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SECTION I
INTRODUCTION

SCEPTRE/LOGIC is a modif ted version of the SCEPTRE circuit analysis

program. This manual. is intended as a guide for SCEPTRE users who wish

to utilize the LOGIC features of the modified code. It is written with

the assumption that the reader is familiar with input preparation and

application of SCEPTRE (ref. 1).

In the modified program, digital elements are recognized as part of

the SCEPTRE input. The digita]. elements are grouped into defined units

(modules) similar to defined models in SCEPTRE. A subprogram is auto—

matically written to the subprogram tape for each module the user defines.

During input processing, special recognition of calls to LOGIC subprograms

is made so that association of initial conditions statements with the

corresponding subprogram calls can be made.

U

• I

3Ssdore, S. R. and J. Z. Sante. SCEPTRE Revised User ’s Manual , APWL—TR—
6~—77, Vol. 1, July 1970.
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SECTION II
THE LOGIC LANGUAGE

The LOGIC language has been constructed to conform closely with the
SCEPTRE language structure. However, exceptions to this structure

exist. These exceptions are stated explicitly as appropriate in the

following discussion. The primary exception regards the construction of
node names; all node names in LOGIC modulei most be acceptable as
FORTRAN variable names to the FORTRAN compiler in use. A sufficient set
of conditions for this requirement is that the names begin with an -

alphabetic character, contain only alphabetic and numeric characters,
and consist of six or fewer characters.

4 Rules regarding continuation of statements and multiple statements
on a single card are the same as for SCEPTRE, except where modifications

are stated explicitly.

As in SCEPTRE, card col~me.s 1—72 are scanned for input information,

leaving columns 73—80 free for co ents or sequencing. All blanks are

deleted prior to attempting syntax recognition . In figure 1, a portion
of a SCEPTRE/LOGIC deck is included to illustrate the hierarchy of
subheadings and to provide examples for the discussion below.

1, THE LOGIC DESCRIPTION SUBHEADING

A LOGIC DESCRIPTION subheading indicate. that one or more logic
module definitions follow. Thi. subheading (and the associated module
description cards ) c appear in the CIRCUIT DESCRIPTION section or the
MODEL DESCRIPTION section of a SCEPTRE deck. The hierarchical level of
the LOGIC DESCRIPTION subheading i. the same as that of the ELEMENTS

subheading. Thi LOGIC DESCRIPTION subheading may be repeated within a
givme circuit d.scriptioo or model description. The order of appearance 

-

of the subheading relative to the other subheadings at the same level in

the hierarchy is not important.

2

I S

- - - 
_ _ _ _ _ _ _  

_ -

~~~~~~~~~~

• 
~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ •~~~~,r

_ _  _ _



CIRCUIT DESCRIPTI0~

LOGIC DESCRIPTION
LOGIC FLOGIC(I!I, ENABLE, ThRESHOLD )

LOGIC INPtTI~S
Ni = IN .GT. THRESHOLD
ENABLE ENABLE .GT • 0.5
NØT EN — ENABLE .LE. 0.5

-
• LOGIC ELEMENTS

Au Di Al — N]. — ABLE

OR]., 0111 - Al - A2
DELAY, Øtyr - OR]. 1

LØOIC 0~ffP~’~S

ØiJr • 0, 2.5
ur a 2.5, 0

Figure 1. An Example of a LOGIC Module Definition

3
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2 • THE MODULE NAME CARl)

The first card of each module definition assigns the name of the
module (which will also be the subprogram name) and lists the names of
the input interface dummy variables. The following card would initiate

the definition of a module named PLOGIC, with three inputs (IN1, 1N2,
and 1N3).

LOGIC PLOGIC (IN1, 1N2, 1N3)

The module name is used as the subprogram name; therefore, it must
be an acceptable FORTRAN subprogram name, and must not duplicate existing
SCEPTRE/LOGIC subprogram names or system subprogram names. All LOGIC
internal, variables begin with the sequence LL or the sequence YY. These

sequences should not be used for the first letters of module names.
Within the generated subprograms, references are made to EXIT, ANOD,
lABS, AND and OR. These names cannot be used as module names.

The restrictions regarding dummy variable namee are fewer, because
they are not passed to the compiler. These names must begin with alpha-
betic characters, and must contain only alphabetic and numeric characters.

After the module name card , three øubheadinga (LOGIC INPUTS , LOGIC

OUTPUTS, and LOGiC ELEMENTS) may appear. 
- The order of appearance is not

important , but each may appear no more than one time within the defini-
tion of a single module.

3. LOGIC INPUTS

The permitted values for the states of the nodes of a digital - -

network are true and false. The interface from the continuum of values - . 
-

permitted for SCEPTRE variable, to the true/ false space of the digital.
network is defined by input interface state ments under the LOGIC INPUTS

subhead ing. The form of the input interface statement is

• 4
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node name — a1 op a2

where a1 and a
2 

are numerical constants or dummy variable names, and op

is a FORTRAN relational operator (.EQ., .NE., .GT., .LT., or .LE.).

In figure 1, three examples of input interface statements are

shown.

Ni IN • CT • THRESHOLD
ENABLE - ENABLE .GT . 0.5

NOT EN — ENABLE .LE. 0.5 
-

These statements specify that the digital node Ni is true if and
only if the value of the SCEPTRE variable corresponding (in the calling

sequence) to dummy variable IN is greater than the value of the SCEPTRE
variable corresponding to dummy variable THRESHOLD. Similarly , the node

ENABLE i. true when the SCEPTRE quantity corresponding to dummy variable

ENABLE is greater than 0.5, and NOT EN is true when ENABLE i. less than
• or equal to 0.5

There is no prohibition against the simultaneous use of a name as a
• node name, a dummy variable name, and an element name. A module name

cannot be used in any other context within the same module, however.
The order of appearance of the input interface statements is not impor-

tant.

4. LOGIC OUT!’UTS

Af ter completion of the solution of the digit&l networks at a given

simulation time, each digital node has a true or false value assigned.

The output interface statement permits the user to designate the nodes
for which values are returned to SCEPTRE ; it also defines the numerical
values corresponding to the logical states of these nodes .

The form of the output interface statement is
‘ node name — number, number

5
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The node name is the name of the node in the digital network for which

it is desired to communicate results to the SCEPTRE network. The first
number following the equality symbol is the value to be returned to
SCEPTRE if the state of the digital node is false. The second number is
the value to be returned when the state is true.

In the example in figure 1, two output interface statements are
shown

OUT — 0, 2.5
OUT— 2.5, O

When digital node OUT is false, a value of 0.0 will be returned to
SCEPTRE for the value of the first output. A value of 2.5 will be

returned when OUT is true. The second reference to subprogram FLOCIC
will cause values of 2.5 or 0.0 to be returned for OUT values of false
or true , respectively .

The order of appearance of the output interface cards must corre—
spoad to the order in which calls will be made from SCEPTRE. The number

of calls from SCEPTRE must not exceed the number of output interface
definitions. Further exposition on these requirements will be given in
the section on calling LOGIC modules from SCEPTRE.

5. LOGIC ELEMENTS

The elements of a digital network are specified by a statement of

the general form

• element name, output - input1 — input2 — ... - iflPUtn 
— value

The element name is used to identify the element type (by inspec-
tion of the first letter of the name) and for assignment of initial
conditions. (See the discussion on Initial Conditions below.) If an

element is not referenced by an initial conditions statement , it is not
required that the name of the element be *mique from the names of the

6
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other elements of the same type. The key letters and their corresponding

elements are listed in figure 2.

The nodes of an element are listed after the comma which follows

the element name. The first node in the list is always the output node.

The number of input nodes which is permitted depends on the element

type. For some elements the node list is followed by an equal sign and

• a value specification or an expression.

The node names are required to be acceptable FORTRAN variable names

for the compiler in use. A sufficient set of conditions is that they

contain only alphabetic and numeric characters , that the first character
be alphabetic, and that the number of characters is no greater than six.

The module name cannot be used as a node name, but dummy variable names

and element names can be used as node names. Names beginning with LL

and YY should be avoided to prevent conflicts with internal variables in

the generated subprograms. The standard SCEPTRE control variable names,

all of which (except TIME) begin with the letter X and contain three or

more alphabetic characters, must also be avoided as node names. The

FORTRAN functions EXIT , AMOD, JABS , AND, and OR are used in the generated
subprogram, and these names are therefore not available as node names.

a. AND Element

The logical AND element has one output node and as many input
nodes as desired. The element name always begins with the one—character

prefix A which identifies the element type. The node list begins with

the output node, followed by the input nodes.
Example:

AND1, A—VC1—GF

• 

- [ b. OR Element

The logical OR element is identified by the letter 0 as the
first character. The node list begins with the output node followed by

any number of input nodes.

Example:

I OR1,

-

~~~ 

7
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a

Key Letter Element
A AND
0 OR

M NAND
N NOR
I INVER T~~
E EXCLUSIVE OR

X BOOLEAN EXPRESSION
Z BOOLEAN EXPRESSION WITH FEEDBACK
B FLIP-FLOP

• D DELAY
U EDGE DETECTOR
T LOGIC TRANSISTOR

Figure 2. Key Letters and Corresponding Logical Elements
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c. NAND Element

The letter M as the first character of an element identifies
that element as a NAND gate. The output node is listed first, followed
by as many input nodes as desired.

Example:
M456, A—B—C—D

d. NOR Element 
-

The NOR gat’e element is identified by an N as the first char-
acter. The output node is listed first, followed by the input nodes.

Example:
N456, A—B—C—D

e. Inverter Element

• The inverter element accompishes the logical NOT function, has
only one input, and is denoted by the prefix I.

Example:

• 1456, A—B
f. Exclusive OR Element

The exclusive OR gate is identified by an inital £ and has two
inputs.

Example:
£456, A—B—C

g. Boolean Iunction (Without Feedback)

An X as the first character of an element name means that the
element is defined by a Boolean expression, and is not involved in a
logical feedback loop.

Example:

X , Xl—D—B — B.AND.D .OR . .NOT.B .AND. .NOT .D• I The expression which follows the equal sign may be any logical—
valued expression acceptable to the relevan t compiler . No error checking

- - or interpretation of the expression is attempted by the LOGIC input
processor, except to ensure that left and right parentheses are paired.

• Continuation of the expression to the next card is implied by an unsatis—
-~ 

- find operational symbol.

__________ 

- 

_________ _________
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No recognition is made of (or prohibition made against) the
use of an expression which includes the output node as an operand. If

this is done, the value of the expression will be calculated using the

state of the output node from the previous computation. The previous

state may be from the previous time step, or it may be from the previous
iteration, depending on the topology of the network. Note that the X

element can be comported as a logical oscillator.

h. Boolean Function (With Feedback)
A Z as the first character of an element name means that the

element is defined by a Boolean expression which includes the output of
the element as an operand .

Example : -

Z , Zl—D—B — Zl .AND . D .0k. B

There is no time delay associated with the Z element . The
computation of the output value is repeated until a self—consistent

solution is obtained using the output value from the previous iteration,

or until the iteration limit is exceeded. If the iteration limit is

exceeded, a message is printed, and the simulation is aborted. Note

that the Z element is not a sequential element in the classical sense

even though its output is fed back.

The expression which follows the equal sign may be any logical—

valued expression acceptable to the relevant compiler. No error checking

or interpretation of the expression is attempted by the LOGIC input

processor, except to ensure - that left and right parentheses are paired.

Continuation of the expression to the next card is implied by an unsatis—

• f ied operational symbol.
i. J—I( Flip—Flop Element

The clocked J—K flip—flop has SET and RESET inputs and is

j denoted by B as the first character of the element. The nodes are

written in the following order: output, J input, K input, SET input,

RESET input, and CLOCK input. The initial state of the output node is

specified under the normal INITIAL CONDITIONS subheading. The Karnaugh

map and Boolean expression for this element are given in figure 3.

10
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c 0 0 0 0 1 1 1 1  
SB = SET

RB = RESET
SB 0 0 1 1 0 0 1 1  c~~~~~clJocx

0 1 0 1 0  1 0 1 
J INPU T

n J  K K = KINPUT

0 0 0 0 1 0 0 0 1 0 0 Q = Last computed

— — — — — — — — — value of Q

0 0 1 0 1 0 0 0 1 0 0

0 1 0 0 1 0 0 0 1 0 1

0 1 1 0 1 0 0 0 1 0 1  
- -

1 0 0 0 1 0 1 0 1 0 1

1 0 1 0 1 0 1 0 1 0 0

1 1 0 0 1 0 1 0 1 0 1

1 1 1 0 1 0 1 0 1 0 0

+ 1 Ka,naugh I~ap for C’ocked J-I( FLIP-FLOP

I ( w it h T~T and RESET Inputs

a RB~ SB + (SB ’ RB) ((C 3’ ~~ )+ (Q~~. K C))

• 

• = . AND. + - = . OR.

Fi~~~e 3. Boolean Expression for 3-K ~~IP—fl~P as Implemented in LOGIC

11
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Example:

345, A—VJ—VK—VSB—VRR—VC
j. Delay Element

D denotes the delay element. The first node is the output.

The second node is the input. There may be only one input . A delay

time may be specified following the node specification. If a value is

specified, the element is a time delay element; otherwise, it is a

computational delay element.

Examples:

D456, OUT — IN (Computationa l Delay)

D456, OUT — IN — .01 (Time Delay)

• A computational delay is always satisfied within the current

time step. If a transition occurs at the input of a computational delay

element, an entry is made into a special first—in—first—out queue. As

this queue is emptied, the output of the appropriate delay is comple—

inented and the state of each element affected by the transition is

recomputed. At time zero, and during initial conditions calculations,

the calculation is repeated until a consistent solution is obtained with

the input of each delay equal to the output.

For a time delay, separate value specifications may be given

for the rise and fall transitions. When two values are given, the first

value is the risetime and the second ia the fall time. The value pair

must be enclosed in parenthe ses and separated by a comas.

Example:

D456, OUT — IN — (.1, .2)

Delay value specifications may be given as arithmetic expressions. An
• expression may be any numerical—valued expression acceptable to the

relevant compiler. No error checking or interpretation of expressions’

is attempted by the LOGIC input processor, except to ensure that left

and right parentheses are paired. Continuation of an expression to the

next card •
is implied if a numerical operator is the last symbol on a

card. -

J •~:~ 
12
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Examples:

• Dl, Dl — IN — XSTPSZ*0.1

• D2, D2 — IN — (XSTPSZ*O.l, XSTPSZ*O.1 + 1.)
D3, D3 — A 1.0 + FLOAT(SHIFT(AND (NODE1,

40000000000000000000 B), 1))

D, D — A - (YYRG3, YYRG4)
— 1) Delay Buffer Length

When the input of a time delay element changes state, an
entry is made into a sorted list of timed events. The lowest valued

time in the list is the next time at which the LOGIC network must be

calculated (in addition to the SCEPTRE integration times). The length
of the delay buffer must be sufficient to accomeodate all time delays
which may be active at the same time, including any multiple transitions.

- 
~
‘ This buffer also includes a list of active computational delays and edge

dete ctors. The computationa l delay list is emptied on a first—in—first—
out basis. The default value for the length of the delay buffer is

suff icient to store a number of transitions equal to twice the total
number of delays and edge detectors from all LOGIC modules. If the

buffer becomes full during the simulation, the following message will be

printed.

INSUFFICIENT DELAY BUFFER SPACE - RUN TERMINATED -
CURRENT BUFFER LENGTH IS xxwX 

-J -

The length of the buffer may be changed by placing a
buffer length specification card after a LOGIC DESCRIPTION card and

before the first LOGIC name card.

LOGIC DESCRIPTION
BUFFER LENGTH - number

LOGIC LOG1 (A, B, C)

I .
LOGIC LOC2 (A, B, C)

.

13

_ _  — - ~~ -- - -  

~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~

-

~~~~~~~~~~~~~~~~~~~~~~ --~~~~~~~~ -- -a-—- --- ~~



The number specified replaces the default value . The default value is
twice the sum of the number of delays and edge detectors in all modules.
Modularity may be maintained by repeating the LOGIC DESCRIPTION card and
buffer length card for each module.

LOGIC DESCRIPTION

BUFFER LENGTH number1
LOGIC LOG1 (A, B, C)

• LOGIC DESCRIPTION

BUFFEK LENGTH — number2
LOGIC LOG2 (A, B, C)

In this case, the length of the buffer will be the sum of the lengths
specified on the buffer length cards.

2) Sequencing of Time—Dependent Events
At time zero, the entire network which represents a given

module is solved for a self—consistent solution with the output of each

delay equal to the input. After time zero, the state of the combina-

torial network originating at the inputs is calculated at each SCEPTRE

¶ time step. If the input of a time delay changes state, an entry for

that delay is made into the event queue. When SCEPTRE completes a time

step at time t, the event queue is checked for events at time less than

or equal to time t. For each such event, reentry to the appropriate

LOGIC subprogram is made, and the state of the combinatorial network
originating at ~he output node of the delay is calculated.

• This method has the advantage that the state of an
inactive subnetwork of a sequential network is not recalculated on each
SCEPTRE time step, but is only calculated when a transition occur s to
change the state of that •ubnetvozk. This results in a considerable
increase in efficiency for so networks. Since sources can occur only
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as SCEPTRE electric al elements, any transitions within a logical network
- • must have originated at the input interfaces driven by SCEPTRE. This is

the justification for the “SCEPTRE—first ” philosophy .
If time delays are used only for internal sequencing

within a logical network, the SCEPTRE time step can be allowed to over—
step the logical time delays. That is, the SCR!TRE time and LOGIC time
may be allowed to progress nonsynchronously. However, if time—dependent
events external to a logic module must be synchronous with time delayed
events inside the module, the user must specify a maximum step size for
SCEPTRE which is consistent with the degree of synchronization error he( wishes to permit.

J k. Edge Detector — DifferenUator

The U, used as the first character of an element name, identi-
fies the element as an edge detector or differentiator. A leading edge
detector is signified by a T or 1 in the value field and a trailing
detector is signified by an P or 0 in the value field.

S 

- -
~~~ Example:

-, U456,A — B — T  -

The “pulse width” of the edge detector is zero. That is, the
down transition of the output is a second iteration within the same time
step as the up transition. If a nonzero pulse width is desired , an edge
detector can be modeled with a time delay and a Boolean element.

D, D — I N — l
X,U - IN - D~~~IN1 pj~D. .NOT. D

The edge detector causes entries to be stored in the computa—
- 

• 

tional delay list when an edge is dstectsd. Therefore the delay buffer
• (section 5.j.(l)) must be long enough to acco sodate the edge detectors.

• Normally, the default size of this list is sufficient, and the user need
not be concerned ~w.’.th the length of the list.

1. LOC~C Transistor Element
Ivour transistor configurations may be modeled: transistor

amplifier, co on emitter stage , emitter follower, and an emitter input

— -
~~ 
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transistor stage. An element name for a transistor begins with the

letter T. The node list begins with the output node(s) followed by the

input nodes as with other elements; however, for the transistor element,
prefixes are used to indicate the function of each node. The collector

- node name is prefixed by the letter C, the emitter by the letter E , and
the base by the letter B. To further differentiate output and input
nodes, the input node list always begins with the base as the first

input node. The single letter prefixes are used for node function
identification only; they are not part of the node name.

The radiation input, if used, may either turn an “off” transistor
“on” or turn an “on” transistor “of f . ” The desired effect is selected
by prefixing the radiation input with the letter F or T (used only in

the logic transistor element) where P indicates an “on” transistor will
be turned “off” by the radiation.

The four configurations are discussed below.

1) Transistor Amplifier

The transistor amplifier has two outputs, one taken from

the collector and one from the emitter; an input to the base; and an
optional radiation input. The collector output must appear first in the

node list.

Example:

T234, CM5—EN6—BP7—FRAD
An “on” transistor has the collector in the logical false

state and the emitter in the true state. An “off” transistor has the
logical states of the two outputs reversed. In the absence of a radia-
tion node specification or when the state of the radiation input is

• false, the transistor is always “on” when the base input is true, and
“off” when the base input is false .

When the radiation prefix is F , the Boolean equivalent of
the transistor amplifier is

d m 1 .1

B — C

a
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I
When the radiation prefix is T , the Boolean equivalent is

C - 1 + 1

B — C
An e~- m ple of a transistor amplifier stage is given in

figure 4.
2) Co~~~n Emitter Stage

The co~~~n emit ter stage has one output taken from the
collector , one input to the base , and an optional radiation input.

Izm~~ile :
T345, O~5—BP7—TRAD

A coemon emitter stage is shown in figure 5. For a logic 0 input to
base, the coll.ctor is near supply potential , which gives a collector
output of logic 1. For a logic 1 input to the base, the transistor

H turns on, pulling the collector to a logic 0.
When the radiation prefix is F , the Boolean function is

C — B . R

When the prefix is T , the Boolean function is
• c .i+&

3) Emitter Follower

The emitter follower has an emitter output, a base input,
and an optional radiation input.

Example:

T436 , ~ 46—BP7—FRAD

An emitter follower stage is shown in figure 6. For a
logic 0 input to the base the transistor is “off,” and the emitter logic
output is 0. For a logic 1 input to the base the transistor is “on,”
sod the emitter logic output is 1.

When the radiation prof ix is F, the equivalent Boolean
fwiction is

E — B + R
When the prefix is T , the f~~ction is

B- — B . ’

17
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Input - -
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Radiation - Output
Input
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T23b,C u 5 - p 1 c 6 - B p 7 - F M D

Figure )~. A Transistor Amplifier
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‘ TCE
- — Collector

Output

1N3 -

- Base
Input 1

TCE, C TCE - B 1N3 - V 1N4

Radiation “~IN~e
Input

Figure 5. A Comeon Emitter Stage
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iTiH
Radiation 

/ 
~~itter

TEP1, E our - B IN — ‘F RAD2

a

Figure 6. An ~~itter Follower Stage
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1~ 4) Emitter Input Transistor Stage
The emitter input transitor stage has a collector output,

base and emitter inputs, and an optional radiation input.

Example:

T567, cM5—BP7—EN6—TRAD
For a logic 0 input to the emitter, a logic 0 on the base

will force the collector output to be a logic 1. This is the transistor

“of f” state. With the emitter at logic 0, a logic 1 on the base turns

the transistor “on” and the collector output goes to logic 0. If the

emitter input is a logic 1 the collector output remains a logic 1.

independent of base or radiation state . The radiation input will affect
the output only when the emitter input is a logic 0. Then the radiation
logic 1 input will turn the “of f” transistor “on” for a prefix F and the
“on” transistor “off” for a T prefix.

When the radiation input prefix is F, the equivalent

Boolean expression is

C - B . R + E

When the pref ix is T, the Boolean expression is
C - B + R + E

An emitter input stage is shown in figure 7.

21 
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Collector

1 
Output

BINPU~Base 
_________________

Input

Radiation
Input RAD5

EINPtJF
Eiuitte 0•—r TEll , C TEll - B BINP 17~ - E EINPtTT - F RAD 5Input

Figure 7. A Transistor Stage With ~nitter Input
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SECTION III
CALLING LOGIC SVBPROGRANS FROM SCEPTRE

During processing of the SCEPTRE/LOGIC input deck a copy of each

unique LOGIC module definition is saved on a file. When processing of

the remainder of the CIRCUIT DESCRIPTION information is completed, the
LOGIC input for each module is processed , and a subprogram is written to
the SCEPTRE subprogram tape for each module. The references to these

subprograms by the SCEPTRE circuit are made as with other subprograms,
with one important exception.

The first argument in the call to a LOGIC subprogram is always an
integer constant. This constant, the module replication index, is used

by the subprogram to identify the individual calls in a sequence of

repetitious calls of a single defined module. Frequently, the original

order of the calls is altered by SCEPTRE. The module replication index
o is also used to associate initial conditions with the appropriate

repetition of a module call. (See the discussion on initial conditions
• below.)

Figure 8 shows a partial SCEPTRE/LOGIC input deck which illustrates
the method of calling LOGIC subprograms . In the examples shown here ,
modules are called by means of def ined equations, becaus this is the

most general method. Note that the first dumey variab le in the equat ion
variable string used to call the LOGIC subprogram mus t always be a
letter variable. For example, A is used in the first position in equation

Q LOG in figure 8. A module may also be called as an external function

if the module name begins with the letter F. However, LOGIC modules

should not be called from expressions.

~~~

1•

. 

_ _  
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CIRCUIT DESCfl IPTI~N
L~GIC DESCRIPTIØN
L~GIC FL~GI C(IN , ENABLE , THRESH~LD)

LØGIC INPUTS
Ni = IN .GT . THR ESH~ LD
ENABLE = ENABLE .GT. 0.5
N~T EN = ENABLE .LE. 0.5

I4GIC ELEMEI4TS
AND1, Al - Ni - ENABLE
AND2, A2 - NØTEN - ØUT
0R1, ØR1 - Al - A2
DELAY , ØUT - OR1 = 1.

LØGIC ØIJTPUTS

~UT=2.5 ,0

ELP~4ENTS

Ei, GND - E1 = QJ~ G (1, vc1, p l l o )

E2 , GND - E2 = QL(ÔG (2 , VC21, P2, 1.0)

PUNCTI~NS
Q140(A ,B,c ,D) = (n~GIc(A ,B,c ,D))

Figure 8. An Example of Multiple ,Calls to a LØGIC Subprogram
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1. THE MODULE REPLICATION INDEX

The first argument in the argument list of each call
El, GND — El a QLOG(l , VC1, P1, 1.0)

E2 , GND — E2 — QLOG(2 , VC21, P2 , 1.0)

is the module replication index. The remainder of the argument list is

in one—to—one correspondence with the dununy variable list on the module

name card.

LOGIC FLOGIC (IN, ENABLE, THRESHOLD)

T-4

The module replication index is used to identify each repetition of

a LOGIC module in a manner analogous to the usage of the element name

associated with each cell to a SCEPTRE defined model.

Ti , A—B—C—D MODEL XYZ
T2 , E—FG—H — MODEL XYZ

2. MODULES WITH MULTIPLE OUTPUTS

If a LOGIC module has more than one output (more than one output

interface card under the LOGIC OUTPUTS subheading), the calling sequence
is as illustrated in figure 8. The first call for each occurrence of
the module is made through an equation-, and the actual input parami.ters

are passed in the argument list. The values for all defined outputs are

calculated on the first entry (at each integration pass) with each new

value of the call index. The output values are saved in an internal

4 array . On subsequent entries to the subprogram, if the index value has
already occurred during the same integration pass , the appropriate value
in the sequence of outputs is delivered . The order in which SCEPTRE

25
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generates the cells is not necessarily the same as the order in which
the cards appear in the input deck. Therefore it is necessary to intro—
duce dependencies to force the correct order of the calls. In the
example of figure 9 , Jl is placed in the argument list for the call to
obtain the value of J2, and 32 is placed in the argument list for the
calculation of the value of 33. This forced ordering ensures that 31
will have the value corresponding to the first output interface state-
ment, J2 will, have the value corresponding to the second, and J3 will
have the value corresponding to the third.

There is no need to introduce dependencies between .11 and 321, or
between Ji and 331, because the order (relative to each other) in which
SCEPTRE writes these calls is irrelevant. In fact, the calls corre—
sponding to the sets (31, 32, 33), (321, 322, J23), and (J3l, .132, 333)
may be intermixed as long as the order within each set is maintained.

3. COMPUTATIONAL DELAYS

A note of caution is appropriate at this point relative to compu-
tational delays. If the SCEPTRE dependency analysis reveals the neces-
sity of introducing a computational delay (not to be confused with the
computational delay element in LOGIC), the order of subprogram calls
chosen by SCEPTRE may not correspond to the order indicated by the
element dependencies. Thie may result in erroneous results from the
LOGIC subprogram. Computational delays will not occur if equation and
function arguments (including input variables to LOGIC calls) are
limited to capacitor voltages and inductor currents. The validity of
use of other variables is topology dependent. For additional information
on this subject, the user is referred to the SCEPTRE manual.

____  __________  
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CIRCUIT DESCRIPTIØW

L~~IC DESCRIPTI~I
I4GIC LQG2(A, B, C)

L~GIC IIPUTS

1901C EL~ 1E1ITS

LØGIC ~UTPUTS
X — 0, 1
I — 0, 1
z — O * l

PIJNCTIØIS

Ql (NDEX , A , B, C) (L G2(NDEX,A,B,C))
Q2 (NDEX , DEP ) — ( LØG2 (NDEX , DEP , 0., 0.))

~~~ 4ENTS

31, 31 — G = 41(1, VC1, VC2, VC3)
32,J2— 0 Q2(l,J1)
J3, J 3— G Q2(l,J2)

J21, 321 — G 41(2, VC21, VC22 , ‘1C23)
J22,J22-G=Q2 (2,J21)
J23, 323 — G a Q2(2, J22)

331, 331 — G = 41(3, VC31, VC32, VC3~)
J32, J32—G Q.2(3,J31)
333, J33 — 0 — Q2(3, 332)

Figure 9. Example of Multiple Calls to a L G I C Module with Multiple Output s

L
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4 • REFERENCING LOGIC MODULES DEFINED IN ANOTHER MODEL

If a LOGIC module is to be referenced by two or more SCEPTRE models
(or by the main circuit and a model), it is not necessary to duplicate

the module definition. However, it is necessary to identify the name as
a LOGIC module name by a special declaration

LOGIC name (E~~)

This card appears in place of the regular LOGIC name card. It is not
• followed by a dumiy argument list or any other subheadings.

In the example in figure 10, LOGIC module ABC is def ined in model
AND2 and called from AND2 and from the main circuit.

In this example, two different calls to subprogram ABC are generated.
The first is from equation QAECT1, and the second is from equation QA9
in the main circuit. The single—card entry under the LOGIC DESCRIPTION
subheading in the main circuit description identifies ABC as the name of
a module which is defined external to the current level of definition.

The module replication index values must be unique within the main
circuit description and within each model. However, the module sequencing
can begin at unity within each model.

28
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M~DEL DESCRIPTI~N
• M~DEL AND2(T~ 4P) (A-B-C-D )

El, A - B = QA.BCC1, VC]., VC2)

FUNCTI~NS
QABC(N, A , B) = (ABCCN , A , B))

LØGIC DESCRIPTIØN
I4GIC ABC (A,B)

I4GIC INPUTS
A = A.GT.1
B = B.GT.1

LØGIC EL~ 4ENTS
AND ,C - A - B
DELAY , D - C = .l

r4GIc ØUTPUTS
D = 0, 10

• CIRCUIT DESCRIPTI~N

EL~ 4ENTS
• El , E 1 - G QA(l , VCX , VCY )

Ti, Cl - C2 - Xl — X2 = M~DEL AND2(T~~4P)

FUNCTI~~NS
QA (N, A , B) = (ABC(N , A , B ) )

r,4G1C DESCRIPTI~N
I4GIC A~C(EXT )

RUN C~NTR~LS

Figure 10. Illustration of a Reference to a Module
Defined in a Different 1401C DBScRIPTIØN

COPY AVAI LABLE TO DCC DOES NOT
29 

PERMiT FUllY LEGIBLE PRODUCTiON

-~~~ Ti 
_ _ _ __ _  

- 
_ _ _ _

—~~~~~~ 

,~~~~~
- ‘~~T



SECTION IV

INITIAL CONDITIONS

Initial conditions statements for LOGIC elements are included under
the usual SCEPTRE subheading, INITIAL CONDITIONS . LOGIC initial condi-
tions statements may be intermixed with SCEPTRE initial conditions

statements. Multiple statements, separated by commas, may be written on
a single card . An initial conditions statement cannot be continued to
the next card, however.

Initial conditions may be specified only for those LOGIC elements
for which the current value of the output depends on a past value.

These elements are the delay , flipf lop, edge detector, and the Boolean
element with feedback. Therefore if the initial letter of an initial
conditions entry is not V or I (for a regular SCEPTRE entry), and is note
D , B, U , or Z , the program will deliver an error message.

The effect of an initial conditions specification for a given
logical element is to preset the state of the output node of that element
to the specified value.

If an initial conditions specification is made from within a model
definition, or if it is made within the main circuit description and
does not reference an element outside the main circuit description, the
forma t is

Element name (Module replication index, Module name) — Value

The digit 0 or the lette r F may be used to specify a false value . The
digit 1 or the letter T may be used to specify a true value .

DELAY(l,ABC )— T
DELAY(2 , ABC) — F
Bl(l, XYZ) — 1

30
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The default state for all nodes is false. However, permitting a node to
• have a default false state is not equivalent to setting a false state by

an initial condition. The default state will be changed automatically

if it is inconsistent with other initial states. A specified initial

condition cannot be changed automatically and will, cause an aborted run

if it is inconsistent.

If only one module name is known to the model (or main circuit)

from which the initial conditions entry is made, the module name may be
omitted.

DELAY( 1) — T
DELAY(2) — F

If the highest value of the replication index (within the current des-
cription level) is unity, and if the module name can be omitted (as
described above), then the index may also be omitted.

• DELA Y— T

• The initial states for elements in models can be specified by

initial conditions specifications in the main circuit description. It

is necessary, in this case, to specify the element prefix by which the

model was called into the main circuit . The format is

Element name (Module replication index, Module name,
Element prefix) — Value

j For example , in figure 10, the model AND2 is called into the main
• circuit with the element prefix, Ti. Model AND 2 includes a reference to

LOGIC module ABC. The following statements could be added under the

CIRCUIT DESCRIPTION heading .

INITIAL CONDITIONS

DELAY(1, ABC) — T
DELAY(l, ABC, Tl) T

31.
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The first initial conditions specification refers to the module call

which is made from the main circuit. The second refers to the call from

within model AND2. If an initial condition is set on a module called

into the circuit multiple times, the initial condition should be speci-

fied for all calls to the module.

Further examples of cross—referencing of LOGIC modules and of

initial, conditions specifications are shown in figure 11.

Two notes of caution are appropriate regarding the specification of
initial conditions. If a specified nodal state is inconsistent with the

calculated state based on the circuit description and the initial states

of the other nodes in the circuit, th.~ run will be aborted with the
message “cannot obtain selfconslstent DC solution from module (name) run

aborted.” Secondly, if a logically impossible loop is described , LOGIC

will deliver a message stating that convergence could not be achieved in

a loop. At time zero, LOGIC iterates until a solution is obtained with

the output of every delay equal to the input of that delay. Therefore,

a circuit intended to oscillate during the transient analysis may not

achieve convergence at time zero.

32
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• P~UDEL DESCRIPTIØN
t4DEL AND3(PERM) (A-P~—C—D—E—F—G)

EL~ 4ENTS

El,G—D = QAIW(1, VR1, VR2 , VR3)
E2,G—12 = ~~I4 (i , El)

ElO,G—F = QAND (2, VR1O, VR2O , VR3O)
E20,G—120 = QAN (2, Elo)

L~GIC DESCRIPTION
L~GIC AND3(ARG1, ABG2, ARG3)

L~GIC INPUTS
A = ARG1.LT.—5 .
B = ABG2.LT .—5
C = ABG3.L.T.-5.

LØGIC EL~ 4ENTS
AND , 1)-A-B-C

• DELAY , E—D = ( . l , .2)

1401C ~UTPUTS
E 0 , 10
E = 10, 0

FUNCTI~NS
QAND (A ,B,C ,D) z ( AND3(A,B,C,D ) )
QAN(A,B) (AND3(A ,B,O,O) )

COPY AVA ILABLE TO DD~ DOES NOT
PERMiT HILLY LECIBLE PRODUCTI ON

Figure 11. Example of Initial Conditions Specifications
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~~ DEL DESCRIPTI~ N
P4~DEL UNAMAS(TI~4P) (Al ,A2,A3,A~e)

LØGIC DESCRIPTIØN
LØGIC AND2(EXT)

EL~24ENTS
E1,A—B=Ql(1 VR1,VR2)

FUNCTIØNS
Q1(A ,B ,C) = (AND2(A ,B,c) )

CIRCUIT DESCRIPTION

LOGIC DESCRIPTIØN

LOGIC AND3 ( ExT )

LOGIC AND2(ARG1, ARG2)
LOGIC INPUTS

cor~ AVAILABLE TO rt~ !1!~ES ~O1
PERMIT FUllY LEGIBLE PRODUCTION *

DELAY ,D—C= (0.l,O.2)
LOGIC OUTPUTS
D=0 ,lO

ELF~4~2(TS
El ,G—l”QAND2(l,VR1,VR2)
E2,G-2 QAND2(2,VR2],VR22)
A1,A-B-C—D-G—E—F-.,. — )I~DEL AND3(PF~M )
A2,AA-BB-CC-DD-GG-EE-pp-... = MØDEL AND3(PERM)

E53,53—G—QAMD3(l,VR53,vB51i,yfi~5)E6l4,6~—G QAN (l,E53)

A3,Nl_N2~N3_NI~at4ODEL LJNAMAS(Th4P)

E 
}

Figure 11. Example of Initial Conditions Specifications (Continued )
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~~~~~~~~~~~~~~~

INITIAL CONDITI~ NS
.• 

VC1 O
D~LAY(1,AND2) T, DELAY(2 ,AND2) T
DELAY(l ,AND3,Al) T , DELAY ( 1,AND3 ,A2) T , DELAY(2 ,AND3,Al) T

DELAY(1,AND2,A3) T
DELAY( 1 ,AND3) T

- FUNCTIONS
QAND2(A,B,C) (AND2(A ,B,C ) )
QAND3(A ,B,C,D) (AND 3(A ,B,C ,D ) )
QAN(A ,B) AN03(A,B,0,0))

COPY AVA ft~ - !.E TO r~ DOES ?4~ T

• 
PERMIT FULLV LEGIBLE G~ CTIO~

• Figure 11. Example of Initial Conditions Specifications (Concluded )
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SECTION V

PROBLEM SIZE LIMITATION S

The array sizes in the program, as distributed, limit the user to

50 separate module definitions, or 100 calls to a single module, or an
intermediate combination. The number of LOGIC initial conditions state-

ments is limited to 50.

Approximately 500 elements can be accomodated in a single module

without changing internal array sizes. The number of elements depends

on element type, because some elements require more storage than others.

The sum of time delays and Boolean elements is limited to 500 or

less, depending on the length of the value expressions. Double—valued

delay elements occupy twice the table space of single—valued delay

elements; therefore a maximum of 250 double—valued delays is permitted.

36
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SECTION VI

THE TIME EVENT QUEUE

As described in Section V, delay information is stored only when

the delay is active; that is, when a transition has occurred at the

input of a delay , and the delay time has not expired. For each such

transition, an entry is stored in the time event queue.

The technique utilized for this queue involves storing information

in a quasi—sorted order in a bifurcated arborescence which is dubbed a

leftist tree (so called because it leans to the left, i.e., there are

predominantly more links to the left than to the right). The algorithm

for manipulating such a tree is such that the top cell of the tree (the

root) is always guaranteed to be the cell with the earliest future time ,

even though all other cells are only in quasi—sorted order.

Each cell contains the transition output. time, the propagation delay

identity , a path distance value, a pointer to a left subtree, and a

pointer to a right subtree. This information is stored using two words

(by means of packing) so that the space requirements are 2n where n
is the number of delays active .

Since the transition output time is the quantity upon which sorting

is based, it will be referred to as the KEY in the following discussion.
The path distance D is the minimum path length from the node to a leaf of

the tree; because of the way in which the tree is constructed , this mini—

nium length path will always be a right—most path. The pointer to the left

subtree will be denoted by LP, and the pointer to the right subtree will

be denoted by RP. A pointer to a leaf in the tree will be assigned a
value of 0. The leaf does not actually contain any explicit information

and therefore leaves are not actually represented in memory. We iay

refer to the KEY and D quantities for the cells comprising the roots of

the left and right subtrees by KEY(LP) , D(LP) , I(EY(RP), and D(RP). We

adopt the convention that KEY(O) and D(O) 0.
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The lef tist tree may be defined by listing the properties of the
KEY and D f ields for each cell P:

a. KEY(P) < KEY(LP(P))

b. KEY(P) < KEY(RP(P))

c. D(P) 1 + Min(D(LP(P)),D(RP (P)))
d. D(LP(P)) > D(RP(P))

Removal of the root of a leftist tree (i.e., access to the earliest

future time) requires a constant time; however, it must be followed by a

merging of the two subtrees below the root before any other operations are

executed on the tree. The subtree merging is not required if the tight

subtree is vacuous, and is trivial if the left subtree is vacuous. In all

other cases, subtree merging requires 2(log n) time in the worst case.

Insertion of a new cell into the tree also requires 2(log n) time in the

worst case. In the best case, merging and insertion require a constant

time. Furthermore, the software for merging and insertion is identical
so that only a single routine is required for all tree manipulations.
The overhead for small a is reasonable and the method is very efficient
for large a.

The algorithm for merging two lef tist trees is shown in Figure 12
and an example is given in Figure 13.
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1 LET P AND Q BE THE TWO TREES , WHERE P HAS THE SMALLEST KEY.

2. LET X REPRESENT TREE P.

3. TRAVERSE TREE X ALONG THE RIGHT-MOST LINKS , COMPARING THE KEY AT
EACH NODE OF X WITH THE KEY OF Q, SO AS TO LOCATE THE INSERTION
POINT FOR Q ACCORDING TO ASCENDING KEY VALUE . SAVE NODES TRAVERSED
ON STACK.

4. AT THE INSERTION POINT BREAK TREE X, SAVING TUE SUBTREE OF X BELOW
THE INSERTION POINT AS TREE T.

5. APPEND TREE Q TO TREE X AT ThE INSERTION POINT, USING THE LEFT LINK

IF IT IS NOT ALREADY IN USE; OTHERWISE USE THE RIGHT LINK .

6. IF TREE T IS EMPTY GO TO 8.

7. LET X REPRESENT TREE Q. LET Q REPRESENT TREE T. CO TO 3.

8. TRAVERSE THE MERGED TREE IN REVERSE ORDER, STARTING AT THE LAST
INSERTION POINT AND ENDING AT ThE ROOT , USING THE NODE SEQUENCE
SAVED ON THE STACK TO RETRACE THE PATH . NOTE THE MINIMUM DISTANCE

FROM EACH NODE TO A LEAF. IF THE RIGHT-MOST PATH IS LONGER ThAN

THE MINIMUM DISTANCE PATH TO A LEAF AT A GIVEN NODE, INTERCHANGE

ThE LEFT AND RIGHT SUBTREES AT THAT NODE . THE ALGORITHM TERMINA TES
AFTER ThE ROOT NODE HAS BEEN PROCESSED.

Figure 12. Algorithm for Merging Two Leftist Trees
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GIVflI 
3’
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~~~’2

DEIj~’rE i 

~‘>

MJ~GE 3 INTO 2% /
2
\ 

6”4 I’REQUIRES DETACH OF 5 le 8

M~~GE 5 INTO 2 
8

REQUIRES DETACH 0? 8 14

6

Figure 13. A Leftist Tree Example
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MERGE 8 INTO 2 2
\

7 /3
\

/
2
:

INTERCHANG E 14 AND 5

‘
5
’6 8

2
,‘

INTERCHANGE 7 AND 3 3 7

6 8

1
ADD 1 2’

A 7
5 1 4

1 8

ORIGINAL TREE ~~~

- j  
- 

14 8 

6’

Figure 13. A Leftist Tree Example (Concluded)
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