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1, INTRODUCTION

The Logm Slmulatmn Program (LOGSIM) was de31gned to serve
an important role in computer aided design of electronic circuits, that
is, to provide the designer with a means by which to verify the intended
logic of a design prior to implementation of the circuit hardware,

A description of the logic network and its input signals is pro-
vided by the user as input data, LOGSIM verifies all input data and
identifies any errors with diagnostic messages before proceeding with
simulation, Simulation consists of switching the output levels of net-
work elements in response to input level changes and recording all such
events on ragnetic tape. This tape is then processed according to
user specifications to produce logic timing diagrams of any or all ele-
ment outputs. '

LOGSIM is capable of simulating very large logic networks within’
a modest amount of computer core memory. Although it has been
written in Fortran IV to minimize machine dependency. its array
dimensions are effectively adjusted during run- -time to allow each
simulation to make optimum use of the available memory. The pro-
gram has an internal logic library of 15 logic element types to which
the user may add new element types by simply defining their operation.
In addition, the user may define complex logic £unct10ns as read- only-
memories (ROMs) with up to 15 mputs each,

L.OGSIM is a three-valued logic s~1mt__1-latb r, in that thé unknown
(indeterminate) state can be represented and propagate( as well as
logic HIGH and logic LOW, This feature eliminates the necessity for
network initialization and, in conjurction with othér special provisions
discussed in Section 2, permits simple and (,omplete logic modclmg
of metal-oxide- semlconductor (MOS) cireaitry.



2 L.OGSIM PROGRAM OPERATIONS

2.1 LOGSIM Representation of Logic Delay and Necay Times

In order for logic circuitry to be simulated on an ideal binary-
valued bagis, some relationship must be established between the ideal
LOW and HIGH levels and the delayed level transition which occurs in
" reality. - Due to physical constraints of a device, its levels cannot
change ingtantaneously. Figure 2-1 illustrates the delays in switchmg
from LOW to HIGH and HIGH to LOW, The LOGSIM approach is to
estabhsh the swutchmg time as the time when the gate in reality has
switched 90% of the change between levels. Hence, a gate is consid-
ered switched from LOW to HIGH after a rise delay time, ty, which is
the actual t1me necessary to switch 90% of the way from LLOW to HIGH,
The same apphes for HIGH to LOW switching with a fall time delav,
tee

The rise and fall delay times are supplied by the user for cach
circuit element. The user may specify up to 255 different rise delay
times and up to 255 different fall delay times for one simulation. These
times should be based on the characteristics of the devices which imple-

ment the logic. Varying the delay times for different simulations of
a logic network will show the user the changes in the logical operation
due to delay time variations.

In addition to its capabilities for modeling normal propagation
delays, LOGSIM has special provisions for modeling the decay of
stored charge on MOS logic circuits. Figure 2-2 illustrates a MOS
transmission gate circuit for which such a model is very ugseful, The

output node of the transmission gate is charged by the source when
the gate input goes HIGH. This node is expected to hold the charge
after the gate input returns to logic LLOW. Since leakage resistance
will slowly drain the charge, there is some fall decay time, tdf after
which the voltage at the output node will have fallen below the logm
HIGH threshold level. The output must be considered indeterminate
after this decay time has elapsed. The charge decay begins when the
transmisgsion gate is turned off by its gate input and the output switches
into a charge holdmg mode,

Section 3,2 descnhes hew the user may define the holdmg mode
ag one of the posszble output states of MOS logic elements. Either
'a rise decay time or a fall decay time may be specified for any logic
element having a holding mode (both may, in fact, be sperified but such
a model may not be meaningful).

2.
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LOGSIM INTERPRETATION OF A LOGIC FALL
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Figure 2-2 illustrates the LOGSIM interpretation of a fall
decay time. The output responds to a LOW to HIGH input transition
by switching from LOW to HIGH in some rise delay time t,. However,
when the input returns to LOW and the gate's output node is in a hold-
ing mode, the output voltage actually driits slowly toward a LOW state.
If a2 user specifies a fall decay time, the program will interpret it as
being the time, tgs, in which the output drifts from the HIGH level to
the logic HIGH threshold level. After that time L.OGSIM as signg the
output level an indeterminate state, and it remains at that state until
another input pulse causes the output to change to a specific state,

The user may choose to ignore the decay of the output, and may omit
the decay time specification. The program then interprets the decay
time as infinite and the output will hold its previous state indeliuitely.

2.2 Sequence of I__._OG-SIM QOperations

LOGSIM was designed in the form of three main programs.
The three programs may be run together at one time, or may be run
at different times, as long as the data to be transferred between pro-
grams is preserved. Figure 2-3 illustrates the general flow of execu-
tion of the three programs: the Preprocessor, the Simulater, and the
Postprocessor, ' '

2.2.1 Preprocessing

During preprocessing the input data is read in the form of 72
column card imnages, where the first four characters of each reécord
identify the record type. The input device may be changed at any
point during the input of data, The Preprocessor Program validates
the data and provides diagnostic messages whenever necessary. All
of the data will be read and interpreted, regardless of errors, elimina-
ting the need for repetitive runs to locate coding errors. The Prepro-
cessor outputs the image of the data records under appropriate headers
enabling the user to quickly determine how the data has been interpreted
and if the logm hasg been speC1f1ed correctly, As a user's option, the
‘Preprocessor will also generate a connectivity' list showing each gate
and its loads.

 After the data is read and validated, the Preprocessor outputs
a parameter record, images of all of the input data records, and a
list of all of the logic element names to a data tape to be used later by
‘the Postprocessor. The Preprocessor then packs and converts the .

" eircuit data into a form compatible with the Simulator Program 8 mput o

format. This data is saved on a binary disk file awaiting gimulation.

«Ha
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2.2.2 Simulation

The Simulator accesses only the disk file created by the Pre-
processor for its input data. The first record of this file specifies
the desired simulation options and the organization of the data arrays
describing the logic network. After these arrays have been stored
in memory, the program proceeds by initializing logic element out-
puts. Initial levels of the input signal generators have been specified
by the user along with any other element output levels which are known.
The program first assigns initial output levels to the logic elements
based on the initial generator levels. If some initial levels cannot bhe
de'ermined, program optiens determine whether simulation is to halt,
or te proceed with some elements initially indcterminate. The initial
levels which the user has specified are now compared with the level
assignments established by the program. Another program option
‘specifies whether inconsistent levels cause simulation to halt, or fo
continue using the user's initial levels. Upon completion of initializa-
tion of the outputs, the program writes the initial level of all logic
elements to the data tape being generated for the Poustprocessor.

The actual simulation begins by fiading the first generator
level changes and entering these new levels into an clement status
table, Fach element loading one of the changed signals is then ex-
amined to determine if its output is affected. Appropriate delay limes
are added to the current time to find the times at which the future
events are to be scheduled. When al? loads have been examined, the
current time is advanced to that of the next scheduled events, and the
process repeats itself, As the new level of each scheduled event is
entered in the element status table, it is also recorded on the events
tape for the Postprocessor. Simulation continues uatil the current
time has been advanced beyond the time limit sct by the uscr,

In addition to recording logic events, the simulator detects
possible spike conditions which may cause faulty logic operation.
Figure 2-4 illustrates how this condition ariscs when the input of a
logic element changes too rapidly for the output Lo follow. The simu-
lator will always record a notice of the spike condition and maintain
the element's output at its original level. The user may choose, at
postprocessing, to have these notices printed with the liming diagram
output.

2.2.3 Postprocessing

The user specifies the format of the printed output with a small

-T-



LOGSIM REPRESENTATION OF A LOGIC SPIKE

H -
Input Wave
Form

L

H _
Actual

Qutput Wave
Form

'CONDITION

Input

Qutput

!
L l t
, |
| |
H_| | l
LOGSIM
Representa- [
tion of Output '
L 4 t

*Spike notice recorded at this time

Figure 2-4

-8~

3T



set of data cards. Since the Postprocessor is completely independent

of the preceding program segments, it may be run more than once

to reprocess the events tape of a given simulation. Thus, the Pre-

processor and Simulator need not be rerun to produce timing diagrams
in a new format or of different logic elements.,.

Among the items specified by the Postprocess data cards, are
the characters which the user prefers to have printed indicating
HIGH, LOW, and inhdeterminate levels, and how each is to be shifted
on the timing diagram. The user also chooses which element outputs
are to be printed, in what order, with what spacing, and over what
simulation time intervais.

The levels of any of the circuit elements can be compared to
specified reference levels at any time. When the levels do not com-
pare a message is printed, and the output continues unless the user
has specified that it be terminated on a mismatch.

The Postprocessor reads the list of circuit element names and
their initial conditions from the data tape, and prints a list of the sip-
nals to be output before starting a timing diagram. The timing dia-
gram begins with the initial conditions of cach element on the timing
diagram or optionally a list of all initial conditions. Logic events
are read from the data tape and the status of the selected elements
is printed for each time within the specified time interval at which
an event occurs. The timing diagram is thus compressed in that therc
is no printout for times at which logic is not changing states (excep!
for the start and end times of each time _slét‘, at which the status is -
always printed)., After each timing diagram is complete, the program
determines if another timing diagram is tu bhe printed for another set
of element outputs and time slots, If so, the data tape is rewound
and the program generates another timing diagram according to the
user's specifications. In this manncr an unlimited number of timing
‘diagrams can be printed by a single Postprocessor run.



3. PREPARATION OF LOGSIM INPUT DATA

The LOGSIM program has been designed to minimize the aser
effort required for logic simulation, while retaining flexibility in
handling new types of logic components. To minimize transcription
errors and simplify interpretation of program inputs and outputs,
each element of the user's logic network is identified by a unique
alphanumeric name. This name also represents the primary output
signal of that gate. The logic network is defined to the program by
providing the following data for each component:

° component name
o component parameter specifications
o input signal names

The LOGSIM Preprocessor analyzes this data to identify errors such
as duplicated or misspelled element names, missing inpuf data, and
incongistent parameter specifications.,

3.1 Program Capabilities and Limitations

The user should be aware of several program limitations
while constructing logic networks for simulation. Program capacity
is limited by the amount of dimensioned memory, the exact number
of elements simulated during one run being a function of the complex-
ity of interconnections, the number of input signal specificati.ons,
and gize of ROM truth tables. A capacity of 3000 to 5000 elements
can normally be expected with the pregram's current dimensions.
Larger networks must be divided into two or more sections for sep-
arate simulation. The only other inherent limitation restricts to
255, the number of rise time values, fall time values, rise decay
time values, and fall decay time values,

The user should configure his logic so that all functions are
performed by components which are either elements of the program's
internal library or are specially defined as new gate types or ROMs.
It should be noted that all LOGSIM components have a single output,
The complement of this output, however, may be specified as an
input to other elements by preceding the signal's name with a slash
{/). LOGSIM will automatically generate this complement signal and
distribute it where required, effectively providing the user with two

~-10 -
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outputs from the component. Any other forms of multiple output .
components must be broken up before being defined to the program.,

As indicated in _Sec__t_ion_ 2, LOGSIM provides .the_ user with a
variety of program options., Table 3:1 provides a sumiiary of these

options.

3.2 Component Type Definitions

 The standard LOGSIM component library of 15 logic element
types spans both bipeolar and MOS technologies. These element types
are completely described in Tables 3-2 and 3-3. All logic elements
used in a simulation run must conform to one of the library types or
to a type which is specially defined. Thus some logic functions may
have to be synthesized by using logic types available in the LOGSIM
library to provide an equivalent logic function. Any number of inputs
may be specified for those logic types in Table 3-2 that do not require
a fixed number of inputs. All inputs must be specified for logm types
with a fixed number of inputs,

New gate (NEWGA TE) types may be defined for a particular.
simulation run by the eight-character sequence, Q] to Qg, described
in Table 3-4, where each Q may represent any of the output states
defined, Only the states Q) through Q4 are used to specify an un-
clocked element, States Q; through Qg define a clocked elemcnt,
where Q; through Q4 defme the poss1ble outnuts when the clock is at
a LOW state, and Qg through Qg define the outputs for a HIGIH cluck
state. Specific logic types which may be defined are:

0 - Majority logic
o "Any LOW sets'' logic
o ""Any HIGH Sets’” logic
.o | Thfée input _-ﬂip-ﬂops
o _Five input flip-flops

These are defined in detail in Section 4, 1.5. There is no limit to the
number of inputs that a new gate type element may have, however, if
it has been defined as clocked {Qy through QB defined), the last input
will be cons1dered the clock. A

Sl




SUMMARY OF PROGRAM OPTIONS

Options Available at Preprocessing

OPTION

ON/OFF

RESULT

On A connectivity list is printed during pre-
o S ‘| processing.
FROMTO , :
- Off "Connectivity list is not printed.

On Simulation continues despite indeter-
minate initial levels.

IGNORE . N -
' Off Simulation terminates if all initial levels
cannot be established.

On Simulation accepts user specified initial
levels if inconsistent with those establish-
ed by the program,

NONCON : o

Off Simulation terminates if there are any
conflicting initial states

On Simulator tries to establish ROM output
for any indeterminate inputs.

FOLLOW
Off Simulator assipgns RCGM output level in-
determinate for any indeterminate inputs,
' On Debug data is printed during simulation,
DEBUG '
Off No simulator debug data is printed.

Table 3-1la

-12.



SUMMARY OF PROGRAM OPTIONS (Continued)

Options Availabl'e at Postprocessing

 RESULT

OPTION ON/OFF
On. Preprocegsor input data is printed dﬁ-r‘ing ¥
postprocessing.
PREPIN ~
Off Preprocessor input data is not printed
during postprocessing.
- On Postproc'e-sso.r input data is printed.
POSTIN ' : ' o o
- Off Postprocessor input data is not printed.
On Spike notices are printed.
 SPIKE |
' : Off Spike notices are not printed.
On Al 'iniﬁé.-l clement levels are printed -
before first timing diagram.
INITIAL
Off Timing diagram element initial levels are
printed in each timing diagram
On QOutput ceases and message is printed on
_ first level comparison mismatch,
COMSTOP o . . o e -
Off A message is printed for each level com-

parison mismatch.

_ 'l_'_'_a.ble 3-1b
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LOGSIM LOGIC ELEMENT TYPE LIBRARY

LOGSIM | 1 oa1c TYPE ' LOGIC DESCRIPTION
NAME
OR OR Any input HIGH will yield a HIGH out-
' | put and all inputs LOW will yield a LOW
output,
NOR NOR Any input HIGH will yield a LOW out- -
B put and all inputs LOW will yield a
HIGH output.
AND AND - | Anyinput LOW will yield a LOW out-
: put and all inputs HIGIT will yield a
HIGH output.
NANLD h NAND T Any '.input LOW will yield a HIGII oul~
put and all inputs FIGH will yield a
LOW ouiput.
MOR MOS NOR | Gate wilh a clocked load device. The
last input listed is treated as th~ cle k.
MORT MQOS NOR Gate with a clocked load device and
with trans- clocked internal transmission gaie.
mission gate | The iast input listed is treated as the
clocik.
MAND MOS NAND Gate with a clocked load device., The
last input listed is treated as the clook.
MANT MQOS NAND Gate with a clocked load device and
with trans- clocked interrnal transmission gate, The
mission gate [last input listed is treated as the clock,
CFF Clocked flip- [Clocked, three-input, set-reset flip-flop
| flop The third input is treated as the clock,
and the flip~flop iz enabled during a neg-
ative clock. The first input is assumed
to be the set input with the second input
assumed to be the reset line, All three
inputs must be specified.

Table 3-2
R
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LOGSIM LOGIC ELEMENT TYPE LIBRARY

(continued)

LOGSIM
' NAME

- LOGIC TYPE|

LOGIC DESCRIPTION

EXOR

EXCLUSIVE
OR

Two-input gate in which either input

HIGH will yield a HIGH output. Both

inputs LOW or I—IIGH w:ll yield a LOW 1

output.

T SREF

Set-reset
flip-flop

Two-input flip-flop, The first input

| is assumed to be the set input and the

second input is assumed to he the

| reset input., When both-inputs are -

HIGH, the output is undefined}

JKFF

J-K flip- .
flep

| Two-input flip-flop similar to SRFF,
but when both inputs are HIGH, the

output changes state. The first input
is assumed to be the J input and the
second mput is assumed to be the K
input.

MCLK

MQS trans-
mission gate

Two-input flip-flop similar to SRF'F,
but when both inputs are HIGH, the _
output changes stage. The first input
is assumed to be the J input and the

| second input is assumed to be the K

input.

“TIKF

"Triggerable

J-K flip-flop

Three-input triggerable J-K. flip-flop
similar to CFF. The third input is
assumed to be the clock input, and
the flip-flop is enabled on a positive-

{to-negative transition of the ¢lock, -

CIKF

Clocked J-K
flip-flop

Five ririput T-K ﬂip-ﬂOp similar to
| TTKF with direct 'set and reset lines.

The third input is assumed to be the

{set, the fourth, the reset; and the fifth, |

the clock. _.Eri_a,-bling signals on these

tlines take effect in zero time,

Table 3-2-
(continued)
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LOGSIM LIBRARY LOGIC TRUTH TABL_ES

OR

e
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AND
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A | B Jout |

o sl
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clock

out
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Sl ol o Kol ol

MAND

clock

| ———t

out

Hold .

e laly Ll
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NOR

out
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= romew

ekl

NAND

A

B

out

L
H
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H
L
H

1uln

H

H

" MORT

clock '

A

B‘.

out

L .all states

' Hold

ariie il

sl

B

MANT

clock

A

B L

out

L |all states

Hold '

H

 mmEb

Cmpom

romn T

Table 3-3
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. LOGSIM LIBRARY LOGIC TRUTH TABLES

(continued)
CFF
jeclock]l S | R 1out |
H |all states }Q;
R
L L]l H L
H|l L | H
H H Q1
EXOR
A| B|out
L|IL|L
LIH{H
"H|L{H
HIH|L
TIKF
™I | K &
H [all states 'Qt_l
L| L o
L{L H L
H| L __H
Hi H |Q_
SRFF
181 R |out
L|H| L
H|{L| H
H| H} *
Table 3-3
{continued)
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NEWGATE TRUTH TABLE OUTPUT DEFINITION

Truth Table Qutput Character String

CLOCK LOW | - CLOGCK HIGH

Q ‘Q8

Qe 7

e

PR Q%

Table 3-4a

Qutput State Definitions

STATE, Q_ | DEFINITION

| 1ndeterminate | Level is neither HIGH nor LOW

“Low | Logic LOW level

High . _ 1 Logic HIGH Tevel

Same Same as current level

Complement | C-einpl_ement of c-ur_-i-'é.n_t level

Holdin'g - Level holdiﬁg at current level
. : and may decay, see Section 2.1

. Table 3-4b
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Gornpl_exlogin- functions can be described for a sirnulation
run as read-only-memories, Every ROM used in the network must
have exactly the number of inputs the ROM was originally defined to
have. Each possible combination of input states to a ROM type will
then address a unique truth table location. When the ROM type is
defined, one of the four possible ROM output states listed in Table
3-5 is agsigned to each location of its truth table, ROM elements
may have delay and decay time values specified as may other com-

. monents. In addition, the user may specify rise and fall time dclays
to be applied to particular inputs of any ROM element. LOGSIM will

" then delay these inputs as required before allowing them to affect
the ROM output. The total delay of such a signal propagating through
the ROM will be the sum of the input and output delay. This feature

- permits convenient simulation of complex circuits having different
propagation delays associated with different inputs.”

3.3 Time Spe cification.s

Times at which network input generators are to change, times
of delay and decay time sets, Posiprocessor compare and print times,
.and the tirne at which simulation is to terminate should all be speci-
fied in the same units. These values must be zero or positive whole
numbers less than 231, The unit of time may bhe defined to the pro-
gram for printout with output times. Simulation will always begin
 with time at zero, although the times for which printout is generated
by the Postprocessor are specifird by the user.

Sir.ce the simulation proceeds from event time to event time,
rather than from one time unit to the next, the magnitude of the speci«-
fied times will not in itself affect the run-time required for simula-

- tion. Run-time is related to the number of different times at which
events occur. Delay and decay time sets should therefore be rounded
to contain no more figures than are in fact significant. This will in-

. crease the 11ke11Hood of s1mu1taneous events and dccrease l.he requn‘ed
run-time, ' ' : :

3.4 Preparation of the I_.égic Network Description

Once the user has a network schematic diagram, and some
knowledge of the network logic, the network can be conveniently de-
- scribed in an orderly form which will be easily converted to form-
atted card data, To best illustrate how this is accomplished, an
orderly description of a sample MOS logic network is developed in

-19-



READ-ONLY MEMOQORY OUTPUT STATE DEFINITIONS

STATE DEFINITION

Indeterminate Level is neither HIGH nor LOW

Low . Logic LOW level
High Logic HIGH level
Holding Level holding at current state

and may decay, see Section 2.1

Table 3-5
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this discussion, The conversion of the network description to input
data and the actual card formats are discussed in Section 4.

The circuit illustrated in Figure 3-1 is a simple MOS logic
network made up of 20 elements, Note that each element is numbered
for easy reference in this discussion and labelled with the component
type names, In addition, a unique name for each element is printed
below each element block. Elements 1 through 16 are elements cor-
responding to the logic library types. Element 17 is a five-input read-
only-memory which has the truth table as shown in Table 3-6. Input
B of the ROM is the complement of element 10, and the output of ele-
ment 19 is delayed at the ROM input D. Elements 18 through 20 are
signal generators., Generators in LOGSIM represent the input signals
driving the network, but are treated as actual network elements. Ele-
ment 18 is a generator representing a signal pattern as illustrated in
Figure 3~2a. Flements 19 and 20 are function generators represent-
ing periodic input signals as illustrated in Figure 3-2b and 3-2c¢ re-
spectively. (Subgequently, this type of generator shall be referred to
as a generator function, or GENF,) The user will note that the periodic
portions of the signals of the generator functions do not occur until
some starting times, 25 and 50 respectively, and then each runs peri-
odically for 18 periods,

With this preliminary information, and delay and decay time
values which the user sets according to his knowledge of the circuit,
an ordered list of the information can be made, The list for the
sample MOS logic network is shown in Table 3-7. The user may note
that each element, except the automatically constructed delay gate
and inverter which input the ROM, is given a name., The name may
be 1 to B alphanumeric characters, with one exception. Looking
back at the circuit diagram in rFigure 3-1 the user will see that one
input to the ROM is delayed (input D} and another is an inverter sig-
nal (input B). The signal from generator function named CP-1
(element 19) is delayed, and the output of a MANT gate named 2B
(element 10) is inverted. Two gates will be constructed automatically,
representing a delay element and an inverter, by the user merely
indicating those inputs to the ROM as a delayed CP-1 output, *CP-1,
and an inverted 2B output, /2B (* = delayed, / = inverted). The Pre-
proceesor assigns the name *CP-1 to the delay gate, and the name
/2B to the inverter. The exception to the 1 to 8 character name rule
is that any gate which inputs an automatically generated delay gate or
inverter (such as CP-1 and 2B in this example)} may have no more
than 7 alphanumeric characters in its name, This allows the delay
gate and inverter names to stay within the 1 to 8 character limits,

21~
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SAMPLE MOS LOGIC NETWORK

GENF

CcP-2

1-¢ @aandig

GEN

GEN3

*Clock inputs

2 |+ 4
- . —
2ZA 4A
1] NP ‘ 'x_, 10 '\ 11
MANT > e 4
>—= FMANT —+*MAN
L7 | I '
IB 2B 3B
l"mo— 11 L} 15 N |_ * 16
- MANT), | MANT MAND IMcLK p—{1>
sk Lockup-1 Feed-1 Feed-2 TG
O .
E DC B A! {1>
17 ! .
Read-Only-Mem-+ - : D
o N e T [
MAND MAND, MAND; MAND
% l ._,,._—'/ e - __/
Lock-1-5 Lock-1-6 Lock«1-7

*xInput B to element 17 is complement of element 10 ocutput
***Input D to elemen: 17 is delayed

: -'Lock- 1-8



TRUTH TABLE FOR THE READ-ONLY-MEMORY
IN THE SAMPLE MOS LOGIC NETWORK

Output-

Holding

Holding

Holding
Holding

0

Holding

Holding

?

A

0

0
1

0

1

'ROM Inputs (Fig.3-1}

Table 3-6
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INPUT SIGNALS FOR THE SAMPLE MOS LOGIC CIRCUIT

Element 18 is a Generator Outputting the Following

Si.g_ nal. Pattern

H_
Initial State =L
L .t
7 133139
Figure 3-2a
Element 19 is a Function Generator Qutputting 18
Repetitions of the Following Periodic Signal,
Starting at Time = 25
o / Init_‘lal State = H
L M g ' i .l . 1 £
0 25 50 75 100 125 150 175 200
"1 period (repeated 18 times)
Starting time of function = 25
Figure 3-2b
Element 20 is a Function Generator Qutputting 18
Repetitions of the Following Periodic Signal,
- Starting at Time = 50
Initial State =L
H.
L t

75 100 125 150

t . 1

"1 period (repeated 18 times)

175 2D0

. Starting time of function =50

Figure 3-2¢
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ELEMENT DESCRIPTION LIST FOR THE SAMPLE
MOS LOGIC NETWORK

Gate Gate Gate Initial | Rise | Fall Rise | Fall
# - Name Type [State [Delay | Delay|Decay |Decay
1 l1a MANT | Low | 5 51 4 T
2 ZA | MANT | Low 5 5
3 3A MANT | Low 5 5
4 4A MANT | Low 5 5
5 Lock-1-5 MAND ? 0 0
6 Lock-1-6 MAND ? 0 0
7 Lock-1-7 MAND ? 0 0
8 Lock-1-8 MANT ? 1 6 00 0
9 1B MANT ? 5 5
10 2B MANT ? 5 5
11 3B MANT ? 5 5
12 4B MANT ? 5 5
13 Lockup~1 MANT ? 5 5
14 Feed~1 MANT ? 5 5
15 | Feed-2 MAND | 2 0 0|
16 TG MCLK | 2 5 5 ‘ v
17 READ ROMS5 ? 1 1 | 109 100
18 GEN-3 GEN | Low
19 CP-2 GENF | High
20 cp-1 GENF | Low
Table 3-7
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The five-input read-only-memory was named READ and its
legic type named ROMS5, The logic type name used for a NEWGATE
or a read-only-memory need have no significance other than a name
by which it can be referenced. Such names may have 1 to 4 alpha-
numeric characters, but must not be identical to any of the logic
library names.

From the element desgcription list in Table 3-7 three lists of
rige and fall delay and decay times can be made. For the sample
MOS logic circuit these lists are illustrated in Table 3-8. The lists
are formed merely by listing each rise and fall delay and decay time
needed to describe the logic elements in the circuit, and assigning
an index number to each. A rise delay time of 7 and a fall delay time
of 3 are also defined in Table 3-8 to be referenced as the delays for
ROM's automatically delayed input (delay gate *CP-2). The index
numbers may be any whole numbers from 1 to 255, Note that the
component library truth tables in Table 3-3 allow holding modes for
MOR, MORT, MAND, MANT, and MCLK cumponent types, Ior the
sample MOS logic network the decay times are assigned as infinite
for the MAND, MANT, and MCLK element, and decay times need
not be specified., The ROM, however, does have holding modes, and
rise and fall decay times are defined,

fifPRODUCIBILITY OF THE
ORIGINAL PAGE T8 P&,

~26-



DELAY AND DECAY TIME SETS FOR THE SAMPLE
MOS LOGIC NETWORK

Rigse Delay Times and Index Numbers

Rise Delay
Index Timo
1 5
2 0
3 1
4 7
Table 3-8a

Fall Delay Times and Index Numbers

Fail Delay
Time

Index

A LI SR T SR
= O W

Table 3-8b

Decay Times and Index Numbers

Index Decay Time
1 109
2 100
Table 3-8c¢
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4. DATA CARD FORMATS

Now that the logic has been prepared, and the network has
been described, the data must be translated into a form to be input
to the LOGSIM programs, namely a deck of punched data cards. As
previously mentioned, only two of the LOGSIM programs require data
- card decks, the Preprocessor and the Postprocessor. Figures 4-1
and 4-2 illustrate the arrangement of data cards for preprocessing and
postprocessing. The following discussions illustrate the forms of the
data decks for the Preprocessor and the Postprocessor. A description
of each card and its format are presented in the order in which the
cards must appear in the decks. References will be made frequently
to examples of the data cards for the sample MOS logic network dis-
cussed in Section 3,

4.1 Preprocessor Data Cards

The following paragraphs describe all of the possible cards
which the Preprocessor can use.

4.1.1 Title {(NAME) Card - Optional

Des cription

If the user desires a particular heading to be printed at the top of
the preprocessing and postprocessing output documents, a NAME
card must be used to specify the heading, 1f this card is omitted,
the words LOGIC SIMULATION will appear as the hcading.

Format
Columns 1 - 4 - NAME - required.

9 - 72 - any descriptive heading,
Example

See Figure 4-3 for the data card coding for the sample MOS logic
network.

4.1.2 Control (CONT) Card - Optional

Des cription

The user may choose any of the following preprocessing and simulation

- 28 -
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LOGSIM PREPROCESSOR DATA CARD ARRANGMENT

#*QOptional Carda ‘

**Time Cards (DTMR, DTMF, and DCTM) may appear in any order
- provided they are in a group following the SPEC card.
**%xAt least one GEN or GENF must be specified.
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LOGSIM POSTPROCESSCOR DATA CARD ARRANGEMENT

/SLOT e

L el

*Qptional Cards.
**CMP and CMPF cards may appear in any order provided
they are in a group preceding the first PNT card.
**%xPNT and SLOT cards must appear in sets. At least one

PNT-SLOT set is required,

L.

\“ Y

Figure 4.2



DATA CARDS FOR PREPROCHSSING OF THE SAMPLE MOS LOGIC NETWORK

-16-
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options by listing them on the control card.

- Gate Loads Coennectivity List (FROMTO). Thie is the
option which indicates to the Preprocessor that the con-
nectivity list of the circuit should be printed.

- Initial Conditions Override (IGNORE). This option
instructs the Simulator to continue despite any indeter-
minate initial element levels. If not specified, the
Simulator will terminate if all initial states cannot be
determined,

- Inconsistent Level Check Override (NONCON) - This
option instructs the Simulator to continue even if the
initial gate outputs specified by the user are inconsis-
tent with those established by the Simulator, and in
such a case, to use those initial conditions specified
by the user. If the option is not specified, simulation
will terminate if there are any conflicting initial states.

- ROM Indeterminate Inputs Check (FOLLOW). This
option specifies that the Simulator, upon encountering
any indeterminate inputs to a read-only-memory, should
examine all possible output states to determine the
effect of these inputs. The ROM output will be consider-
ed indeterminate unless all possible cutputs are the same
state. If this option is not specified, the Simulator will
assign the ROM output as indeterminate any time it en-
counters an indeterminate ROM input. The time required
to perform this check may make selection of this eption
impractical for large ROM networks.,

- Simulator Qutput (CAZBUG). Normally the Simulator pro-
gram does not cause a document to be printed. However,
if this option is specified debug data will be output.
Normally the user would have little use for this option,
but it is included for the programmer's use,.

The five preprocessing and simulation options are specified by their
names: FROMTQO, IGNORE, NONCON, FOLLOW, and DEBUG. The
control card may be omitted completely, in which case it is assumed
that no options were desired.
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Format

Columns 1 - 4 -- CONT - required.
9 -16
17 - 24 - {any of the following option names
25 - 32 -{ FROMTO, IGNORE, NONCON,
33 - 40 FOLLOW, DEBUG
41 - 48

Any number of the options may be specified in any order. However,
the option names specified must be left-justified in one of the five
card fields listed above. : ‘ '

Example

For the sample MQOS logic network the op‘ﬁiO‘nvs FROMTO, IGNOR E,
and FOLLOW were chosen, See Figure 4-3,

4,1,3 Specifications (SPEC Card - Required)

Description

The purpose of the specifications card is to relay vital parameters

to the three LOGSIM programs. The information includes the time
unit, maximum simulation time, the number of gates excluding auto-
matically constructed delays and inverters, and the number of genera-
tors and generator functions., This is a required card, If it is omitted,
the Preprocessor will continue reading cards, searching for a SPEC
card. :

Format
Colus. s 1 - 4 - SPEC - required
9 -12 - time unit to be printed in time coclumn

on output, 1 to 4 alphanumeric charac-
ters, o '

Beginning col. 14 - maximum simulation time, number of
gates, number of generators., All are
required, listed in order, separated
by commas, with no internal blanks.

- Example .

For the sample MOS logic network the parameters are as follows:
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- time unit = MSEC (microseconds)
- maximum time = 1825
- number of gates = 17

number of generators = 3

Figure 4-3 iillustrates how these paramecters are listed on the SPEC
Card.

4,1, 4 Time (DTMR, DTMF, DCTM) Cards - Required

Description

The purpose of the time cards is to relay the complete lists of rise
delay, fall delay, and decay times to the program, These lists cor-
respond to the lists illustrated in Table 3-8 for the sample MOS logic
circuit, Each DTMR card specifies one rise delay iime and its index
number. The same applies to the DTMF and DCTM cards for fall
delay times and decay times respectively. For simulation to occur

at least one DTMR and one DTMF card must be present. The time
cards may appear in any order as long as they are all together follow-
ing the SPEC card,

Format

Columns 1 - 4 - DTMR, DTMF, or DCTM - required.

Beginning col. 9 - time index number (any whole number
from 1 to 255) and the time value.
Both are required, separated by com-
mas, with no internal blanks.

Example

Figure 4-3 illustrates how the information {rom Table 3-8 is trans-
lated to time card specifications for the sample MQOS logic network.
The user will note that the index numbers in one time set may he re-
peated in another time set. However, the index numbers within a set,
for example the DTMR set, must all be different. Thereby the user
is allowed 255 of each type of time card.
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4.1.5 New Gate Specification (NEWGATE) Cards ~ Optional

Description

As previously discussed, the specification of a NEWGATE is possible
when the logic types in the internal gate library do not apply to a logic
type in a circuit to be simulated. The user may think of a NEWGATE
specification merely as a means of extending the internal logic library.

The information required to specify a NEWGATE is simply a name
for the logic function, a special code, and the logic truth table. The
logic name may be 1 to 4 alphanumeric characters, as long as it is
not the same as a library gate type name or another NEWGATE name,
The user must specify a special code which indicates how the truth
table should be interpreted. Table 4-1 lists the special code charac-
ters to be used and their meanings. Tables 4-2, 4-3 and 4-4 further
illustrate the interpretation of the special code.

The NEWGATE truth table list may be up to 8 characters {(correspond-
ing to the entries in descending order in the output column of a truth
table diagram) in length, allowing for clocking of the logic, Each entry
must be one of the characters listed in Table 4-5,

Format
Columns 1 - 7 ~ NEWGATE - required
9 -12 - the logic name - required, 1 to 4 alpha-
numeric characters, left-justified in
the field.
14 - special code character from Tabis 4-1,
17 - 24 - 1 to 8 truth table entries, 1 character
each from Table 4-5, - required.
Example

Since the sample MOS logic network does not need any NEWGATE
specifications there is no NEWGATE card shown in Figure 4-3.
Figure 4-4a illustrates how a typical NEWGATE specification might
appear.,
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NEWGATE SPECIAL CODE CHARACTER

INTERPRETATIONS
NEWGATE
Special Code
Characters Interpretation
‘5 (blank) No special type. Truth table will
be interpreted in normal manner.
F Three input flip-flop. Truth table
interpreted as for library TSKF,
M Majority logic. See Table 4-2 for
truth table interpretation,
Any LOW sets. See Table 4-3.
Any HIGH sets. See Table 4-4,
C Five input flip-flop. Truth table in-
terpreted as for library CJKF.,

Table 4-1

MAJORITY LOGIC INTERPRETATION

Clock Inputs Qutput
All inputs LOW Q
Majority of inputs LOW Q,

Low Majority of inputs HIGH Q,
All inputs HIGH Q,
All inputs LOW Q5
Majority of inputs LOW Q

HIGH Majority of inputs HIGH Q-
All inputs HIGH Qg

Table 4-2

Note: If there are equal numbers of HIGH and LOW, the
Simulator will assign the output as indeterminate.
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"ANYLOWSETS" INTERPRETATION

Clock Inputs Qutput
Any LOW inputs Q3
LOW N/A Qz
N/A Qq
All HIGH inputs Q4
Any LOW inputs Qcf
HIGH N/A Qg
N/A Q4
All HIGH inputs Qq
Table 4-3
"ANY HIGH SETS" INTERFRETATION
Clock Inputs Qutput
All LOW inputs Q1
N/A Qy
Low N/A Q,
Any HIGH inputs Q4
All LOW inputs Qs
N/A Qg
HIGH N/A Q,
Any HIGH inputs Qg

Table 4-4
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NEWGATE TRUTH TABLE CHARACTERS =~

NEWGATE
Truth Table
Characters Interpretation
& Indetérrﬁin_afe state
0 (zero) LOW state
1 (one) HIGH state
S Same as current state
C Complement of current state
H Holding in current state
b (blank) No entry
Table 4.5
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EXAMPLES OF NEWGATE AND MULTICARD
ROM SPECIFICATIONS

Typical NEWGA TE Specifications

£ |orammtrst |
o | marmser 3

B 2 .
5

2 3 4 5 FRIEE I R N I R A T I I A L. L L )

=]

E NEwil M HHEHHO0001

B

Truth Table
Special Code Character
Logic Type Name

Figure 4-4a
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4.1,6 Read-Only-Memory Specification (ROM) Cards - Optional

Desgcription

A ROM specification, like the NEWGATE specification, may be con-
sidered an extension of the logic gate library. For a ROCM, however,
the specification is more flexible. For example, a ROM may have
any number of inputs, However, for large numbers of inputs, the
specification may become rather extensive. For 16 inputs there are
216 op 65, 536 truth table entries, requiring 1172 cards.

A ROM specification must include a logic name, the number of inputs,
and a truth table. The logic type name may be 1 to 4 alphanumeric
characters, but must not be the same as a library logic name, a NEW-
GATE name, or any cther ROM name, The ROM truth table is speci-
fied in the same fashion as a NEWGATE except that it must contain

the characters listed in Table 4-6, A ROM specification must contain
the exact number of cards required. The cards in a ROM specifica-
tion must be numbered, beginning with 1 for the first card. This
enables the user to easily maintain the order of the cards in the ROM
specification.

All of the cards in a ROM specification have the same basic format,
except the number of inputs must be specified only on the first card.
Each ROM card has space fo:r 56 truth table entries. All 56 spaces
must he filled for all cards it a ROM specification except for the

last card. Table 4-7 lists the numbers of truth table entries, the
number of cards required, and the number of entries on the last card,
for the specification of any ROM with 1 to 16 inputs.

Format (First Card)

Columns 1 - 3 - ROM - required,

5- 9 - card number (=1 for first card) - re-
quired, must be right-justified in the
field,

11 - 12 - number of inpuis - required, must be

right-iustified in the field.

13 - 16 - name of the ROM - required, | to 4
alphanumeric characters, lefi-justified
in the field.
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ROM TRUTH TABLE CHARACTERS

ROM
Truth Table
Characters Interpretation
e Indeterminate state
0 (zero) LOW
1 ( one) HIGH
H Holding in current state

Table 4-6
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NUMBER OF ROM CARDS AND TRUTH TABLE ENTRIES
REQUIRED TO SPECIFY A READ-ONLY-MEMORY
WITH "n'" INPUTS

Number Number of 20 Fntries Number Number of

of Truth Table | 56 Entries | of Cards | Entries on
Inputs Entries per Card Needed Last Card
n 2n

1 2 2/56 1 2

2 4 4/56 1 4

3 8 1/7 l 8

4 16 2/ i 16

5 32 4/7 1 32

6 64 11/7 2 8

7 128 22/7 3 16

8 256 4 4/7 5 32

9 512 91/7 10 8
10 1024 18 2/7 19 16
11 2048 36 4/7 37 32
12 4096 73 1/7 74 8

13 8192 146 2/7 147 16

14 16384 292 4/7 293 32

15 32768 585 1/7 586 8
16 65536 1171 2/7 1172 16

Table 4-7
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17 - 72 - 1 - 56 truth table entries, 1 character
each from Table 4-6, - required.

Format (Continuation Cards)

If more than one card is required, each additional card has the same
format as the first card except the number of inputs in columns 11-12
may be left blank. The truth table is continued on each card beginning
in column 17.

Examples

In the sample MOS logic network there is a five-input ROM which
must be specified. Referring to Table 4-7 the user will note that a
ROM with 5 inputs requires a truth table of 32 entries and can be
specified on one card. Figure 4-3 illustrates the necessary ROM
card where:

Card number =1
Number of inputs =5
Logic type name = ROM5

The truth table follows with 32 entries taken directly from the truth
table output column in Tabkle 3-6 and specified using the permissible
characters listed in Table 4-6.

Since the sample ROM specification requires only one card, an ad-
ditional example is presented illustrating a ROM specification re-
gquiring continuation cards. Figure 4-4b illustrates the specification
of a seven-input ROM, having 128 truth table entries and requiring
3 cards.

4,1.,7 Logic Gate Description (NET) Cards - Required

De scriEtion

NET cards are used to describe the types of elements in the circuit
which are in the logic library, NEWGATE or ROM categories. The
logic library and NEWGATE type NETs must appear in a group before
the ROM type NETs. Each NET card must include the name of the
specific element, logic type name from the library, NEWGATE, or
ROM names, the initial state, if known, rise delay time index, fall
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Typical ROM Specification for a Seven-Input Read--__(_)nly—M'emq_ry

Number of Inputs

Card Number

113 to 128 (16 entries
on last card)

£ [sratemeny |5 v
51 F wER 5
. LI, FEETE R B AT (TR P T L L R T t I/
RIOM - 1 7R1 | HOlL1HHOI 1|1 i[‘lt'uthﬁ'rable Entries
19]
1 2 R1 1 OHHH* 1H#* =Truth Table Entries
. . 7to 112
RIOM 3g| R'1 100 1_} H % ek Truth Table Entries

Logic Type Name

Figure 4-4b
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delay time index, and a list of the names of the gates which input to
that gate.

In the case of NEWGATE or ROM type gates rise and fall decay time
indices may be specified if the NEWGATE, or ROM has a holding mode,.
If not specified, decay times are assumed infinite. For any gate, if

the delay times are omitted, or given as zero, zero delay times are
assumed. Several words of caution are applicable at this point,

1) It is not permissible for the user to specify a gite with
zero delay times which feeds back into itself,

2) When the Preprocessor reads the delay and decay time
indices it interprets 4 integers in the order: rise delay
index, fall delay index, rise decay index, fall decay in-
dex.

If the user, for example, wishes to omit the fall delay index and the
rise decay index, he must specify them as zeros, or the fall decay
index will be interpreted as a fall delay index. The user may omit
any time indices at the end of the list of 4, without causing any mis-
interpretation.

The list of inputs to a gate must be in descending order of significance.
For example, in the clocked type gates in the library, the clock must
always be listed last, In sormne cases the input list may require a
continuation. The last input name on a card to be continued must be
followed by a comma. If it is not, the program assumes it is the end
of the list and will ignore a continuation card. When an automatically
constructed delay gate appears in an input list it must be followed by

a rise delay index and a fall delay index.,

Format (First Card)

Columns 1 - 3 - NET - required.,

9 - 16 - gate name - required, 1 to 8 alpha-
numeric characters, left-justified.

i8 - 21 - gate type name - required, 1 to 4 alpha-
numeric characters, left-justified cora-
responding to a library, NEWGATE, or
a ROM type name.
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23 - initial state - optional, one character
from Table 4-.8. If omitted, gate's
initial state interpreted as indeterminate
by the Preprocessor.

25 - 40 - list of time indices - optional, in order:
rise delay index, fall delay index, rise
decay index, fall decay index; must
begin in column 75, be separated by
commas, with no internal blanks.

The time indices are the same zs
specified on the DTMR, DTMF, and
DCTM cards. '

41 - 72 - input names list - required. The names
must begin in column 41, be separated
by commas with no internal blanks, If
a continuation of the NET is to follow,

a comma should follow the last name on
the list, (A name must not be split
between cards.)

Format (NET Continuation Cards)

Any continuations must follow the card being continued.
Columns 1 - 4 - bbbbh (blanks) - required,

8 -172 - input names list in sam<~ manner as for
the first card,

Format (Delayed and Inverted inputs)

Automatically constructed delays and inverters are defined in the
input list. If, for example, a delay of some GATE-A is to be listed
as the nth input, it appears as follows in the input list.

input n-1, *GATE-A, X, Y, input n+l

where: X and Y are the rise and fall delay indices. The Preprocessor .
automatically constructs a delay gate and names it *GATE-A, Also,

for example, some inverter GATE-B is to be listed as the nth input, and.
would appear in an input list as follows.

input n-l, /GATE-B, input n+l
;46_
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CHARACTERS REQUIREEL FOR LEVEL SPECIFICATION
ON NET, GEN, AND GENF CARDS

NET, GEN, &

GENF Level _

‘Characters Interpretation
* Indetermirate state
L LOW
H HIGH

Table 4-8
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The Preprocessor constructs an inverter named /GATE-B, and
assigns it a zero delay time,

Because of the manner in which delay gates and inverters are named,
automatically delayed or inverted gates must have a name not exceed-
ing 7 alphanumeric characters.

Fxample

Figure 4-3 illustrates all of the NET cards required for the sample
MOS logic network. These cards were coded by referring to the
circuit diagram {(Figure 3-1), the element description list (Table 3-4},
and the lists of delay and decay times (Table 3-5), The user will note
that the ROM type element is the last NET specification, It has among
its inputs a delay gate, *CP-2, with rise delay and fall delay indices
of 4 and 5, and an inverter/2B,.

4,1,8 Generator Description (GEN) Cards - {one GEN or GENF re-
gquired)

Descrip_tion

The purpose of GEN specifications is to inform the program that
certain elements in the circuit are active devices and are generating
a signal to the rest of the circuit. In other words GEN cards specify
the input signals driving the circuit.

A GEN specification must include an initial state for the generator,
the name of the gencrator element, and a set of generator level
changes and change times. The name of a generator element follows
the same rule as for other elements in the circuit, It is permissible
to continue a GEN specification to more than one card, if the list of
change times and level changes is lengthy. An unlimited number of
generator changes may be specified,

Format (First Card)

Columns 1 - 3 - GEN - required.

7 - one character initial state - required,
from characters listed in Table 4-8,

9 - 16 - name of generator - required. The
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name is 1 to 8 alphanumeric characters,
or 1 to 7 characters if output is to be
automatically inverted or delayed. The
name must be left-justified in the fiel-,

18 - 72 - list of generator change times and levels -
required, The change times must be
whole numbers, and the levels are any
of those from Table 4-8, They are listed
in the following manner :

time 1, level 1, time 2, level 2, etc.,
separated by commas, with no internal
blanks. The last level in the list must
be followed by a comma if the list is

to be continued on the next card, It

is not permissible to split a time-level
pair between two cards,

Format (Continuation Cards)

Columns 1 - 4 - bbbd (blanks) - required.

9-72 - continuation of the time level list in
same manner as for the first card.

Example

The GEN specification required for the sample MOS logic network

is illustrated in Figure 4-3. Referring back to the generator timing
diagram illustrated in Figure 3-2, note that the generator has an
initial state of LOW. It changes to 4 HIGH at time = 78, to a LOW

at time = 108, and so on. Hence the generator changes list is written
as follows:

78,H,108,L,138,H,139, L,
as shown in Figure 4-3.

4.1.9 Generator Function Description (GENF) Cards - (one GEN or
GENF required)

Description

The GENF description cards pertain to those generator elements which
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behave in a periodic manner, The GENF specification must include
the name of the generator function element, the initial state, the time
at which the periodic pattern begins, the sequence of changes within
one period, the time interval between each change, and the num-

ber of repetitions of the period. The sequence of changes within one
period may be of any length and may require more than one card.

Format (First Card)

Columns 1

4 - GENF - required,

7 - one character initial state - required,
from Taoble 4-6,

9 - 16 - generator function name - required,
The narmne may be 1 to 8 alphanumeric
characters, or 1 to 7 characters if the
generator function is to be automatically
delaved or inverted. The name must he
left-justified within the field,

17 - 20 - number of repetitions of the period - re-
quired. It must be a whole number, of 1
to 4 digits, and must be right-justified in
the field,

2t - 30 - starting time of the periodic pattern -
required. It must be a whole number,
of 1 to 10 digits, and must be right-justi-
fied in the field.

31 - 38 - time interval between level changes - re-
quired. It must be a whole number, of 1
to 8 digits, and must be right-justified
within the field.

39 - 72 - sequence of level changes - required.
Each entry in the sequence is one character
from Table 4-6. All entries are listed
like a truth table; i.e., side-by-side with
no separating commas.

Format (Continuation Cards)

The sequence of level changes may be continued on as many additional
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cards as necessary, in the following manner:
Columns 1 - 4 - bbbb (blanks)} - required.

9 - 72 - continuation of the sequence of level
changes in the same manner as on the
first card.

Example

The sample MOS logic network has two generator function elements.,
The waveform of each is illustrated in Figure 3-2., Examining the
first one (Figure 3-2b) the following are obvious:

initial state = HIGH

function.starting time = 25

1

number of repetitions = 18

However, the periodic level sequence and tirme interval between changes
are not so obvious. The level sequence appears to be LOW-HIGH, but
there are two time intervals between changes, 25 and 75, The level
sequence must be adjusted so there is only one time interval. This is
done as follows:

level sequence = LOW-HIGH-HIGH-HIGH

time interval = 25
Although there ig no such thing as a HIGH to HIGH level change it
must be expressed in that manner so that there is only one time inter-
val. With this in mind the following information can be expressed

from the waveform (Figure 3-2c) of the second generator function:

initial state = LOW

It

function starting time = 50

number of repetitions = 18

level sequence = HIGH-LOW-LOW-LOW

time interval = 25
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Figure 4-3 illustrated how this information is expressed as GENF
specifications.

4,1,10 Logical Unit Change (CHANGE TO) Cards

Descrigtion

As previously mentioned, the data input to the Preprocessor need not
be limited to the card reader., The CHANGE TO card allows the data
to be read from any other input device. A logical unit number is speci-
fied on the CHANGE TO card which instructs the program to read the
next data record from the specified logical unit, A control card must
be included in the job setup assigning the logical unit numbers to the
desired devices.

Format

Columns 1 - 9 - CHANGE TO - required,

Beginning col. 11 - logical unit number assigned to the
desired input device.

Example

Assume that a user wishes to access a magnetic tape file for all of

the delay and decay time sets (DTMR, DTMF, and DCTM specifica-
tions) and read all of the other data fro— cards., Also assume the tape
logical unit number assignment is 72 ana the card reader is 105. 'The
following illustrates how the data :s read .nd where the CHANGE TO
records must appear.

NAME, CONT, and SPEC cards '
CHANGE TO 73 >  Punched Cards

AN

DTMR records
DTMPF records > Tape Unit }73
DCTM records

CHANGE TO 105

. :

ast record on tape

TL.ast card

-52.



Remaining data Punched Cards
Unit #105
In short, the last record read before an input device change must be
the CHANGE TO specification, and data input in a form other than

punched cards must be of the same format as for cards,

4,2 Postprocessor Data Cards

The following paragraphs describe the Postprocessor data
cards.

4.2.1 Control (CONT) Card - Optional

De s-crietion

The Postprocessor, like the Preprocessor, has a control card for
the specification of options. The following postprocessing options
may be chosen:

- Preprocessor Input Data List (PREPIN). This option
instructs the program to read the Preprocessor input
data records from the data tape and output them in a list.

- Postprocessor Input Data List (POSTIN)., This option
causes the program to generate a list of the postprocess-
ing input data,

- Spike Condition Messages (SPIKE). This option instructs
the program to generate a message whenever a spike con-
dition is encountered in the events simulated,

- Output Termination for Compare Mismatch (COMITOP).
The Postprocessor performs spot checks on a gate's out-
put in response to a compare {CMP)} or compare function
(CMPF) specification., In the normal mode of operation,

the Postprocessor generates a descriptive message for each

mismatch and continues executing, The COMSTOP option
is used to force the Postprocessor to stop execution when
a mismatch is encountered.

- Initial Conditions List (INITIAL). This option causes the

initial conditions of all of the circuit elements to be out-
put immediately preceding the first timing diagram. If
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this option is not specified, the initial conditions are out-
put only for the gates which are included in the timing
diagrams.

The five postprocessing options are specified on the control card by
their names: PREPIN, POSTIN, SPIKE, COMSTOP, and INITIAL.
If the CGONT card is omitted, the program assumes no options were
desired.

Format
Columns 1 - 4 - CONT - required.
9 -16
17 - 24 any of the following option names:
25 -« 32 - < PREPIN, POSTIN, SPIKE, COMSTOP
33 - 40 INITIAL.
4] - 48

Any option may be specified in any order, but each must be left-
justified in one of the five data fields specified above.

Exam Ele

The control options selected for the sample MOS logic circuit were
SPIKE, PREPIN, and POSTIN. Figure 4-5 illustrates the control
card.

4.2,2 Character (CRCT) Card - Gptional

DescriEtion

The character card allows the user to choose the character used on
the timing diagram to represent each level: indeterminate, L.OW, and
HIGH. 1If the CRCT card is omitted, the timing diagram will be out-
put with the following characters:

indeterminate level

=
"

LOV level

H = HIGH level

’ ‘A rl‘-‘f (J}.“‘ '1-‘1{1-:‘1
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DATA CARDS FOR POSTPROCESSING OF THE SAMPLE MOS LOGIC CIRCUIT

e FORIRAN STATEMENT o
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Fonnat'

Columns 1- 4 - CRCT - required.
9 - ome character representing indeterminate
levels,
10 ~ one character representing LOW levels.
11 - one character representing HIGH levels.
Examgl_e

The sample MOS logic circuit used the following characters:
- (dash) = indeterminate
I (vertical line) = LOW
+ = HIGH

Figure 4-5 illustrates the format of the CRCT card.

4.2.3 Character Shift (SHFT) Card - Optional

Description

The SHFT card allows the user to indicate the direction the characters,
specified by the CRCT card, are to he shifted. The characters used

to specify the shift are L for left and R for right. For positive logic
the LOW character is normally shifted to the left and the HIGH charac-
ter to the right, so that when the timing diagram is rotated 90° counter-
clockwise, with time increasing from left to right, the HIGH levels

will be above the LLOW levels. The opposite can be done for negative
logic. If the SHFT card is omitted, all of the characters are printed

in the left of the column and the output appears as straight lines.

Format
Columns 1 - 4 - SHFT - required.

9 - L or R for indeterminate character
shift direction.
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10 - L or R for LOW character shift direction.

11 - L or R for HIGH character shift direction,

Examele

For the sample MOS logic network the following shift scheme was
chosen:

indeterminate character (-) shift = L

LOW character (|) shift = L

HIGH character (+) shift = R
Figure 4-5 illustrates this shift specification.
4.2.4 Level Comparison (CMP) Cards - Optional

Descrigtion

The user may spot check the level of a certain gate at a given time
with a CMP specification. The compare specification instructs the
Postprocessor to check a particular gate for a given level at a speci-
fied time and generate a message in the case of a mismatch. A CMP
card must include the name of the circuit element to he checked, the
time, and the level to which its output is to be compared, The user
may specify up to 100 comparisons in the CMP form.

Format
Columns 1- 3 - CMP - required

9 - 16 - mname of the circuit element - required,
left-justified in the field,

17 - 26 - time of comparison - required. Must
be a whole number of 1 to 10 digits,
right-justified in the field.

27 -~ level - required. The level must be -
one character, corresponding to the
CRCT specification,
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Examgle

The following were chosen for the sample MOS logic circait:
- Check READ for the + level at time = 1825
- Check GEN - 3 for the + level at time = 100
Figure.4-5 illugtrates these CMP specifications.
4,2.5 Compare Function (CMPF) Cards - Optional

Description

A compare function (CMPF) can be specified to make spot comparisons
according to a specific pattern. The CMPF specification must include
the name of the circuit element to be checked, the starting time for
the comparison pattern, the time intervals between comparisons, a
sequence of levels to he compared to the output of the element, and

the number of repetitions of the checking sequence, The user may
specify up to 100 compare functions in one postprocessing run. Like
the comparison (CMP) operation, a message is printed only if there

is a mismatch.

Format
Columns 1- 4 - CMPF - required,

9 - 16 ~ mname of the circuit element - required,
left-justified in the field.

17 - 20 - number of repetitions - reguired., It
must be a whole number of 1 to 4 digits,
right justified in the field.

21 - 30 - starting time -~ required. It must be a
' whole number of 1 to 10 digits, right
justified in the field. '

31 - 38 - time interval between comparisons - re-
quired. It must be a whole number of
1 to 8 digits, right-justified in the field,
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39 -70 - sequence of level characters - required,
It must be a whole number of 1 to 8 digits,
right-justified in the field,

Example

A CMPF was specified for the sample MOS logic circuit to monitor
the cutput of the delay gate *CP-2 for the levels: LOW, HIGH, HIGH,
and HIGH at times 28, 57, 86, and 115, Figure 4-5 illustrates this
CMPF specification,

4.2.6 Output Print List (PNT) Cards - Required

Description

The PNT cards define the format of the timing diapram by specifying
the circuit elements to include in the diagram, and the order in which
they are to appear. A timing diagram can accommodate up to 40 col-
umns of output with each column corresponding directly to a circuit
element specified on a PNT card. Since a single PNT card can specify
8 circuit elements, a maximum of 5 PNT cards may be required to
complete the definition of a timing diagram.

To facilitate the interpretation of a titning diagram and to emphasize
particular elements within the diagram, a circuit element or group
of elements can be isolated from other timing diagram outputs by
specifying blank colummns within the diagram. A blank column can he
generated by specifying the word SKIP on the PNT card in place of a
circuit element name,

An unlimited number of timing diagrams can he defined with PNT cards,
but each set of PNT cards defining a timing diagram must be followed
by a set of SLOT cards of the format described in Section 4, 2. 7.

Format
Columns 1. 3 - PNT - required.
9 - 16 O
17 - 24
25 - 32 element names or SKIP for blank
33 - 40 column. The name or SKIP must be
4) - 48 ¢ % left-justified in the fields. Blank fields in
49 - 56 the list are not permissible.
57 - h4
65 - 72
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ExamE__le

For the sample MOS logic network there are two sets of PNT and
SLOT cards, as illustrated in Figure 4-5. Each set corresponds to
a separate timing diagram.

The first set of PNT cards defines a timing diagram containing every
element in the circuit, starting with gate 1A in the first column and
ending with CP-1 in the last celumn. The SKIP notation generates
blank columns in positions 5, 10, 15, 17, 21, 23, 26, 27, and 29.

The second PNT set defines a timing diagram for only the generators,
generator functions and the unloaded gates, READ and LOCK-1-8 (see
Figure 3-1). Blanks are forced in columns 2, 4, 6, 7, and 9,

4,2.7 Output Time Slot (SLOT) Cards - Required

Description

The SL.OT cards define the time periods for which the timing diagram
is to be printed., A set of SLOT cards is required for each timing
diagram and must immediately follow the PNT cards. Each SLOT card
may specify up to three time periods with each time period defined by
a start time value and an end time value. From 1l to 50 time slots may
be specified for each timing diagram on as many SLOT cards as neces-
sary.

Format

Columns 1 - 4 | - SLOT - required,
11 - 20 - start time of first slot, rig ht-fj_ustified.
21 - 30 - end time of.ﬁrst slot, right-justified.
31 - 40 - start time of second slot, ri_g-ht-'u_s_tiﬁed._.
41 - 50 - énd time of second slot, right-justified.

) 51 - 60 | ' - start time of third slot, ﬁgh’t-juéti_ﬁed. :

61 - 70 ) - end time of third slot, right-juetified,
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Example

For the sample MOS logic network, the SLOT specification for the
first timing diagram lists only one time slot, from 0 to 1825 (the
maximum time}. The SLOT specification for the second timing
diagram indicates the diagram is to be output for four time slots:
24 to 500, 501 to 1000, 1001 to 1500, and 1501 to 1825,

]
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5. LOGSIM OQUTPUT INTERPRETATION

This section discusses and illustrates the printed output supplied
by the Preprocessor and Postprocessor portions of the LOGSIM Program,
The output of the Simulator is not presented to the user for review but
is passed directly to the Postprocessor by way of magnetic tape or disk.
The sample MOS logic circuit previously presented is used to illustrate
each type of LOGSIM printed output.

5.1 Preprocessor Qutput

The Preprocessor printed cutput serves as a permanent descrip-
tion of the circuit simulated, The output consists of the following five
major sections:

o Input Data Page - Each input data record is printed accom-
panied by an appropriate "format-check' header.
Figures 5-1, 5-2, and 5-3 illustrate the data card
printout for preprocessing the sample MOS logic
circuit,

o} Input Diagnostic Page - If input data errors are detected,
the errors are listed and the program terminates.
Figure 5-4 illustrates the format of the diagnostic
page for a circuit with no input data errors,

o Options and Specifications Page - An options and speci-
fications list is compiled and output to enzhle the user
to determine if the proper circuit elements have been
preprocessed. Figure 5-4 illustrates the options and
specifications list compiled for the sample MOS circuit.

D Delay Gates and Inverters Page - Delay gates and inverters
automatically constructied by the Preprocessor are listed.
Figure 5-5 illustrates the printed output generated for
the delay gate and inverter constructed for the sample
MOS logic circuit,

o Connectivity List Page - The Preprocessor generates,
as a user option, a connectivity list showing each
circuit element and all the circuit elements loading
it. The connectivity list for the sample circuit is
illustrated in Figure 5-6,
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- -{Rise-Delay Index,
all Delay Index,
i3& Décay Index,
nd Fall Decay

% Data Card Images

delayed with rise delay
indx of 4 and fall
delay index of 5,

Gate 2B automatically

_*% Data Card "Format-Check' Headers

inverted.

NET 1A MANT L 3at _ TGsLBCKUP=1,FEED=1 a@[:j) S ) N . e
YEY T T 2R TRMANT [ Tied 13,CPa1 ]
NET _____3A MANT L 12t . ___ . EBsCPsl } e - — o —
NET ba waNT (101 38,CPa1
NFT LBCKw1 =5 MAND o 242 LQ%KQE:L_WF__.__-_v,"_
NFT LACKmi=6 MAML » 2,7 LBCK=1=5 :
[ feET Lsckeiey mana v 2ep LBCKe1~6 s s .
NET LOCKe1=B HaNDL = 373 LBCKe1=7 isted ast.
| {NET 1B MANT e 1a1 dAaCPe2 ) ] o
NET 2R MaNT = 121 2AsCPw2
NET 38 MANT » 1,1 34sCP=2
NET #B MANT & 1214 4AsCP=2
__INET  LBCKUP=y MaNT e 1,1 48,18,28,384CP~2) e S
NET T FEEDe1 MANT "= 141 3As48,0P=2
] gg}_ ;EED-E MED ® 2,2 HA,38- i
INET T TTTYS TOTMELK e Tiat T - FEEDeRsCPe2
NFT READ _REMS Grusts 2y 1A 'IBJEN‘:‘l Gate CP-2 automatically ! . _ o o . __

Figure 5-2
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PREPROCESSOR PRINTOUT : GEN AND GENF INPUT DATA (SAMPLE MOS LOGIC NETWORK])

I TTess GENERATAR SPELTFITCATTONS saw

enses [HGIC STNULATISN BF THE SAMPLE MYS LBGIC NETWBRK sdses

_ JINTTTAL STAYE @ 4, NAME = [, TIMES » Ta LEVELS o D
®E AGFN A Baswoeaw| CoDsColslaDenveslETCS!?

..-------.--..---.-.------..—.----n--—-.---...-.-.---------.------.--.----.-.--.

= GEN L GENe3 Fhara 10821 2138,ms135,L
| = RFN L WEUTa 0 _seiTe ' Rt

eusse LBGIC SIMULATIEN BF THE SAMPLE MOS LOGIC NETWORC eeess

##s GENERATAR FURCTION SPECTFICATIONS eas ~ ‘ T Lo T T

[ T JINITYAL STATE & A, NAME = 8, » BF REPITITIONS » C, 15T TIME = D, INTERVAL ® £, LEVEL SEQUENCE » F
** AGENF A Hesesau]|oel|vmmanaseDfomnneart ssasstFTCE)

b.--—----'9--.-----...----.-..-..------'--.....--'.-------..-----.---'.---—-..-0

* GENF H CPep

+ GFNF L CP=i

.18
18

25
50

25LLLm
25HLLL

* Data Card Images
*% Data Card "Format-Check' Header

Figure 5-3
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PREPROCESSOR FRINTOUT : INPUT DATA DIAGNOSTICS PAGE AND OPTIONS AND SPECIFICATIONS LIST
{(SAMPLE MOS LOGIC NETWORK)

®*evds LBGIC SIMULATIBN BF THE SAMPLE MUS LBGIC NETWBRK seeees e
7 a%e ERRAR CHECK eée T TT T T T T T
SR e e _ . . L - e e e
N§ ERRORS WFRE_FOUND. PREGRAM WILL CONTINUE. o e L _ »
*eete |BGIT SIMULATIGN BF THE SAMPLE MBS LOGIC NETWORK eesss .
T wee GPTIUNS AND SPECIFICATIANG ewe =~ — 7 7 oo T mmm e e o rm e e
INDETERMINATE INITIAL CONDITIONS WILL BE IGNOBREDe - ———————————— | IGNORE Option specified| .
_GATE LSADS CONNECTIVITY LIST WILL BE PRINTED. <~ . NONCON Option specifiedt = =  ._ ..
_ AN ATTEMPT WILL BE MADE T% ESTABLISH VALUES FAR INDETERMINATE RBM INPUTS-"—&:Q;.LQE Option sEciﬁedi - e
[ WAXITMOM SINULATION TIME » 1825 T T omTm o . TTemrom oo - T T e
TIME UNII - HSEC T oTmTmEme T T - T - o corTrmmEmemmemm e s
|~ 17 LBGIT GATES WERE SPECIFIED, 17 WERE READ. ~— 7 o T T T T T T e
‘ GENS AND GENFS WERE SPECIFIEDs 3 WERE READe
T T DECAY GATES WERE CBNSTRUCTEDW T T T TtooTrTmo Tmemem T
[ T { INVERYERS WERE CONSTRUCTEDG 77~ "7 -7 T ommm e ey T T T T T
. YeTAL ELEMENTS IN THE CIRCUIT w 22 T R -
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PREPROCESSOR PRINTOUT : LISTS OF DELAY GATES AND INVERTERS AUTOMATICALLY CONSTRUCTED
(SAMPLE MOS LOGIC NETWORK)

sssus LBGIC STMULATIAN O8F THE SAMPLE MBS LOGIC NETWARK stass

s8s CELAY 3ATES CONSTRUCTED swe
NAME " INPUT INITIAL STATE =

N e R AN USSR NN S ra S ey .-

oCP=2 TP=2 i B T
[ 77T T %4« IRVERTERS CENSTRUCTED wws ooy o T - T - T - -
77 TTRAME T TUINPUT T 7 INITIAL STATE o+ T T - - TooTr Ty . - T T T
";;;"""'";;""'.'.'_:.'_"""':“"'“' i i e i m— e e e e —

Figure 5.5

( - - SN e e e e e
_ _* INITIAL STATE REPRESENTATION
_ % = indeterminpate
e =m0 = LOW - - e =
1 = HIGH
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PREFROCESSOR PRINTOUT : CONNECTIVITY LIST (SAMPLE MOS LOGIC NETWORK)

_ wsess LBGIC SIMULATIEN OF THE SAMPLE MUS LBGIC NETWERK

wos GATE/LGADS CENMECTIVITY LIST e

TGATE T L9ALS

T Y P T Y L TP

. S 1)
READ
2a 28
3a 38 o T h
e FEED=%
WA 48
FEED=2
LeCK=1=5 [8CK-1«6 — A
Lalkel=g LSCKei=7
T LBLKel=7 LACK=1«8
LuCKeT~8 ~  {&8T LSa2EDY.
18 2A
LBCKLP=1
READ
T 28 3A
LBCKGP=1
/26
i WA
LaCKUP=1
FEED=-2
) LACKLPal
FEED=1
LBACKLP=] 1A
T LSCK=1a5
FFED=] 1A
FFED-2 16
{ 14

*euws LBHGIC SIMULATIES BF THE SAMPLE MUS LBGIC NETWORK

ess GATE/LHADS CHNMEETIVITY LIST sew

GATE

LBADS

SupuRpe s ANTsErTER L

RFAD

(NBT LBADED) +

eCP-2
/28 READ
GFN=j

CPeg 1B
28
|
487
LACKUP=}
FEED=1
TG
*CPa?

Cpel 1A
2A
34
& A

# Network elements with no loads

(network vutput nodes).




5.2 Postprocessor Output

The Postprocessor printed output describes the input data and
setup of the program, and illustrates the results of the logic simulation.
The output consists of the following six major sections:

o Postprocessor Input Data Page - The Postprocessor outputs
images of the input data cards, along with any diagnostic
messages pertaining to the data. Figure 5-7 illustrates
input data listing for the sample MOS logic circuit, The
generation of the input data page output is a user option
controllable by the POSTIN option on the Postprocessor
control (CONT) card.

o Preprocessor Input Data Page - Images of the Preprocessor
data cards are passed to the Postprocessor and listed by
the Postprocessor if the user specifies the PREPIN option
on the control (CONT} card. This printed output allows
the user to generate a complete reference to the simula-
tion run entirely within the Postprocessor output listing,
Figure 5-8 illustrates the Preprocessor input data paje
for the sample MOS logic circuit.

o Options List Page - The Postprocessor generates an options
list identifying the options specified on the Postprocessor
control (CONT) card. Figure 5-9 illustrates the optirns
list page for the sample MOS logic circuit.

o lLevel Comparison and Compare Function List Page - The
Postprocessor generates a printed ouilput describing any
level comparisons (CMP specifications) and any compare
functions {CMPF specifications)., Figure 5-10 iilustrates
the CMP and CMPF specifications for the sample MOS
logic circuit,

o Print Matrix Page - A print matrix page appears before
each timing diagram, listing each element name on the
timing diagram and the time siots which the timing dia-
gram encompasses. Since a timing diagram may consist
of up to 40 output columns, there is not a sufficient amount
of space to print each element name above its respective
output column., Therefore, each column is numbered and
related to a particular element name by the print matrix.
The print matrix for the first timing diagram of the sample
MOS logic circuit is illustrated in Figure 5-11,
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POSTPROCESSOR PRINTOUT : INPUT DATA (SAMPLE MOS LOGIC NETWORK})

| Program NAME header

| (seves LBGIC SIMULATIEN BF ThE SAMPLE MPS LBGIC NETWBRK .-...)-g_————pmud_bﬁ e L

e e @ PEITPROCESSER INFUT DATA swe - T ToTTTTT T
S Selection of POSTIN option { e — .
FCaNT SPIKE = FREPIN -« mplements this page of

CRCT bl g rintaut

SHF T LR

CHpP READ 1825+ . o — -3
CHP —— GENag~ ——— {80%" ' - - - e e _

[CnPF ecPe2 1 28 291ees L S

PNT/SLBT INPUT DATA SET w1 e L 3

= <

PUT A 24 34 A SK1P LBCK=15L8CKa =L BCKa] -7 o )

PLY ‘éﬁ’CKTF-BSKrP I ER 28 38 4B ! SKIP ' Lacxué-x PNT and SLOT card set

PNT skip FEED=-1 FEED=-2 TG SK1P READ SK]P *CP=2 for first timing diagram l .

PNT = T /287 G&KIP T sK1P GEN»3 SKIP CFe2 CP=i

sSL8Y 0 1825 L I R _ e

— e #* Data Card Images I e e e e

Figure 5-7
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POSTPROCESSOR PRINTOUT : PREPROCESSING INPUT DATA {SAMPLE MOS LOGIC NETWORK)

sases LOGIC SIMULATIEN OF THE SAMPLE MUS LBGIC NETWSR« esves

«se PREPROCESSER INPLT DATA ese

cTMF
DETh

[ RFRF T &, T T T

5,3

TOTBITRTT T LIRS T

2,109

CanY FROMTE IGNBRE FOLLBW
SpEL” MSEC 825,173
JTMR 1,5
- YRR =5 e e e = —
DTMR Ja1
DYAR 7 e.7T
TTMF 128
T T DIME T 2,0
DTMF k'S

— T RER 1T SREME e RITOHIHHOl «¥HHGT0T1010 eat 11111

NET 1A MANT L 1s1 TG,L8CKUP =1 ,FEED=1sCP=1
:E; g: :::; t 1'% ég’ E;"i Preprocessor data record
» rl - - : Py |
= NETTT TTRAT T OMANTL 1a177 7 7T TUaB,ERet T T T p— S— ;W*PF‘”“““’“P‘“"*‘*“
NET LACKe1e5 MANG = 222 LBCKUP=1 y selection of -Pos_tproceuog
TURET T [BCK=1e6 MAND #Tp3 T 7T T L&CK=1~5 T 77 - T [PREPIN PESEFain control option.
NET LBCKe]=? MaNL # 2,2 LOCKet=6 .
weY LBCKe1+8 MaAND « 323 LBCKei*7
NET iB JANT & 1,1 . lACPe2 o U S
NET 28 MANT » 121 ZhsCP=2 '
CUNeT 38 MANT e a1 - 3hsCP2 - R
NET 48 T MANT @ 129 8AsCP=2
NET LOCKUP«t MANY & 1,1 _ 4Ba18s2B23B9CPe2 N _ e _ e
T NEY T TFEEBet . MANT ® a1 T T 7T T 3hseB,LP=2
NET FEEDes2 ™MAND @ 3,2 4A23B ) e
. L S - T o O A P X | FEEDw2sCP=g
NFT READ REMS * Jsuafe2 1As72Rs1Bs#CPe2,4,5,GEN] . el
SEN T L GEMe3 7R2Fs1D32L#138,H2 1390
GENF h Cpewp 18 25 25LLLH . - . e
GENF L CP=1 ~ 18 50 | 2sHLLL _

Figure 5-8
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POSTPROCESSING PRINTOUT : OPTIONS LIST (SAMPLE MOS5 LOGIC NETWORK)

*rees LEGIC SIMULATIAN BF THE SAMPLE MUS LBGIC Ne(WORK sesas

| et 3PTIONS SPECIFIED e
SPIKE W3TICES .ILL 32 PRINTED = SPIKE option selected . R e =
. _LEVEL COMPARISuNS wILL BE USED }.‘_ — . N .. CMP and CMPE Specifications present
CBHMPARE FUNCTIANS WILL 3E USED ‘ - —
NSTICE 15 PRINTED «HEN BUTPUT DBES NBT CBMPARE™ OMS TOP option not selected
PREPRBCESSER I'.PUT JATA 5 PRINTED— PREPIN option selected -~ e -
S AATA TS FrRINTEL
PYSTPRBCESSBR INPUT DATA IS PRINTED= POSTIN option selected
e —— — - L e e 4
~
. e e e e e - — e e _—
| e .
—— —— . ihm—— = —— e e e - - - - — — —

Fipure 5-9
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POSTPROCESSOR PRINTCUT : LEVEL COMPARISON AND COMPARE FUNCTIONS LIST
{SAMPLE MOS LOGIC NETWORK)
sanes |LBGIC SIMULATION BF THE SAMPLE MUS LOGIC NETHWORK s®ese
| ®ee COMPARE 15T wes o e
GATE NAME CSMPARE TIME LEVEL L . " y L e
WAV - 1aéh + T Tomrmmmm e - o R
| _GFN=3 - 100 4. e .
i
-J
o
]
o
) : ) . .
*_;': -y esven LOGIC STMULATIEN 9F THE SA4PLE MUS LBGIC NETWORK s#tess e
o
S v *4s COMPARE FUNCTIGN LIST wee . - . e e et e
'
! ‘3  GATE NAME REPITITIONS FIRST TIYME INTERVALS LEVEL SEQUENCE
i ];:I L L L L L T L L L R T T e e T L T L T I T L
,3 a stpea T U107 T aa 29 | +és - ST Tt T e
i
o)
L]
Eopd
33 b
Figure 3-10
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POSTPROCESSOR PRINTOUT : PRINT MATRIX FOR FIRST TIMING DIAGRAM (SAMPLE MOS LOGIC NETWORK)

__Wweses |BGIC SIMULATION 8¢ THE SAMPLE MUS LBrIC NETWORK sesen

*en FRINT MATRIX swe "The print matrix numbers refer
: ! o\ to the column heading numbers
ff:f,fffﬁ_.@‘ representing each respective
lement's output on the timing
Ta 1 iagram beginning on the - o oo T
Z2A 2 ollowing page.
3a 3 )
ba 4
SKIP
LBCK={ =5 5
LACK-1 =8 13
LACK-1=7 7
LACK=1=8 8
skIP
iB 9
..ge;s8 . __ 10
28 i i i
48 L e o SKIP s appear wherever blank | — e
Sk”&l - jcolurans have been specified
RO A R [ on the PNT cards. Notethat | . . .. - .. e -
FgED-.I 1“‘ the blank colurnns are not i
TTTFEEDSZ 15 T T T *”““*rtmﬂrered'." e -
1...%8 M e R |
sklpP -
READ 17 " e
eI T T
___tCPe2 3 - e S USSP |
T8 T T T e
) sKlpP . ) e
T UgkTe TmrT
GEN=3 20 . s ——
sl © ot
) CPe2 24 i . L e O, i
| CPel ’ 22 -
L7 YTHE SL8YS T8 BE PRIETED T T T T et s T T T Tt T
T T UBYARY TIPES O END TIME Tt B Toon mTTrTTem T o -
. .o o.lges . —_ . _

Figure 5-11



Timing Diagram Page - The final output of the Postprocessor
is a series of timing diagrams, each preceded by a print
matrix. The timing diagrams illustrate the results of the
logic simulation, Figure 5-12 presents the first page of
the first timing diagram for the sample MOS logic circuit.
The characters -, 1, and + denote indeterminate, low,
and high-respectively,
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¢ FIRST PACGE OF FIRST TIMING DIAGRAM {SAMPLE MOS LOGIC NETWORK)
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