(e38"4 * VCC-I) 

Figure tO:    Schematic - AC Example 

©I  
RLOAD = 100 

© 
t 

Rl -  J50K 0 
—VW  

© 

«3 - 1I.5K 

<    C 

* 

RC. 14 E +8 

*   ■ * 

RBC . SO 
♦——wy»  

SR 

|R2. 

EAC = (0.2, 0.) 

2K 
RE. 

Jj . DIODE 

^cc CD   (D 
EQUATION 

JB. 0.986* Jl 

'{JB = 65.009336 

t   t 

JA=0.332*J2 
DIODE EQUA 

65.932389 M/ 

El . 20 

MA) 

ION 

0 
Figure 61:    Example Schematic for IC and AC Run 
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The automatic DC operating point  set-up procedure results in  the  Initial 
Condition program,   SIMIC, being written and  executed.    This  is  followsd by one 
pass through  the transient program,  SIMTR,   in order  to determine  the values 
of any elements,  or outputs,  that may be dependent on the initial conditions. 
Then,  the AC analysis proceeds using  fixed  resistor values,  representing  the 
DC operating points.   Instead of  the original CLASS J9 diode  sources.     The 
user will receive a  listing of  these vario'is DC  results as shown in figure 62. 
In particular,   in part   (C), he will be  given the values of  the replacement 
resistors used by  the AC program. 

The AC  sources may be connected  between any  two nodes.     However,   since 
all AC sources are  set  to zero  In a DC run,   they should be decoupled  from 
the circuit by a DC-blocking capacitor or a sufficiently large resistor 
value,  a-. Rl  in figure 60.    Similarly,   all  DC sources are set  to zero  in an 
AC  run;   ..e.,  batteries are short circuited,  and  current sources are open 
circuited. 

Figur»"«  63  is  a  sample of a  typical  listing produced by  the AC  run. 
Figure  64  is  a sample of a typical AC Nyquist plot. 

4.12    EXAMPLE   12     -     TRANSFER  FUNCTION  SIMULATION 

An extremely  useful method of applying SCEPTRE to true  system problems 
has evolved   that  adds even more   flexibility   to  the  program.     This method 
depends on the use of transfer  functions  that define the output-input  rela- 
tionship of  systems or subsystems.    Typically,   these transfer  functions 
appear  in the  form of a ratio of polynomials as 

F(s) 

„ Aas m-l m 
E (s)      . «   i a  + a. s + . . . + a     ,s     ^ a    s 

o i-Q  o       i m-l m (9) 
E.(s)        n .    " n-1 

T   b.sJ b+b. s+...+b      s      +bs 
. «    J 01 n-1 n 

As a practical matter, it la almost always true that the order of the numerator 
is less than that of the denominator (m<;n) . A procedure will be given by 
which any transfer function with m< n may be readily and accurately simulated 
on SCEPTRE.  The case m = n may also be accommodated  while the rather im- 
practical case m>n is not discussed. 

* This case may sometimes lead to computational delay 
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(A) I/C  TRANSIENT VALUES AT TIME EQUALS  ZERO 

VCCT1 =-1.3023927    DfOl 
VCET1 =  3.6223429    D-01 

(B) IC OUTPUTS  BEFORE AC RUN 

VCCT1 -1.3023927 D+Ol 
VCET1 3.6223429 D-01 
CCT1 5.4649591 D-12 
CET1 1.1243506 D-09 
JAT1 -1.8027600 D~07 
JBT1 6.5009336 D-02 
J1T1 6.5932389 D-02 
J2T1 -5.4300000 D-07 
VR2 -4.0836859 D-01 
VR3 1.2977793 EH-01 

(C) DC OPERATING POINT SET-UP  VALUES 

J9 Source "J1T1" is replaced by resistor =  0.3949750 
J9  Source "J2T1" is replaced by resistor = 0.2400000    D+13 

Figure 62:    AC Example Initial Conditions Output 
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The first  task must be to devise an automatic method of converting the 
general polynomial fuaction of the complex variables given in equation (9) 
into a form that  is compatible with the mathematical  formulation of  SCEPTRE 
(Vol.  II).     If,   from equation (9), we define 

^      -r
J—    -El(8) = E(8)Z    b»' UO) 

E,(s)        n r ' . rt    j 

j=0    J 

and 

E  (s)       m m          i 
=77— =   T a   s     —^E (s) -  E(s)   T    a.s                                                 (11) 
E(s)          t* m               ow                r*«     i 

i=0 i=0 

then the inverse transforms of equations (10) and (11) yield respectively 

e.(t) = b e(t)(n) + b , e(t)(n' ) + . . . + b, e(t) + b e(t) (12) 
1    n       n-1 1      o ^    ' 

and 

eo(t) = ani e(t)(m) + am-l e(t)(m'1) + • • ■ ^ a1 e(t) 4 a e(t) (13) 

where the notation e(t) is used to represent  the nth derivative of e(t), 
the general voltage variable. 

*    Provided  that  the  initial values of e(t)  and all  its derivatives are zero. 
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The next step must be tc properly simulate the operations given in Equa- 
tions (12) and (13) within the framework of the SCEPTRE input language. 
Simulation of equation (13) Implies an output voltage source which is equal 
to a combination of derivatives. The highest of these derivatives are ob- 
tained by a transposition of equation (12) which yields 

e(t)(n)=lei(t) b
n-ie(t) 

,(n-l) 
-b, e(t) - b e(t) 

1     o 
(14) 

Once the highest derivative  is known, all others may be obtained by successive 
integration    *.    Conversion of  the mathematical operations  inherent  in equa- 
tions  (13)  and  (14)   to SCEPTRE language requires  recourse  to  the Defined 
Parauifeter feature of the  program.    If the nodes of  the  four  terminal system 
of figure 65a are as  ohown       ,   the user must define one  current source and 
one voltage source under ELEMENTS as implied  in figure  65b.     The former is 
simply set equal to  zero;   its  function is  to serve as an  infinite input  im- 
pedance across which will  appear the system input voltage e,(t).    The voltage 
source,  given earlier by equation (13), may be equivalently written as 

^EO a    P      , + a      , P     + 
m   m+1      m-1   m + a1P2 + a   PI 

1 o 
(13') 

where the a a coefficients are as defined from equation (9) and the 
Defined Parameters PI,  Pm+1 represent the appropriate derivatives from 
equation (13).  In addition, the user must define two types of expressions 
under DEFINED PARAMETERS.  The first will simulate the highest order deriva- 
tive of the system which was given by equation (14) and is here written 
equivalently as 

DP = 
n 

(VJI b i p " n-1 n 
-b1 P2 -b Pl)/b 

o    n 
(14') 

where the b , b coefficients are as defined in the denominator of e- 
quntion (9). Finally, a series of n-1 expressions must also be entered in the 
general form 

* This practice is identical in principle to that used in analog computer 
programming where the highest derivative is fed into a series of integrators, 

** Nodes 2 and 8 may be common without loss of generality. 

*** For the special case m = n, this relation must be revised to 

EO a DP + a ,?    + 
m m   m-1 m 

.+ a,P2 I- a PI 
1    o 
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DP    , =   P 
n-1        n 

DP2      = P3 

DPI      = P2 

Notre that n differential  equations must be supplied 
expect  in order  to simulate a nth order system. 

— just what one would 

o 

© 

0 

EO 

8^ 

-O 

Figure 65.     A Transfer Function Block and  the 
Equivalent  SCEPTRE  Representation 

Now that the format has been described, a specific example will be con- 
sidered to see what is actually involved. Let it be desired to simulate the 
transfer function 

F(s) 
S + 7S -10 

S4 + 2S3 + 10S2 + 200S + 1000 

with the same node designation used in figure 65. Note that here m = 2, n = 4. 
The entire SCEPTRE input will be given in upper case, followed by appropriate 
commentary in lower case type. 
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ELEMENTS 

JI, 1-2-0 

EO, 8-7    XI (DP2 + 7. ♦P2 - 10.   ♦PI) from Equation 20' 

DEFINED PARAMETERS 

DP4    X2 ( (VJI - 2. *P4 - 10.    *P3 - 200.    ♦P2 - 1000.    *Pl)/l) from 
Equation 21' 

DP3 - X3 (P4) 

DP2 = X4 (P3) 

DPI - X4 (P2) 

PI - 0 

P2 - 0 

P3 = 0 

P4 - 0 

from Equation (22) 

these establish imtial values.   They may be omitted, 

and the only consequence will be a series of warning messages. 

It is clear  that,   if a particular system requires  two or more transfer 
functions of  the above  type,   the user must repeat  the procedure  for each one. 
If  there are very many  transfer  functions involved,  or  if  thosa  that are in- 
volved are of higher order,   the  input  task becomes a bit  tedious and error 
prone.    The remedy for  this,   of  course,  is the stored model of  SCEPTRE.     It 
is  suggested that *  the user  store on his permanent  tape one model for each 
degree transfer  function of  interest.    The process  is simple and need be done 
only once.    An example of  the  storage procedure  for a general  second order 
transfer function will be given.     This model will then be called for use as 
a  specific second order  function.     Consider permanent  storage of the follow- 
ing with m = 2,  n = 2: 

F2(S)   = 
a2   S   + ai 8 + a0 

b2   s2 + b1 s + b0 

A higher order model could be stored and degenerated to one of the de- 
sired order  by proper manipulation of Defined Parameters.     The method sug- 
gested here use^  less computer solution time,   fower Defined Parameters,  and 
is less complicated. 
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The required cards are 

MODEL DESCRIPTION 

MODEL 20RDER (PERM) (A~B-C-D) 

ELEMENTS 

JI, A-B - 0 

EC , D-C - XI (PA*DP2 + PA1 *P2 + PAO* PI) 

DEFINED PARAMETERS 

DP2 = X2 ( (VJI-PBl*P2-PBO*Pl)/PB2) 

DPI = X3 (P2) 

PAO = 0, PA1 - 0, PA2 = 0 

PBO    0, PB1 = 0, PB2 = 0 

PI = 0, P2 = 0 

Here the Defined Parameters are named as PAO,      PBO to correspond 
with coefficients ao,   ...  bo,   ...  PI and P2  serve as  the dependent variables 
of  the two differential equations.    The model  is  general  in  that any of the 
coefficients can be changed   (when the model  is called)   from the originally 
assigned zero values.     It  should be noted that,  even though  this model is 
stored with provision for  the case m = n,  this will not be  the case actually 
used unless parameter PA2  is made non-zero in the model call. 

Now that  the model has been stored in general second order form,  the de- 
sired coefficients needed  Co  represent a specific  second order  transfer func- 
tion can be supplied when  the model is called out  for use    under CIRCUIT DE- 
SCRIPTION. 

If it desired to simulate 

E  (s) 
o 108 + 4 

E.(8) 2 
i S   + .78   + 5 

with the nodes as labeled  in  figure 65a,  an appropriate entry sequence would 
be 
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CIRCUIT DESCRIPTION 

ELEMENTS 

G2, 1-2-7-8 = MODEL 20RDER (PERM, CHANGE PAO = 4) 

PAl = 10, PBO = 5, PB1 = 0.7, PB2 = 1) 

The same model could be called repeatedly to represent many second order 
transfer  functions with arbitrary coefficients.    The procedure  is even 
simpler  to simulate  ideal amplifiers,  summing junctions and limit  functions 
(Ref.   2,   3).    The ability of  SCEPTRE  to perform these operations now qualify 
it  as a tool for systems analysis.     When one combines  this with  its unmatched 
capability for nonlinear circuit analysis,  its potential for the solution of 
large systems that can be broken down into non-linear circuitry and  linear 
subsystems becomes clear. 
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SECTION V 

TOPOLOGICAL RESTRICTIONS ON SCEPTRE 

The purpose of this section is to illustrate circuit topologies that can- 
not be acconunodated by SCEPTRE.    Most of these situations are not generally 
encountered, and those that are may readily be remedied by the user.    In general, 
the transient portion of the program is more versatile than the default 
(Newton-Raphson) method of computing initial condition solutions.     In other 
words,   there are some circuit configurations that cannot be accommodated in 
the Initial Condition solution using the Newton-Raphson method  that could be 
accomplished with IC via Implicit, which computes initial condition solutions 
using the transient portion of   the program.    The Newton-Raphson method is 
generally more efficient  than the  implicit method, however.     (See Appendix A 
for detailed information.) 

5.1     RESTRICTIONS ON AC.  TRANSIENT AND  INITIAL CONDITION  SOLUTIONS 

No run may contain a loop  composed exclusively of voltage  sources 
(figure  66)  or a cut set* composed exclusively of current sources   (figure  67). 
If  either configuration is presented  to the program,   it will  be rejected with 
an appropriate diagnostic. 

Figure   66.     Voltage Source  Loop 

5.2     RESTRICTIONS ON INITIAL CONDITION SOLUTIONS 

No initial condition  solution will be performed  if  any  loop exists that 
is composed solely of voltage  sources and  inductors   (figure  68).     Configura- 
tions which contain cut sets composed entirely of current  sources and capaci- 
tors are also prohibited   (figure 69).     If either configuration is presented 
to  the  initial condition  formulation,   it will be rejected with an appropriate 

An all-current source cut  set  is recognized by the presence of one or 
more nodes which cannot be  connected to all other network nodes without 
traversing current sources. 
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Figure 67.    Current Source Cut  Sets 

Figure 68.     Voltage  Source    -    Inductor Loop 
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Figure 69.  Current Source - Capacitor Cut Set 
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diagnostic. It is worth noting that any J or J-C cut set may be easily broken 
up by the insertion of a resistor in the proper position. For example, the 
JC cut set in figure 69 may be eliminated by the Insertion of a resistor be- 
tween node X and the network ground.  The size of this resistor should be 
large enough so as to preclude significant effect on the network, but not in- 
ordinately large to avoid possible introduction of numerical error.  A value 
of about one megohm will usually meet both requirements. 

5.3 COMPUTATIONAL DELAY 

The user may note that a wide selection of network quantities are 
allowed as arguments in equation and table construction. It is sometimes 
true that the use of certain quantities can cause f» computational delay in 
transient runs. That is, computation at the nth time step will begin with 
independent variables that are valid at the (n-1.)th step. The amount of 
error will be proportional to the degree of non-linearity exhibited by the 
functional dependence. Computational delay will not occur if the independent 
variables are time, capacitor voltages, or inductor currents. There is no 
problem with the use of resistor currents or voltages as independent variables, 
if they are entered according to subsection 2.2.2. The validity of the use 
of other independent variables cannot be unambiguously stated; the status is 
topology dependent. The program will always print out a warning message if 
a computational delay occurs, provided that the recommended input formats are 
used. 
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SECTION VI 

7090/94 SYSTEM INFORMATION 

6.1 MAr'.INE REQUIREMENTS 
SCEiVREis a FORTRAN IV program written originally for the IBM 7090/94 

Electronic Data Processing System.  SCEPTRE is designed to run under control 
ot the IBSYS Operating System on a computer having a 32,000-word memory. The 
program, as it is disseminated, uses 12 magnetic tape units, but only nine 
are required if certain program features are not used. Table XI presents tape 
usage information. Peripheral processing of the printed listings and graphs 
produced as output by SCEPTRE requires a 132-character-per-line printer. 
These requirements conform with IBSYS Operating System requirements. 

TABLE XI 

SCEPTRE SYSTEM TAPE USAGE 

j        Usage 
Physical 

Unit 

FORTRAN 
Logical 
Unit 

System   [ 
Symbolic   | 
Unit     j 

1IBSYS System — SYSLB1 

IBSYS Input 5 SYSIN1 

IBSYS Output 6 SYSOU1 

IBSYS Utility 1 SYSUT1    1 

IBSYS Overlay ~ SYSUT2    j 

IBSYS Utility 3 SYSUT3    | 

IBSYS Utility 4 SYSUT4 

IBSYS Punch ~ SYSPP1 

SCEPTRE Program Save A5 8 SYSCK1 

SCEPTRE Output Save B5 2 SYSCK2    | 

SCEPTRE Model Library A6 7 SYSLB3 

|SCEPTRE System Library B6 — SYSLB4    j 
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6.2 SYSTEM DISSEMINATION 

The IBM 7090/7094 SCEPTRE system is written entirely in FORTRAN IV 
program language. The source or FORTRAN deck consists of approximately 
15,000 c?rds^and the object or binary deck is composed of about 5000 cards. 
Because of the magnitude of these decks, the system is distribuced on magnetic 
tape.  To obtain a copy of SCEPTRE, obtain approval of the Air Force Weapons 
Laboratory, AFWL ( ELP ) » Klrtland A^B, New Mexico, 87117, and send one reel 
of magnetic tape (1/2" x 24000 i  ' ; ro: 

AFWL/ELP 
ATTN: SCEPTRE Project Office 
Kirtland AFB, New Mexico  87117 

Copies of the System Library Tape will be written on the user's tapes at  a 
density of 556-characters per inch. The tapes will then be returned by 
registered mail. 

6.3 SYSTEM LIBRARY TAPE 

The SCEPTRE System Library Tape contains  the program object and source 
decks.     Each of  these will be discussed briefly in the following paragraphs. 

6.3.1 PROGRAM OBJECT (BINARY)DECK 

The Program Object Deck is required to run the SCEPTRE program; it is 
stored in the two files on the System Library Tape. The program, as it is 
disseminated, uses the alternate input unit editing feature of the IBJOB pro- 
cessor in the IBSYS operaLiag system. Thus, the Program Object Decks are 
loaded directly from the System Library Tape, eliminating the need for the 
user to handle the large SCEPTRE Object Deck.  Instead, a small deck of 
cards called the Program Control Deck is used to  call the individual object 
decks from the System Library Tape. The Program Control Deck is discussed 
in detail in subsection 6.A. 

6.3.2 PROGRAM SOURCE DECK 

The third file on the System Library Tape contains the SCEPTRE Program 
Source Deck.  Any or all of the programs in this file may be listed and 
punched using the utility program, UTI.L.  The UTIL program is stored along 
with the source deck on the System Library Tape and is run on the computer by 
submitting the UTIL Program Deck, which is shown in figure 70. 

Data cards specifying the names of the desired source programs are in- 
serted between the $DATA and $end cards of the UTIL Program Deck.  Both a 
listing and punched deck will be produced for each program name specified. 
UTIL data cards may contain one program name per card or several names each 
separated by a comma.  The name PGMC is used to obtain the SCEPTRE Program 
Control Deck, one copy of which is produced for each appearance of the name 
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$JOB 
SIBSYS 
$ATTACH 
$AS 
SATTACH 
$AS 
$ PAUSE 
$ EXECUTE 
SIBJOB 
$!EDIT 
SIBFTC UTIL. 
$IBFTC SHIFT. 
$IBMAPUN2 
$IBMAPUN8 
SENTRY 
$DATA 
UTIL DATA GOES HERE 
SEND 

16 

SCEPTRE UTIL PROGRAM 

A5 (SYSTEM LIBRARY) 
SYSCK1,HIGH 
B5 (UTIL PUNCH OUTPUT) 
SYSCK2,HIGH 
MOUNT LIBRARY TAPE ON A5, PUNCH TAPE ON B5 
IB JOB 
FIOCS 
SYSCK1, SCHF3 

UTIL. 

Figure 70.     UTIL Program Deck 
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PGMC in the UTIL data cards. Figure 71 presents a list of the SCEPTRE System 
Subroutines. If there are no data cards specifying program deck names, then 
a listing and punch deck of the entire source program deck (about 15,000 cards) 
is produced. 

Use of the UTIL Program requires two tapes in addition to the tapes used 
by the IBSYS Operating System. To run the program, the System Library Tape 
is mounted on a i;)pe unit designated A5 ana a scratch tape, which serves as 
the UTIL punch "ap^, is mounted on a tape unit designated B5. One file of 
the UTIL punch tape must be punched off-line at the conclusion of the UTIL 
run if the punched cards are desired. The printed listing of the source 
program decks is produced on the System Output Tape, which is automatically 
printed off-line for the user. 

6.4 PROGRAM CONTROL DECK 

The Program Control Deck is made up of IBSYS control cards that control 
the loading of the SCEPTRE Object Program from the System Library Tape. A 
listing of the Program Control Deck is shown in figure 72. A copy of this 
deck must be punched to use the SCEPTRE Program.  This can be done using the 
UTIL Program, or it can be punched directly from the listing in figure 72. 
If UTIL is used, a data card with the deck name PGMC is required (see subsec- 
tion 6.3.2). 

Card PGMC 1950, contain!ig a "$" in column 1 (see figure 72), is an end- 
of file card.  It must be replaced with a card containing only a 7-8 punch in 
column 1. Card PGMC 2390 must be replaced with a card containing only an 
8-punch in column 1. The end-of-file card serves to divide the Program Con- 
trol Deck into two segmen s. The first segment is known as the Leader oeck, 
and the second segment, beginning with the end-of-file card, is called the 
Trailer Deck.  The purpose of distinguishing between the two decks is that 
the SCEPTRE input data, as described in earlier sections of this manual, 
must be placed between the Leader and Trailer Decks when a computer run is 
nade.  Several examples of typical input decks are discussed and illustrated 
in the following paragraphs. 

The Program Control Deck may have to be modified to some degree to con- 
form to local operating procedures or system modifications. For example, 
user identification, acccunting information, and machine utilization estimates 
may have to be added in some special format on the $J0B card.  Therefore, it 
is recommended that prospective users consult with a system programmer who is 
familiar with the IBSYS Operating System and local procedures. 
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BLOCK. MMODI. SORT. CAPEQ. CNVR. 
UNI. CHC PR. MUTSN. BVDSN. DIOQ. 
UN3. MDELC. CRSRE. WRITE. DIOT. 
UN4. QTBLC. WTEON. GTCOD. OUTIC. 
UN 7. RUNCT. EQFRM. . WTSTM. INVR. 
UN8. RCPRS. CMPCK. RRPRO. XDIO. 
EXC1. XOTPR. GETAR. WTDAT. LOAD. 
SHIFT. OUTPR. CPYDP. GTCRD. TPHD. 
DMPLS. DPPRS. DCPYD. PKBCD. OUT P. 
FIND. FTNPR. DWTEQ. RRPCD. XTAB. 
STORE. PRSEQ. DGTAR. RREQP. INT8. 
SYSEX. PRSTB. DEQFM. RRTBP. TRPRK. 
ERASE. DAT AC. DCFCK. EQPRS. XPO. 
CNTRL. CKUAL. SCMQ. RCTRL. CLOCK. 
CPYS. IVARC. ICEQ. RRCPR. LISTR. 
BCDFP. ARGCK. ICHCK. .NBCDI. PLOT. 
NBCDI. MDEDI. VGENR. . BCDFP. PRNPL. 
SCANS. INDSR. VGNBU. DMPRR. SCALE. 
JSCAN. WRTTP. CFONI. RUN UP. TRNC. 
DLIMI. TPGY. IEQUT. RRDBU. CLCMP. 
IARGC. LSTR. IJEON. RliBUF. MULPL. 
GETCK. GENER. ISOLV. CNTNU. PLTM. 
ISEQC. ISCNR. TRNEQ. .CPYT. PRE PL. 
DBUTL. LBITS. WTMXQ. EX1P PLTSC. 
DBUG. CPY. XMLMU. REGNR. 
DBCPY. COPY. BVSCN. STSH. 
DBS. WTSPT. DBVSC. PUTAP. 
ERROR. PNCH. BSCN4. CARD. 
CDPRS. XIBCD. DIMEN. GETN. 
STREL. SETUP. GN8IN. LDMP. 
ICPRS. NWCOM. SCNBU. NB. GDI. 
DNODE. TREE. ICTEQ. DB. UTL. 
VLUPR. SCNTR. CFOTR. X.IBCD. 
EQUPR. BTFDR. INDIN. MSHR. 
TBLPR. SCNMT. CAPIN. .UNI. 
ARGPR. SCNST. RESIN. UN'J. 
EXPPR. PBITS. LRDEQ. .UN4. 
EXPf-C. VEQUV. MRGEQ. .UNS. 
ARGSC. FORWR. DOGEN. EXC2. 
CKLIM. CKTFW. SCNEQ. SVPD. 
NUMPR. CKFW2. RSEQ. DEBUG. 
KSEQC. DATFN. BVPSC. DBCTR. 
ELM PR. REDIN. INDEQ. CPYT. 
?!ODPR. WTSTM. VMUTL. . XIBCD. 

Flgute  71.     SCEPTRE 7094 Sys tem Subroutines 
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1   $JOB SCEPTRE SYSTEM 
"1 

PGMC0010 
$IBSYS PGMC0020 
$ATTACH A5 (PROGRAM SAVE TAPE) PGMC0030 
$AS SYSCK1 PGM COO 10 
$ATTACK B5 (OUTPUT SAVE TAPE) PGMCÖ050 
$AS SYSCK2 PGMC0060 
$ATTACH AG (MODEL LIBRARY TAPE) PGMC0070 
$AS SYSLB3 PGM COO 80 
$ATTACH B6 (SYSTEM LIBRARY TAPE) PGMC0090 
$AS SYSLB4 PGMC0100 
$PAUSE MOUNT TAPES PGMC0110 
$EXECUTE IBJOB PGMC0120 
$IBJOB ALTIO, NO FLOW PGMC0130 
$IEDIT SYSLB4, SCHF1 PGM CO 140 
$IBLDIl BLOCK. 12/12/66 PGMC0150 
$IBLDh UNI. PGM CO 160 
$IBLDR UN 3. PGMC0170 
$IBLDR UN4. PGMC0180 
$IBLDR UN7. PGMC0190 
$1BLDR UN 8. PGMC0200 
$IRLDR EXC1. PGMC0210 
$IBLDR SHIFT. PGMC0220 
$IBLDR DMPLS. PGMC0230 
$IBLDR FIND. PGMC0240 
$IBLDR STORE. PGMC02r)0 
$IBLDR SYSEX. PGMC0260 
$IBLDR ERASE. PGMC0270 
$ORIGIN ALPHA PGM CO2 80 
$1BLDR CNTRL. PGMC0290 
$IBLDR CPYS. PGMC0300 
$1RLDR BCDFP. PGMC0310 
$1RLDR NBCDI. PGMC0320 
$IBLDR SCANS. PGMC0330 
$IBLDR JSCAN. PGMC0340 
$TRLDR DLIMI. PGMC0350 
$IBLDR IARGC. PGMC0360 
$IBLDR GETCK. PGMC0370 
$IBLDR ISEQC. PGMC0380 
$IBLDR DBUTL. PGMC0390 
$IBLDR DBITG. PGMC0400 
$1BLDR DBCPY. PGMC0410 
$IBLDR DBS. PGMC0420 

/ $IBLDR ERROR. PGMC0430 

Figure 72.     SCEPTRE 7094 Program Control Deck 
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$IBLDR CDPRS. 
1    $IBLDR STREL. 

$IBLDR ICPRS. 
$IBLDR DNÜDE. 
$IBLDR VLUPR. 
$IBT,DR EQUPR. 
$1BLDR TBLPR. 
$1BT,DR ARGPR. 
$^1,01^ EXPPR. 
$IBLDR KXPSC. 
$IBLDR ARGSC. 
$IBLDR CKLIM. 
$1BLDR NUMPR. 
$IBLDR KSEQC. 
$0RIGIN 
$1BLDR ELM PR. 
$IBLDR MOD PR. 
$1BLDR MMODI. 
$IBLDR CHGPR. 
$IBLDR MDELC. 
$IBLDR QTBLC. 
$IBLDR RUNCT. 
$IBLDR RCPRS. 
$11^1)11 XOTPR. 
$IBT,DR OUT PR. 
$ÜRIGIN 
SIBLDR DPPRS. 
;-IBLDR FTNPR. 
$IRT,DR PRSLQ. 
$IBLDR PRS'lß. 
$IBLDR DAT AC. 
$IBLDR CKVAL. 
$IBT,DR IVARC. 
$IBLDR ARGCK. 
$IBLDR MDEDI. 
$IBT,DR INDSR. 
SIBLDR WRIT P. 
$IBT,DR TPGY. 
$IBLDR LSTR 
$0 RIG IN 
$IBLDR GENER. 
$IBLDR ISCNR. 
$IBT.DR LBITS. 
$IBLDR CPY. 
$IBLDR COPY. 

/ $IBLDR WTSPT. 

04/09/69 

ZETA 

ZETA 

ALPHA 

PGMC0440 
PGMC0450 
PGMC0460 
PGMC0470 
PGMC0480 
PGMC0490 
PGMC0500 
PGMC0510 
PGMC0520 
PGMC0530 
PGMC0540 
PGMC0550 
PGMC0560 
PGMC0570 
PGMC0580 
PGMC0r)90 
PGMCOGOO 
PGMC0610 
PGMC0620 
PGMC06:50 
PGMC0G40 
PGMCOGGO 
PGMC0660 
PGMC0670 
PGMC0680 
PGMC0690 
PGM CO700 
PGMC0710 
PGMC0720 
PGMC0730 
PGMC0740 
PGMC0750 
PGM CO 760 
PGM CO 7 70 
PGMC0780 
PGMC0790 
PGM CO 800 
PGMC0810 
PGMC0820 
PGMC0830 
PGMC0840 
PGM CO 850 
PGMC0860 
PGMC0870 
PGM CO 880 
PGMC0890 

Figure 72.  SCEPTRE 7094 Program Control Deck 
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/ 
SlBLDIt 
$IBLDR 
$ORIGlN 
$IBLDU 
$IBLDK 
$IBLDR 
$IBLDH 
$IBLDR 
$IBLDIl 
$1BLDR 
$1BLDR 
$IBLDR 
$IBLDR 
$IBLDR 
$IBLDR 
$IBLDR 
$IBLDR 
$1BLDR 
$IBLDR 
$IBLDR 
$IBLDR 
$0 RIG IN 
$IBLDR 
$IBLDR 
$IBLDR 
$IBLDR 
$1BLDR 
$1BLDR 
$IBLDR 
$IBLDR 
$IBLDR 
$IBLDR 
$IBLDR 
$ORIGIN 
$IELDR 
$IBLDR 
$IBLDR 
$IBLDR 
$IBLDR 
$IBLDR 
$IBLDR 
$IBLDR 
$0RIGIN 
$IBIJ>R 

INCH. 
XI BCD. 

SETUP. 
NWCOM. 
TREE. 
SCNTR. 
BTFOR. 
SCNMT. 
SCNST. 
PBITS. 
VEQUV. 
FORVVR. 
CKTFW. 
CKFVV2. 
DATEN. 
REDIN. 
WTSTM. 
SORT. 
MUTSN 
CRSRE. 

WTEQN. 
EQFHM. 
CMPCK. 
GETAR. 
CPYDP. 
DCPYD. 
DVVTEQ. 
DGTAR. 
DEQFM. 
DCFCK. 
SCNQ. 

ICEQ. 
1CHCK. 
VGENR. 
VGNBU. 
CFONI. 
IEQUT. 
IJEQN. 
ISOLV. 

TRNEQ. 

16 

BETA 

1 

01/27/67 

BETA 

01/17/67 

GAMMA 

GAMMA 

/$1BLDR WTMXQ. 

Figure 72.     SCEPTRE 7094 Program Control Deck 

7:5 

PGMC0900 
PGMC0910 
PGMC0920 
PGMC0930 
PGMC0940 
PGMC0950 
PGMC0960 
PGMC0970 
PGMC0980 
PGMC0990 
PGMC1000 
PGMC1010 
PGMC1020 
PGMC10G0 
PGMC1040 
PGMC1050 
PGMC1060 
PGMC1070 
PGMC1080 

PGMC1090 
PGMC1100 
PGMClllO 
PGMC1120 
PGMC1130 
PGMC1140 
PGMCllSO 
PGMC1160 
PGMC1170 
PGMCllSO 
PGMC1190 
PGM C1200 
PGMC1210 
PGMC1220 
PGMC1230 
PGMC1240 
PGMC1250 
PGMC1260 
PGMC1270 
PGMC1280 
PGMC1290 
PGMC1300 
PGMC1310 
PGMC1320 
PGMC1330 
PGMC1340 
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r $IBLDR XMLMU. 
$IBT,DR BVSCN. 
$IBLDH DBVSC. 
$IBT,DR BSCN4. 
$IBLDR DIMEN. 
$IBLDR GN8IN. 
$IBLDR SCNBU. 
fORIGIN 
$IBT,DR IC'TEQ. 
$IBLDR CFDTR. 
$IBT,DR INDIN. 
$IBLDR CAPIN. 
$IBLDR RESIN. 
$IBLDR LRDEQ. 
IIBLDR MRGEQ. 
$ORIGIN 
$IBLDR DOGEN. 
$IBLDR SCNEQ. 
$IBLDR RESEQ. 
$IBLDR BVPSC. 
$IBLDR INDEQ. 
SIBTDR VMUTL. 
$IBLDR CAPEQ. 
$IBT,DR BVDSN. 
$IBLDR WRITE. 
$IBT,DR GTCOD. 
$IBLDR . WTSTM 
$ORIGIN 
$IBLDR RRPRO. 
$IBLDR WTDAT. 
$IBLDR GTCRD. 
$IBLDR PKBCD. 
$IBLDR RRPCD. 
$IBT,DR RREQP. 
$IBT,DR RRTBP. 
$IBT,DR EQPRS. 
$IBLDR RCTRL. 
$IBLDR RRCPR. 
$IBLDR . NBCDI 
$IBT,DR .BCDFP 
$IBLDR DMPRR. 
$IBLDR RRNUP. 
$IBLDR RRDBU, 

DELTA 

DELTA 

01/2767 

ALPHA 

PGMC1350 
PGMCi:}60 
PGMC1370 
PGMC1380 
PGMC1390 
PGMC1400 
PGMC1410 
PGMC1420 
PGMC1430 
PGM Cl 440 
PGMC1450 
PGMC1460 
PGMC1470 
PGMC1480 
PGMC1490 
PGMC1500 
PGMC1510 
PGMC1520 
PGMC1530 
PGMC1540 
PGMC1550 
PGMC1560 
PGMC1570 
PGMC1580 
PGMC1590 
PGMC1600 
PGMC1610 
PGMC1620 
PGMC1630 
PGMC1640 
PGMC1650 
PGMC1660 
PGMC1670 
PGMC1680 
PGMC1690 
PGMC1700 
PGMC1710 
PGMC1720 
PGMC1730 
PGMC1740 
PGMC1750 
PGMC1760 
PGM Cl 770 

/   $IBLDR RRBUF. PGMC1780 

Figure 72.  SCEPTRE 7094 Program Control Deck 
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1  $IBLDU CNTNU. 
1  SIBLDR . CPYT 

$011ICIN ALPHA 
$IBT,DR EX1P 
$IBLDU REGNR. 
$IBT,DR STSH 
$IBT,DIl PUTAP. 
$IBT,DU CARD. 
$IBT,DIl GETN. 
$IBLDR TDMP 
$IBT,DR NB.CDI 
$IBT,DR DB.UTL 
$1BLDR X.IBCD 
$IBLDR MSHR 
$ENTRY EXC1. 
$DATA 
$ (END OF FILE CA 
$EXECUTE 1BJ0B 
$IBJOB AL'iIO, NOFLOW 
$IEDIT SYSCK1 
$IBFTC SIMUL. NOLIST, NODECK 
$IEDIT SYSLB4, SCHF2 
$IBLDR . UNI 
$IBT,DIl UN 2. 
$IBLDR . UN i 
$IBLDR . UN8 
$IBT,DR EXC2. 
$1BLDR SVPD. 
$IBT,DR DEBUG. 
$IBT,DR DBCTR. 
$IBTDR CPYT. 
$IBLDR . XIBCD 
$IBLDR CNVR 
$ORIGIN ALPHA 
$IBT,DR DIOQ. 
$IBLDR DIOT. 
$IBT,DR OUTIC. 
$IBT,DR INVR. 
$IBT,DR XDIO. 
$IBT,DR LOAD. 
$IBLDR TPHD. 
$IBLDR OUT P. 

/   $IBLDR XT AB. 

PGM Cl 790 
PGM Cl 800 
PGM Cl 810 
PGM Cl 820 
PGM Cl 830 
PGM Cl 840 
PGMC1850 
PGMC1860 
PGMC1870 
PGMC1880 
PGM C1890 
PGMC1900 
PGM Cl 910 
PGMC1920 
PGMC1930 
PGMC1940 
PGMC1950 
PGMC1960 
PGMC1970 
PGMC1980 
PGMC1990 
PGMC2000 
PGMC2010 
PGMC2020 
PGMC2030 
PGMC2040 
PGMC2050 
PGMC2060 
PGMC2070 
PGMC2080 
PGMC2090 
PGMC2100 
PGMC2110 
PGMC2120 
PGMC2130 
PGMC2140 
PGMC2150 
PGM C2160 
PGMC2170 
PGMC2180 
PGMC2190 
PGMC2200 
PGMC2210 

Figure 72.     SCEPTRE 7094 Program Control Deck 
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16 73 

$IBLDR INT 8. 
$IBLDR TRPRK. 
$IBLDIl XPO. 
$IBLDR CLOCK. 
$ORIGIN 
$IBLDR LISTR. 
$IBLDR PLOT. 
$IBIDR PRNPL. 
$IBLDR SCALE. 
$IBLDR TRNC. 
$IBLDR CLCMP. 
$IBLDR MULPL. 
$IBLDR PLTM. 
$IBLDR PRE PL. 
$IBLDR PLTSC. 
$ENTRY 
DATA 
$ 

/$DBEND 

ALPHA 

12/28/66 

EXC2. 

PGMC2220 
PGMC2230 
PGMC2240 
PGMC2250 
PGMC22bO 
PGMC2270 
PGMC2280 
PGMC2290 
PGMC2300 
PGIVIC2310 
PGMC2320 
PGMC2330 
PGMC2340 
PGMC2350 
PGMC23G0 
PGMC2370 
PGMC2380 
PGMC2390 
PGMC2400 

Figure 72.  SCEPTRE 7094 Program Control Deck 
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6.5  TYPICAL INPUT DECKS 

Four modes of system operation are a"allable to the SCEPTRE user: 

MODEL DESCRIPTION - Allows both a permanent and temporary model 
library tape to be created or aupplemented and then printed out. 

CIRCUIT DESCRIPTION - Computed d-c steady-state and/or transient 
response of nonlinear electrical networks. 

CONTINUE - Provides a means for continuing previously discontinued 
transient solution runs. 

RE-OUTPUT - Allows previously computed output quantities to be 
listed and/or plotted. 

Any of these modes of operation can be executed individually.  Two modes 
may be combined only if one mode is MODEL DESCRIPTION and it is executed first. 
Several examples are given to illustrate some typical input deck setups. 

6.5.1  MODEL DESCRIPTION 

The deck of figure 73 is set up to add the model 2N341 to an existing 
permanent library tape. The model description data will be printed out, 
since additions to the library are listed. The comput-;r run is then terminated, 
Note that the Trailer Deck is not present. It is not required for runs in- 
volving only the MODEL DESCRIPTION Mode. 

LEADER DECK 

MODEL 
DESCRIPTION DATA 

MODEL 2N341 (PERM) (B-E-C) 

MODEL DESCRIPTION 

Figure  73.     Model Description Mode 
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6.5.2     CIRCUIT DESCRIPTION 

Execution of the 
The  insertion of a subp 
the  $  IBJOB card   (PGMC 
tions are generated and 
presented,   the status o 
run  is  terminated.     If 
in  fact,  both saved at 
run  in conjunction with 

CIRCUIT DESCRIPTION Mode is illustrated   in  figure 74. 
rogram  (subsection 2.7.1)  in the trailer deck after 
1970,   figure  72)   is also illustrated.    Circuit Equa- 
then solved,  after which the computed results are 

f  the run is  saved on the PROGRAM SAVE   TAPB  and  the 
the PROGRAM  SAVE  TAPE and  the OUTPUT SAVE TAPE are, 
the conclusion of  this run,  they may be used  in a  future 
the CONTINUE or RE-OUTPUT Modes of operation. 

TRAILER 
DECK 

LEADER 
DECK 

SUBPROGRAM 
INSERTION 

CIRCUIT DESCRIPTION 

Figure 74.     Circuit Description Mode 

6.5.3     CONTINUE 

Figure 75 shows a deck setup for a previously terminated transient 
solution run being continued but with two changes in the original RUN CONTROLS, 
Both the STOP TIME and the INTEGRATION ROUTINE are being changed.  At the 
conclusion of this continued run, the computed results are presented, the 
status of the run is saved on the PROGRAM SAVE TAPE, and the run is terminated 
as in the CIRCUIT DESCRIPTION Mode. 
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1 

TRAILER 
DECK 

LEADER 
DECK 

NTEGRATION ROUTINE = TRAP 

Figure 75.     Continue Mcde 

6, 5. A     RE-OUTPTJT MODE 

In  the RE-OUTPUT MODE deck  set up  shown  in figure 76.     SCEPTRE will 
produce a printed listing of VR1 as a function of  time and a graph of VRl 
ver?us VR2.     The x and y axis will be labeled VIN and VOUT,   respectively. 
It   should be noted  that both VRl  and VR2 were outputs  in some  form in  the 
original  transient solution run.     Also  the OUTPUT SAVE TAPE from the original 
run was  saved,  and  information on  the tape was not destroyed by  subsequent 
use on another  transient solution run or continued run. 

TRAILER 
DECK 

LEADER 
DECK 

VRl (VOUT), PLOT (VR2(VIN)) 

Figure. 76.     Re-Output Mode 
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6.5.5    MODEL DESCRIPTION  - CIRCUIT DESCRIPTION 

Finally,  a combination MODEL DESCRIPTION and  CIRCUIT DESCRIPTION run 
is  illustrated in figure 77.    First,  the model of a  1N167  is stored on the 
temporary  library tape.     The CIRCUIT DESCRIPTION mode  is  then entered,  and 
the circuit equations  for  the circuit described by  the circuit data are 
generated and solved.     The results are presented as described for figure 74. 

6.6    OPERATING INSTRUCTIONS 

Generally,  program users are responsible for supplying operating instru- 
catlons to  the computer  operator along with their program input data.     This 
usually includes  instructions  for mounting  tapes,  recovering from error stops, 
processing outputs,  and  performing special running procedures.     SCEPTRE 
requires only tape setup  instructions and a run termination procedure. 

TRAILER 
DECK 

CIRCUIT DATA 

LEAPER 
DECK 

CIRCUIT DESCRIPTION 

MODEL DESCRIPTION DATA 

MODEL IN167(A-C) 

MODEL DESCRIPTION 

Figure  77.     Combined Model and Circuit Description Mode 
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6.6.1 TAPE INSTRUCTIONS 

Four magnetic  tapes are required  (in addition to those required bv 
IBSYS)   in  the distributed version of  SCEPTRE.    These are shown in table XI 
labeled as SCEPTRE tapes.     Shown also are the physical unit designations 
that must be established by the computer operator.     The user must supply 
these unit designations along with the number  (or other identification)  of 
the tape  to be used  for  the indicated  function. 

6.6.2 TERMINATION PROCEDURE 

Provisions are made in SCEPTRE for continuing previously discontinued 
transient solution runs.  However, to make this possible, the run must be 
terminated in the proper manner. The program itself is set up to do this if 
one of the standard or any optional termination conditions are met success- 
fully.  In the event that one of these conditions is not met, the run would 
tend to continue indefinitely. In such cases, the computer operator may wish 
to terminate the run.  If so, he must be instructed to depress sense switch 
No. 6 (on the computer console) until the program begins its output function. 
Then, the sense switch can be returned to its normal position and the program 
allowed to finish supplying the output,  this should not require more than 
a few minutes.  If the computer operator terminates the run in any other 
manner, it cannot be continued nor can outputs be recreated. 

6.7 SYSTEM FEATURES 

SCEPTRE users may wish to make program changes in two areas. The aid 
of an experienced programmer should be obtained to make any of the changes 
discussed. 

6.7.1 SYSTEM CLOCK 

Because a system clock is not a standard feature of IBM 7090/94 com- 
puters, the features in SCEPTRE that require a clock are inoperative. These 
are the run controls COMPUTER TIME LIMIT and COMPUTER SAVE INTERVAL and the 
printout of the time required for various phases of program execution. 

To obtain these features, a subroutine called CLOCKF must be written. 
The routine must access whatever clock is available for the reading of cur- 
rent time, scale this time in hunredths of a minute, and leave the result in 
the accumulator. To incorporate this routine into the system, the $IBLDR 
CLOCK card of the program control (trailer) deck must simply be replaced 
with the binary deck of the CLOCKF subroutine. 

6.7.2 TAPES 

The distributed version oL  SCEPTRE is set up to provide operation of 
all features.  Thus, four tapes are required in addition to those required 
by IBSYS. However, only one of these tapes (PROGRAM SAVE TAPE) is abso- 
lutely required. The conditions under which each of the remaining tapes can 
be eliminated are as follows: 
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OUTPUT SAVE TAPE ~ One of the IBSYS system units (SYSUT1 or 
SYSUT3) can be used for this function.  If one of these units is 
used, the tape cannot normally be saved, which prevents use of 
the RE-OUTPUT Mode of operation. To make the change, the Program 
Control (Leader) Deck must be altered. The unit designation (B5) 
on the card containing "$ATTACH B5" must be replaced by the 
physical unit designation of either SYSUT2 or SYSUT3 in the user's 
system. 

MODEL LIBRARY TAPE — This tape is not required if the user does 
not use permanently stored circuit models. 

SYSTEM LIBRARY TAPE — This tape can be eliminated by using the 
binary deck of the program instead of the Program Control Deck. 
To do this, the first two files of the System Library Tape must 
be punched. Then, each $IBLDR card of the Program Control Deck 
is replaced by the corresponding program in the binary deck. 

6.8 INTERNAL PARAMETERS 

A number of parameters are carried internally in the program. Thft user 
is permitted access to these parameters for use as Equation arguments, 
independent variables for tables, and automatic termination quantities and 
outputs. The nomenclature and definitions of these parameters are given in 
Table XII. 

6.9 PROGRAM DEBUG OUTPUT 

Self contained within the program is an extensive outputting facility 
which is provided principally as a program debugging aid. With this feature 
data normally generated, used and of concern only internal to the program    (7090/9A 
can be printed out; this allows the programmer to monitor thoroughly the      Only) 
internal program operation.  In normal application of the program, this type 
of information is not desired and hence the facility is not normally activated. 
As discussed in subsection 2.8, however, the output produced can be useful to 
the user in certain special cases. 

Subroutines within the system contain the coding required to print-out 
all program variables and data tables pertinent to the subroutine - both upon 
entry into and exit from the subroutine. The outputting can be activated for 
each routine on an individual basis and for a user controlled number of passes 
through the subroutine,  this is done by inserting into the SCEPTRE Program 
Control Deck Debug Data cards which specify the subroutine name and the 
number of print passes desired. 
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TABLE XII 

INTERNAL PARAMETER TABLE 

Internal 
Parameter name Definition 

XSTOPT 

XIR 

XTISSS 

XMNISS 

XMXISS 

XMNAIE 

XMXAIE 

XRERNO 

XMXPAS 

XMNRIE 

XMXRIE 

XMXICP 

XICRER 

XICAER 

XMXOTP 

XICPAS 

XNOPRQ 

XNDFEQ 

XERT 

XSTPNO 

XPASNO 

XRUNNO 

XSTPSZ 

XSAVE 

XTMON 

FREQ 

TIME 

XPLT1 

XPRT1 

Transient solution duration (STOP TIME) 

Integration routine (TRAP-1, RUK=2, XPO=3) 

Starting step size 

Minimum step size allowed 

Maximum step size allowed 

Minimum absolute error 

Maximum absolute error 

Rerun number 

Maximum pass limit 

Minimum relative error 

Maximum relative error 

Newton-Raphson pass limit 

Newton-Raphson relative convergence 

Newton-Raphson absolute convergence 

Maximum number of print points 

Newton-Raphson pass number 

Number of output requests 

Number of differential equations 

Elapsed computer time 

Transient solution step number 

Transient solution pass number 

Run number (including reruns) 

Transient solution step size 

Save interval 

Elapsed computer time at start of transient 
solution 

Frequency 

Time 

Plot Interval 

Print Interval 
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TABLE XII 

INTERVAL PARAMETER TABLE (Continued) 

Internal 
parameter name Definition           j 

1     XINFRQ Initial Frequency 

XFNFRQ Final Frequency                         | 

XTYPFQ Type Frequency Run                        | 

XNFRQS Number of Frequency Steps 

XNMCPS Number of Monte Carlo Sarüpies               | 

|     XNOPPS Maximum Number of Optimization Passes per Step 

|     XWCLHN Type of Worst-Case Results to be left as 
Initial Values for Transient Run 

i     XDISTR Type of Monte Carlo Distribution 

XACRE Use Fixed AC Matric in Reruns               j 

XNCONV Number of Convolution kernels entered 

|    XHAVE Impu.1se Response Buffer Storage Allocation 

XIAVE Input Function Buffer Storage Allocation 

!     XCMPCR Compression Criterion                     | 

|     XCMPCT Compression Count                         j 

1     XOPCR Optimization Criterion                    j 

XNOPRS Number of Optimization Random Steps Remaining 
to be Executed 

|     XRNSSC Random Step Size Control                   1 

|     XHMFAC Initial H Matrix Factor                    j 

j     XMNFES Minimum Function Estimate                  1 

XSAVIC Type of Rerun Initialization 

I     XMXERT Computer Time Limit 
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To activate the debug printout feature, Debug Data Cards referencing 
subroutines In the first phase of SCEPTRE processing (leader deck) are placed 
after the $ DATA PGMC 1940 card and ahead of the normal SCEPTRE Input data 
cards. The general form of Debug Cards Is: 

SUBROUTINE NAME - N 

For example, the card PBITS = 16 would print a listing on the system output 
tape of all parameters and data arrays of concern of the "PBITS" subroutine 
(located in the input processor) for the first 16 passes through the sub- 
routine (entry and exit printouts total 32). As many Debug Data Cards as 
desired can be supplied with any run. Debug output ting for all subroutines 
can be activated (each for the same number of passes) by using one special 
card: 

DBALL = N 

The debug procedure differs  for second phase  (trailer deck)   subroutines. 
Cards referencing any of these subroutines are inserted just ahead of the 
$ DBEND PGMC 2400 card in the Program Control Deck.     The required card format 
is  illustrated below. 

Columns 2   3   4  5 6 7 13 17 

-A- .A_ 
ABC 

FIELD A - Subroutine name  left adjusted. 

FIELD B - Number of solution passes over which the information is 
desired. An Integer number right adjusted is required. 
The default  is  20. 

FIELD C - The number n which determines  that the desired  information 
will be given every nth solution pass.    An integer number 
right adjusted is required.    The default  is n •• 1. 

The user is cautioner  in utilizing the Program Debug Output facility. 
The  total amount of printout produced by such runs can be explosive  (in ex- 
cess of 100,000 lines  for DBALL = 2)  due to the many subroutines,   the amount 
of  print-out produced by each  and the  repetitive manner  in which they are 
used in the system. 
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SECTION VII 

S/360 SYSTEM INFORMATION 

It should be noted that Input data cards prepared for the 7090/94 version 
are accepted without change by the System/360 version. Cards keypunched using 
the IBM 029, where the card codes for equal and plus signs, left and right 
parenthesis and apostrophe differ from the IBM 026 codes, are also acceptable. 
The SCEPTRE program for S/360, as it is disseminated, requires a 22AK byte 
region and should operate on a System/360 model 40 with a 256K byte memory 
(minimum configuration). Program data sets can be stored on either disk or 
magnetic tape storage to the extent available and desirable. This is 
accomplished simply by modifying the JCL (Job Control Language) statements 
that make up the SCEPTRE Program Control Deck. 

7.1 MACHINE REQUIREMENTS 

SCEPTRE is a FORTRAN IV computer program written originally for the IBM 
7090/94 Electronic Data Processing System,and since has been converted for the 
IBM System/360. The program is disseminated to run under control of thr. System/ 
360 MVT Operating System, uses one 9-track unlabeled magnetic tape and requires 
2314 disk storage. 

Table XIII presents tape/disk usage information. Peripheral processing 
of the printed listings and graphs produced as output by SCEPTRE requires a 
132-character-per-line-printer. 

7.2 SYSTEM DISSEMINATION AND TAPE CONVERSION 

The System/360 version of  SCEPTRE  is written primarily in FORTRAN IV 
program language.    The source deck consists of approximately 30,000 cards 
and  the object deck is composed of about  10,000 cards.     Because of  the magnitude 
of  these decks,  the system is distributed on magnetic tape.    To obtain a copy 
of  SCEPTRE,  obtain approval of  the Air Force Weapons Laboratory,  AFWL   (ELP ), 
Kirtland AFB,  New Mexico,  87117,  and send one reel of unlabeled magnetic tape 
(1/2  inch x 2400 feet)  to: 

AFWL/ ELP 
Attn:  SCEPTRE Project Officer 
Kirtland AFB, New Mexico, 87117 

Copies of the System Library Tape will be written in 9-tracks on the user's 
tapes at a density of 800 characters per inch with no label. The tapes will then 
be returned by registered mail. If it is necessary to convert a 7 track tape 
to the 9 track format, it can be accomp.ished by making a computer run using the 
Job Control Language (JCL) shown in Figure 78. Using the 7-track tape as input, 
the program (IEBGENER) will produce a 9-track tape as output. This 9-track tape 
is then used as the SCEPTRE System Library Tape as referenced «Isewhere in the 
manual. 
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TABLE XIII 

SCEPTRE  SYSTEM/360 DATA SET USAGE 

USAGE DEVICE 

FORTRAN 
LOGICAL 
UNIT 

DATA 
DEFINITION 

NAME 

OS & SCEPTRE Input * 5 SYSIN 

OS & SCEPTRE Print SYSOUT = A 6 SYSPRINT 

OS & SCEPTRE Punch SYSOUT - B 7 SYSPUNCH 

SCEPTRE Program Save DISK 8 FT08F001 

SCEPTRE Data Save DISK 8 FTÜ8F002 

SCEPTRE Output Save DISK 2 FT02F001 

SCEPTRE Model Library DISK 9 FT09F001 

SCEPTRE System Library TAPE ___ SCEPTRE 1 
AND 

SCEPTRE 2 

UTILITY Data Set DISK 1 FT01F001 

UTILITY Data Set DISK 3 FT03F001 

UTILITY Data Set DISK 4 FT04F001 

UTILITY Data Set DISK 10 FT10F001 

UTILITY Data Set DISK 11 FT11F001 

Convolution Kernels DISK 12 FT12F001 
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NOTE:  XXXXXX refers to the 7-track tape and YYYYYY refers to the 9-track 
tape. 

JOB 
FILE 1 EXEC 
SYSPRINT DD 
SYSUTI DD 

SYSUT2 DD 

SYSIN DD* 

FILE2 EXEC 
SYSPRINT DD 
SYSUTI DD 

SYSUT2 DD 

SYSIN DD* 

FILE3 EXEC 
SYSPRINT DD 
SYSUTI DD 

SYSUT2 DD 

SYSIN DD* 

FILE4 EXEC 
SYSPRINT DD 
SYSUTI DD 

SYSUT2 DD 

SYSIN DD* 

See System Progranuner for format of this card 
PGM = IEBGENER 
SYSOUT = A 
DSNAME=SCEPTRE1,   VOLUME=SER=XXXXXX,  LABEL=(1,NL),     C 
DCB=1 RECFM=FB,LRECL=80,BLKSIZE=400,DEN-1,TRTCH-C^ C 
UNI'l- C2400-2f,DEFER),DISP= (OLD,PASS) 
DSNAME=SCEPTRE1 ,VOHJME=SER=YYYYYY ,LABEL= (1 ,NL) , C 
DCB=(RECFM=FB,LRECL=80,BLKSIZE=400,DEN=2), C 
UNIT=(2400„DEFER),DISP=(NEW,PASS) 

PGM-IEBGENER 
SYSOUT=A 
DSNAMF,-SCEPTRE2,VOLUME=SER=XXXXXX,LABEL=(2,NL), C 
DCB=(RECFM=FB,LRECL=80,BLKSIZE=400,DEN=1,TRTCH=C), C 
UNIT=(2400-2„DEFER) ,DISP=(OLD,PASS) 
DSNAME=SCEPTRE2,VOLUME=SER=YYYYYY,LABEL=(2,NL), C 
DCB=(RECFM=FB,LRECL=80,BLKSIZE=400,DEN=2)r C 
UNIT= (2400, .DEFER) ,DISP= (NEW,PASS) 

PGM=IEBGENER 
SYS0UT=A 
DSNAME=UTILITY,V0LUME=SER=XXXXXX,LABEL=(3,NL) , C 
DCB=(RECFM=FB,LRECL=80,BLKSIZE=400,DE.I=1,TRTCH=C), C 
UNIT=(2400-2„DEFER) ,DISP= (OLD,PASS) 
DSNAME=UTILITY,V0LUME=SER=YYYYYY,LABEL=(3,NL) , C 
DCB=(RECFM=FB,LRECL=80,BLKSIZE=800,DEN=2), C 
UNIT=(2400,,DEFER) ,DISP=(NEW,PASS) 

PGM=IEBGENER 
SYS0UT=A 
DSNAME=S0URCE,V0LUME=SER=XXXXXX,LABEL+(4,NL) , C 
DCB=(RECFM=FB,LRECL=80,BLKSIZE=800,DEN=1,TRTCH=C), C 
UNIT=(2400-2,,DEFER) ,DISP=(OLD,PASS) 
DSNAME=SOURCE,VOLUME=SER=YYYYYY,LABEL=(4,NL) , C 
DCB=(RECFM=FB,LRECL=80,BLKSIZE=800,DEN-2) , C 
UNIT= (2400, .DEFER) ,DISP=(NEW,PASS) 

Figure 78. Conversion from 7-Track to 9-Track Tape 
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7.3  SYSTEM LIBRARY TAPE 

The SCEPTRE System Library Tape contains the program object and source 
decks.  Each of these will be discussed briefly in the following paragraphs. 

7.3.1 PROGRAM OBJECT DECK 

The Program Object Deck is required to run the SCEPTRE Program; it 
is stored in the first two files on the System Library Tape, eliminating 
the need Tor the user to handle the large SCEPTRE Object Deck.  Instead 
a small deck of cards called the Program Control Deck is used to include 
object decks from the System Library Tape. The Program Control Deck is 
discussed in detail in Subsection 7.9. 

7.3.2 PROGRAM SOURCE DECK 

The fourth file on the System Library Tape contains the SCEPTRE 
Program Source Deck. Any or all of the programs in this file may be listed 
and/or punched using the utility program, UTIL. The UTIL Program is stored 
in the third file on the System Library Tape and is run on the computer by 
submitting the UTIL Program Deck, which is shown in Figure 79. 

//        JOB       SEE SYSTEM PROGRAMMER FOR THE FORMAT OF THIS UTIL0010 
CARD 

//EDITOR EXEC       FORTHLG,REGION.GO=128K,TIME.G0=10 UTIL0020 
//LKED.UTILITY DD DSNAME=UTILITY.SCEPTRE,VOLUME=SER=XXXXXX, *UTIL0030 
//                 DCB=(RECFM=FB,LRECL-80,BLKSIZE=400,DEN=2), *UTIL0040 
//                 UNIT=(2400„DEFER),LABEL=(3,NL),DISP=(OLD,PASS) UT1L0050 
//LKED.SYSIN DD* UTIL0060 

INCLUDE UTILITY UTIL0070 
/* UTIL0080 
//GO.FT02F001 DD DSNAME=SOURCE. SCEPTRE,VOLUME=SER=XXXXXX, *UTIL0090 
//                 D(ß=(RECFM-FB,LRECL=80,BLKSIZE=800,DEN=2) , *UTIL0100 
//                 UNIT=(2400,,DEFER) ,LABEL=(4,NL),DISP=(0LD,KEEP) UTIL0110 
//GO.SYS IN DD DATA UTIL0120 
UTIL UTIL0130 
OPTION             0 UTIL0140 
******  UTIL DATA BEFORE THIS CARD**CCl-6 THIS CARD MUST BE ****** UTIL0150 
/*      ******************  END OF UTIL DECK ******************* UTIL0160 

Figure 79. UTIL Program Deck 
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Data cards specifying the names of the desired source programs are 
Inserted after the OPTIONS card (UTIL0140) o*: the UTIL Program Deck. A 
listing (and/or punched deck) will be produced for each program name 
specified.  UTIL data cards may contain one program name per card or 
several names each separated by a comma.  The name PGMC Is used to obtain 
the SCEPTRE Program Control Deck, one copy of which Is produced for each 
appearance of the name PGMC In the UTIL data cards. Figure 80 presents 
a list of the SCEPTRE System subroutine names that may be requested.  If 
there are no data cards specifying program deck names or PGMC, then a 
listing (and/or punched deck) of the entire source program deck (about 
30,000 cards) Is produced. 

The OPTIONS card (UTIL0140) controls the UTIL output, which Is 
determined by the data specified starting In column 16. The data should 
be 0 or blank for list only, -1 for punch only, +1 for both list and 
punch. 

Use of the UTIL Program requires only the system library tape. Note 
that the tape reel number must be supplied on cards UTIL0030 and UTIL0090. 

7.4 PROGRAM CONTROL DECK 

The Program Control Deck Is made up of IBM System/360 Operating System 
Job Control Language (JCL) cards that control the loading and execution of 
the SCEPTRE Object Programs from the System Library Tape. A listing of the 
Program Control Deck Is shown in Figure 81. A copy of this deck must be 
punched to use the SCEPTRE Program.  This can be done using the UTIL Program, 
or it can be punched directly from the listing in Figure 81.  If UTIL is 
used, -1 must be punched in the option card and a data card with the deck 
name PGMC is required (see Section 7.3.2). 

7.4.1 DECK MAKE-UP 

The Program Control Deck consists of two major segments. The first 
segment is known as the Leader Deck and the second segment, beginning with 
the card identified as PGMC0310, is called the Trailer Deck. The purpose 
of distinguishing between the two decks is that the SCEPTRE input data, 
as described in earlier sections of this manual, must be placed between the 
Leader and Trailer Decks when a computer run is made. Several examples of 
typical input decks are discussed and Illustrated in the following paragraphs. 

7.4.2 PROGRAM CONTROL DECK CHANGES 

The Program Control Deck will have  to be modified to some degree to 
conform to local operating procedures or system modifications.    For example, 
user identification,  accountinp information,  and machine utilization estimates 
may have  to be added in some  special  format on the //JOB card  (PGMC0010) . 
Therefore,   it is  recommended  that prospective users consult with a system 
programmer who is   familiar with the IBM System/360 Operating System and 
local procedures. 
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PHASE 1 

ACAJJO 
ACDAT 
ACDIM 
AC IV 
ACPREP 
ACSRCE 
AC1 
ARGCKR 
ARGPRS 
ARGSCN 
BANDM 
BODFP 
BLKDAT 
BIFORM 
BVDSCN 
BVPSCN 
BVASCN 
BVSCAN 
B2CDFP 
CAPEQS 
CAPINI 
CARD 
CDCOPY 
CDPRS 
CFONTR 
CHGPRS 
CKCONV 
CKFWD2 
CKLIMR 
CKMONT 
CKPDPD 
CKSENS 
CKTFWD 
CKVALU 
CMP EL 
CNTNU 
CNVCOM 
CNVSAV 
COMPCK 
COPY 
CPY 
CPYCOM 
CPYDP 
CPYSP 
CRSREF 
CVPREP 
DATACK 
DATFCN 

DEFPRM 
DIMENS 
DLIMIT 
Dl.OGIC 
DMPLST 
DNODES 
DOGEN 
DOLOOP 
DPPRS 
DPSNSP 
DVCHCK 
DVPRS 
ELMPRS 
EQFORM 
EQPRS 
EQUPRS 
ERASE 
ERROR 
EXC1 
EXPPRS 
EXPSCN 
FIND 
FORWARD 
FPBCD 
FRNTKK 
FTNPRS 
GENER8 
GETARG 
GETCK 
GETNUM 
GNLOCA 
GNNOCA 
GN8INV 
GROW 
GTCODE 
GTCRD 
IARGCK 
ICCFON 
ICCHCK 
ICEQS 
ICPRS 
iCRRR 
1CSCAN 
ICTEQS 
IEQUTN 
IJEQUTN 
IMPMTD 
INDEQS 

INDINI 
INDSRH 
INOUT 
INSBPS 
INSIDV 
ISCANS 
ISCNER 
ISEQCK 
ISOLVE 
ITOBCD 
IVARCK 
IWCHCK 
JACOBN 
JBXEQ 
JBYEQN 
JB04EQ 
JB24EQ 
JB34EQ 
JB35EQ 
JB94EQ 
JCCC 
JCXT 
JDPDEQ 
JDPLOC 
JM34EQ 
JM35EQ 
JSCAN 
JSREQN 
KFORM 
KSEQCK 
LBITS 
LCSUM 
LRDEQS 
LSPREP 
LSTR 
MASHER 
MDEDIT 
MDELCH 
MERGTP 
MMODIF 
MODPRS 
MRGEQS 
MUTSCN 
NBCDI 
NETCMP 
NUMPRS 
N2BCDI 
OPTPRS 

OTPPRS 
OUTDEP 
PADJNT 
PKBCD 
PRPCD 
PRSEQU 
PRSTBL 
PUTAPE 
QTBLCH 
RCPRS 
RCTRL 
READIN 
REGNR8 
RESEQS 
RES:NI 
RGNR8 
RRBUFF 
RRCPRS 
RREQP 
RRNUP 
RRPCD 
RRPRO 
RRTBP 
RSUM 
RUNCIL 
SCANEQ 
SCNEQS 
SCNMTX 
SCNSRT 
SCNTRE 
SDEPSR 
SDPRIV 
SETUP 
SORT 
SPAREQ 
SPLITR 
STASH 
STCONV 
STOEQN 
STORE 
STRELM 
TBLEQV 
TBLPRS 
TOPLGY 
TREE 
TRNEQS 
VEQUIV 
VGENR8 

Figure 80. SCEPTRE 8/360 System Subroutines 
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PHASE 1 (Cont) 

VLUPRS 
VMUTUL 
WRTADJ 
WRTOUT 
WRTTPE 
WTDAT 
WTEQTN 
WTMXEQ 
WTPDRV 
WTSCMN 
WTSDAT 
WTSPTP 
WTSRED 
WTSTMT 
WT2STM 
XBCDFP 
XIBCD 
XMLMUT 
XOTPR 

PHASE 2 

AB 
ACLIST 
ACPLOT 
ACSAVE 
ADJNT 
AGDIM 
AGF.XT 
AGNEW2 
BADD 
BISOL8 
BK 
BKR 
BLOAD 
BVADD 
BVXADD 
CDCALC 
CHECKS 
CHKOUT 
CHKSW 
CISOL8 
CLCMP , 
CLOCKF 
CMPAC 
CMPV1 
CVYCLC 
DFLT2 
DIFFUN 

DIOG 
DIOQ 
DIOT 
DLOGIC 
DOLPEQ 
DTABLE 
EIGEN1 
EIGF1 
EPSTO 
EXC2 
EXPO 
FCONVY 
GANEW3 
GEAR 
HESQR1 
INTGR8 
INVERS 
INVRT 
ITODAY 
IV25 
IYCALC 
I4CALC 
I7CALC 
KKCALC 
LBITS 
LIBMUX 
LINSOL 
LISTR 
LOUTR 
LSDIM 
LSNE'T 

MCLOAD 
MINV 
MISOL8 
MMPYAD 
MONTE 
MULPLT 
MXMULT 
OPA IM 
OPDRES 
OPDVDN 
OPFIRE 
OPFNGR 
OPINOT 
OPMMPY 
OPREDY 
OPSTUF 
OPTIM 
OUCMAT 
OUIMAT 
OURMAT 

OUTIC 
OUTP 
PDERIV 
PDRV1 
PLOT 
PLTM 
PLTSCL 
PRDCOR 
PREPLT 
PRNPLT 
RANDOM 
RDCONV 
REALVI 
RES 
RIBMUX 
SAVEPD 
SCALE 
SENSI 
SETDAT 
SIMAC 
SIMDC 
SIMIC 
SIMIR 
SINEW 
SKALEI 
SOLVE 
SVNEW 
TIME 
TPh^AD 
TRANIG 
TRNC 
TRPRK 
VXCALC 
V1CAI.C 
V2CALC 
V3CALC 
V5CALC 
V6CALC 
V8CALC 
WOSET 
.TORST 
X 
XDIODE 
XIBCD 
XLOAD 
XMLINV 
XMRCI 
XMRINV 
XMSINV 
XSAVDC 
XTABLE 

Figure 80. SCEPTRE S/360 System Subroutines (Cont) 
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//                  JOB           SfE   SYSTEM  PROGRAWFR   F0R   FORMAT   Of   ThlS   CApO PRMcOPIf1 

//ScEPTl   EXEC     FÜRlHL6.f,ARK,LKED=,llST,MAPtOVLY,Sl?r=,10f1K«l2K)'. •Pr,Hcnn^Ci 
//                                  REGION,LKED=10f.K,REGION.GO = ?30K,TIMr.RO = 2o f'GPiCOCH 
//LKED.SYSIMOU   OD     SPACE = (CYL , (10 ,5 ,1) )        OVEKRIDE   SPACE   INPROCEDUKE PGFiuOICi 
//LKEU.SCEPTRE!   DO   pSNAKE=F0W657lf .ScEPTRTi. VOL =SLR = XXXXXX , ♦Pr,KcOO',t 
//                                  DCB=«RErFM=Fu«LRECL = eo,BLKSI2f = '*nOtpEN = 2). ♦POMcOLfO 
//                                  uNlT=(2'»00,.DEFtR)ttAnEL=(l ,NL) ,risp=(Ol "tPASS) pR^COn?! 
//LKEU.SYSIN     Ü0     ♦ PßMCnOfH 

INCLUDE   SCEPTREl PRf'COO'X 
/, Pr^TOHiti 
//GO.FTOlFOOl   UD   DS>NAMF=SLinTEM.DcB= tKcrFMrFR .LPECL = (<ü ,nLKSlZE = BOO ) , ♦PGficnil.i 
//                                  DISP=(NFW.OELETE)IUNIT = SYSOA,SPACE=(CYL,(?,!)) PRf,C01>'i' 
//GO.FT03F001   UD   DSNAMf =SIMOUTP ,DCP= (RFCFMzFP ,L RECL = 80 ,Bl KSlZF = flOO ) , ♦PGP'Coi.'O 
//                                  DlSP=«NEW.OELETr)«UMIT-SYSpA.SPACE=(CYL,(?,!)) PGr.COmr 
//GO.FT0UF001   UD   0SNAMF = SUTILTY tDCn= <RFrFM=FB «LPECL^O .(U t<SIZL = ftOü I . »('r,Mr 01'■(' 
//                                  ÜlsP=«MEK.DELETE).UMTisYsnA,SPACE=(CYL,(?,!)) PG.'ICOlfO 
//GO.FTOeFoOl   UD   DSNAMF = 4P(-HSAV,OCB=(RFrFr' = Fn,LRECL=«0,niKSlZE. = eOO), «PG^.rpiyp 
//                                  Dlsr=tNFU.PASS),UNlT = SYSnA.SPACFr(CYL.(i-.l)! PGrif.nirl' 
//GO.FT0eF002   ÜD   Di>NAMF = SDTASAV .DCB= (RECPMsFR .L UECL=ftO ,nL KSlZE = flOO ( , ♦PR^fPl-JU 
//                                  nlsP=(NEW.PAsS).UNIT = SYSr,A,sPACF = (CfL.(2,l)) PGfirnpif 
//GO.FT09FC01   DO   OSNAMFziLIHMni ,DCB=(HFCFMrFn,LPECL = PO ,HLKSIZE = öOO), ♦PGWCnPIO 
//                                  üISK=<NFU.DELETE).UNIT = SYSDA.SPACE=(CYL.(?,i>l Pr,Mcn?;.r 
//GO.FIICFOOI   OD   OSNAMF = SLnuTR,nCF=<HEcFM = FH»LNFCL = 'in,(,LKSI2E:r00) . »PRfcO?*^ 
//                                  uNIT = SYsDA,sPACf = (CYL,(i ,i) ) ,nisP=(rjEw.r,ELFTt ) P^^OJ'.l 
//GO.FTllFoCl   DO   DSNAMF:sACTPE,rCB=(Rt;rrw-Fn,L(.rCL = Rn,hLhSI/:E = PüO/, «Pi;-.Cn?b( 
//                                    UNlTrSYSDA.SfACErtCYL,().!)) .PISP=(\tW.PASS) Pr,ycn?f( 
//GÜ.FT07F001   UP   SYSOUT = B.rCB= (RECFMrf-n,LRF.CL = ',r ,bl KSI/Fr^tPO ) PCf ri?7r 
//GO.SYSUCUMP   UD   SYSOUf = A «OCR: (HECFM = FnA ,LKLCL = 1 33 ,rtLKsIZF:f f.6 ) P^l-i'.D'AII 
//GO.iYSlN     OU     » PV.tr;>'-, 
/*                          ♦•»CCEFTRE   DATA   GOEa   BtFOKE    THIS   CA^D*«* ('".ii?,!. 
//SCEPT? EXEC    FORTHCLG.REGION.FOPTrPonK,PFGiON.LKrn=irfaK. «pr.f.ro.iu 
//                                  pARM.LKFDs'LlST.MAP.OVLY.SIZErnnoh.lJK) •, «pr^rn?;M. 
//                                    RFGION,rO = 23(|K,TlME .GO = Sn .CONDr ( M ,LT ,SCt PT5 .GO) PfV'Cn? :f. 
//FORT.SYSI UNCH   DD   SYSOLT = P ,DCB= (RECF«1rFp ,LHFCL =80 .HLK:>T/r=35?n ) rr/,c^^M- 
//FONT.SYSIf'.   DÜ   DSNAMErSPGNSAV,DlSP=(0L1.PASS) P^CO^.l. 
//         DO        » pr,Mro?t'r 
/♦                        «♦•♦USER   SOPNCE   SUBPROGRAM   GOES   bEFORE   THIS   CARO«**» PRIirnjfr 
//LKED.SCEPTRE2   00   OSNAf'ErFOWGbTlF .SCLPTRF ? , VOL =SER = XXXXXK , »Pr,riCn37( 
//                                  DCB=(REcFM = F[),LRrCL = fin,Hl.KSlZF = i400.nr   =2) , »PCiCPiCf 
//                                  UNI T=( 2i« 00.. DEFER) .LABLLz ( ? .NL ) .riSP= ( ÜLD.PASS) PGrcO.^l! 
//LKED.SYsr     UD    ♦ PG-cnmr 

INCLUDE   SCEPTREa      ♦USER   OBJECT   PROGRftM   GOES   BEFORE   THIS  CARD» PC^Cnmr 
/« pr-yxon: r 
//GO.FT02F00X   DD   DSNAMF = äOUTPSAV.DISP= ( NEW.OELFTE > .UMITsPYbDA . ♦Pr.^COu^!' 
//                                    DCB=(RErF«=V,BLKSIZE = 10?^,LRrcU=102'«), «PG^ICOU'M; 
//                                    sPAtEsiCYL.(«40.10 ) PGlfO'»!! 
//GO.FT03F001   UD   OSNAHE = SNEDITP,DCD=(RFCFMzFP.LRECL-PO .BLKSIZF = eOO). «PG^ro^ff 
//                                    UlSP=(NEW,OELETE).UNIT:SYSnA.SPACE=(CYL,(M,l )) PGf.COTM' 
//GO.FTOSFOOI   DD   DSNAMErÄOTASAV.OlSP=(OLp.PASS) PGr,cn4f( 
//GO.FT20F001   ÜD   UNIT = SYS0A ,SPACE= ( TRK . (1 .1 ) ) PG^m^^n 
//GC.FTllFool   UD   OSNAMf riACTPE .DlSPr (OLH .DELETE ) PRrTptvOP 
//GO.SYSIN     OD      ♦ PRMCOMO 
6 PGcCnbrO 
/♦                •»♦»♦♦♦♦♦♦•♦♦•♦END   OF   PGNC   DECK*************** PGHCOS^l' 

Figure 81. SCEPTRE S/360 Program Control Deck 
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The Program Control Deck is set  up to run SCEPTRE under OS/360 MVT. 
Certain parameters are peculiar to this system: 

1) REGION - This parameter is contained in cards PGMC0030, PGMC0310 
and PGMC0325. It specifies the maximum amount of main storage to 
be allocated  to  the associated job  step. 

2) TIME - This parameter is  found in cards PGMC0030 and PGMC0325. 
Time  is  specified  in minutes  of CPU utilization and limits  the 
computing  time used by the job step specified.    The user may 
increase  or decrease TIME. 

The system library  tape reel number must be punched in PGMC0050 and 
PGMC037O  in place of  XXXXXX. 

The  load module created during  the linkage editor step of the  leader 
deck may be saved on disk.     This will eliminate  the linkage editor step of 
the leader deck and  thereby save the computer  time normally required  to load 
the program for the  leader deck from tape.     The  trailer deck,  on the other 
hand,  must execute  the linkage editor  step  for each computer run. 

7.4.3    DATA SETS 

The distributed version of SCEPTRE is set up to provide operation of 
all features.  However, changes in the Program Control Deck are required to 
alter the data set devices and to utilize certain features of the program. 
If necessary, the aid of a system programmer should be obtained to make any 
of the changes discussed. 

7.4.3.1 Output Save 

It may be desirable to save  the OUTPUT SAVE data set  (DSNAME = 
S.OUTPSAV)   upon completion of a normal  SCEPTRE run.     This data set  is  required 
to utilize the RE-OUTPUT mode of operation and can be  saved permanently by 
changing card PGMCOA30.     Saving this  data set on disk can be accomplished by 
removing  the ampersand from the DSNAME and changing DISP  to DISP=(NEW,  KEEP), 
as follows: 

//GO.FT02F001   DD   DSNAME=ÜUTPSAV,DISP = (NEW,KEEP),UNIT = SYSDA,   »«PGMC0430 

A tape may be  used   for saving this data set by  changing  the following cards: 

//GO,FT0:F001   DD   DSNAME=OUTr,SAV,DISP = CNEW, KEEP) ^NITrC 2it00,, DE FER),!{PGMC(M3 0 

// V0LUME=SER=XXXXXX,LABEL=(1/NL) PGMC045D 
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where XXXXXX is the  tape reel number  (or other identification)  supplied by 
the user.    Upon executing the RE-OUTPUT feature,  the disposition of the data 
set must be changed  to DISP"(0LD,  KEEP)  or DISP"  (OLD,  DELETE)  as follows: 

//GO.FT02F001 DO DSNAME=OUTPSAV, DISP = COLn,DEUTE), UNiT = 'YSDA, «PGMCO+iO 

When it  is not desirable to sHve this data B^t card PGMC0430 should be used 
as shown in Figure 81. 

7.4.3.2    Program Save  and Data Save 

It may be desirable to save the data sets & PGMSAV and &DTASAV upon 
completion of a normal  SCEPTRE run.    These data sets are required to utilize 
the CONTINUE mode of  operation and can be saved permanently by changing 
:ards PGMC0170,  PGMC0190, PCMC0300,  PGMC0480.     Saving these data sets on 
disk can be accomplished by removing the ampersands  from the DSNAMES and 
changing DISP in the  trailer deck to DISP-(OLD,  KEEP),  as  follows: 

//GO.FT08F001   DD   DSNA(1E=PGMSAV, DCB=CP.ECFM=FB, L'?ECL = 80,BLICb iZE = 800), «PGMC0170 

//GO.FT08F002  DD   DSNAMEzDTASAV,DCB=CRECFM=Fa,LRECL=80,DLKSIZE=800)/ «PGMC0190 

//FORT.SYSiN   DD  DSNAME = PGMSAV/DI SP = COLD,KEEP) PGMC0540 

//GO.FT08F001   DD   DSNAME = DTASAV,D1SP = C0LD, KEEP) PGMCO^O 

A tape may be used  for  saving these data sets by changing the Program Control 
Deck as follows: 

//GO.FT08F001   DD   DSNAME=PGMSAV, LABEL = C1^L), 
// DCB=CRECFM=FB,LRECL=80,BLKSIZE=80 0,DEN=2), 
// DISP = CNEW,PASS),UNIT = 2i»0 0,VOLUME = SER=XXXXXX 
//GO.FT08F002  DD  DSNAME=DTASAV,   LABEL=C2,NL), 
// DCB=CRFCFM=FB,LRECL=80,BLKSIZE=800,O€N=2), 

// DISP=CNFW,PASS),UNIT = 2't00,VOLUME=REF=,c,FT08F001 

KPGMC0170 
SCPGMC0180 

PGMC0185 
»«PGMC0190 
«PGMC0200 

PGMC0205 

//FORT.SYSIN   DD   DSNAME = PGMSAV, LABEL = (1,NL), 
// DCB=CRECFM=FB,LRECL=80,BLKSIZE=800,DEN=2), 
// DISP=COLD,PASS),UNIT=2<»00,VOLUME = SER=XXXXXX 

//GO.FT08F001 DD DSNAME=DTASAV,LABEL=(2,NL) 
// OCB=CRECFM=FB,LRECL=80,BLKSIZE=800,DEN=2)/ 
// DISP=COLD,KEEP),UNIT=2'»00,VOLUME = S£R=rXXXXX 

»«PGMC0 34 0 
«PGMC0VI5 

PGMC0M6 

«PGMCO^flO 
«PGMC 0i»8 5 

PGMC0U86 
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Where XXXXXX refers to tape number that must be supplied by the user. 
NOTE:    Cards PGMC0185,  PGMC0345, PGMC0346,  PGMC0485,  PGMC0486 are added 

to the Program Control Deck to save data sets  PGMSAV and DTASAV 
on tape. 

The PGMC card,   differ only slightly between  the original run which 
saves PGMSAV and DTASAV  and  the run which  executes  the  CONTINUE feature. 
Upon executing this  feature,   simply change DISP  for PGMSAV and ;)TASAV in 
the leader deck to DISP=(OLD,  PASS) and in the  trailer deck to DISP=  (OLD, 
DELETE)   or  JISP -   (OLD,KEEP) . 

When it  is not  desirable to save these data sets,  PGMC cards related 
to PGMSAV and DTASAV should be used as shown in Figure 81, 

7.4.3.3    Model Library 

If  the user wants  to use permanently stored  circuit models,  he must 
create and save a model  library.    To save a model library on di£;k,  change 
cards PGMC0210 and PnMC022O as follows: 

//GO.KT09F001   DD  DSNAME = LIBMDUDCBsCRECFMsFB, LRECL = 80,BLkSI ZE = 800),   «PGMC0210 
// DISP=(NEW,KEEP),UNIT = SYSDA,SPACE = CCYL,(2,1)) PGMC0220 

For subsequent runs  using permanently stored models, use the set 
of two cards listed just prior to this sentence but change the disposition 
from NEW to OLD in PGMC0220.     A tape may be used for  saving the model 
library by replacing cards  PGMC0210 and PGMC0220 with the  following three 
cards: 

//GO.FT09F001   DD  DSNAME = LIBMDL=LABEL = C 1 ,NL), »«PGMC0210 
// DCS=CRECFM=FB,LRECl=80,BLKSIZE = 800,DEN=2), '«PGMC0220 
// DISP = OMEW,KEEP),UNIT = 2'*00,VOLUME = SER = XXXXXX PGMC0225 

Where XXXXXX is  the  tape reel number supplied by the user.     For subsequent 
runs using tape,  use the above cards but  change the disposition from NEW 
to OLD in PGMC0225.     If  the  user does not  use  permanently stored circuit 
models,  cards PGMC0210 and  PGMC0220 should be used as  shown in Figure 81. 

7.5    TYPICAL  INPUT DECK 

Four modes of system operation are available to  the  SCEPTRE user: 

1. MODEL DESCRIPTION  - Allows both a permanent  and  temporary model 
library  tape to be created or supplemented  and  then printed out. 

2. CIRCUIT DESCRIPTION - Computes d-c steady-state and/or transient 
response of non-linear electrical networks. 

3. CONTINUE - Provides  a mear>s  for  continuing previously discontinued 
transient solution runs. 

-196- 



4. RE-OUTPUT - Allows previous 
listed and/or plotted. 

computer output quantities to be 

Any of these modes of operation can be executed individually. Two modes 
may be combined only if one mode is MODEL DESCRIPTION and it is executed 
first. Several examples are given to illustrate some typical input deck 
setups. 

7.5.1 MODEL DESCRIPTION 

The deck, of Figure 73, Section 6, is set up to add the Model 2N341 to 
an existing permanent library tape. The model description data will be 
printed out, since additions to the library are listed.  The computer run 
is then terminated.  Note that the Trailer Deck is not present.  It is not 
required for runs involving only the Model Description Mode. 

7.5.2 CIRCUIT DESCRIPTION 

Execution of  the Circuit Description Mode  is   illustrated in Figure 82. 
The insertion of a subprogram  (subsection 2.7.1)  in  the trailer deck after 
the //LKED.SYSIN DD * PGMC0400 card is also illustrated.     Circuit equations 
are generated and  then solved,  after which  the computer results are presented, 
the status of  the  run  is  saved  if the data sets  PGMSAV and DTASAV are kept, 
and the run  is  terminated.     If  the data set OUTPSAV  is,   In  fact, also saved 
at the conclusion of  this  run,   the data sets mä^ be used  in a future run in 
conjunction with the CONTINUE or RE-OUTPUT Mode of Operation. 

TRAILER 
DECK 

INCLUDE SCEPTRE2 

LEADER 
DECK 

SUBPROGRAM 
INSERTION 

//LKED.SYSIN DD" 

CIRCUIT DESCRIPTION 

Figure  82.   .Circuit Description Mode 

-197- 



7.5.3 CONTINUE 

Figure  75,  Section 6,   shows a deck setup  for a previously terminated 
transient solution run being continued but with two changes In the original 
RUN CONTROLS.     Both  the STOP TIME and the INTEGRATION ROUTINE are being 
changed.    At  the conclusion of this continued run,  the computer results are 
presented,  the status of  the  run Is saved  In  the DTASAV data set,  and the 
run Is terminated as  In  the Circuit Description Mode. 

7.5.4 RE-OUTPUT MODE 

In the Re-Output Mode deck setup Is shown  In Figure  76,  Section 6. 
SCEPTRE will produce a printed  listing of VRI as a function of time and a 
graph of VRI versus VR2.     The X and Y axis will be labeled VIN and VOUT, 
respectively.     It  should be noted that both VRI and VR2 were outputs in 
some form in  the original  transient solution run.     Also  the data set OUTPSAV 
from the original run was  saved,  and Information In the data set was not 
destroyed by subsequent  use on another transient  solution run or continued 
run. 

7.5.5 MODEL DESCRIPTION -  CIRCUIT DESCRIPTION 

Finally, a combination Model Description and Circuit Description run 
is illustrated in Figure 77, Section 6. First, the model of a 1N167 is 
stored in the temporary library data set. The Circuit Description mode 
Is then entered, and the circuit equations for the circuit described by 
the circuit data are generated and solved.  The results are presented as 
described in Subsection 7.5.2. 

7.6 OPERATING INSTRUCTIONS 

Generally,  program users are responsible for supplying tape and disk 
numbers to the computer operator along with  their program input data.    While 
this information is specified  in the PGMC deck as noted  in  7.4.2,  it may 
also be required elsewhere  in accordance with  local procedures. 

7.7 TERMINATION PROCEDURE 

Provisions are made  in  SCEPTRE for continuing previously discontinued 
transient solution runs.     However,  to make  this  possible,   the data sets 
PGMSAV and DTASAV must be  saved  (see subsection 7.4.3.2  for Program Control 
Deck changes)   and  the run must be terminatad  in the proper manner.    The 
program itself is set up  to do this if one of  the standard or any optional 
termination conditions  are met  successfully.     Unlike  the  7094 version,   the 
computer operator cannot be  instructed to terminate  the run such that it 
can be continued  in a subsequent run.    The user should  set COMPUTER TIME 
LIMIT if he wishes to  terminate a run after a certain amount of elapsed 
time.    The preset COMPUTER TIME LIMIT is 600 minutes.     If  the computer 
abnormally terminates  the  run,  it cnnnot be continued nor can outputs be 
recreated. 
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7.8 INTERNAL PARAMETERS 

A number of parameters are carried internally in the program.    The 
user is permitted access to tnese parameters for use as equation arguments, 
independent variables for tables, and automatic termination quantities. 
The nomenclature and definitions of these parameters ar«? given in Table  XII. 

7.9 PROGRAM DEBUG OUTPUT 

A program debug outputting facility which is provided principally as 
a program debugging aid is available to the interested user.    With this 
feature, data normally generated, used and of concern only internal to the 
program can be printed out.     In normal application of the program, this 
type of Information i3 not desired and hence the facility is not normally 
activated.     To activate the  üebug printout  feature  request WRITE DEBUG in 
the RUN CONTROLS section of the SCEPTRE input data. 
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APPENDIX A 

SPECIAL OPTIONS  IN INITIAL CONDITIONS COMPUTATION 

Under normal operational circumstances, the Initial conditions for any 
transient run are either Inserted as input data by the user If they are known, 
or computed by the DC portion of the program If  they are not.    Three separate 
and distinct alternatives have been provided that, when properly used, can 
add flexibility for special situations. 

A.l     INITIAL CONDITIONS COMPUTATION VIA TRANSIENT ANALYSIS 

It  is,  and always has been,  possible to compute the  initial  conditions 
for any SCEPTRE problem by using transient analysis.    The most practical moti- 
vation for the use of this option is the situation in which either the DC 
algorithm will not converge or the user would prefer not to alter  the original 
topology to comply with the published DC restrictions  (no J-C cut  sets or 
E-L loops).    Until recently,   there  existed a series of obstacles  that had to 
be overcome before the user could effectively utilize transient analysis to 
solve  the initial condition problem.     The user either had  to make one run to 
get  the initial conditions and  then a  second submission to apply  these re- 
sults  to the transient computation,  or had to somehow delay the network 
transient  forcing functions until  the initial conditions computations had 
settled down.    The latter course  is  feasible, although often awkward,   in that 
the user  is uncertain as to how long  the transient  forcing functions should 
be delayed.    Another difficulty was  Imposed by the fact that sometimes small 
network time constants,  that had absolutely nothing to do with  the final 
value of the Initial conditions,  could cause an increase in integration steps 
and,  hence,  computer solution time.     The new procedure completely obviates 
these disadvantages. 

To  implement an effective method designed for this  type of computation, 
the  following considerations had  to be resolved. 

1. The Solution Medium    -    Implicit  integration will automatically be 
selected regardless of the  type of Integration that will be used for 
the true transient problem that may remain after  the DC  steady-state 
is obtained.    This will eliminate the time constant problem that often 
occurs in many practical problems.    Pseudo  "TIME" will be used as the 
running variable for the  Integration routine, but  it will have no 
relation to any aspect of  the associated transient run. 

2. Maximum. Minimum,  and Starting Step Size    -    These controls must be 
preprogrammed,   since  they will not In general have a connection with 
any STOP TIME that  the user may supply.     The preprogrammed quantities 
are: 

MINIMUM STEP SIZE       =    0 
MAXIMUM STEP SIZE      -    1E74 
STARTING STEP  SIZE    =    1E-8 
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3. Transient Forcing Function    ■    All forcing functions will be automat- 
ically checked and held constant at their START TIME values. 

4. Termination    -    Since It is unreasonable to expect the user to supply 
valid termination criteria £or this type of computation,  it muse be 
automated.    It is felt  that  the best way to accomplishathis is to 
monitor the vector of the state variable derivatives    Y    and to ter- 
minate the solution when the relation 

|YU Xl|Yt+ X2 (1) 

is satisfied for all state variables Y.    Tests have been performed to 
determine appropriate values for the relative constant XI and the 
absolute constant X2  in equation (1).    Acceptable results have been 
produced with 

XI    =    1E-8 

X2    =    1E-6 

and these values are programmed Into this feature. 

5. Language  - The necessary language required to call out this feature 
for use was chosen to fit all the computational combinations that 
exist. Under RUN CONTROLS, 

For DC computation only (with or without reruns) : 

RUN INITIAL CONDITIONS ONLY 
and RUN IC VIA IMPLICIT 

For DC and transient computation: 

RUN IC VIA IMPLICIT 
STOP TIME = X 

For DC and transient computation, rerun transient only: 

RUN IC VTA IMPLICIT 
STOP TP?E = X 
RERUN DESCRIPTION 

For DC and transient computation, rerun both DC and Transient: 

RUN IC VIA IMPLICIT 
STOP TIME =  X 
RERUN DESCRIPTION 
RUN CONTROLS 
RUN IC VIA IMPLICIT. 
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This feature was tested on Manual Example 3. Tills particular problem 
Is a two-stage transistor Darlington network that uses the stored 
model feature. Only DC computation Is requested and three reruns are 
called to determine the effect, of perturbations In the first stage 
current gain on selected network voltages. A comparison of the DC 
steady-state transistor junction voltages is given in table A-l for 
all four runs. There is no significant diffcrenct; between the result 
achieved by the DC algorithm and that obtained by transient analysis. 
All results in table I have been rounded to the fourth decimal place. 

TABLE A-T 

COMPARISON OF DC RESULTS 

Conventional DC via Tran- 
DC Analysis sient Analysis 

Master VCKT1 0.:W82 0.:5382 
j     Hun VCCT1 -8.9377 -8.9:577 

VCET2 0. 1422 0.4422 
VCCT2 -8.8227 -8.8226 

First VCET1 o.;m7 0.3377         ( 
Rerun VCCT1 -8.9456 -8.9458         | 

VCET2 0.4416 0.4416         i 
VCCT2 -8.8:581 -8.8383 

Second VCET1 o.;mo 0.3369 
Renin VCCT1 -8.9570 -8.9572 

VCET2 0.4408 0.4408         1 
VCCT2 -8. 8003 -8.8605         j 

Third VCET1 0.:536:} 0.3362         j 
Rerun VCCT1 -8.9680 -8.9680 

VCET2 0. 41599 0.4399 
VCCT2 -8. 88115 -8.8814         | 

A. 2  RERUNS WITH THE DC ALGORITHM 

The DC portion of the program is based on a Newton Raphsen iteration 
procedure that is designed to solve simultaneous nonlinear algebraic equations. 
The key operation is given by eauation 72 in Volume II which can be 
written in simplified form as 

M-[ FKV)]"1 F2(V ) 
n J      n 

(2) 
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Repeated  iterations of equation 2 are carried out until  the process converges 
to the final solution for each Individual run.    All  individual DC runs, 
whether 'hey are part of a rerun series or not, normally begin the  first  iter- 
ation with the left aide of equation 2 set to zero.    The average network 
usually converges to a final solution in anywhere from 10 to 25  Iterations. 

It is usually true that, when a  series of DC only reruns are  to be made, 
the overall circuit differs Just slightly in element value from one rerun 
to the next.    It follows then that  the final solution will also not vary 
greatly from rerun to rerun.    In circumstances of this type it is often likely 
that convergence of a given rerun could be significantly speeded  if the final 
results of a preceding run were used as the starting point.    Example 3 of the 
manual can be used again as an illustration.    When the master run and each 
of  the three associated reruns were started at zero voltage, all  four runs 
converged in 11 passes.    The same problem was repeated with each of the three 
reruns begun with the voltages with which its predecessor finished.    Con- 
vergence was then obtained  in four  passes for each of the reruns and there 
was no difference in accuracy.    Other tests have been made with comparable 
results.    The attractiveness of this  feature will,  of course, be proportional 
to the number of DC reruns that are  to be made.    Significant computer solu- 
tion time will be saved only if a significant number of reruns are used. 

Two variants of this  feature are allowed.    The first is if all reruns are 
to begin with the final voltages of  the master run.     In that case,  the re- 
quired language is 

RUN CONTROLS 
RUN INITIAL CONDITIONS  ONLY 
IC FOR RERUNS    =    MASTER RESULTS 
RE RUN DESCRIPTION     (N) 

The second version of this feature allows all reruns to begin with the 
final voltages of the run preceding it. The (n + l)th rerun would start 
with the final voltages of the nth rerun.    The required language then becomes 

RUN CONTROLS 
RUN INITIAL CONDITIONS  ONLY 
IC FOR RERUNS    =    PRECEDING RESULTS 
RERUN DESCRIPTION     (N) 

It is possible to combine this  feature with DC via Transient  feature 
described in the preceding section.     The language is 

i RUN CONTROLS 
I RUN INITIAL CONDITIONS  ONLY 
f RUN IC VIA IMPLICIT 
I IC FOR RERUNS    =    either  form 
I RERUN DESCRIPTION     (N) 

l 
I   Note  that in all possible cases the necessary call  is  inserted under RUN 
■    CONTROLS of the master run and never under RERUN DESCRIPTION. 
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A.3 OPTIONAL INITIAL CONDITIONS FOR TRANSIENT RERUNS 

The third alternative for Initial conditions Is a method that has some 
of the characteristics of the other two.  It Is similar to the method of 
subsection A.l, In that It utilizes transient analysis and Is similar to the 
subsection A.2 technique because It applies to reruns only. It offers the 
user the capability of starting any transient rerun with the state variable 
values that existed at the end of a previous transient run. Consider the 
situation In which the effect of a series of pulses applied to a given net- 
work Is to be ascertained.  If the phenomena connected with each pulse Is 
.such that It affects some network parameter (say transistor current gain) that, 
in turn, affects the quiescent point of the network. It may be advantageous 
to run the entire problem as a master run with a series of associated reruns. 
The state variable values that exist at the end of each individual transient 
run will be transferred to the beginning of the next run without any inter- 
vening analysis. 

The required language is identical to that given In the preceding section. 
If the master run final values are to serve as the starting point for all 
associated reruns, enter under RUN CONTROLS: 

IC FOR RERUNS  = MASTER RESULTS 

If all runs are to begin with the final values of the previous run, enter 

IC FOR RERUNS  = PRECEDING RESULTS 

There is no danger of ambiguity that may be implied by the identical language. 
The feature in the previous section is distinguished from this one by the 
fact that it will also contain the statement RUN INITIAL CONDITIONS ONLY. 
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APPENDIX B 

SPECIFIED PRINT INTERVAL 

The basic output format of  SCEPTRE supplies printed output at every 
successful step taken by the Integration method up to a default maximum of 
1000 points.    If more than 1000 steps are taken,  that number  Is divided by 
the smallest Integer,  n,   such that every nth step Is printed out and no more 
than 1000 points would be output.     If a given run took 2115 steps (n here Is 
3),  705 points or every third step would  be output.    No attempt  is made to 
space the print increments;   if  ir  happens Lh?t many steps are taken in the 
first  half of a run and comparatively few in the last half the printed output 
will be spaced accordingly.    In most cases,   this is desirable and the basic 
format was chosen for that reason.    In some situations, a different format can 
be attractive ^nd has been made available.    The ob.lectlve of the optional 
Specified Print Interval feature is to enable the user to precisely control 
the number of printed output points and  to allow them to be more  selectively 
chosen.    The user may supply the time interval at which print points are de- 
sired and only those solution points that fall on or immediately after integer 
multiples of the specified  interval  will  be printed.    Assume,   for example 
that a  transient problem is run to a STOP TIME = 800, and  that  the first 
few solution points are at the following times:    0,  2, 4,  6,  8,   10,  14,  18, 
22,        Assume also that the user  has specified a print Interval of 
10.     In that case p inted output would appear at times 0,   10,  22,...".... and 
the number of print points would equal  STOP TIME divided by PRINT INTERVAL 
( = 80  in addition to the one at  time = 0).     The only situation in which the 
number of  output print points would differ from the above relation is  the 
rather uncommon situation in which the specified print interval is smaller 
than the  step  sizes actually taken. 

This feature  is optional and  is activated  by the entry 

PRINT INTERVAL    =    number 

under  the RUN CONTROLS section.    This printed  series will appear  in addition 
to the normal output.    If only this printed   series is desired,  the normal 
printed output format may be suppressed  by the entry 

MAXIMUM PRINT POINTS    =    0 
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APPENDIX C 

COMPOSITE PLOTS 

The standard plot format with SCEPTRE has always been one dependent 
variable plotted against an independent variable with automatic scaling sup- 
plied for both the abscissa and ordinate. The plots were output in machine 
plot format with all absciccas having physical lengths of 10 inches and or- 
dinates of 8-1/2 inches. A summary of all quantities that may be plotted is 
given in Manual subsection 2.2.4. 

A specialized plot format has been added in which up to nine quantities 
may be plotted against a common abscissa. The ordinate values for each vari- 
able are separately scaled in order to preserve resolution .md unique characters 
are used to represent each quantity. Use of this feature requires that all 
of the quantities that are to be plotted together be requested on the same 
card under OU1PUTS followed by a specific plot name. The plots illustrated 
is figure C-l were obtained with the following entries: 

OUTPUTS 

IR16, VC7, P3, PLOT 1 

Here the three quantities IR16, VC7, and P3 are requested, together with a 
specific plot name of "1". Any alphanumeric combination not exceeding six 
characters could as well have been used to designate the plot name. Any of 
the dependent variables could have been renamed according to the format given 
in Manual subsection 2.2.4 and the number of composite plots is restricted 
only by the program limit of 100 output quantities. The only independent 
variable allowed for these plots, however, is TIME. Use of this featare does 
not affect the printed output format in any way. 

Provision has also been made to allow the user to control the physical 
length of any composite plot. The number of pages over which the length of 
any of these plots are spread depends upon the problem duration (STOP TIME) 
and a user supplied quantity called PLOT INTERVAL. The number of lines 
covered by the plot will equal the STOP TIME divided by the PLOT INTERVAL. 
For the System/360, 59 lines will fill one page. Therefore, a STOP TIME of 
1000 and a PLOT INTERVAL of 5 will require 200 lines and lead to a plot of 
about four pages in length. The PLOT INTERVAL entry is supplied under RUN 
CONTROLS and only one such entry will be recognized regardless of the number 
of composite plots requested. The user is free to control the length of 
any single plotted entry by simply supplying a plot name and a PLOT INTERVAL 
entry. 
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Flgure C-l.    Composite Plot Example 
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APPENDIX D 

NODAL LISTINGS 

A special capability has been added to assist the user in post-run Inter- 
pretation when either iusplclous results have been obtained or a final check 
Is desired before the analysis results are accepted.    This feature takes the 
form of a printed listing of each network node,  all attached elements and 
the other node associated with each of those attached elements.    This listing 
is requested by the entry LIST NODE MAP under RUN CONTROLS.    A sample listing 
is provided below that corresponds to the network of figure D-l. 
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i VW 
©   R1  ® 

i—VW 

Figure D-l. Circuit to Illustrate a Nodal Listing 

The circuit topology is given here as an aid in checking the input data. 

None ATTACHED COMPONENT ADJACENT NODE 

El 
«2 
R5 
12 
R4 

2 
3 
5 
6 
4 

Fl 
PI 

I 
3 

Rl 
R2 
R3 
LI 

2 
I 

4 

R3 
LI 
Cl 
R<» 

3 
3 
5 
1 

Cl 
R5 
C2 

4 
I 
6 

C2 
12 

5 
I 
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APPENDIX E 

DIFFERENTIAL EQUATION IDENTIFICATION 

The purpose of the differential equation identification feature 
is to serve as a sophisticated diagnostic that will help the user to localize, 
if not pinpoint, any circuit conditions that cause a transient run to be 
abortedjbecause of step size difficulties in any of the explicit integration 
routines. The usual cause of this type of abort is either an input error or 
a very small time  constant with respect to the required problem duration. 

The four stage transistor circuit shown in figure E-l illustrates 
the feature. Reasonable numbers were chosen for all element values except 
for CE of T2 = 1 x 10"^ picofarads and (a current source in parallel with 
CC of T3) JPP = 1 x ID8 mA.  A problem duration of 100 ns was specified which 
automatically led to a starting step size of 0.1 ns. The error criteria of 
the integration routine (XPO) rejected the step size, as well as all smaller 
attempts down to the default minimum , which in this case is 0.001 ns. At 
that point the run was aborted with the diagnostic message 

STATE VARIABLES REQUIRING SMALLER MINIMUM STEP 

1 

5 

This message indicates that the computed solutions to the first and fifth 
state variable differential equations were forcing the step size below the 
minimum allowable. 

In addition to the above diagnostic, the program always prints out a 
numbered state variable derivative sequence whether the particular problem 
at hand aborts or not. For the network of figure E-l, the following sequence 
would be output: 

1 DCET2 

2 DCET1 

3 DCCT1 

4 DCET3 

5 DCCT3 

6 DCET4 

7 DCCT4 

8 DCCT2 

* See Manual subsection 2.2.7.6 

** See Manual subsection 2.2.7.4 
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From this numbered sequence Che user can Immediately determine that the 
difficulty Is associated with CE of T2 and CC of T3. As far as the first 
named element is concerned, the difficulty is the size of the element value 
itself and this is obvious. The second element is not in itself a problem, 
but the user can readily establish that the current source is parallel with 
it (JPP) is a problem. This feature is built into the program and no special 
entry is required to activate it. 

Figure E-l. Network to Illustrate Differential Equation Identification 
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APPENDIX F 

CONVOLUTION ANALYSIS 

F.l    INTRODUCTION 

The SIMUL8 program has  been modified  to permit multiple  convolutions in 
conjunction with the RUK  integration routine.     In order to apply this analysis 
technique,  It is first necessary to understand the larger context in which it 
Is used.    Convolution analysis requires that a  set of  functions be supplied 
in addition to the prescribed CIRCUIT DESCRIPTION  inputs.     These supplied 
functions are a set of  impulse responses which replace a portion of the net- 
work at a known set of  interface nodes, between what is removed and the rest 
of  the network to  be solved  by SCEPTRE. 

Once these impulse  functions have been readied and  supplied  to SCEPTRE, 
the convolution feature may  be used  to provide a transient analysis of  1arge 
networks,  linear or non-linear,   which would otherwise exceed  SCEPTRE1': 
present limitations of  300 elements. 

The convolution routine also offers an alternate means of handling net- 
works which are within the size capability of  SCEPTRE,   but  whose elements are 
not all  specified  in the  same manner.    Where  some of  the elements or groups 
of elements are already described  by their responses  in the  time domain,  or 
are described  by their redponses in the frequency domain and  conversion to 
time domain is possible,   then the convolution approach might  save manual 
calculation in preparing the network for analysis. 

The larger context  involving convolution is described  in Secfion F.2. 
The type of  non-linear network which is amenable to  this approach is described 
in section F.3.    The  theory associated with the convolution mode within 
SCEPTRE is given in section F.4,  F.5,  and F.6. 

The required  impulse response functions are assumed  to  reside on a disk 
file.     Instructions and  formats required for preparing such a  file are given 
in section F.7,     The circuit description preparation required  for the convo- 
lution mode  is also described  in Table II of  section 2.2.2,   and  in Example 
VI,  paragraph 4.6. 

F.2    MIXED-DOMAIN APPROACH 

The convolution feature  is an integral portion of a more general tech- 
nique designed primarily to permit a transient analysis of  a  certain class 
of  large non-linear networks.     The major  steps in the approach are: 
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1. Partition the network Into two parts (see section F.3). 

2. Use a frequency-domain program capable of solving a large linear 
network to determine the driving-point and transfer Immlttance 
functions, H((u), at the Interface terminals. 

3. Find the equivalent Impulse response functions, h(t), in the time 
domain by using Fourier inversion. 

4. Model these impulse response functions as either impedances or ad- 
mittances. The impedance (admittance) model assumes that a removed 
portion of an existing circuit is characterized at the interface 
by a Thevenin voltage source (Norton current source) and a driving- 
point impedance (admittance). 

5. Describe these time-domain functions in a way acceptable to SCEPTRE. 

6. Solve the remaining moderate-size sub-network containing the non- 
linearities, and Include these impulse response functions using 
SCEPTRE with its convolution capability. 

Step (1) is accomplished manually at the discretion of the user. Step 
(2) may be accomplished using any auxilliary AC analysis program which is 
capable of providing the desired immitcance functions.  Step (3) is done 
using any off-line program which can process the AC outputs and supply the 
necessary inverse Fourier Transformr. Steps (A), (5) and (6) represent the 
convolution analysis portion of the overall approach. 

The ability to do Steps (4), (5), and (6) is the key to this method of 
analysis. The problem of modeling the time functions and processing them in 
synchronism with SCEPTRE was solved by observing that these functions form 
the Impulse response matrix for the removed circuitry as seen by the orlgiual 
network across the appropriate interface terminals. Therefore, in the impe- 
dance mode, the time function of the voltage across any pair of interface 
terminals can be obtained by convolving the appropriate impedance function 
with the time function describing the current flowing through the two terminals. 
Similarly, in the admi:tance mode, the current flowing through the terminal 
can be obtained by convolving the voltage function, across the terminals, 
with the appropriate admittance function. 

SCEPTRE calculates currents and voltages, for a given configuration, as 
functions of time. Therefore, in order to calculate present values, it was 
necessary that the convolution routine be written so that. In the Impedance 
mode (admittance mode), it uses past history of the current(voltage) to esti- 
mate the present value of current (voltage), which in turn will yield the 
required termlnal-to-termlnal voltage (current).  It then updates the current 
and voltage tables and repeats the procedures for the next time step. 
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F.3 NETWORK SITUATIONS FOR WHICH THE CONVOLUTION ANALYSIS MAY APPLY 

The following properties characterize the networks which are good candi- 
dates for solution using the convolution mode: 

1. The number of circuit elements exceeds the maximum allowed by SCEPTRE. 

2. The circuit possesses a moderate number of non-linearities, something 
in the order of 10 to 20 devices. 

3. The circuit contains a moderate number of independent forcing func- 
tions in the order of 10 to 20 devices. 

4. The network will allow one to consider the majority of elements as a 
large linear sub-network where the following two conditions exist: 

a. The remaining elements form another sub-network of moderate size. 
Moderate size means something less than the maximum allowed 
by SCEPTRE. We assume that all of the non-linearities are 
placed in this sub-network. We also assume that all of the 
forcing functions are placed in this sub-network. 

b. The two partitioned sub-networks are linked together with a 
small number of Interconnecting lines. The intent is to repre- 
sent the large linear sub-networks across this set of inter- 
connerf.ing lines. Only a small number of Interconnecting lines 
is permitted, because the number of combinations, C, necessary 
to characterise the interaction between N lines, referenced to, 
but excluding the datum line, is given by C = N (N + l)/2. 
Thus, for example, a 12-llne interface would need 12 x 13 = 156 
elements (at two elements per combination) for the Interface, 
leaving approximately one-half for the remaining non-linear 
circuitry (assuming a maximum of 300 elements) . 

F.4 INTEGRATION ROUTINE 

by: 
In general,  the convolution integral for continuous  functions is given 

R(t)    =   f   H(t-r)F( r )  dr , where F(r) = 0 forr< 0. (1) 
•'o 

For a given t and a given subdivision of the T axis, defined by: 

T      -    0 <   T. <    .   ,   .    T.T ..   <   T= t, o 1 N-l N        * 

the integral in equation (1)  becomes: 

T 
N=J. Ai+1 

R(t) =    y     S  , where S    =J H(t - r)F(r)dr 

^ Ti (2) 
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We assume the H and F functions are given In tabular form and that the 
data points are correct at the sample times Involved. We make use of these 
sample times In our selection of the sub-dlvislons along the r axis by con- 
sidering these sub-dlvlslon breakpoints to be the ordered set of points ob- 
tained by Interleaving the two sets of time points which define the H and F 
functions, respectively. 

We also assume tuat the two time functions are represontable between con- 
secutive time points as straight line segments through fliese data points. 
That is, 

and 

F(7-) - Ai (r- Ti) + B1 

H(TN -r) - Ci (r- Ti) + DJ 

r <: T 
1+1 • 

(3) 

where 

Cl = 

F(Ti+1) - F^) 

T   ^~T "~ ~ 
1+1   1 

H(TN - T1+1) - H(TN 

Ti+1 - Ti 

Bi = FO^) 

Tl> ;  Di = H(TN - T^ 

(A) 

The ordered set of Interleaved time points define the non-zero sub- 
intervals which contribute to the overall integration. The contribution from 
the it" general subinterval is: 

T 
/i+l 

Si = ^    H(TN -■r)F<r)dr 

1+1 
5i = J [C1  (r- T^ + Di]    [Ai (r- Ti) + Bi] dr 

Tl 

ri+1 2 Si = j [Ai Ci (r- Ti)   + (A^+B^)   ( r-T1)+B1D1]dr 

(5) 
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The Integrand associated with this sub Interval is seen to be a quadratic 
expression resulting from the product of the two straight line segments charac- 
terizing the two functions over the Interval. The exact analytic Integral of 
this equation Is: 

. -(^) M3 ^) (^ - -.)2 «.». f.«- n) (6) 

Let 

^Ti - Ti+1 - T1  . 

Then,  after substituting equation  (4)  into (6) and simplifying, we get: 

[Hd    - T      ) +2H(T    - T  )") r2H(T -T      )+H(T -T  )] 
5i ■ F(TI> [ 6—L—^-J ^t + F(TI+I) [     H—^^i (7) 

Equation (7) describes the general form of the co;/olutlon Integral over a 
subinterval In terms of the width of the sublnterval and the four data points 
defining the two functions at each end-point of the sublnterval. 

Two salient features of this Integration scheme are: 

a. It Introduces no new time points.    That is,  it used only sublntervals 
defined by known time points. 

b. It  Introduces no error of its own.    This Is the exact Integral based 
ou the straight line assumption, and there Is no approximation to an 
integral involved.     (Granted,  the original data points may be in 
error1and the straight line assumption Is an approximation). 

F.5     IMPEDANCE MODEL 

If we regard the H function as an impedance function between two nodes, 
A and B,  then the voltage across A-B and  the current  through A-B are  related 
by the convolution Integral given in equation  (1).    That is,  the voltage at 
a particular time T    is: 

T 

VAB(V=   /       WTN-r)I^dr 
(8) 
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However, equation (8) cannot be solved by SCEPTRE as It is written because the 
present value of current, I(TN) Is not known. Examination of equation (8) In- 
dicates that the only term containing I CO is the nt^ subinterval. Rewriting 
the equation in order to separate this term yields: 

W = vl + V2' (9) 

where 

•N-l 
V1"   / ZAB(TN-r)I(r)dr 

(10) 

and 

V2 

T r 
T 
N-l 

ZAB(TN -^ICr)dr 

(11) 

The VI term involves only previously calculated values of current and can be 
represented as a varis 
equation (7), becomes; 
represented as a variable battery, E.. .  The V2 term, when expanded using 

V2 " ^W 
H(T„- - T ) + 2H(T -T      )1 f 2H(T    - T ) + H(T    - T 1 

The terms comprising V- can be considered to result from a series combina- 
tion of another variable battery, E_,  and a variable resistor,  R. 

Thus, 

V2 = E2 + t(TN) R. 

(13) 

and,  letting E = E. + E'. 

W = E + I   (TN)R- (14) 

SCEPTRE can handle equation  (14) .    At each step it evaluates E and R, 
solves for I(T..), and then calculates VAT.(TM)   (see  figure F-2). 

N AD     N 
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F.6    ADMITTANCE MODEL 

If we regard the H function as an admittance function,  then the current 
at a particular time T   Is: 

WV/"   YAB(TN -r)V(r)d7 
(15) 

Similar to the procedure of the paragraph entitled "Impedance Model", we sep- 
arate this Integral Into two terms 

WV " h + V , (16) 

where 

T 

h =/N ' YAB(TN " r)V(r)dr (17) 
o 

/: 
h = J YAB(TN  -r)nr)dr 

N-l 

I    Is represented as a variable current source, Jl, and I» Is expanded to 

yield: 

(18) 

h " ^Vl5 
K(TN - y + 2H(TN - Vl)    1 hH^ - y + H(TN - T^l (19) 

6 ' JA1N-1      VUN, L 6 J-^N-l 

Then,  I2 can be considered to be associated with a parallel combination of a 
variable current source, J2, and a variable conductance, G.    Letting J = 
J^ + J2, we can get: 

wv •J + V(VG' (20) 

In terms of circuit elements this model becomes that shown In figure F-3, 
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Figure F-2.     Impedance Model 
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Figure F-3.    Admittance Model 
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F.7    STORING IMPULSE RESPONSE FUNCTIONS 

The Impulse response functions used in the transient program to calculate 
voltages and currents asscelated with the various convolution kernels must be 
supplied by the user.    A preassigned disk  (number 12) has been set aside 
for the purpose of storing these functions.    Two positive actions are required 
by the user.    The first is the creation or the necessary permanent data sec 
on disk 12.    The  following information is required for each impulse response 
function in the order listed and    using the format given below. 

1. An Identifier Number   ...  Integer using format 110 as defined in 
American National Standard FORTRAN, X3, 9-1966.    This nuuber must 
agree with the argument of the Convolution kernel which uses this 
particular function.     This  identification number is used by SCEPTRE 
to relate the Convolution kernel to the appropriate response function 
from Disk 9.    Therefore, the order in which the various response 
function blocks appear on the disk is immaterial. 

2. The value of the Lapulse Response Time Waveform at Time = 0   . ..   format 
G20.8.     Since all impulse response functions are casual,  their value 
at T = 0 is given by 

HZERO = 1/2  [H(0~) + H(0+)] 

However, the value required by the program is 

HZERO - H(0+) 

3. The value of the Impulse Response Frequency Wavefcrm at FREO = 0  ... 
format G20.8 

A.     The length of the table containing the Impulse Response Time Waveform 
....  Integer using format 110.     This is the number of point pairs 
used to  define the function. 

5.    The Impulse Response Time Waveform Table in negative time  ...   format 
2G20.8.     The following describes  this  requirement  in more detail. 

The impulse response function,   f(t),   for 0 ^ t ^ TMAX,  must be represent- 
abl? by a number,  N, of point-pairs designated LENGTH  (as In item 4.  above), 
but  this is not  the form in which it  is  to appear on the disk.     Consider the 
information as being initially in the form 

T(l)  - 0 f(l) = f(0)  = HZERO 

• • 
T(N)   =  TMAX F(N)  = f(TMAX) 
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If we now define this casual function for negative time as f(-t) - f(t), then 
the desired information to be stored on Disk 12, pair-wise, is the negative 
time and its associated function value, f(-t), i.e., the original function 
after a symmetrical rotation about the t = 0 axis.  This data is to be 
stored beginning with the MOST NEGATIVE time, TAU(l) = -TMAX, and Increasing 
until, TAU(N) = 0.  Thus, Disk 9 would contain 

TAU(l) = -TMAX (1st entry) H(l) - f(-TMAX)(second entry) 

TAU(N)  = 0 H(N)  =  f(l)  HZERO  (last entry) 

The second step required is  the  insertion of a card into  SCEPTRE S/360 
PROGRAM CONTROL DECK  (see figure 81)   referencing  the newly created  Impulse 
Response Data Set.     The appropriate card entry is 

r (//GO.FT12F001 DD DSNAME=name,DISP=(OLD,KEEP) 

vhere name is  up to eight alphanumeric characters, 
sertion is between PGMC0500 and PGMC0510. 

The correct place for  in- 
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APPENDIX G 

CDC 6600 SYSTEM SUPPLEMENT 

The IBM 360  SCEPTRE  code has been converted for  use on the CDC 
6600.     The source code has been kept similar when possible.    The 
program library can be stored on tape, disk COMMON files, or disk 
PERMANENT files.     The  SCOPE control  cards  listed below describe 
procedures  used  to execute SCEPTRE  from a  tape  library  file.    Some 
modifications will be necessary to execute  from disk  tiles. 

G.l    MACHINE REQUIREMENTS 

The CDC 6600 version of SCEPTRE has been  converted from the  IBM 
System/360 and is written primarily  in the FORTRAN IV(RUN compiler) 
program language.     The  source code  consists  of about   30,000 cards  and 
the system is distributed on magnetic  tape.     The source code is stored 
in the CDC UPDATE program library  format.     Phase I  of SCEPTRE requires 
about   130 K words of  core to execute,  and Phase II  is problem dependent. 
A table of  time  and core requirements for  the  sample  problems in 
Volume  I is  in Appendix A. 

0.2    CDC VERSUS  S/360 DIFFERENCES 

The primary  change  for the CDC user  is  the use  of   'single-precision' 
(60 bit) variables as  opposed to the   'double-precision'   (6A-bit)  vari- 
ables  in S/360.     As a result, many  library subroutines are not prefixed 
by  the character  "D"  in  the CDC version.     For  example:     "DSIN" becomes 
"SIN",   "DEXP" becomes  "EXP",  etc.     A list of  the commonly used routines 
Is  in Vol.   I,  section 2.2.6.1.    CDC routines  are the  same as 7090/94 
routines. 

There  is also a new default value of  five minutes  for the run 
control "COMPUTER TIME LIMIT". 

G.3    SYSTEM LIBRARY TAPE 

The system  library  tape consists of  five  files.     The first  file 
Is  the Phase 1 absolute code,  the second is  the Phase 2 object code, 
the third is  the Phase  1 object code,  the fourth is   the Phase 1 source 
code and the  fifth is   the Phase 2 source  code. 

G.4    SCOPE  CONTROL CARDS 

The following are  the SCOPE control cards used  to execute  the 
program from the system library tape with no user supplied subroutines: 

*   Job Card 
MAP,OFF. 
REQUEST,PL,HI.  SCEPTRE SYSTEM TAPE (NORING) 
COPYBF,PL,SCEPTR. 
C0PYBF,PL,PH2. 
RETURN,PL. 
RFL,130000. 
SCEPTR. 
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RFL,60000. 
RUN,S,,,TAPES,,CGO. 
RFL,5000. 
REWIND,CGO,PH2. 
COPVL,PH2,CGO,LGO. 

** RFL,120000. 
MAP,OFF. 
LGO. 
7/8/9 
(SCEPTRE input deck) 

6/7/8/9 

*     On the job card,   the "CL", "T" and "10" parameters are problem 
dependent. 

**    This parameter is problem dependent  (See machine requirements 
section). 

The following are  the SCOPE control cards  for executing Phase II 
only.     A Phase I program deck and data deck must be  supplied.    For an 
AC problem an additional data deck is required. 

Job card 
REQUEST,PL,HI.  SCEPTRE SYSTEM TAPE (NORING) 
SKIPF,PL,1,17,B. 
C0PYBF,PL,PH2. 
RETURN,PL. 
RFL,60000. 
RUN,S,,,,,CGO. 
RFL,5000. 
REWIND,CGO,PH2. 
COPYL,PH2,CGO,LGO. 
COPYCR,INPUT,TAPES. 
COPYCR,INPUT,TAPE11. 
REWIND,TAPES,TAPE11. 
RFL,120000. 
MAP,OFF. 
LGO. 
7/8/9 
(Supplied Phase 1 generated code) 

7/8/9 
(Supplied Input data deck) 

7/8/9 
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(Supplied A/C data If necessary) 

6/7/8/9 

The following are the SCCPE control cards necessary to execute 
the program with user-supplied subroutines In source code format: 

Job card 
REQUEST,PL,HI.     SCEPTRE SYSTEM TAPE  (NORING) 
COPYBF,PL,SCEPTR. 
C0PYBF,PL,PH2. 
RETURN,PL. 
SCEPTR. 
RFL,60000. 
RUN,S,,,TAPES,,CGO. 
RUN,S,,,,,SUBR. 
RFL,5000. 
REWIND,CGO,PH2. 
COPYL,Ph2,CGO,TGO. 
RETURN,TAPES,CGO,PH2,SCEPTR. 
COPYN,0,LGO,TGO,SUBR. 
MAP,OFF. 
RFL,120000. 
LGO. 
7/S/9 
(SCEPTRE input deck) 

7/8/9 
(Supplied source code) 

7/8/9 
1,3,TGO 
1,*,SUBR 
SKIPR(LGO,-l) 
l,*,TGO 
6/7/S/9 

The following are the SCOPE control cards necessary to update the 
SCEPTRE programs and create a new program tape. 

Job card 
REQUEST,PL,HI.     OLD SCEPTRE  SYSTEM TAPE(NORING) 
SKIPF,PL,1,17,B. 
C0PYBF,PL,PH20BJ. 
C0FYBF,PL,PH1PL. 
C0PYBF,PL,PH2PL. 
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UNLOAD,OPL. 
RFL,40000. 
UPDATE,P-PHlPL,N-PHlNPL,OCPHl,W. 
UPDATE, P-PH2PL,N-PH2NPL,C-CPH2,W. 
RFL,100000. 
RUN,S,,,CPH1,,CPH10B. 
RUN,S,,,CPH2,,CPH20B. 
RFL,5000. 
REWIND,PHIOBJ,PH20BJ,CPH10B,OPH20B. 
COPYL,PH10BJ,CPH10B,PH1LGO. 
COPYL,PH20BJ,CPH20B,PH2LG0. 
RFL,144000. 
L0AD,PH1LG0. 
NOGO. 
RFL,5000. 
REWIND,SCEPTR,PH1LG0,PHi.CO. 
REQUEST,NPL.HI.     NEW SCEPTRE TAPE  (RING) 
COPYBF,SCEPTR,NPL. 
C0PYBF,PH2LG0,NPL. 
COPYBF,PH1LG0,NPL. 
COPYBF,PH1NPL,NPL. 
COPYBF,PH2NPL,NPL. 
7/8/9 
*N0ABBREV 
(Phase  1 update deck) 

7/8/9 
*N0ABBREV 
(Phase 2 update deck) 

6/7/8/9 
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APPENDIX H 

NOTES TO THE SCEPTRE USER 

SCEPTRE contains several features which, when properly used, can 
save the user computer time, money, and/or analysis time. 

H.l SPECIFICATION OF DEPENDENT SOURCES 

SCEPTRE Is designed to handle only certain types of dependent 
sources. All other types of dependencies are Ignored In the formation 
of the mathematical model, and are used only to evaluate the source. 
It Is, therefore, Important to use, wherever possible, dependent sources 
which will be treated as such by SCEPTRE.  There are 4 types of such 
dependent sources: 

1) Resistor-dependent voltage sources: 

Exx,node 1 - node 2 = constant * VRyy; 

2) Resistor-dependent current sources: 

Jxx, node 1 - node 2 = constant *IRyy; 

3) Diodes 

DIODE Q (a,b) 
or 

DIODE EQUATION (a,b) 
Jxx, node 1 - node 2 =    or 

DIODE T xy 
or 

DIODE TABLE xy; 

4) Diode  dependent  current sources: 

Jxx,  node  1 - node 2 = variable  *Jyy where Jyy  Is a diode 

current source 

Such sources must 'je specified exactly as  shown.     Variations  In 
forms such as  Exx = XlO.*VRyy), will not be  Identified as type 1 
sources by SCEPTRE,   and may lead to a computational  delay. 

Correct specification of dependent  sources will,   in general, 
produce a larger step size  in transient runs,  and faster, more reliable 
convergence in initial  condition runs,   leading  to a decrease in running 
time in both cases. 

This  is particularly  important  in AC calculations.     Only sources 
recognizable as AC sources or one of  the  four dependent sources descri- 
bed here are used  in AC calculations.     All others  are  considered DC 
sources  and set  to  zero. 

-226- 



H.2    PROPER USE OF DEPENDENT SOURCES 

In many cases,  It  Is  to  the user's advantage  to force his dependent 
sources into one  of  the  four  types recognized by SCEPTRE  (see  1.1). 
Thus,  a circuit  containing a  current source dependent  on capacitor 
current, specified in a straightforward manner as 

E1,N1-N2 - X1(3.*VD1) 

C1,NA-NB -   .... 

could be rewritten with a large resistor in parallel with Cl, allowing 
the source to become a resistor-dependent source 

E1,N1-N2 - 3.*VR1 

C1,NA-NB -   

R1,NA-NB * large number 

This technique may not be helpful if it requires a significant increase 
in the number of circuit elements. 

Similarly, a voltage source depending on the current through a 
fixed resistor 

E1,N1-N2 - X1(3.*IR1) 

R1,NA-NB - 2. 

should be specified in the following electrically equivalent form which 
will be recognized by SCEPTRE as a type 1 source 

El, N1-N2 - 1.5*VR1 

Rl, NA-NB = 2. 

H.3    AVOIDING COMPUTATIONAL DELAY 

A computational delay occurs when the specification of an element 
depends on a circuit variable which SCEPTRE has not yet  computed at this 
time step.    The value at  the previous step  is used.     This may  force 
a smaller step size  than would otherwise be required.     There are two 
techniques for avoiding  this  in certain circumstances.     One  is  to 
specify the element as  one of  SCEPTRE's special dependent sources 
(see 1.1 and 1.2).    When  this  carr.ct be done,   the user should  rerun 
Phase I only,  specifying WRITE SIMUL8 DATA under RUN CONTROLS.    An 
examination of  the SIMUL8 program generated may indicate a possible 
change of variables  to avoid  the computational delay.     For example, 
if the specification L2,  node  1 - node 2 - XI   (Pi*IR2)  produces a 
computational delay,  and examination of the SIMUL8 program shows that 
PI and VR2 have been calculated while IR2 has not,  L2  should be re- 
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specified as L2,  node 1 - node  2 - XI  (P1*VR2/R2). 

H. 4    OVERCOMING RESTRICTIONS  IN  INITIAL CONDITIONS RUNS 

The restrictions on initial conditions circuits described in 
Vol.   II  of  the SCEPTRE manual   (p.   AC)  apply only to  the Newton-Kaphson 
method of initial conditions solution.    They do not apply to the alternate 
initial conditions solution using implicit integration of  the  transient 
equations.    It is  therefore advised that initial conditions  for a circuit 
be  found using SCEPTRE's   transient model,  instead.     This  is done by 
inserting in the RUN CONTROLS section the card RUN IC VIA IMPLICIT. 

H.5    ERROR CHECKING IN IC VIA IMPLICIT 

Theoretically,  a circuit containing capacitor-current source 
cut-sets and/or inductor-voltage  source  tie-sets   (i.e.,   loops)  has no 
DC soTution.    This  condition is  detected by the default   (Newton-Raphson) 
SCEPTRE initial condition routines,  an error message is printed,  and 
execution stops.     This  is not  the  case if  the user has  specified RUN IC 
VIA IMPLICIT.    SCEPTRE will attempt  to solve the problem,   resulting in 
a long,  and useless    run.     It is,   therefore,  advisable  to check the 
circuit before using IC VIA IMPLICIT. 

H.6    ELEMENT SORT 

The state variables  chosen by  SCEPTRE are partially dependent on 
the ordering of  the input under  ELEMENTS.    It is sometimes helpful in 
cases where SCEPTRE chooses  an inconveniently small step size  for a 
transient run to resubmit  the run with a different ordering of  elements. 
This will result  in a new choice  of state variables, which may have 
larger  time constants.     To get  the effect of  this reordering,   the card 

NO ELEMENT SORT 

shouiü be included under RUN CONTROLS. 

Since this  technique  requires  some experimentation,   it  is wise to limit 
the duration of  the run  (COMPUTER TIME LIMIT =   ...)  and  try several differ- 
ent element orderings.    The best  one can then be used  for  the complete run. 

H.7    OUTPUT REDUCTION 

SCEPTRE produces printed ouf.put oi each variable which it plots. 
This often results  in unnecessarily  large volumes of putput and high 
charges for printing.    If  the user requires only plotted output,  he 
should specify MAXIMUM PRINT POINTS - 1 in the RUN CONTROLS  section. 
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To allow a subsequent  list  of  the out variables,   the  run should be 
set up  to permit a RE-OUTPUT run. 

H.8    SOME FREQUENT ERRORS 

The user should note that output controls must be under  the RUN 
CONTROLS heading,  rather than the OUTPUTS heading. 

Thus,  PLOT INTERVAL - 

and PRINT INTERVAL - 

are both considered RUN CONTROLS and should appear in that section of 
input. 

H.9    DC COUPLING CAPACITOR IN CERTAIN AC RUNS 

The user is encouraged  to insert a DC coupling capacitor  in series 
with all AC voltage sources   for AC problems which require  initial condi- 
tion solution.     During  the  IC solution,   the AC source  is  set  to  zero, 
forming a short and allowing current  through the source.     The  capacitor 
prevents any current from flowing  through that branch,  resalting in the 
correct IC solution. 

Analogously,  an inductor should be connected  in parallel with an 
AC current source.    This forces a short across  the current source, 
which has been set  to zero   (open circuit),  for  the IC run.     This prevents 
any voltage from appearing across  the source. 

In both cases,   the value of  the element should be  large enough so 
it does not load the source driving the AC run.     That is,   the  capacitor 
should appear as a short circuit  and the inductor should appear as an 
open circuit at the lowest  analysis  frequency. 

H.10 CONVOLUTION INPUT 

The input  function h  for convolution must specify h(o).     (See Vol I 
Sec.   F.7 p.  220).     In cases where  there is no energy  in  the  total circuit 
at  t = o,  any value may be  given  for h(o) since  it has no effect on 
circuit behavior. 

H.ll VOLTMETERS AND AMMETERS 

A zero-valued series  voltage source, which allows  reference  to a 
branch current  (i.e.,  acts as an ammeter) may be used without disturbing 
conditions in the  circuit   (Figure H-l(a)). 

-229 



FIGURE H-l.       AMMETER - VOLTMETER ELEMENTS 

Similarly,  a zero-valued parallel current source provides   the voltmeter 
function   .ithout affecting circuit  conditions  (Figure H-l(b)). 

H.12  AVOIDING REDUNDANT SENSITIVITY RUNS 

It  is not necessary  to make a sensitivity calculation for variables 
listed in worst case or optimization.     Both worst case and optimization 
calculate partial derivatives  for  the  listed variables at  the nominal 
values. 

H.13  IDEAL TRANSFORMERS 

Ideal Transformers   (i.e.,  where K,   the coefficient of coupling. 
Is one), 

K = 
M 
L1L2 

will not be accepted by SCEPTRE. However, since SCEPTRE allows negative 
element values, a T equivalent of the ideal transformer will be accepted 
by SCEPTRE. 

-rrvw _nnnr\_ 

Ll-M L2-M 

M 
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H.1A SEMICQNDUCTQP CAPACITANCE 

Semiconduc'.or Junction capacitance as given In the SCEPTRE manual 
often creates a problem.  The equation given for capacitance Is: 

Co 

Deplc tlon or 
Junction capacitance 

(0 - Vc)n 
+   ^h + V 
Diffusion Capacitance 

When  the Junction Is  forward biased  the denominator of  the  first  term In 
the equation becomes negative.     Since  the value of n lies between 1/2 
and  1/3,   the  first  term becomes  complex.    However,  according  to  '-he basic 
physics  of semiconductors,   the  first   term of the equation  is valid only 
if  the Junction is  reverse biased.     To avoid this  problem,  use  instead 
two capacitors in parallel as shown below. 

Cj,  which models the  first  term in the equation can be given either as 
a  constant or as a table, which will be a better representation of  the 
semiconductor physics.     The second capacitor,  CQ ■ K(Ij) + Ig),   should 
be  given by an equivalent equation to avoid unnecessary computation: 

K[Is(e GVc 
1) + V KIse 

9Vc 

H.15 RERUN 

Under RERUN DESCRIPTION,   it  is not possible  to change a constant 
to  a table or equation.     This  can be done,  however,  by specifying the 
constant as a table or equation in the master run, which can be changed 
to a different table or equation in reruns. 

-231- 



REFERENCES: 

[1]    C    h.  Frye,  Jr., and M. J. Apfelbaum,  "Mixed Domain Transient Analysis 
of Large Non-Linear Networks", Tenth Annual Allerton Conference on 
Circuit and System Theory, October 1972. 

[2]     Sedore,  S.  R.,  "System Analysis with SCEPTRE",  International Business 
Machines, Owego,    N.Y.    Report: 70-472-2644, December 1970. 

[3]     Bowers, J.   and Sedore,  S.,  "SCEPTRE;    A Computer Program for Circuit and 
Systems Analysis",    Prentice-Hall,  1971 

- 232 



SUBJECT INDEX 

Subject Page 

AC Matrix 
Adjoint 
Admittance Model 
Alphanumeric Character Lengths 
Analysis, Mode of 
B Matrix 
Bounds 
Capacity, Storage 
Changes to Stored Models 
Character Length 
Circuit Description 
Circuit, Diode 
Circuit, Transistor 

COMPAC Routine 
Complex Parameters 
Complex Plots 
Complex Sources 
Complex Variables 
Composite Plot 
Compression 
Computational Delay 
Computer Save Interval 
Constant 
Continue 
Convergence 
Convolution Models 
Current Direction 
Cut Set 
Darlington Pair 
Data Limits 
Debug 
Default Values 
Defined Parameters 
Definition, Symbols 
Dependent Sources 
Dependent Variables 
Derivative, Partial 
Derivatives, Source 
Differential Equations 
Differentials, Total 
Diode Circuit 
Direction, Polarity 
Direction, Current 
Dummy Variables 

51, 80 
21, 53, 54 
26, 134 218 
57 
39, 69 
80 
17, 20, 66 
55 
62 
57 
3, 4 
90 
92, 98, 105, 
114 . 120, 124, 152 
49 
22 
26 
19 
153 
25, 206 
49 
165 
45 
8 
7, 73, 178, 198 
36. 42 
12, 132, 214 
16. 28 
17, 163 
120 . 1*1 
56 
182 , 199 
36 
11, 20, 65 
8 
11. 153 
21, 51, 54 
53 
13. 16, 17 
210 
21 
90 
15, 28 
28 
29 

-233- 



SUBJECT INDEX (Cont) 

Subject Page 

Ebers-Moll 
Element Name 
Elements, Rerun 
End 
Equation 
Equivalent Circuit 
Error Criteria 
Error Messages 
Expression 
FORTRAN 
Functions 
H Matrix Factor 
Illegal Run Controls, Rerun 
Impedance Model 
Implicit Integration 
Impulse Response 
Independent Variables 
Inductance, Mutual 
Initial Conditions 

Input Data 
Integration Routine 
Internal Parameters 
Jacobian 
Kernel, Convolution 
Language 
Limits, Data 
Mathematical Operations 
Mean 
Mode of Analysis 
Model, Convolution 
Model Description 

Mutual Inductance 
Newton-Raphson 
Nodes 
Number 
Nyquist Plot 
Objective Function 
Operations, Mathematical 
Operators, Relational 
Parameters, Defined 
Parameters, Internal 
Partial Derivative 
Phase Angle 
Photocurrent 
Plot Interval 
Polarity 

92, 105 
8 
65 
7 
9, 1A 
4 
39 
82, 86 
9 
31, 32, 166, 186 
9, 29, 31, 66 
47 
69 
26, 132, 216 
201 
220 
21, 23, 53, 54 
15 
27, 40, 64, 69 
163, 200 
6 
35, 214 
183, 199 
38 
26, 134 
6 
56, 57 
31 
13 
39, 69 
12, 132 
7, 12, 58, 72, 
180, 196, 198 
15 
42 
4, 8 
8 
27, 75, 156 
51 
31 
44 
20, 65 
183, 199 
53 
19 
101, 105 
26 
15, 27 

234- 



SUBJECT INDEX (Cont) 

Subject Page 

Print Interval 205 
Program Save 178, 195 
Radians, Units in J9 
Radiation Effects 100 
Random Number 46 
Relational Operators 44 
Re-Output 7, 74, 179, 198 
Rerun 6, 42, 65, 202 
Run Limits 35 
Save Tape 45, 178, 194 
Schematic 3, 90, 105, 135 
SIMIC 153 
Sources 11, 19 
Source Derivatives 1.1, 16 
Special Value 8, 14 
Standard Deviation 18 
Step Size 36, 38 
Stop Time 35 
Storage Capacity 55 
Stored Model 7, 12, 58, 72, 180, 

197, 198 
Symbol Definition 8, 31 
System Clock 35, 181 
Table 8, 14, 32 
Tabular Definition Sequence 32 
Termination 44, 181, 198 
Transfer Functions 153 
Transistor Circuit 59, 92, 98, 114 

120, 124, 152 
Units 5 
Value 8 
Variable 8 
Variables, Dependent 21, 51, 54 
Variables, Independent 21, 51, 54 
'^ictorized Notation 57 

235- 


