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SECTION 1

INTRODUCTION

A computerized logic design procedure is presented for a specially
developed computer program that performs all the work required for the
logic design of digital counters or sequential circuits and the simplifi-
cation of Boolean expressions. The program was developed by the Space Support
‘Division of Sperry Rand Corporation under the sponsorship of the National
Aeronautics and Space Administration (NASA). The program provides a simple,
accurate, and comprehensive logic design capability-to users both experienced
and tetally inexperienced in logic design. The manual is written in clear,
easy to understand language and strong emphasis is placed on the use of illus-
trative design examples. Detailed instructions are given for use of the
program and general design theory is included on the methods of Boolean sim-
plification, sequential design procedures and the characteristics of all
‘types of flip flops.

- The program has been developed for two modes of operation: Counter de-
sign and Boolean simplification. In the counter design mode, the program
provides the simplified flip flop input equations for any desired sequence and
using any type of flip flop, JK, RS, D, T, or RST. The simplified logic
equations can be obtained in either sum-of-product or product-of-sum form for
any one or all of the flip-flop types. The program also provides printout of
the intermediate design steps used in obtaining the flip flop input equations.
In the Boolean simplification mode, the program simplifies Boolean logic
functions that can be entered in either sum-of-product or product-of sum form.

The counter design mode can also be used for design of sequential
circuits other than counters. The program can be used for any sequential.
design application where a group of flip flops are required to change
states in a prescribed order. Here each flip flop is assigned a binary bit
representation which provides an equivalent count sequence for the prescribed
state changes. The equivalent coﬁnt sequence is read into the computer the
same as for regular counter designs. The program provides the logic equations

that will cause the flip flops to change states in the prescribed order.



Considerable effort was expended in the development of these pro-
grams to reduce the input data requirements to the simplest level possible
and to presént the output results in a self-explanatory and instructive
format. The required input to the program is the data a designer usually
begins with for hand calculations. For counter designs, the input is the
type flip flop and the count sequence in decimal numbers. The output is
the simplified logic equations in proper form for direct implementation with
the specified flip flops and the desired digital gates. For Boolean sim-
plification, the function is read in and printed out in its normal hand
written form.

The manual contains numerocus design examples to illustrate all the
uses and capabilities of the program. To make the examples as instructive
and self-explanatory as possible, reduced replicas of the actual data cards
used and the resulting computer printout for these data cards are included
for each example. For several of the design examples it is shown how to
implement the flip flop input equations with NAND, NOR, AND, and OR gates
interconnected with the flip flops to show a complete counter design.

The program also instructs the user in counter design by printing out
the intermediate design steps-used in obtaining the simplified logic eqdations.
These intermediate steps are the same as those that would be performed if
the counter were designed by hand and include the flip flop transition input
requirements and the counter truth table. Hence, each program printout
also serves as an instructive design example and demonstrates the design pro-
cedure used. Printout of these intermediate steps can be suppressed by a
simple option if desired.

The program greatly reduces the amount of time and effort required for
logic design. Most counter design methods .are fairly straightforward but do
involve much laborious and tedious work for long count sequences or unordered
sequences, especially when the logic equations are desired for more than one
type of flip flop. A useful feature of the program is that for a given count
sequence, the counter design equations can be obtained for several or all of
the available type flip flops. The designer can compare these equations for
simplicity or some other desired characteristic and select the optimum type

flip flop for the given sequence.



The manual is composed of four main parts contained in Sections 2
through 5. Section 2 covers the general digital design concepts utilized
by the program. Included is a description of the iterative and tabular
Boolean simplification techniques used to simplify the Boolean expressions
and the theory of sequential design. The flip flop truth table and input
requirements are given for the JK, RS (Set-Reset), D (Delay), T (Trigger),
and RST (Set-Reset-Trigger) flip flops.

Section 3 contains detailed instructions for the uée of the program.

It explains the input formats and how to enter the data onto the data cards
and describes the various options that are available. The output formats
are also explained in detail. Sample designs are given to illustrate the
input and output formats. Section 4 contains design examples that demon-
strate the various options, uses, and capabilities of the program. There
are eleven examples given, six counter designs and five simplifications of
Boolean expressions. o

The program consists of a main-line program and ten subroutine programs.
Complete documentation for these programs is given in Section 5. This
section contains a description of the purpose and operation of each program
along with the FORTRAN source listing and flow charts for each program.

The programs are written in FORTRAN IV for the UNIVAC 1108 computer and can
be adapted easily to any computer using FORTRAN IV or FORTRAN V. The use
of the program stored on tape is covered in the Appendix.

The computer program presented here is far superior to other logic de-
sign programs.in that the program begins at the most common or usual starting
design point and terminates at the most logical end point, thereby performing
all the required design work. A joint NASA/Sperry Rand research effort de-
termined the need and inherent wide application for such a éomprehensive de-
sign program. A survey of other available programs showed that nothing
existed like what was needed. This program was then developed under the
sponsorship of NASA to fulfill this need. The program should find wide use
in all applications where digital logic design is required. :

This manual is presented in belief that the quick, simple, and accurate
logic design capability contained herein will be of tremendous value to all

digital designers,. .both experienced and totally inexperienced..



SECTION 2
GENERAL DESIGN THEORY

2.1 BOOLEAN SIMPLIFICATION
2.1.1 1Introduction

The purpose of the Boolean simplification is to simplify Boolean expfes-
sions in the form of sum-of-products toka minimum sum-of-products. A two
step approach is used to accomplish this.

-The first step is to obtain the prime implicants of the original
Boolean expression. (When no further reduction in variables of each indi-
vidual term can be accomplished by applying Boolean theorems to the orig-
inal expression, the resulting irreducible terms are_célled prime.impli-
cants). The results of the first step is a sum-of-product expression con-
taining only prime implicants. An iterative method will be used to obtain
this expression.

Since a sum-of-product expression composed of only primé implicants
is not necessarily a minimum sum-of-products, the second step is to assure
that the final expression is a minimum sum-of-products. A tabular method
will be used to assure the minimum sum-of-products expression.

2.1.2 Iterative Method

The iterative method used in obtaining the prime implicants makes use

of three Boolean theorems:

1. XY + XZ = XY + XZ + YZ
2. Y +Y = Y
3. Y+YZ = Y

X is a single term variable

Y and Z contain one or more variables

The first theorem is applied systematically to all pairs of terms of
the expression to generate all possible included terms (YZ). These new
terms are added to the expression. The second and third theorems make use
of the new terms to eliminate other terms. This process is continued until

no more new terms can be generated by the first theorem, or until the new



terms that are generated are immediately eliminated by the second and
third theorems. After this process has been exhausted, the remaining
terms in the expression are prime implicants.

For example, if

£ = ABC + ABC + ABC + ABC.

The first theorem is applied to the first and second term which gen-

erates the new term AC. This term is added to the expression, giving
f = Zﬁc_+ ABC + ABC + ABC + AC. ‘

The third theorem makes use of the new term to eliminate the first

and secpnd,terms. The expression is now
f = AC + ABC + ABC.

The first theorem is applied to the first and second term, forming the
new term BC, With this term added, the expression is

£ = AC + ABC + ABC + BC. |

Applying the third theorem, the second term is eliminated, yielding

£ = AC + BC + ABC.

The first theorem is applied to the second and third term, genérating
the new term AB. When AB is added and the third theorem applied, the ex-
pression becomes

f = AC + BC + AB.
The remaining terms in the above expression:-are prime implicants,

2.1.3 Tabular Method

An expression containing only prime implicants is not necessarily a
minimum sum-of-prdduéts.. Each individual term cannot be reduced further
sinée they are prime implicants; however, it may be possible to eliminate
some of the terms completely.

The approach taken is to check each prime implicant indiﬁidually
to see if it .can be eliminated. This is accomplished by first expanding
the prime implicants under consideration into an expanded sum-of-product,
then checking to see if every term in the expanded sum-of-product is con-
tained in the remaining prime implicants. If every term is contained at
least-once, then that prime implicant is eliminated. This process is con-

tinued until all prime implicants have been considered and all unnecessary



terms eliminated, resulting in a minimum sum-of-products.

The following is an example of the tabular method. First, a table
will be constructed with a row at the top showing the expanded sum-of-"
products of the prime implicant under consideration. A column in the
table lists the remaining Prime implicants. If a term in the expanded sum-
of—produéts is contained in one of the remaining prime implicants, a check
is inserted in the table. If all terms of the expanded sum-of-product
are accounted for, then that prime implicant is eliminated. A table is
constructed for each'prime implicant,

For continuity, the results of the iterative method section will be
used where)

£ = AC + BC + AB.

The term AC will be considered first.

ABC ABC

BC
AB

All terms are not included;therefore, this term, KC, cannot be eliminated.

The term BC will be considered next.

ABC ABC
ZC X
AB X

All terms are contained; therefore, this term is eliminated, reducing the
expression to
£ = AC + AB.

The last term, AB, will be considered.

ABC ABC

AC

None of the terms are contained so this term cannot be eliminated.
All terms have now been considered resulting in the minimum sum-of-
products

£ = AC + AB.



2.2 SEQUENTIAL DESIGN

2.2.1 Introduction

The purpose of the sequential design is to develop the.logic flip
flop input equations for sequential counters. The design is accomplished
through five steps; (1) word statement, (2) state diagram, (3) truth
table, (4) flip flop inputs, and (5) flip flop input equations.

The first step in the design is to formulate a word statement. The
word statement is a brief statement of the sequential circuit functions.
The complete description of a sequential counter is given by the number of
counts and the state assignments. From the word statement a state dia-
gram is developed which shows the transitions from state to state. The .
state diagram has the same number of states as counts given in the word
statement. At this point, the state assignments are made as specified in
the word statement.

The next step in the design is the truth table which provides a means
of bringing the complete design to a' central point. The table is made up
of three sections; present states, next states, and flip flop inputs. The
present states and next states show every state transition, one at a time,
as depicted by the state diagram. The flip flop input section shows the
correct flip flop input to cause the desired state transition from the
present state to the next state. The information to complete the flip
flop input section is obtained from each individual flip flop truth table.

The last step in the design is obtaining the flip flop input equation.
These equations are Boolean expressions and are obtained by associating
the flip flop inputs with the present states in the truth table.

2.2.2 Example
*Word Statement. Design a 4 counter that counts in a binary sequence.
*State Diagram. The first step is to draw a state diagram showing

only the number of states.

¢ = clock pulse

STATE DIAGRAM



The next step is to make the state assignments, First, the number of

flip flops must be determined. This is done by the following equation,
2N 2 8 N
S

number of flip flops
number of states

From the state diagram, S is equal to four; therefore, the number
flip flops, N, is equal to two., The flip flops will be labeled A and B.
The state diagram is now completed by making the state assignment in

a binary sequence as specified in the word statement.

¢ = clock pulse

STATE DIAGRAM

*Truth Table. The truth table is constructed with the three sections;
present state, next state, and flip flop inputs.

(Only J-K flip flops will be considered in the example.j

PRESENT NEXT FLIP FLOP INPUTS
STATE STATE A FLIP FLOP B FLIP FLOP
AB AB JA KA JB KB
00 I 01 I1
or 11 - 10 III1
10 TIII 11 v
11 1V 00 1
TRUTH TABLE

The present state and next state columns are filled in with informa-
tion obtained from the state diagram.
#Flip flop inputs, From a J-K flip flop truth table, it can be shown
that the following flip flop inputs will cause the respective transi-

tions.



PRESENT NEXT PRESENT NEXT

STATE STATE STATE STATE
0 > 0 0 ——> 1
K JlK
PRESENT NEXT PRESENT NEXT
STATE - STATE STATE STATE
1 > 0 1 = —>

J|K : ‘JI K
-11 -1 0
- = Don't Care

With these flip flop inputs the truth table is completed.

PRESENT NEXT : FLIP FLOP INPUTS
STATE STATE A FLIP FLOP B FLIP FLOP
AB AB JA KA JB KB
00 1 01 1II 0 - N 1 -
01 11 10 III 1 - - 1
10 11X 11 1 - 0 1 -
11 IV 00 I - 1 - 1
TRUTH TABLE

*Flip flop input equations. Each flip flop input equation. is made up
of those present states associated with the one's and don't care's
for each respective input.

These equations are as follows:

JA=ZB+A§*+AB*
KA=AB+'A§*+KB*
JB='A§+A§'+KB*+AB*
KB=_AB+AB+2§*+A§*

* Don't care term.
The above equations are simplified, thereby completing the sequential

design in the form of flip flop input equations.



2.3 FLIP FLOP CHARACTERISTICS
There will be five types of flip flops discussed;
1. J-K
2. RESET-SET (R-9S)
3. RESET-SET-TRIGGER (R-S-T)
4, DELAY (D)
5. TRIGGER (T)

The characteristics of the flip flops will be given in the form of
an operating characteristic table. From the operating characteristic
table, the actuallflip flop input requirements are found for the de-
sired transitions.’

The operating chgracteristics table gives all possible combinations
of inputs into thé flip flops and the corresponding transitions. The ex-
pression tn will be used to designate time before the clock occurrence,

hence before the transition. The expression tn will be used to desig-

+1
nate time after the clock occurrence, hence after the transition.

The input requirements portion will show essentially the same infor-
mation as the operating characteristic table except that the "don't care”

conditions are taken advantage of.

J-K FLIP FLOP

INPUT TRANSITIONS

J K tn | tnel | Ea | Enel
0 0 0 —0 1 4> 1

0 1 0—>0 1 45 0

1 0 041 1 41

1 1 0 1 1 4 0

OPERATING CHARACTERISTICS TABLE

From the operating characteristic table, the input requirements for

the J-K flip flop are:

10



tn th+l th tn+1 tn

0 —0

J , K
0 -

R-S FLIP FLOP

INPUT TRANSITION

R S th th+l tn th+l
] 0 0—4> 0 1 >

0 1 0 — 1 1 41

1 0 0 —[: 0 1 - 0

1 1 NOT ALLOWABLE

OPERATING CHARACTERISTICS TABLE

R-S flip flop input requirements are:

D £flip flop input

th tn+l tn th+l

0 —1 1—»0

DELAY FLIP FLOP

INPUT TRANSITION
D tn tn+1 tn tn+1
0 04> 0 1 40
1 04+ 1 1 4> 1

OPERATING CHARACTERISTICS TABLE

requirements are:

tn tn+1 th tn+1 tn tn+1

0—>0 0 —>1 1— 0
D D D

0 1 0

11

tn th+l

1 —1

J | K

- I o

- = Don't Care
tn tn+1

1— 1

n n+l

1—1



TRIGGER

INPUT _ TRANSITION
T tn thel th tn+1
0 0 4> 0 141
1 0 4> 1 1 4»0

OPERATING CHARACTERISTICS TABLE

The T flip flop input requirements are:

0— 0 0 —>1 1—0
I T T
0 1 1

R-S-T FLIP FLOP

INPUT TRANSITION
RST tn | tpe1 | tn | ther
000 0—4>0 '| 14>1
001 0 ~4->1 14> 0
010 0 41 141
011 0 4>1 NOT

- | ALLOWABLE
100 0 —4>0 1——>0
101 NOT 14> 0

ALLOWABLE

110 NOT ALLOWABLE
111

OPERATING CHARACTERISTICS TABLE

The R-S-T flip flop input requirement are:

th  tn+l th  th+1  tn Ch+l

00— 0 00— 1 1——0
RST RST RST
- 00 0 -1 10 -

01 - -01

12



SECTION 3
DESIGN BY COMPUTER PROGRAM

3.1 INTRODUCTION

‘A computer program was developed to perform all the logic design
required,for:v

a. Design of digital counters of any desired sequence using the

following type flip flops:

1. JK

2. RS (Set-Reset)

3. D (Delay)

4, T (Trigger)

5. RST (Set-Reset-Trigger)b

b. Simplification of Boolean expressions,'including true and don't’

care terms.

The Boolean simplification capability is internally used in the
counter design mode. For counter design, the computer derives the simpli-
fied Boolean input equations for each flip flop. The input equations can
be obtained in either sum-of-product or product-of-sum form. The input
required to the computer is fhe type of flip flops and the desired sequence
in decimal numbers. For Boolean simplifications, the logic expression to
be simplified can be entered in either sum-of-product or product-of-sum
form but not a combination of both.

The program is specifically designed for simplified input data and
self-explanatory output data, requiring the user to have only a basic
knowledge of digital design. The program is also instructive, in that it
provides all the main intermediate design steps used in obtaining the flip
flop input equations. These intermediate steps are the same as would be
performed if the counter were designed by hand, and include: the input
sequence logic table, the flip flop transition input requirements, and the
counter truth table. Hence, the program output actually serves as a de-
sign example by itself and is instructive to the designer. An input option

is available to suppress printout of the intermediate steps if desired by

13



the user. The program should be useful to both the experienced and in-
experienced digital designer.

The program consists of a main program (DIGITL) and ten subroutine -
programs. The FORTRAN source listing and the flow chart of each pro-

gram along with a description of each program are given in Section 5.

3.2 HOW TO USE PROGRAM

The program has two operating modes corresponding to its two func-
tions of:

a. Digital counter design of any specified sequence,

b. Simplification of Boolean functiohs.

The operating mode is selected by a code letter in column one on the
first data card of each data set. The code letter is "C" for counter de-
sign and "F" for Boolean function simplification.

3.2.1 Counter Design Input Format

fo use the-program in the counter design mode the input data cards
are prepared in the following format.

ist Card, Col. 1 - Letter "C

Col. 2-80 - List of flip flop code letters for each type FF
. desired, with commas separating FF codes. Output options 1

and 2 if desired, placed after last FF code letter.

2nd Card, Col. 1-5 - Number of counts in counter sequence in integer
(15) format.
Col. 5-80 - Count sequence in integer (I5) format. Use
decimal number representation.

3rd thru Nth Card, Col. 1-80 - Continue count sequence in integer (15)
format until last count is listed.

(N+1)th Card - Repeat format of first N cards for next counter design.

For card #1, the code letters and symbols are as follows:

Flip Flop ‘Code Letters
JK JK
Set-Reset RS

14



Flip Flop - Code Letters

Delay D

Trigger ' T

Set-Reset-Trigger ' RST

All Types (except RST) All

Output Option Code Symbol

1. Short Form Output / (Slash Mark)

2. Product-of-Sum Format P

1. Short Form Output - Suppresses printout of the flip

flop transition input requirements, the counter truth '
table, and thé don't care terms of the flip flop input
equations.

2. Product-of-Sum Format - Flip flop input equations are
given in product-of-sum form instead of sum-of-product
form which is normally used.

The flip flop code letters can be placed in any order anywhere within
columns 2 through 80 of the first data card. Use a comma between each
type flip flop specified. Any spacing can be used except that the code
letters for each flip flop must appear together without any blank spaces
between them. For example, the code letters for the Set-Reset-Trigger must
_ be written as RST, and not R-S-T or R S T. However, the placing of the
commas and the spacing between flip flop types is arbitrary. If all flip
flop types (except RST) are desired, the code word '"All" can be used in
place of listing the code letters for each tjpe flip flop. The code for
RST can be included if desired. The RST flip flop is not included in code
"All" because it is somewhat redundant to the RS and T flip flops. When
RST is specified, the complter prints out two sets of flip flop input
equations; one where RST is used as an RS flip flop and another wﬁere
RST is used as a T flip flop. When only true terms are considered, the
two sets of input equations for the RST flip flop are identical to those
of the RS and T flip flop respectively.

Either one or both of the output option codes can be added after the

15



flip flop code listing. A comma need not be placed after the last flip
flop code or between output option codés; although commas can be used if
desired. For example, acceptablé.listings using both output options
would be JK, RS, T /P or JK, RS, T, /, P.

The counts are placed on the data card as integer decimal numbers in
I5 format. Not e that each number is allocated five spaces and is right
justified in its allocated columns. Right justified means that the least
significant digit of the number is located in its most right column, for
this case columns 5, 10, 15, 20, 25,. etc.

The count sequence can-be in any numerical order. The program will
assign don't care conditions to all count numbers not used and will design
a counter that will continuously repeat the specified sequence. To spec-
ify a counter that will stop after the last count is reachéd, list the
last count of the sequence twice. For example, for the sequence 2, 5, 67,
8, 74, 14, 14, the counter would stop after reaching count 14. If the
last count 1is not repeated, the counter designed will 1oopvback to the
first count and continue counting.

Placing a slash after the flip flop code letters suppresses printout
of the flip flop transition input requirements, and the counter truth
table, and the don't care terms of the flip flop input equations. This
option permits a quick comparison of the input flip flop equations (true
terms) for the specified flip flops.

3.2.2 Boolean Simplification Input Format

To use the program in the Boolean simplification mode the input data
cards are prepared in the following format.

1st Card, Col. 1 - Letter "
Col. 2-80 - Boolean expression in either sum-of-product
or product-of-sum form, but not a mixture of both. Use any
desired letters A-Z. Follow letter with an apostrophe (')
to signify a false or not condition,

2nd thru Nth Card, Col 1-80 - Continue Boolean expression as on lst
card., Use as many cards as necessary to complete expres-

sion. Place an asterisk (*) after the last term to terminate
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expression.

(N+1)th Card - Repeat format of first N cards for next Boolean

expression,

The Boolean expressions can be placed anywhere in the allocated
columns with blank spaces used wherever desired with the exception that
an apostrophe must immediately follow a letter. For expressions in sum-
of-product form, a plus (+) sign must be placed between products. Paren-
theées cannot be used for grouping because parentheses are used to signify
the product-of-sum form.  Don't care terms may be included separately when
the sum-of-product form is used. To include don't care terms, place a
slash (/) after the last true term and follow with the don't care terms.
The program will simplify the don't care terms along with the complete
expression,

When using the product-of-sum form, use plus signs between single
letters and use parentheses around sums of letters to signify multipli-
cation. For example, (A + B' + C)‘(A + B) (A' + B+ C'). Don't care
terms cannot be included separately.

For both input forms, an asterisk (*) must be placed after the last
Boolean term (sum or product) to terminate the expression. Another Boo-
lean function can be entered on the next data card beginning with a "F"
in column one and followed by the Boolean expression as before.

Each Boolean expression must be in either sum-of-product form or
product-of-sum form but not a mixture of both. Each product or sum need
not contain all the letters (variables) used in the complete expression.
However, each letter may only appear once in each product or sum term.
Also, the letters used need not be in alphabetical order or used in the
same order in each product or sum term. FExamples of correct and incorrect

Boolean expressions of both forms for input to the program are given below,

Correct expressions:

ABC' + BAC + C'B' *
(A+B' +C) (C* +B'") (C+ A" +B) *

Incorrect expressions:

ABB'C + AC' + BC *
AB + (A'B + C)AC + BC *
“(A+B" +C) (A +BCY A+ (C) *
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3.3 OUTPUT FORMAT

To aid in describing the input and output format, two sample design
cases are illustrated showing the input data format and the output com-
puter printout. Sample design 1 is for a 14 count counter using JK flip
flops and sample design 2 is for simplification of a Boolean expression
including don't care terms. |

3.3.1 Counter Design Printout

The input data cards for a random 14 state counter using JK flip
flops are shown in Figure 3,1, The computer printout for this input data
is shown in Figure 3.2. The printout first gives the input data exactly
as it appear on the data cards. The flip flop and code option designations
in columns 2-80 of the first data card are printed out on the second line
following the heading "flip flops". The input count sequence data on the
following data cards appears after the heading "input count data".

Next is the computer calculated output data. The input count sequence
gives the binary representation for each decimal count witﬁ letter "A" as
the most sigﬁificant binary bit. All count states not used in the count
sequence are listed below the input sequence as don't care terms.

The flip flop transition input requirements appear next. The designa-
tion 0------- > 1 means that the Q output of the flip flop goes from state
"0 to state "1". For the JK flip flop to go from state "0" to "1, the
input required is a true or "1'" on the J input and a don't care on the K
input meaning either a "1" or "0" can be used for the K input.

Listed next: is the counter truth table showing the input conditions of
each flip flop for each binary count. For this counter, four flip flops
~designated by letters A, B, C, D are required. For the counter to ad-
vance from count 14 to count 11, flip flop B must change from state "1'" to
"0, Hence, the input for flip flop B during count 14 is & don't care on
the J input and a "1'" on the K input as shown in the truth table.

Finally, the flip flop input equations are given for each flip flop
of the counter. The input equations are those Boolean functions that when
applied to the flip flop causes the flip flop to be in its required binary

state during each count of the specified count sequence. A block diagram
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Figure 3.2.
(Sheet 3 of 3)

Printout of Program DIGITL for Sample Counter Design
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of the flip flop showing its input and output terminals is included in

the printout. The inpﬁt equations list the simplified true terms followed
by the simplified don't care terms. The true and don't care terms are
separated by a slash mark. Only the true terms are required for the
counter design. One or more of the don't care terms are sometimes used
either to prevent the counter from hanging up in an unused count state on
initial turn-on or because the don't care term is included in an available
expression already generated.

The counter design is for a synchronous counter with a common clock,
meaning that all flip flops are clocked to change states at the same time.
The input equations are derived difectly from the counter truth table.

The input equation for the J input of flip flop A (JA) is obtained from

the true and don't care terms listed under column JA. For this example,
there are two true terms for JA which are binary count 6 (A'BCD'), and count
1(A'B'C'D)., There are 9 don't care terms which are binary counts 14, 11,

8, 9, 12, 13, 10, 0, and 15. The complete expression for JA when simpli-
fied is JA = BCD' + B'C' / A as shown in the printout.

If oﬁly the true terms of the input equations are desired, printout
of the don't care terms along with printout of the flip flop transition in-
put requirements and the counter truth table can be suppressed by use of

the short form option.

3.3.2 Booleap Simplification Printout

The input data cards and the computer printout for simplification of
a Boolean expression including both true and don't care terms gre shown in
Figure 3.3. Under the heading '"input function", the Boolean expression is
printed out exactly as it appears on the data cards. Each line of the
printout is the data on one card. The first computer calculated output is
an alphabetical list of all letters used in the Boolean expression. Next
is the simplified Boolean expression. The simplified expression is in the
form of true terms followed by don't care terms (if any) .with a slash mark
separating the true and don't care terms, The letters of each product
term are listed in alphabetical order regardless of. whether or not the in-

put product terms are in alphabetical order.
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SECTION 4
DESIGN EXAMPLES

Numerous design examples are presented to demonstrate the various

u;es and capabilities of program DIGITL. The examples were selected
_so as to illustrate all the operating modes and output options of the
program. Each example includes a reduced replica of both the actual

data cards used and the resulting computer printout for these data cards,
This makes the examples as self explanatory as possible. Counter de-

sign examples are given first followed by Boolean Simplification examples.
All counter designs are for synchronous binary type counters.

The counter design examples given in Section 4.1 and 4.4 include logic
schematics that illustrate how to realize the flip flop input equations
with various types of digital gates. Section 4.4 demonstrates how input
equations in sum-of-product form can be directly implemented with NAND
gates and equations in product-of-sum form with NOR gates. v

The program uses the RST flip flop in two modes, as an RS flip flop
and a T (trigger) flip flop. When the RST flip flop is specified, the
program prints out a separate set of data for the RST used first as an
RS flip flop and second as a T flip flop.

A flip flop equation printout of 0/l is possible and means that
either a logic "0" or logic "1'" voltage level can be used for the flip
flop input.

4.1 COUNTER, 12 COUNT 4 STAGE

This design is for a repétitive counter having a 12 count sequence
of 3, 2, 6, 7, 5, 4, 12, 13, 15, 14, 10, 11. This particular sequence is
a cyciic code sequence, meaning that the binary representation of each
successive decimal number differs by only one binary digit. Cycle codes
are sometimes used to eliminate flip flop croés-over spikes when decod-
ing counts. Since each binary digit or bit is represented by a flip
flop, only one flip flop changes states between successive counts. Re-

petitive means that the counter continually repeats the count sequence.
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The counter design mode is specified'by entering letter C in column one
of the first data card.
4.1,1 JK, RS, D, T, RST

Here the input flip flop equations for the 12 count 4 stage counter
are to be calculated for the JK, RS, D, T, and RST flip flops. This
data might be desired by a user who wants to compare the input equations
of the different type flip flops for simplicity or some other character-

~istic. These five flip flop types could also be designated by the flip
flop code letters: ALL, RST.

The input data cards for this example are shown in Figure 4.1. The
computer printout of program DIGITL for these data cards is given in
Figure 4.2. The normal (long form) output option is used which gives
the flip flop transition input requirements, the counter truth table,
and the true and don't care terms of the flip flop input equations. Only
the true terms are necessary to implement the counter.

The program performs the counter logic design but does not specify
how the input logic equations are to be implemented. This is left to
the discretion of the designer. Several types of logic gates connected
in any one of various configurations can be used. The commonly used
gates are the NAND, NOR, AND, and OR gates. To illustrate how these
gates can be used, the input equations for the JK flip flop have been
realized for each type gate. The logic schematics of the counter imple-
mented with NAND; NOR, and AND/OR gates are shown in Figures 4.3 through
4.5 respectively. These configurations are only one of many solutions
that could have been used. Note that the true term equations for JD
and KD are complements of each other, meaning JD = KD'. Hence, the
configurations could be simplified for JK flip flops having inverting
inputé (as many do) along with non-inverting inputs.

Notice that the NAND gate inputs in Figure 4.3 and the AND gate in-
puts in Figure 4.5 are obtained directly from the sum-of-product input
equations for the JK flip flop. The NOR gate inputs are not so easily.

obtained from the sum-of-product form but can be obtained directly from
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Figure 4.1. Data Cards for 12 Count &4 Stage Counter for Example 4.1.1
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Figure 4.2, Printout for Counter Design Example 4.1.1 (Sheet‘7 of 13)
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14 FLIP=FLOP TRANSITION INPUT REQUIREMENTS
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Figure 4.2. Printout for Counter Design Example 4.1.1 (Sheet 8 of 13)
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Figure 4.2. Printout for Counter Design Example 4.1.1 '(Sheet 9 of 13)
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Figure 4.2. Printout for Counter Design Example 4.1.1 (Sheet 10 of 13).
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RS -T--FLIPaFLOP INPUT EQUATIONS .
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Figure 4.2. Printout for Counter Design Example 4.1.1 (Sheet 11 of 13)
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Figure 4.2, Printout for Counter Design Example 4.1.1 (Sheet 12 of 13)
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R-S-T-FLIP=FLOP INPUT EQUATIONS .—
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Figure 4.2.

TC = A'BCO + AC'D / BrC!

FLIP=FLOP O
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Printout for Counter Design Example 4.1.1
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the product-of-sum form. This is demonstrated in Section 4.4 which
shows how sum-of-product and product-of-sum equations directly provide
the inputs to NAND and NOR gates respectively. T
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4.2 COUNTER, 40 COUNT 6 STAGE

This example is for a 40 state 6 bit counter meaning a 6 flip flop
counter having 40 repetitive count states. The sequence used is a cyclie
code meaning the binary representation of each successive decimal number
differs by oniy one binary digit.

The program for the count sequence is run for the following two
cases given in Sections 4.2.1 and 4.2.2.

(1) JX, RS, D, T, RST flip flops
Sum-of-product input equations
Short form output

(2) JK, RS, D, T flip flops
Product-of-sum input equations
Short form output

The input data cards for these two cases are given in Figure 4.6.

The input equations obtained in sum-of-product form an& product-of-
sum form are not always equal to each other. This is because there may
be more than one correct solution. ' ‘

4.2, 1 ALL, RST /

The ‘flip flop code letters ALL, RST specify the JK, RS, D, T, and
RST flip flops, and the output option / (slash mark) specifies the ‘short
form output option. The counter logic equations are calculated for each
type flip flop specified. The short form output option provides print—-
out of only the input data. and input count sequence logic, and the
input equations (true terms only) for each flip flop type specified. The
short form option suﬁpresses printout of the flip flep transition input
requirements, the counter truth table, and the don't care terms of the
flip flop input equations.. '

The computer printout for thls case (data cards of Figure .4,6A) is
shown in Figure 4.7.

4.2.2 ALL, P /

The flip flop code letters ALL specify the JK, RS, D, and T flip
flops. Output option P specifies that the flip flop input equations are
te be printed out in product-of-sum form and option / specifies the short
form output as in Sectior1’4.2.1. The data cards for this case are shown in
Figure 4.6B. The computer printout for these data cards is given in Figure

4.8.
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W€ ALLy RST '/ CARD #1

‘407 24 25 27 26 720 3177729 es 2o Rl 23 T2 T i’ 19" 1—7\ CARD {#2
=

16 748 "43 S1 SO 5S4 S5 S3 S2 "60 61 63 62758 59 TSA ' carp 43

S6TTUEGTTAL A3 4216 T g gt T e e .,\ CARD #4

TN UBBTBAINANNABUADFTIRNDIABUDBTNND NG ASINTLUBHTABLEOEONGHONINERBUDRE TN

000026000 0000D000000000D0DC0D OC0OCOO0DGOODO090000003000000000000002030003000000000
;;:;;;;;HIHI ity i it nitrtin N
2222222222222222221222222 1722222222%222222222222022222222222022222222221212222212122
3333333333333333333 3333333333325333333333333333333333333333333333333333333233333
44446444 4044 l4.4l_4444-44l454‘44444444444‘44“44(446!44444ltll‘llldllldllllldl-ﬁ
599 555555555555555555555555555555555555.‘.55555555555555555555555555-5555555555555
6666 6666666566566566666656566656666666G56665665666666666666605655566666666666656
R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R RN R
l B8888808068368888858888836068B808848888888506888838:88288880885008888C8888088080868088888838

8999999999969999999599989298999999999999 9999999999999999§5639999999§959389999553
L N R N R R R R g R T R R R T I R N T N T R R R I R R
£CC 508

A. Data Cards for Example 4.2.1

_ CARD #1
40 2 25 27 2 30 31 29 Tz 2 21 28 22718 197 TA wip s

16 48 497 S1 50 'S4 S5T 53 sz T &0 61 63 &2 537 59 5?-\ CARD #3

; \
\
N
\. CARD #4

! 090600000 00000006600000000000 0GO0D0006006CD2000060000000000B0000C000000600000000
R R R Ry R R R R R R R I T R T I
TR ArEETrRer vty 11t IR R R R R R RN RN AR R R R R R R

-5.fuzzuzzuzzuzzuzznz‘nzzuzzuzzuzzuzznzznzzuzznzznzzuzzn2zn22uz
. 333333333333333333373333333333333333333333333333333333323333333333332333333333333
4«44444:'4444'n4i4"44A4"4444444¢4444444444444:444444i444414444e44444444‘44444444
i sss'ssssssssssssssissssssssssssssssssssssssssssssss555555555555555555555555sssss
G666 G6E6CE666666665656666566665566666666656665666666G66666666655666666666666666
(AR R R R R R R R R R R R RS R R R R R R R R RN R R R R R R R R R R R R R RN R R R R R R R R RN RRRRRRRE RN
960806588888 038888806865033858688809323863380888,3808688G0886808888388808b6B8888368888
?32ggEgsgssssesassssnsosscsssissssssoss 9999393999999999939539999959939 ssissssss

LIBNRDUB TN NDBHEIRTNSRILDUEADABSQAVDUCEDFORNIHNSSYUIRCRIOUBHUTAIN TN BIT RN
£CC 5081

B. Data Cards for Example 4.2.2

Figure 4.6. Data Cards for 40 Count 6 Stage Counter for Example 4.2.1 and
Example 4.2.2
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Figure 4.7.

Printout for Counter Design Example 4.2.1
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Figure 4.7. Printout for Counter Design Example 4.2.1 (Sheet 2 of 9)
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Figure 4.7.

50

Printout for Counter Design Example 4.2.1

(Sheet 4 of 9)



e e oo RS FLIPeFLOP  INPUT EQUAT]ONS. e
{F = TRUE TERMS / DON'T CARE TERNS)

- e vm e e m CLOCK L L X% . e e
v

- T e EEeVEe0 e T B
. : H
- o—— ——— - R i Y ¥ T3S : s e e e 0 - 8....)-- e e e e e r T e e e et ot et e int £ s ¢ e e v
L B H
H H
H H .
T e T s R e R QY jewwey me——
H } o
oo "':l......'..." oo o o Tt

FLIP-FLOP A

SA ® CUDIEFY
RA = BYEF? o
......... FLIPwFLOP B - —- . . - _ e e mmrrs e
$B ® AYEIFY o e Ay
m s R 8 A D N P e e e e
FLIP=FLOP C
$C = ADECFY ) R o
RC = ASDECF? o B
- FLIPeFLOP D e — e oo i
— S0 ® APBCEF?Y o ACPEFVY. . .. . i R e e e
RO = A'COIEF Y. o ACEFY . . - S, -
FLIPwFLOP E )
SE = A'BCO'F o A'C'OF o AC'D'F o ACOF o AB'F N B o
RE = AYCOF o A'CD'F o ACYDF « ABCD'YF. & pA0@'F T T
cer BLIPaFLOP F - - - - - m S

__mm~.s¢"..Avscoo:v,o”a'coe-o.Aocjoil-."A!cloxcmouaclnpslm.,AC&DEH.AACDil_o_ASCDLE_tmaaltl_u__
¢ A'B'E A

RF ® AYBCO'E o A'CDE® o A'CYDE ¢ A'CY'D'Er o AC'D'E & ACTDE® ¢ ACDE ¢ ABCO'E' o ABIE

‘

e AIQE?

Figure 4.7. Printout for Counter Design Example 4.2.1 (Sheet 5 of 9)
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Figure 4.7. Printout for Counter Design Example 4.2.1 (Sheet 6 of 9)
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Figure 4.7. Printout for Counter Design Example 4.2.1 (Sheet 7 of 9)
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4.3 COUNTER, NON-REPETITIVE; 5 COUNT 3 STAGE

This counter design is for a non-repetitive 5 count sequence using 3
flip flops. The count sequence is 5, 2, 7, 0, 4. an-repetitive means
that the counter stops when the last count of the sequence is reached,
for this case count 4. The.counter remains in the last count state until
reset to the first count or some other count of the sequence. Then the
counter sequences from the reset state to the last count state and again
stops. '

A non-repetitive counter is specified by repeating the last count of
the sequence twice. The reason the counter stops is that the flip flop
inputs that make a synchronous counter remain in any one state for more
than one clock period will permanently keep the counter in that state.

" Since the last count is repeated twice, the first number on the data card
is equal to one plus the number of different count states in the sequence.
This is illustrated by the data cards in Figure 4.9.

4.3.1 JK, D

Here the JK and Delay flip flops are specified. The input data cards
for design of the non-repetitive 5 state counter using JK and D flip
flops are given in Figure 4.9, The computer printout for these data

cards is shown in Figure 4.10.
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4.4 COUNTER, 10 COUNT 6 STAGE : ‘

This example is for a 6 bit counter having a 10 count sequence of
8, 17, 26, 13, 62, 5, 42, 9, 59, 37. Normally a 10 state counter is
implemented with only 4 flip flops. However, in this case 6 bits or
flip flops are required to represent the highest designated count (count
59) in binary form.

This design is an example of when subroutine ARRAY operates in its
a%ternate mode as described in Section 5.1.8. The alternate mode is
used whenever the count sequence contains 1/6 or less of the maximum
count states possible for the number of flip flops used. The'altérnate
mode uses less computer run time for this type of sequence by ignoring
the don't care count states. For 6 flip flops, 26 or 64 states are
possible. Since the sequence ﬁses 10 states, there are 54 don't care
states that would normally have to be included in develobment of the
input equations. |

The program is run twice for the given 10 count sequence. First to
obtain the flip flop input equations in sum-of-product form (Section
4.4.1) and then in product-of-sum form (Section 4.4.2). The input data
cards for these two program runs are shown in Figure 4.11.

Section 4.4.1 illustrates how NAND gates can be used to realize the
sum-of-product equations where the gate inputs are obtained directly
from the equations. Section 4.4.2 illustrates how NOR gates are used in
similar fashion to realize product-of-sum equations,

4.4.1 ALL /

The flip flop code letters ALL specify the JK, RS, D, and T flip
flops and output code option / specifieé the short form output mode. The
input flip flop equations are in sum-of-product form which is the normal
printout form. This design is implemented with the data cards shown in
Figure 4.11A. The computer printout for these data cards is given in
Figure 4.12. '

Sum-of-product equations are in proper form for easy implementation
with two levels of NAND gates as illustrated in Figure 4.13 for the

Delay flip flop. There is a first level gate for each product term of
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B. Data Cqrds for Example 4.4.2

Figure 4.11. Data Cards for 10 Count 6 Stage Counter for Example 4.4.1
and Example 4.4.2
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FLIP=FLOP TYPES SPECIFIED FOR COUNTER

FLIP=FLOPS 3  ALL /

INPUT COUNT DATAy FIRST NO, IS NUMBER OF COUNTS
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Figure 4.12. Printout for Counter Design Example 4.4.1 (Sheet 1 of 7)
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Figuré 4.12. Printout for Counter Design Example 4.4.1 (Sheet 2 of 7)
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Figure 4.12. Printout for Counter Design Example 4.4.1 (Sheet 3 of 7)
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Figure 4.12. Printout for Counter Design Example 4.4.1 (Sheet 4 of 7)
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- - "R S FLIP-FLOP INPUT EQUATIONS
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- Figure 4.12. Printout for Countef'Design Example 4,4,1 (Sheet 5 of 7)-
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Figure 4.12. Printout for Counter Design Example 4.4.1 (Sheet 6 of 7)
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T " FLIP=FLOP INPUT EQUATJIONS

(F = TRUE TERMS /7 DON*T CARE TERMS)
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Figure 4.12. Printout for Counter Design Example 4.4.1 (Sheet 7 of 7)

78



R e T [
1 R

CF + A'8'F =D

.

A'D +AR'+ E'.F : :
- £
:} DC 4

Bc+cb >D _ .
. . k%' h )
4

D;
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Figure 4.13.

Realization of Sum-of-Product Input Equations Using
NAND Gates for Delay Flip Flops of Example 4.1.1
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each flip flop equation where the gate inputs are the product term
variables. There is one second level gate for each flip flop equation
which essentially sums the product terms. For example, the equation

DA = CF + A'B'F is implemented using two first level NAND gates as shown
in Figure 4.13. The inputs to one gate are C and F and the inputs to
the other gate are A', B' and F. The gate input variables are of course
the flip‘flop outpufs.A '

4,4,2 ALL / P

The flip flop code letters ALL specify the JK, RS, D, and T flip
flops. Output code options / and P specify the short form output and
product-of-sum in?ut equations respectively. The data cards for this
design afe shown in Figure 4.11B. The computer printout for these data
cards is.shown in Figure 4.14.

The product-of-sum equations are in proper form for easy implemen-
tation with two levels of NOR gates as illustrated in Figure 4.15 for
the Delay flip-flop. There is a first level gate for each sum term of
each flip flop equation where the gate inputs are the sum term variables.
>Thé“boncepts for this configuration are the same as for Figure 4.13
where NAND gates aré used for sﬁm-of-product equations, For example,
the product-of-sum equation DA = (F)(A'.+ B)(A + B') is implemented with
three first level NOR gates as shown in Figure 4.15., The gate inputs are

F, A' and B, A and B'.
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FLIP=FLOP TYPES SPECIFIED FOR COUNTER =~~~
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Figure 4.14. Printout for Counter Design Example 4.4.2 (Sheet 1 of 7)
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Figure 4.14. Printout for Counter Design Example 4.4.2 (Sheet 2 of 7)
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Printout for Counter Design Example 4.4.2
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Figure 4.14. Printout for Counter Design ’Exampl-e'l;.4.'2- (Sheet 4 of 7)
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RS FLIP=FLOP INPUT EQUATIONS
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-Figure 4.14. Printout for Counter Design Example 4.4.2 (Sheet 5 of 7)
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Figure 4.l4. Printout for Counter Design Example 4.4.2 (Sheet 6 of 7)
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Figure 4.14.  Printout for Counter Design Example 4.4.2 (Sheet 7 of 7)
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Figure 4.15. Realization of PArodvl'Jct-of-Sum'Input Equations Using NOR
Gates for Delay Flip Flop of Example 4.1.2
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4.5 BOOLEAN SIMPLIFICATION, SUM-OF-PRODUCT INPUT

This section provides three examples of Boolean simplification where
the function to be simplified is in sum-of-product form. The Boolean
ﬁunction is specified by entering letter F in column one of the first
data card and is terminated by an asterisk (*). Refer to Section 3.2.2
for details on how the function is entered on data cards. Each example
illustrates different features of the program. The first two examples
"contain only true terms while the third exémple contains both true and
don't care terms. |

4,5.1 Twelve Term 6 Variable Function

The Boolean function to be simplified contains 12 true terms, each
consisting of 6 variables. The data cards for this function along with
the computer printout for these data cards are shown in Figure 4.16.

The function is entered on 5 data cards. In this example, each term
contains all 6 variables although this is not required. The variables:
 are represented by letters A, B, E, H, P and Z to demonstrate that any -
letter A through Z can be used. Notice that the variables of the third
and fourth terms are nof entered in alphabétical ofder and that the last
term is divided between data cards 4 and 5. ' .

4.5.2 " Eight Term 3 Variable Function

This Boolean function consists of 8 true terms of 3 variables each.’
The data card and computer printout for this function are shown in
Figure 4.17. Since the 8 terms contain every possible combination of
the 3 variables, the simplified function is equal to unity.

4.5.3 Sixteen Term 6 Variable Function

Here the Boolean function to be simplified contains 10 true terms
plus 6 don't care terms, each term consisting of 6 variables. The five
data cards used for this function and the computer printout for these
data cards are shown in Figure 4.18. The true terms are always entered
first and a slash mark (/) is used to separate the true terms from the
don't care terms. For this example, the simplified function also con-
tains don't care terms. This is not always the case as the simplified

true terms may contain all the don't care terms.
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Figure 4.16.

B. Computer Printout

Boolean Function, Example 4.5.1
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B. Computer Printout

Figure 4.17. Data Card and Printout for Simplification of Sum-of-Product
Boolean Function, Example 4.5.2
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Figure 4.18.

F - A'E'Z * AB'EHZ / A'E'P * AEHPZ'

B. Computer Printout

Boolean Function, Example 4.5.3
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4.6 BOOLEAN SIMPLIFICATION, PRODUCT-OF-SUM INPUT

This section provides two examples of Boolean simplification where
the function to be simplified is in product-of-sum form. The simplified
function is always printed out in sum-of-product form regardless of the.
input form, Only true terms are permitted for product-of-sum inputs.
To simplify a function containing true and don't care terms, the true
and don't care terms are split into two functions and simplified sepa-
rately. Then the simplified sum-of-product results of both functions
are summed together and run as a sum-of-product function.containing
true and don't care terms.

4.6.1 Sixteen Term 6 Variable Function

This Boolean function contains 16 product-of-éum terms, each term
- consisting of a maximum of 6 variables. Each term can contain one or-
all of the 6 variables. The data cards and the computer printout for
this function are shown in Figure 4.19. Notice that the third and

fourthdata cards contain terms consisting of from two to five variables.
This function is equivalent to the sum-of-product function given in

Figure 4.16. Notice that both functions simplify to the same function.

4.6.2 Eight Term 3 Variable Function

This function contains 8 product-of-sum terms of 3 variables each.
The data card and computer printout for this function is shown in
Figure 4.20. The simplified function is equal to zero as the 8 terms
contain every possible combination of the 3 variables. If the terms
were multiplied out, each resulting term would contain at least one
complement pair and would therefore equal zero. Notice that this func-
tion is the complement of the sum-of-product function given in Figure

4.17.
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Figure 4.19. Data Cards and Printout for Simplification of Product-of-Sum
Boolean Function, Example 4.6.1
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B. €Computer Printout

‘Boolean Function, Example 4.6.2
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SECTION 5
COMPUTER PROGRAM DOCUMENTATION

5.1 DESCRIPTION OF PROGRAMS

A brief description is given for the main-line program and each of
the 10 subroutines used. The purpose is to explain the function of each
sub-program along with the main concepts involved. The sub-prbgrams are

listed below giving the section in which they are described.

Section Main-line Program

5.1.1 DIGITL - Digital Logic Design
Section Subroutine Programs

5.1.2 BLNIN - Boolean Input

5.1.3 CTRIN - Counter Input

5.1.4 JKRS - JK + RS FFis

5.1.5 DLTRG - Delay + Trigger FF's
5.1.6 RST = - RST FF

5.1.7 CTDC - Counter Don't Care Terms
5.1.8 ARRAY - Boolean Expression Array
5.1.9 DETRU - Determine True Terms
5.1.10 BOOL - Boolean Simplification
5.1.11 DGLOT - Digital Output

The program flow charts and source listings are given in Section 5.2.

5.1.1 Program DIGITL -- Digital Logic Design

Program DIGITL is the main-line program which acts as master gontrbl
for all program functions by calling the appropriate subroutines in proper
sequence. A block diagram of the program is shown in Figure 5.1. As the
diagram shows, the program is divided into two modes, the Boolean function
simplification mode and the counter design mode. The code letter in
column one of the first data card, in each data set, determines the mode.
A blank space for the code letter terminates the program. A description
of the function and operation'of‘each of the subroutine programs is given
in the following sections. |

5.1.2 Subroutine BLNIN - Boolean Input

Subroutine BLNIN takes the Boolean function that is read in for sim-
plification and converts the expression into a two dimensional numerical

array called the "A" array. The read in function consists of alphabetical
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Figure 5.1. Block Diagram of Program DIGITL
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characters and other symbols that are converted into a binary numerical
array used by the Boolean simplification subroutine BOOL. The read in
function can be either in sum-of-product or product-of-sum form but not

a combination of both. The first left-hand parenthesis is used to detect
the product-of-sum form., A product-of-sum array is first sent to sub-
routine ARRAY for conversion to a sum-of-product array before going on to
subroutine BOOL for simplification.

Subroutine BLNIN begins by searching each data card to determine the
number of Boolean true and don't care terms, the number of variables in-
voived,»and the alphabeticai letters used to represent the variables. On
the data cards, the letters (variables) used in each term do not have to
appear in alphabetical order nor must each variable appear in each term.
The subroutine prints out the Boolean function exactly as it appears on
the data cards and also prints out an alphabetical listing of the letters
used. ‘

By knowledge of the total number of variables involved and what letter
represents each variable, the A(I1,J) array is then generated. Term A(I,1)
designates the first term with the rows (I's) representing the variables of
the term., The number representation used is '"1" for true, "O" for false or
not condition, and "3" for variable missing or no data. For example, if
the Boolean function on thé data card was ABC' + C'B' + BCA' + B', the "A"

array generated would be:

«— term number

o {0 |[w N
= |~ o |w
w lo jw |

o]
o |~ (- i

5.1.3 Subroutine CTIRIN - Counter Input

The main function of this subroutine is to take the input count se-
quence and generate the two dimensional binary -array "NOBI" contaiﬁing the
input count sequence pius the unused or don't care counts. Array "NOBI" -
is the same as array "B'" used in other subroutines. The subroutine also

detects the flip flop types specified and stores this in a one dimensional
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array called "FCODE'.

The program begins by detecting the flip flop code letters specified
on the first data card and generates the "FCODE' array. Flip flop types
not specified are signified by FCODE(I)=7. Next the data cards containing
the input count sequence are read. The subroutine prints out the flip
flop code letters and the input count data exactly as they appear on the
data cards.

The subroutine then generates the input count sequence logic which
is stored in binary array "NOBI(I,J)". The largest number is found to
determine the maximum number of binary bits required. If MX is the number
of binary bits, then there are 2MX possible count states with the highest
count equal to 2MX-1. The input count sequence read in decimal numbers
(modulo 10) is converted to binary numbers (modulo 2), and stored in array
"NOBI". Next the count states not used, called don't care states, are
converted to binary and are stored in "NOBI".

The subroutine then prints out all the count states in both decimal
and binary form under the heading of "Input Count Sequence Logic'". The
letter "A" is always used to represent the most significant bit of each
binary number. For example, if the count sequence on the data card were O,

1, 2, 3, 5, the array "NOBI" generated would be as follows:

A B C
0 0 o lo
1. 0 0 1
2 0 1 0
3 0 1 1
5 1 0 1
o - 0 0 0
4 1 0 0
6 1 1 0 don't care terms
7 1 1 1

The array '"NOBI" is to be used later by one of the flip flop subrou-

tines.
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5.1.4 Subroutine JKRS - JK and RS Flip Flops_

Subroutine JKRS contéins the flip flop transition input requirements,
derived from the counter truth table, for both the JK and RS flip flops as
given in,Sectioﬁ 2.3, For a given binary count sequence (developed in
subroutine CTRIN) the subroutine enters into the counter truth table the

input transition requirements for each flip flop. The count sequence
from subroutine CIRIN is stored in a two dimensional array "B(I,J)". The
flip flop transition requirements are added to this array which then con-
tains the counter truth table logic. The transition requirements for the
don't care count states, which are-the same for all type flip flops, are
not entered here but are entered by subrouEine CIDC. The number &4 is used
to represent a don't care condition in the truth table and is:indicated in
the-printout by a dash mark (-).

For example, for the count sequence of 0, 1, 2, 3, 5 (used as example

in subroutine CTRIN), the “B" array for the JK flip flop would appear as

follows:
A B C JA KA JB KB JC KC

0 0 0 0 0 4 0 4 1 4

1 o o] 1 0 4 1 4 4 1

2 0 1 0 0 4 4 0 1 4

3 0 1 1 1 4 4 1 4 0

5 1 0 1 4 1 0 4 4 1

0 0 0 0 0 0 0 0 0 0

4 1 0 0 4 4 4 4 4 4

o lrtito et s 1o e ta tadf EUR

7 1 1 1 st a 1 4 1 4 | CTDC
don't care terms
5.1.5 Subroutine DLTRG - Delay and Trigger Flip Flops

Subroutine DLTRG generates the delay and trigger flip flop transition
input requirements for a given count sequence. The transition requirements
complete the counter truth table logic which is stored in the two dimen-

sional array "B(I1,J)". For description of this subroutine, refer to sub-
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routine JKRS (Section 5.1.4) which is similar in function and operation.

5.1.6 Subroutine RST - RST Flip Flop

This subroutine generates the RST flip flop transition input require-
ments for a given count sequence. The operation is similar to that de-
scribed for subroutine JKRS (Section 5.1.4). The input transition require-
ments for each flip flob iﬁ the counter truth table are generated and stored
in a two dimensional array "B(I,J)',

The subroutine considers the RST flip flop for use as either an kS or
a T flip flop. When an RST flip flop is specified, the subroutine is used
for two different counter designs. The first design uses the "RST" as a
RS.flip flop and the second design uses the "RST" as a T (trigger) flip
flop. The value of variable ICODE determines the operating mode of the RST
flip flop. '

5.1.7 Subroutine CITDC - Counter Don't Care Terms

Subroutine CIDC generates the don't care transition input requirements
for the don't care terms of all counter designs, These don't care condi-
tions complete the two dimensional array "B(I,J)" as illustrated for the
JK flip flop subroutine in Section 5.l1.4.

5.1.8 Subroutine ARRAY - Boolean Expression Array

This subroutine generates the Boolean input equations (one at a time)
in sum-of-product form for each flip-flop and converts Boolean functions in
product-of-suw form to sum-of-product form. These Boolean equations are
later sent to subroutine BOOL for simplification. The subroutine has a
normal and an alternate mode of operation. Basically, the normal mode de-
velops the Boolean equation from sum-of-product terms while the alternate
mode develops an equivalent equation from product-of-sum terms. The alter-
nate mode is used when the number of counts specified is < 1/6 of the maxi-
mum count states possible for the number of binary bits used, or when the
Boolean expression read in_is'in product-of-sum form. Both modes produce
Boolean equations in sum-of-product form regardless of the form to be used
in printout.

Operation of the normal mode is as follows.. The array "B(I,J)" from

a flip flop subroutine (e.g. JKRS) is transfered into array "NBI(I,J)".
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For output in sum-of-product form, the subroutine generates the Boolean
function array "A(L,J)" for each flip flop input froﬁ the count states
specified by the true and-don't care transition requirements for that in-
put. For example, for the JK flip flop array shown at the end of Section
5.1.4, input JA has one true term (count 3) and four don't care terms
(counts 5, 4, 6, 7). The "A(I,J)" array generated for the J input of flip
flop "A"(JA) is as follows:

1 2 3 4 5
Al o 1 |1 1 1
B 1 o | o L {1
c 1)1 oo |1
True Ténn g \7Don't C;:; Termsgj

For output in product-of-sum form, the "A" array is obtained from the
false and don't care transition requirements. For JA there are-three false
terms {(counts 0, 1, 2).

The alternate mode for counter designs is used when the sequence con-
tains only a small portion (£ 1/6) of the total possible count states. The
terms specified by the false ("O") transition requirements are taken, and
the entire expression is then inverted. The inverted "0" term expression
is equivalent to the expression obtained from the true and don't care trans-
,ition requirements. The true terms are then later separated from the don't
care terms in subroutine DETRU, The‘reason for the alternate method is to
save computer operating time by reducing the size of the "A" array which
would otherwise contain a large number of don't care terms.

The inverted expression consists of product-of-sum terms which are con-
verted into sum-of-product terms by a special expansion technique. The
product-of-sum terms cannot simply be multiplied out as this would yield a
voluminous number of terms, For example, eight terms each containing six
variables would yield 68 or 1,680,000 terms. The technique used involves
factoring out common variables beginning with the most common variable in
alphabetical ofder. Also, the alternate mode handles Boolean expressions

that are initially read in product-of-sum-form.
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The operation of the alternate mode, for sum-of-product printout, is
as follows. First, the "1" transition terms are stored in array "AT(I,J)n
for later use in subroutine DETRU., Then the inverted "0" terms are stored
in "AT', The‘inverted "Q" terms are processed within the "AT' array pro-
ducing reduced sum-of-product terms which are stored in array "A(I,J)m.
The resulting sum-of-product expression is usually close to its most sim-
plified form. Usually each term is reduced to its simplest form but some
unnecessary terms may be included. For printout in product-of-sum form,
the role of the "0" terms and "1" terms is reversed. Here the "1" terms
would be inverted and then processed.

The expansion technique used is illustrated by the following example.
Let "JA" represent the expreésion generated in array "A" and "P' represent
the>product-of—sum expression contained in array "AT'. Initially JA = O,
As "P' is reduced, the sum-of-product terms generated are transferred into
"JA", The expansion is complete when F = 0. The expression shown for "F"

is expanded as follows:

F=(A+B+C" +D')A" +B+C" +D)A+B+C+D')A +B+C+ D)
JA =0 '

Factoring out B gives,

F=B+ (A+C" +D')A" +C" +D)(A+ C+ D')A'+ C-+ D).
Transferring B from F into JA gives,

F=(A+C + DA +C +D)A+ C+ D')A + C+ D)
JA = B.

Factoring out A gives,
F = A(C' + D)(C + D) + (C' + D)A' + C' + D)(C + D')(A* + C + D).

When a variable is factored out, its complement is eliminated from the
term factored out. Next the first term is further expanded by factoring out

variable D giving,
F = AD + A(C')(C) + (C* + D*)(A' + C' + D)(C + D')(A'" + C + D).

Since AC'C = 0, only term AD is transferred into JA giving,
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F=(C" +D')A" + C' + D)(C + D')(A'" + C + D)
JA = B + AD.

Factoring out A' gives,
F= A'(C' + D')(C + D') + (C'-+ D')(C' + D)(C + D')(C + D).
Then, the first term is further expanded by factoring out D' giving,
F = A'D' + Ar(C')(C) + (C'" + D')(C' + D)(C + D')(C + D).
.Transferring A'D' into JA and eliminating A'C'C = O gives,

F=(C" + D')(C + D)C + D')(C + D)
JA = B + AD + A'D',

Factoring out C gives,
F = C(D')(D) + (C' + D*)(C' +D)(D'}(D) = 0.

Since F = 0, the expansion is complete and the resulting input equation
is JA=B + AD + A'D',

Each term produced by factoring out a variable is further expanded by
factoring out the next most common variable and so on for five times
or until only sum-of-product terms remain. Only if the expression contains
more than 32 product-of-sum terms is it possible for one expanded term to
still contain product-of-sum factors after five repetitions of factoring out
common variables; When this occurs, the subroutine multiplies out the re-
maining factors.

The multiplication section is complete by itself and can be used to
expand product-of-sum terms directly if desired for some other application.
The multiplication section consists of cards 131-169 on the source program
listing,

5.1.9 Subroutine DETRU .- Determine True Terms

When the alternate mode is used in subroutine ARRAY, the true and don't
care terms generated in the "A" array are intermingled. Subroutine DETRU
selects the minimum required trﬁe terms from the array and then places the.
true terms at the front of the array. The "A" array is now in proper form

for further simplification by subroutine BOOL.
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The subroutine functions as follows. Array "A(1,J)" is trans-
ferred into array "AT(I,J)" which already contains the "1" terms entered
in subroutine ARRAY. A true term matrix is generated in array "IA(I,J)"
which cross references the "A" array terms to the "1" terms that they con-
tain. Thé rows correspond to "1" terms and the columns to "A" array terms
that contain at least one "1" term. As an example, assume the "1" terms
are counts 2, 10, 42, 65, 107 and the "A" array contains expression JE

given as:
JE=B"+ E+ AG' + CG + DG' + FG + A'G + C'G' + D'G + F'G'.
The true term matrix would then appear as follows:

‘B! DG! FG C'G' - D'G

@ 8 A'B'C'D'E'FG' (2)

1 5 8 ‘ A'B'C'DE'FG' (10)
A'BC'DE'FG' (42)

1 ‘ 9 AB'C'D'E'F'G (65)
® ' ABC'DE'FG (107)

The position of the numbers in a column signify the "1" terms that are
contained by the JE term listed above the column. The value of the number
éignifies the position of the column term in the JE expression. For ex-
ample, C'G' is the 8th term in JE and contains the first three "1" terms.

The required true terms are determined by the following technique.
First, the minimum row is determined. Then from the column terms appearing
in this row, the column which contains the largest number of "1" terms is
selected. If sevéral-colpmns'contain the same nuhber of "1" terms, the
column term having the least number of variables is the one selected. All
the rows ("1" terms) contained by the selected term are then eliminated
from the matrix. The next minimum row is determined and the process re-
peated until all rows are eliminated. The terms selected now contain all
the '"1" terms and are therefore the true terms.

Applying this technique to the previous example gives row 5 as the .

first minimum row since only one column appears in this row. Hence FG is
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the first true term., The reason for selecting the minimum row is made
clearer by noting that FG is the oniy term that contains the fifth "1»
term (ABC'DE'FG) and therefore must be one of the true terms. 'The next
minimum row is row l. Both terms B' and C'G!' in this row contain three
"I terms and term B' is selected since it contains one less variable.
Rows 1, 2, 4, 5 have now been eliminated. Obviously, row 3 is the next
minimum row and term C'G' is selected over DG' since it contains more ''1"
terms. All rows are now eliminated and.the resulting true terms are FG,
B', and C'G', 'The remaining terms in JE are don't care terms. The true
term expression obtained in this alternate mode will always be at least as
minimized (fewest number of terms and variables) as the expression ob-
tained in the normal mode. ‘ ' .

The subroutine then transfers the expression in array '"AT' into
array "A" with the true terms being transferred first. For the previous

examplé, JE would now appear as:
JE=FG + B' + C'G'/E + AG' + CC + DG' + A'G + D'G + F'G'.

5.1.10 Subrottine BOOL - Boolean Simplification

The Boolean simplification subroutine implements the Boolean simpli-
fication theory discussed in Section 2.1. The subroutine follows the
sequence of steps described in this section. The first step applies the
three theorems of the itérative method to obtain the prime implicants.,
Then, the tabular method is used to assure that the final expression is a
‘minimum sum-of-product. |

The ggbroutine transfers the Boolean expression that is to be simpli-
fied into a two dimensional array called the "A(I,J)" array. The true
variables of the expression are read into the array as 1's and the comple-

ments as 0's, For example, the expression
ABC + ABC + ABC

would appear in the "A(I,J)" array as follows:

[l Ll (= T Lol
R T o £ 8
- 1O | W
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Once the Boolean expression has been read into the array, the first
step is to apply the first theorem of the iterative method to the array.

The first theorem of the iterative method is:
1. XY + XZ = XY + XZ + YZ.

The function 6f this theorem is to generate the new term YZ out
of the variables associated with X and its complement, The complement
pairs are the 1's and 0O's on each row, and the variables associated
with a complement pair are the remaining 1's and O's in those two col-

ums,

An example of the first theorem is as follows:

Complement Pair Ney YZ Term
- v 1 = Dat
CHIDIE 3 3 = No Data
B 1 1 0 1
1 1 1

The next step in the iterative method is to apply the second and

third theorems. These are:

20 Y+»Y=Y
3. Y+YZ=Y

These two theorems use the new term YZ to reduce or eliminate certain
terms. For example, it can be seen from the previous array that the new
terﬁ YZ will replace the first and second terms of the array. This is an
application of the third theorem. After application of the third theorem,
the first. and second terms of the array are the same; therefore, the second
theorem can be applied to eliminate the second term.

After the application of the second and third theorems, the previous

array would appear as follows.

3 = No Data

= |~ (W [

= 1O I lw

W jw fw v
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As the title, iterative method, implies, these three theorems are
applied over and over to the array in the same order until all
possible applications are completely exhausted. The complete iterative
method is applied to the array three times. The first time only the true
terms are considered. This is to group the true terms together before
further simplification with the don't care terms. The second time, both
the true and don't care terms are considered together. Because of the
initial grouping of the true terms, the second application of the ifefqtive
method may not completely reduce all terms. Hence the iterative method is
applied a third time. ‘When this is dbne, the remaining terms in the array
are prime implicants., Before the iterative method is applied for the third
time, the array is compressed by eliminating all "no data (all 3's)" terms
from the array. This provides working space in the array for application of
the tabular method and reduces the time required to implement the remaining
portion of the simplification technique.

The second part of the subroutine is thé tabular method. The tabular
method takes the results of the iterative method and eliminates all possi-
ble terms that are not required for the minimum Boolean expression. This
is accomplished by expanding each term into an expanded sum-of-product,
then checking to see if every term in the expanded sum-of-product is con-
tained in the remaining terms. If every term is contained at'leaét once,
then the original term that was expanded is eliminated from the array.

For example, if the expreséion

BC + AC + AB

N

were the final result of the iterative method, then the array would appear

as follows:

1 2 3
3 0 1
B 1 3 1
C 1 1 3

‘The first term in the "A" array is expanded into two terms in the

working portion of the array which is behind the last term. The array now

108



appears as follows:
Expanded Terms

1 2 3 TN ————
3 0 1 0 1
1 3 1 1 1
1 1 3 1 1

S, ———

The arrows show what terms of the expanded terms are contained in the
remaining two tefms; The term expanded is obviously not considered.

-Since all expanded terms are contained in the remaining terms, the
term that was originally expanded is eliminafed from the array.

The "A" array now appears as follows:

V/_ Eliminated
1 2 3
3 0 1
B 3 3 1
3 1 3

This process of expanding each successive term and then comparing the
expanded terms with the remaining terms is continued until all terms of
the array have been considered. When this is done the final expression is
minimal and the tabular method is complete,

The tabular method is applied to the array twice. The first time
true terms are eliminated using only the true terms. The second time
don't care terms are eliminated using both the true and don't care terms.
This is because true terms can be used to help eliminate a don't care term
but don't care terms can't eliminate a true term.

5.1.11 Subroutine DGLOT - Digital Output

This subroutine prints out most of the calculated digital data. 1In
the counter design mode, the subroutine printé out the flip flop transition
input requirements, the counter truth table, the flip flop block diagram,
and the flip flop input equations in either sum-of-product or product-of-
sum form. In the Boolean simplification mode, the subroutine prints out

the simplified Boolean function in sum-of-product form,
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In the counter design mode, the operation of the subroutine is as
follows. First the flip flop code letters (e.g. JK) are generated for
the flip flops in use from variable FCODE. Next the transition input re-
quirements and the counter truth table are printed out. If the short
form output option (NRT = 1) is specified, these printouts are bypassed.
The array "NBI(I,J)", which contains the counter truth table, cannot be
directly printed out because of different spacing requirements for the
binary sequence portion and the input transition portion of the array.
Hence, a new array "ROW(I)" is generated and printed out with the proper
spacing between characters for each row of array,”NBI(I,J)"{

Next, the Boolean input flip flop equations are printed out. Each
time the subroutine is called, one equation brought in through array
"A(L,J) is printed out. The Boolean variables contained in array "A" in
binary form are converted into alphabetical 1etters‘for printout. The
variables designate flip flops which are assigned letters in alphabetical
order, with flip flop A always representing the most significant binary
bit of the count sequence,

The Boolean equation printout is normally in sum-of-product form. In
this form, the equation can contain both true and don't care terms, If
variable MPS = 1, the printout is in product-of-sum form. When this form
is used, the complement of the variablés in array "A" are printed out and
only true terms are used. When the printout requires more than one line,
the last term on each line is completed before beginning the next line. A
term is never split up between two lines.

In the Boolean simplification mode, the subroutine branches direetly
to the Boolean equation printout section used in the counter design mode.
The Boolean variables are assigned the same alphabetical letters as used
in the expression read in. The letters read in are stored in array LETIR(I).
Only sum-of-product printout is used in the simplification mode.

‘ For an example of the Boolean equation generated from array "A(I,J)
under different output modes, assume array "A(I,J)", containing three

true terms and one don't care term, is given as follows:
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1 2 3 4

0 1 1 3

B 1 3 0 0

c 1 0 3 0
¥TruevTermsy k—ﬁan't Cafe Terms

For sum-of-product printout with true and don't care terms,

F = A'BC + AC' + AB' / B'C'.

For sum-of-product printout with true terms only,

F = A'BC + AC' + AB'.

For product-of-sum printout,

F

(A + B'" + C'")(A" + C)(A' + B)

5.2 SOURCE LISTINGS AND FLOW CHARTS

The listing of the computer main-line program and subroutine programs

along with their flow charts are given in Figure 5.2 through 5.23. The

programs are written in FORTRAN IV for the UNIVAC 1108 computer and can be

adapted easily to any computer using FORTRAN IV or FORTRAN V.

Main-line Program

1.

DIGITL

Digital Logic Design

Subroutine Program

1

2.
3.
4,
5.
6.
7.
8

90
10.

BLNIN
CTRIN
JKRS
DLTRG
RST
CTDC
ARRAY
DETRU
BOOL
DGLOT

Boolean Input
Counter Input
JK and RS FF's
Delay

RST FF

Counter Don't Care Terms

Boolean Expression Array
Determine True -Terms
Boolean Simplification
Digital Qutput v
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peTL

S 0GTL -

C MAX., OF 10 VaARJABLES ANO APPROX, 250 TERMS FOR BOOLEAN INPUT,
C HIGHEST NO, AND MAXe NO, OF STATES FOR COUNTER INPUT }S 255, DGTL
¢ PROGRAM FOR 255 COUNTS USES ABOUT 25,500 WORDS MEMOURY PeTL
€ NOt(l) = DECIMAL NUMBER SEWQUENCE FOR COUNTER - DGTL
€ A(l,J) = BOOLEAN LOGJC ARRAY, B8(l,J) = BINARY SEQUENTIAL ARRAY DGTL
€C K = NUMBER 0F VARIABLES, L = NUMBER OF INPUT COUNT STATES R :
€ N = NUMBER OF TRUE + DON®T CARE TERMS, M = NUMBER OF TRUE TERMS DGTL
‘C NN ® MAX, NO, OF CULUMNS IN B ARRAY, NC = COLUMN NOo, OF B ARRAY PGTL
€ LETR = LETTER ARRAY, FCODE(l) = FLIP«FLOP CODE NUMBER DGTL
€ NRT @& CODE NUMBER FUR SHORT FORM OQUTPUT PGTL
C AT(I.J) a PRODUCT OF SUM TERM ARRAY, MPs = lNPUT/OUTPUT FORn CODE NO DGTYL
— INTEGER BLANK, DATR, FCODE, A, Cy Fiy: AT e = D@Th. -
OFMENSION A(J04257)sNl1 (257,32}, DATR(GO).LETR(Zb).FCODE(?)|N0(357)DGTL
ODIMENSION AT(10,})00) .DGTL
COMMON A . DeTL
- DATA BLANK.C, r/sn I TR L L A 1§ { &
10 READ(B,15) tDATnil).l * 1,80) _ 06TL
..._~.ls FORHAT (EOAll . O S R R RN . DGTL
MODE = DATR(Y) DeTL
IF{MUDE +EQe BLANK) CALL EXJT - | C e e e = QGETR
IFIMODE +EQs C) GO YO 20 ‘ _ R : DGTL
IF(MODE +EQe F) GO TO 60 : oo PoTL
GO To 10 DGTH
-~ 20 CAUL CTYRIN (DATRi NBI, FGODE; Ky Ly LcTR. NO,;- NRT. H?sl"—m—-~—~~m DGTYL
I = beTL
22 1CODE = FCODE(]) e ' 1R A
» 60 To (30,30, 34.34.35 .38, 10.24). 1€0DEK ' DGTL .
24 1 w1 e 1 _ e e e DG TR
60 To 22 . - DGTL
~~ 30 CALL JKRS (L oK JCODENBI o NHGNG) o = v o e o s e DG, -
GO TO 40O DGTL
34 CALL OLTRG (L ,K,1CODE,NBI,NH,NC) DGTL
60 To %0 pGeTL
38 CALL RST (Lo I CODENBT ' NHyNC) S e e e DETL
#0 CALL CTDC (L NHyNC K NBI) . 0GTL
- 50 CALL ARRAY (NBJ, Ke NCo Lo MPSy A, N, My ATy MINY) - -~ o e DeTL
IF(L oLEe 290K/6) CALL DETRU (KsMIN,AT» unt ANoM) - DGTL
© . CALL BOOL (NyKsMyNRT,4) v DQTL
B4 CALL DGLOT (ALLETR,KyN4HM, nooE FCODE(I).NC NO,NBI, NH.NRT.MPS) pGTL
- IF(NC +EQs NH * |) 60 To 24 - DGTY
GO To Su DGTL
6@ CALL BLNIN (DATR, LETR: As Ky Ny My NRT, MPS) = e e DG T -
IFIMPS +EQe »}) CALL .Rnuvcnax.x NC.L.MPS.A.N M.Ar N;N) DaTL
- CALL BOOL (N KsMyNRTA) - : Bt °L ) S
CALL oGLor (A.LETR K.N.n MODE FCODE(]) sNC uo Nal NH.NRT nvs; paTL
-0 T0" 30 - - e e e e hiamamei 1 ) § P

- END

DGTL

VONOWM EWwN—

|

1

Figure 5.2. Program DIGITL
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START
NG

v

h g7
A 4

&0

CALL BININ (DRTR LETR, R,
X, N, M NRT MP9)

7

CRLL ARRAY
»e, L
At Hiv)

. MADE DNTR(!)

?
NES, A N, M,

READ: DATR(1), I - 1,80
FORMAT (80 Ay,

CRLL EMT

[chee BooL Mk, M, NRT,R) ]

CAtL peLot (R, LETR, X,N,M, MODE,

FCODE(T),NCNQNBT, NK, NRT MP3)

d l v |
%

20

CRLL CTRIN(DATR, NBI,FCODE
K,LLETR,NO,NRT, NPs)

I=!

22
{_1cope =Fcope(D) |

4

CALLRST(L,x,
ICOOE, N8I ,NH,N(]

CALL OLTRG(L,K,
ICODE ,NBI, NH, N

LC00E, NBT, NH, NC)

CALL -TRRS (L, K,

Y

L)

[(m €T oC (L,NH, Nc,k,nal)l

50

| CauL ArrAY (N8BT, KNC, L MPS, AN, M,AT, NIN)]

L€ u

F
[caLs oeTru (kMM aT,naT, AN, M) |
|

[cae BooL (N, kM, NRTA) |

g4

CALL D6LOT(ALETR K,N,M,MODE,
FCODE (T}, NC,No, NBI N, NRT,¥1P3)

NC=NHel

F

f 3

Y

Figure 5.3. Flow Chart of Program DIGITL
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SUBROQUTINE BLNIN (DATRy LETR, A, Ky Ny M, NRT, MPS)
- INTEGER A,DATA,SYMB,BLANK ,BAR ,PLUS,STAR,DATR,SLH,RPAR
DIMENSION DATRO1DLETRIL) o ALM001)5YMB(26)»DATAI500)
"""" ~ DATA (SYMBUI) o) ®1,26)/7IHAGIHB Y IHCoIHD IHE s IHF yIHG IHH IHT v INJ,

BLIN

BLIN -~

BLIN
BLIN

1 IHK G LHL G LHM o AN o 1HO G JHP o JHQ o AHR o IHS o INT s JHU G JHV , IHW IHX 4 UHY s IHZ/BLIN

== DATA BLANK¢BARPLUS ,STARZIH " siNY  1He,iHe/ SLN/ Ny s s
DATA LPAR RPARIIH‘ M/ '
“= MPS s O e i e s e
N ® |}
“IM s 0 ettt e e e ot s o e+ e e e e et e ot e e e
NRT = O
—-W w D e e v e e e tm e et e —— e s
DO 10 | = Je2641)
LETR ( l , s BL‘NK e e . - . S
{0 CONTINUE
<IN ® § e e L . e e
10 & &
o‘TR( l ’ - BLANK - . [ . . - .. R We B 4t e ————— e r—_— -
wRITE (lo0.l2)
32 FORMAT (1HIy 10X, 'INPUT FUNCTION - (F ®» TRUE TERHS‘/'"“—"”“““W“
3 18H DON'T CARE TERMS),/30X, .
T2 v TERMINATES BOOLEAN EXPRESSIONYo/// 16X, 'F. w- 0;-~n~_—~m~~~w
17 18K s O
T NRITE (J0.,08) (DATREU) s m 1480) e oime et e e e e
18 FORMAT (1He®418X,80A1,//7) '
- . Do ZD J - l .ao . F T [P —m dmre e e m e eem . emema e et . s
IF(DATR(J) o+EQs BLANK) GO TO 24
- e-— l” -IM * l - - e i m e m = e simtnt em mmmn e e mh i e - ——— — e e
"OATA(IM) = DATR(J)
———en lF(MPS OEQO v-l ) 60 TO z‘ mtmtd o v rm i 4wt e s e s e ene rie e = e o it e — e+
IFIDATALIM) LEQ, LPAR) GO YO 22
IF(OATACIM) +EQs PLUS) GO TO 26 - - : - R
IFLOATA(IM) oEQ, SLH) GO TO 27
21 IF(DATACIM) +EQs BAR OR. DATA{IM) +EQs RPAR) G0 TQ-20 -
IF(DATACIM) o+EWe LPAR) GO TO 26
IFIOATA(IM) sEQe-STAR) GO TO 30 o e S e s
GO ToQ 28 '
22 MPS = =} . L e e e e e e i e e e e - e e e
G0 1o 20 ’
24 18K = IBK ¢ |} e e U VUGS
IF(I8K «GEe 80) GO TO JD
o0 T0o 20 . e G OG0 S Y
27 M s N ) . .
26 N = N ¢} . . - . - ce e e ma e e o BN [ U
00 To 20
20 DO |9 ] w |26 . e e e e
1F (SYMB(1) «EQ, DATA(IH)) GD To 29
GO To l’ ..... et ¢ e e o aere e S e e e
29 LETR(I) = SYMB(])
60 To 20
19 CONTINUE ]
20 CoNTiNU( Lol - e FE .
1S READ (IN,16) GDATR(J).J u loBO)
.l‘ 'OR"" (.O‘l)'*'"""“ . e e e s e Cen cat + e ene b e e s eas iae e e aan
60 T0 47

Figure 5.4. Subroutine BLNIN (Sheet 1 of 2)
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-30

- 34

i

40

w2
'
“e

48

$0

IF(M .EQ. 0’ M = N . L e

K s (

00 34 | = },26 - - :
IFILETR(]) «EQe BLANK) GO TO 234
K = K ¢}

LETR(K) = LETR{})

CONTINVE e e .
WRITE (10,36) (LETRUI)»l » }4K)

FORMAT (IH (JOXK,*LETTERS USED = *30A})

00 38 J = |4N

DO 38 | = 14K

A{l, ) = 3

CONTINVE ~  — — -
L e}

4 = 0

Jd = 4 ¢ |

IF(MPSIEQ.DeAND o IDATA(V) EQePLYSIORDATA(JV)IGEQeSLH)) GO TO 48 —

IF(MPSsEQe=1sANDeDATA(J)«EQesRPAR) GO ¥0 48

D0 42 | = }.K

IF(LETR(]) oEQe DATA(J)) GO TO 44

CONTINVE
IFLIM +«GT, J) GO TO 4O
G0 TO 50 A, Lo

IF(DATA(Je)) «EQe BAR) GO TO 44

AlloL) ®» - "
GO To 40

AlI.L) = O e e s e i e oo

J s J e |

Go Y0 [ Q- e e e e i s s e

Ls L e |

G0 TO 40" BRE

CONTINVE

Rtruan. e -““””--_._-'-‘.. e mem m e e
END

Figure 5.4. Subroutine BLNIN (Sheet 2 of 2)
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BLIN 546 .

BLIN 89

BLIN 57
BLIN 58
BLIN 5%
BLIN 60
BLIN 6]}

- BLIN 62 -
BLIN 63
BLIN 64 -
BLIN 65
BLIN 66
BLIN 67
BLIN 68 -
BLIN 69
BLIN 70
BLIN 71
BLIN 72
BLIN 73

- BLIN 74 -
BLIN 75
BLIN 76
BLIN 77
BLIN 78
BLIN 79
BLIN 80
BLIN 8]

“BLIN 82
BLIN" 83
BLIN 84 -

_BhIN 85
BLIN—B86—
BLIN 87
BLIN - 88



BLNIN(DATR, LETR,A,
1, N, M, NRT, MPS)
I

M0
Ns )
ILEXY
NRTZ O
nrs= 0

WRITE: INPIT FUNCTION/
I

W
IRK=0 ]
B vty
———————

T M
DATR(T)=BLANR> IBK=IBK+

al

- T
DATA(IM)=LPAR [M7s =~1]

&t A 4

v

F
26
NN+
v
DATH(EN)=STAR
F
28
forese <DOI=hi6 >
A 4

bemececacenann
- - e - e m - - 29

<
READ: DRTA(J)z71= 1,80
FORMAT(80 H1)
~€ < ]

130 -

e
4
i

A)

Figure 5.5. Flow Chart of Subroutine BLNIN (Sheet 1 of 2)



RITESLETR(D), I=1,K
\' 'FORMHTC!ORI) 7

<4—
J 4o w L&l
(3
DATA(T) = RPARST
AND MPpS =~
F
- - -dDOT =4 K
1
| T
I LETR (1) =DATA(3) 4
|
] ' T
! DATA(T+H)<BRR (13
Lommma- A L)=0
AL,L)=) T T4
1 i >
I TM>T
F
) 50
RETURN

‘Figure 5.5. Flow Chart of Subroutine BLNIN (Sheet 2 of 2)
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-~y

SUBROUTINE CTRIN (DATR,

FHK o JHL o THM G THW G THO G LHP EHA o LHR G LHS o IHT o LHU G IHV UMW LHX W IRY, INZ/CTIN -

IN = 6

10 = &

MPS = O

DO 7 | = 1,426
LETR(I) = NBLE(I’
CONTINVE -

WRITE (]0,8) (DATR(I).

| = 2'80)

NOBi. FCODE, MX,

Mo

LETR,
INTEGER DATR,FCODE BLANK,COMMA»A4D4sR,TyCLR,SLH
OIMENSION DATR{I)I4NOBI(25741) FCODE(])4LETRIJ)INO(L) ,NBLE(26)
DATA BLANK,COMMAGA D JUsR,ToSLH/LH olHeslHA»IHP IHJ S INR ) INT 9 JNH//
OATA (NBLE(TI) ] m] 426)/71HAIHB ) LHC ) IND o JHE ) JHF ¢ LHG  IHH LHTy IHY,y

NO, NRT, MPS)

e FORMAT (iH1,ISX'FLIPwrLOP TYPES SPECIFIED" ron COUNTER//
'79Al//)

)

12

14

16
18
20

22
a4
26

a0
a6
38
«0

lbl'FLlP'FLOFS l

FCODE(7) = 7
CLR = 1

NRT = O

DO 10 1 = |6
FCODE(}l) = 8
CONTINVE

00 38 J = 2,80

IFLODATR(J) oEQe BLANK)

IF{OATR(J) +EQe SLH) NRT =
IF(OATR(JU) +EQe NoLE(16)) MPS & |}

IF(DATR(J) oEQs COMMA) GO TOQ @ oo rios oo oo o

IFICLUR +EQy 0) GO YO 38

"GO To 14

CLR = )
GO 70 38

IF(DATR{J) <EQe A)

IF(DATRIJ) +EQeJdV)-
IF(DATR(J) <EQe R)
GO TO 26 e
0O 18 1 = }4

FCODE(L) m J o

CONTINVE
GU To 3o
FCODE(L) = )
GO To 36

IF(OATR(Je2) +EQeT) GO TO 24

FCODE(2) » 2 - -~
GO TO 36
FCODEIS) =
FCODE(S) =
G0 Tu 36 -
IF(DATR(J) oEQe T)
IFIDATR(J) «EQe D)
60 Tg 38

FCODE(Y4) = 4

GO To A6

FCODE(I) = 3

CLR » O

CONTINVE- - -

[

60 To 16
50 To 20 el et e e e e e ae s

60 TO 22

GO 70 238
.

6o To 28
60-70-30- —

READ(INL42) M, (NO(llol - ‘o”)

Figure 5.6.

Subroutine CTRIN (Sheet 1 of 2)
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.42 FORMAT .
WRITE(IO,44) MeINO(]), ] = l.n)

44 FORMAT (1HO,3S5X?INPUT COUNT DATA. FIRST NO,s |S NUMBER OF COUNTS?
: " QTIN

) /7741
1FINOY(
L s M
NO(L)
GO0 To
‘46 L ® M
M e M
48 NBIG =
00 S
IFINOL
60 CONTIN
8lG =

MX = ALOGlU(BlG)IALOGIO(ZoO)O l.oooool

NOMX =
NOS =
52 00 54
1FINOY(
$4 CONTIN
L s
NO (L)
86 IF(NDS
. NOS
GO0 YO
60 CONTIN
00 &4
NU = N
00 62

NOBLIlsMXeJs]l) = NU » (NU/2)e2 T

NU = N
62 CONT N
6% CONTIN
wWRITEL
72 FORMAT

DO 76
1FEl

73 FORMAT (1u0.2ox'---—----------'.ZJN ooN'r CARE tsnns BELOW)
s WRITECIO0.74) LoNOCLdo(NOBI(L sdduum]omuk]) -

74 FORMAT (1nW0, 3vxxu.squ.~xzaxz)
- 76 CONTIN

RETURN
- END -

t1615)

ax,161871)

M) +EQe NO(Mel)) GO TO 46 S

1

® NOLL)

48

- 1
NO(M)
1 = )M

1) .GT. NBIG) NBIG ®» NO(Y) -

']
NolG

200MX « 1}
0
I s |8

VE
+ 1
= NOS

eGEe NOMX) GO TO 60

NOS & §
52

VE

I = §,L
0¢})

J = | yMX

vsa2
VE -
VE

1) LEQ, NOS: GO 70 56

10,72) (LETR{1)elm}oMX)
(///lHO-ZDx'lNPUT COUNT SEQUENCE LOGIC'///
) (23X *SXONOCL)*IX26(1IXAL)))

I = Letb

EQe Me2) WRITE (10,73)

uEA- Cee L m———

Figure 5.6.

Subroutine CTRIN (Sheet 2 of 2)
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(CsTART )
CTRIN{DATR, NOBI, FCODE,
Mx; M, LETR, NO, NRT, HPS)
v

INB{
10 =
mps« 0

(DRTR(1),I=2,80
FORMAT (719 A1

\ 4

1
I
[
1
|
i
1
)
I
-t
]
N
]
]
'
'
)
)
)
]
\ L 4
|
1
1
1
]
1
]
! o 4
l i
! |
! L
1
[
[}
l
]
'
]
]
)
)
i
! 4
1
| V
|
|
' 36
1 3¢
1
1

READ:M,(N0Cx), Iz ), MY
"\ FORMAT(16X5)

Figure 5.7. Flow Chart of Subroutine CTRIN (Sheet 1 of 2)
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WRITE = INPUT COUNT DATR
(M,NDSI),I=I,P?
FDRMRAT (1615
T
w 46
F A
' L=
L= M+l MeM~-|
|N0(L$1NO(I) E

48 d

NBI6 =Ko (L)

L L0G,(BIG)

=L+ |
NO(L)=NOS ) c

RITE:INAUT COUNT SEQUENCE LOGIC
. LETR(D),I=hMX
-\ FORMAT(26 (ixR))

r-----
X R

1 WRITE: I,N0(), NoBI@ﬂB,jﬂ,m
| FORMAT(LY, 14,2672

L ————————— Q76

RETURN

Figure 5.7. Flow Chart of Subroutine CTRIN (Sheet 2 of 2)
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Figure 5.8.

SUBROUTINE JKRS (M,X,ICODE,B,N .CD VKRS
JINTEGER BoCoFoHoP Tow,KyZySUM - e - s - KRS
DIMENSIUN a(zsv.:n JKRS
— ym3ex. - - O S —_— e KRS
CuXel| JKRS
..... Fa2eei v e e —— — .- ~— JKRS
PuC JKRS
IOO e e e e I JKRS
2) Isl+) JKRS
T IFUT 4EQe X ® 3) RETURN - - e e T e e JKRS
weQ JKRS
T IwPey) T Comm e ~'JRKRS"
16 wmie) JKRS
T IF({N,EQeMel) GO YO 2} - - JKRS
He W+ | JKRS
SUMSY (WeZ) = BIHWZ) —  w -7 T e T e JKRG
: IFISuUM)18,)9,20 JKRS
18 IF(ICODEEQe}) GO TO O~~~ - - “JKRS
aiwerP)=} JKRS
BIW,T)@O - - oo s B — e e JKR'S
/ GO To 16 JKRS
80 BUW,Pymy - T s s e e s s e JKRS
(W, T)sy VKRS
60 TO 16 T s - - JKRS
20 lF(lCoUE.:G.l) GO ro al JKRS
8({W,P)m0 : — - e - e e s JKRS
8(W,T)=| . JKRS
GO0 TO0 16 — - JKRS
81 B(W,P)uy : JKRS
U RUWe TR e e e e e e —— - JKR'S
GO T0 16 JKRS
19 IF(B(N,2)2EQel) GO TO 7 - e - - o JKRS
8(W,P)s0 JKRS
B W T ) B o e e e e e o e e JKRS
‘60 To 16 : JKRS
17 a(W,Pray — - e e VKRS -
B(Ww,T)=s0 : JKRS
G0 TO lé - e ---  JKRS
2) P=Pe¢2 JKRS.
@0 TO 23 - e e e - - EOE— T Y
END JKRS
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(STARD)

TKRS '
(M, X,1¢oD¢, B, N; C)

B(WT)=1 BW.T)=0

BWP)I=0
B(w, T)= Y wT)=0
j|

¢ L <

Figure 5.9. Flow Chart of Subroutine JKRS
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23

—16

82

. 80
8!
..... -21

SUBROUTINE DLTRG tn.x lcootos N.Cl

INTEGER B4CoF sHoP oW oX ZsSUM--
ODIMENSION 5(3570‘,

N-ZOX
C'Xol
Fu2ee)x"
Pe(
Z»0
Imls}

IF(T LEQ,

w=0
hale]

X ¢ |) RETURN

1F(H.EQeMe}) GO T0 2}

HENe]

1IF(ICODE.EQeI) GO TO 00

SUM=B (W.Z)1%"BIH ) T T
IFISUMEQ.O) G0 TO 8}

B(W,P)m)
GO T0 16

SUMN=B(H.Z) -

G0 Vo 82
8(W,P)=0
GO TOo lé
PuPe]

(1 TO 23

“END -

Figure 5.10.

Subroutine DLTRG
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DLTRG
(M,x,1cong,B,N, C)
v

N=2X

Figure 5.11. Flow Chart of Subroutine DLTRG
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— 80"
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SUBROUTINE RST (M, X,1CODE,B,N,C)
© INTEGER CoXoFoPyZ W oH,5UN, T, IT.B“_"‘”—“"""”'"“*”“f"‘“‘"“'"“"””“““

DIMENSION 5(257.1)

NeYeX . e

Cakel

‘Fm2eek et e e e e o [N ~

pac

180 e e e e ) S

Inle}

IFEZ oEQe R & }) RETURN 7~ 7w o oo o o i min 2 om s e s e

we0

TePel e e e e e R
TTaTel '

Wewel O
”‘(HoEQ Mel) 60 TO 2[

HaWe] e e o S i

SUMSA (W,2)=B(HsZ)

IF(SUM)IB,39,20: — ——
lrtlcooc.:o.S) (GO TO 80 .

8 ‘ WPy e e e . s mmeans we e s s i mmemoa =+ ¢ ek = et ea s = wimee e o

B(W,T)=L

B{W,TT) =) U0 O - O i U

GO TO leé

8(WN,P)=| - e T -
8(W,T)=l

B(W,T T )=y ) e e n e e e e e e e e e .. e e e mmem e mm e o mm e ene o s e e e s

GO TO 16

LF (1CODEQE@aB) GO TO @ o ms oo oo

B(W.P)sQ

CBIN T mY o : — e

BlAa .TT)m}

GO TO 16 e e e e i e e e m e+ e e e & et s = et e e

Bi(WN,P)=0

Blw,T)=} e e i ¢ —— s e o e e S e L o e e m

BIW.TT)my

GO TO 16 - ———nn S o
lr«u(w.Z).teol) Go 70 17

BIW,P)my . —— oo J e e s e -

B(N,T)=Y

B(W,.TT ) =0 U . U U

60 TO 16

B(W,.P)=Y e e e e e e s e+ e

8(W,T7)=0
8(W,TT)=0
G0 To 16

0 70 23

(ND S O D - - R A T

Figure 5.12. Subroutine RST
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8!
BWP)=0
Bwm=!
Bw,TT)=4

TRST

M, X,1C0DE, B, N,€)
E 2

BOP)=h
BW,T)=4 BW,T)=0
BWTT)= 1 BMWTD=)

A

B(WT)=0
Blw,TT)

BMWP)=§ BW,P)=0
B(W,T)=0 B(W,T)=4
BW,TT)=0 BW,TT)=0

1

;i

Figure 5.13.

Flow Chart of Subroutine RST
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1

SUBROUTINE CTDC.
INTEGER B,C0G,0,8Q

DIMENSION B(257,1)
GuMe | T

L=C

(MeNCoXeB)

Wev ek

00 14 LsC,N —
8(6G,L)=0

CONTINUE = o

UsGe)
V s 2e0X o |}
DO 1l O=y,v

00 1} Q=C, N’
8(0,Q)=%

CONTINVE

RETURN

Figure 5.14.

Subroutine CTDC
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cToC
€T0C
()14
CToc
(4]

“€TDC

cvoc
cToc
(A ]
cT0C
cToc

- €T0¢: -

cToc

- CToC:
CT0¢.
- €T0C:
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( ‘STAKT >
B

CT DC
(M,N,c,x,8)

}

M
C

G
‘L

H:

( RETURN )

Figure 5.15. Flow Chart of Subroutine CTDC
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.7 203
202
206

“207
206

209

ALl
208

212

20!

213

204
220

216
215

218
a1

24

SUBROUTINE ARRAY (NB1, xx. Nc. LN. Nps. A. N. N. ATo NIN)

INTEGER A, AT, ROW, WK : I
OIMENSION N81(257 l).a(lo l).attlo.ta Row(;OO)owx(ZS)

1T = 1 . e e
1V = 20exkk ¢ | .

L . o i O [ - - —
IF {(nPS) 203, 202, zo; : o

ITU = O . e e e e e
IF (LN +LEs 29°KK/6) so 10 zou

DO 209 [ = 1,4 LN T o T TTIm s eSS e s e
IF INBIL], NC» - lTu ) 205. 206. 205

L ] L . ‘ N . G ST S e T S mm—————— -

00 207 K = }, KK

Af(K, L) = NBJ(l, K}-

CONTINVE

M oe B L T PRSIV DUV EVRP SR SRS SRR HURR S
00 208 1 = 1, IV .

1F INBI(T. NC) ® 471 208,7209,7208 -~~~ " oo o
L el o | .

00 211 K # §o KK oo oo or =oem s @ s e
AlK, L) = Nel!l. x) :

CONTY INVE - S
N »

IR & N o'y o= -
00 2)2 | = IR, 1V
oo z l 2 ‘ . l . “ i e e e - s e e et e n e cem e ——— s 4 ks b e e e = ——— b % bt Sy fne s e
AlKyl) = 3 : .
CONT INUE B e O
RETURN
D0 213 I 8 by M o o e i e e e e s e -
00 213 X = }, KK

ATIK, §) & ALKy §) -~ - N T
CONTINVE :
" ‘ N = ‘ - —ee— el - C e .. e hr ie e e me s mea i omans v s en et C o e et e et
MAX = M
G0 Y0 214 R S T N
00 215 | = |, LN .

IF (NBl(], NC) ® JTU ) 215, 220, 215 e e e e -
LetL e | ; ) .
D0 216 X » 1, KK e e e e e o e
ATIK,L) » Nsl(l. K)
CONTINVE e o e e e e e e «

MIN s L o |
IFIMIN «EQe ) oANDe MPS +EQe 1} 60 TQ 80 - - - o o
DO 217 | = 1o LN :

IF (NBL(Is NC) ® (1 w ITUDD 2D7, 331, 247~ - o 5 e o

L s ¢ | .
00 F ] 18 K =» l ’ K( TS e mn el e STl e s
AT (KXo L) & |} = NBY (] K)

‘CONTINVE

MAX » L

NRG » MAX @ M]IN - ¢} - - e L e e e e
LL AN ] HAK * l

LA w0 it s . —em O

Figure 5.16. Subroutine ARRAY (Sheet 1 of 3)
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219

40

“3
44
45
148

4o
Sahal 1']

56

164
57

58
60
166
168

64

00 219 | » }4 KK

00 219 v » 1o 100

Atle J) = )
CONTINVE

IF(NAX oLEe MIN ® 1) GO TO 470 = - = = - oo e

Ix = 1

" MRG » O

17 = O

DO 44 K = 1K KK

NI = 0
NI s O
00 S0 1| = MIN,MAX

IFLAT(Ko1) oEQe 1) N) ® Nl-o"} e e
IFCAT(K.1) oEQs O) NZ ».NZ ¢ }

CONTINUE

IF(N} e NRG ) ‘H.SO.SO . .

IFNZ » NRG ) 43,462,682 - — 1o e

IF (Nl +GTe MRG) MRG = N}

IF (NZ «GTe HRG) MRG = NZ e

CONTINVE

IF(MRG) 46e46,145
NRG e MRG

G0 To 34

IFLITS) 34,704,348
ATIK ,M¥) = :
IFINZ +GT, MRG) MRG
GO TO S4 -
‘T‘Ko"‘, e 0 .
IF(N] +GT, BRG) MRG
1TS = |

LS MW

00 60 1 = MINMAX

» N

e N} e e

IFIAT(KsI) ¢EQe AT(K.,MW)) GO TO S8

L e L+
NCOL « O
00 S6 J = |,KK

IFCAT(Jel) +EQe 3) NCOL s NCOL *} -

AT(JL) = AT(Jo])
CONTINVE '

TFLATIK,L) oNEeo 3 +ANDs NCOL oEQe KK » J) TS = O
IF(NCOL - KK’ 57.70.57. [, Fre b e e memmre s e e s measien me em e e

AT(K L) =» 3
G0 7o &0
AT(K,1) = 3
CONTINUE
WK{l]e2) = K

IF(ITS) 1684166,168

179 = |}
GO T0 72 -
WK(lleH) = MAX

IFIL » MW = 1 “.7‘.‘q.~mu“..~“"“ 0 U P
IFLIT «GEe 211G0 TO

WK(31) » MIN
wK(llel) » MRG

11 = 1] ¢ §

Figure 5.16.

76

Subroutine ARRAY (Sheet 2 of 3)
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72

76

78

92
— 9%
%

v7

170
200

MAX = L ' . ARAY
"NRG = L o MW - - ARAY
MW = L s 1 ) . ARAY
60 TO 34 S B “ ARAY
LA & LA o |} : ARAY
‘00 68 (W = 1) ll.i ) “ARAY
KW = wK(Ine2) : : : ARAY
M s WK{Jaed) e) oo — e i ~— ARAY
ALKW,LA) = AT(KW MW) . ARAY
CONTINUE ‘ T - T s © ARAY
GO TO 72 ARAY
“IF(I1 +EQ. }) GO TO 200 ) ARAY
Il = 1]l « 5 : ARAY
MIN s WK(1l) T e T e e e s e ARAY
MRG = WK(I] ¢}) ARAY
"NRG & WK(1le3d) ] ; - ~ ARAY
MAX & WK([Ie¢%) ARAY
MW 8 MAX ¢ }7 T - “ARAY
IK = 4K(]1+2) ¢ |} . ARAY
IF (1K » KK) 36, 363 45 - - - ARAY
MMW = My ¢ ) . _ ] ARAY
IMa L omw o - T = ARAY
00 78 Lw = },IM . . ARAY
ROWILW) = § =~ = - - ARAY
LST = LA o } ) ARAY
LA 8 LA & | - e —— - S — - ARAY
00 88 | = HHW.L . : . ARAY
AW s e NW e — - ARAY
IR = ROW(IW) .. , : : ARAY
" 00 84 J ® JR KK - e - —e - ARAY
IFLATIJ ) « 3) 82,084,082 ' " ARAY
IFCATOJoT) ¢ ATJobA) ® 1) 06489 y86 = e ARAY
CONTINVE ARAY
NL 8 ] w MW e e e : — ——— - ARAY
LA s LA » |} : ARAY
G0 10 92 e e . - - ARAY
ROWN(IW) = ) : ARAY
AGJobA) 8 ATHIpI ) = - oo o e R - ARAY
CONTINVE 7 . ARAY
NL = 0 . e e s s e e - ARAY
NL = NL ¢ } : ARAY
IF(ROWINL) +EQy KK) GO TO- 92—-—«~—-—--——~-u - - ARAY
ROW(NL) = ROHINL) * } ARAY
60 Y10 80 JO DU UEU IO Y | § ) 4
1FINL +EQ. IM) GO TO 94 : ARAY
ROWINL) » |} e e e e e i e+ e i - ARAY
G0 T0 Y0 . ARAY
00 96 JV & ]} KK BT - ARAY
AlJoLA®}) = 3 . ARAY
IFELST o LA) 97,497,472 o oo e e oo o e o ARAY
00 98 Iw =w J,15,.5 : ARAY
K¥ = wK{iwe2) e e e e e e e ARAY
N = RK({Iwed) o ]} . ARAY
D0 96 LWw-w» LSToLA — S L
AIKWLW) & AT(KWoNW) ARAY.
CONTINVE ... . . e ARAY
CONTINVE _ ARAY
60 TO 22 - oo e e .. ARAY
LA = | . ARAY
N ® LA e e e e e O L e e R U VRV AR‘Y
M= LA ARAY
IF{MIN oLEs )~ cANOo—nPS~mE¢ «l) ﬂ @ Qe s e e e ARAY -
RETURN ARAY

- MIN & MW e} - ARAY

‘uo ¢ e s e o s ¢ e e e e et _._ O A PO R ARAV

Figure 5.16. Subroutine ARRAY (Sheet 3 of 3)
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ARRAY(NBI, KK, NC,LN,
MPs, A, N, M, AT, MIN)

v
ITv =)
IV =2%+I
L=0

3

LAt = wsz(sK)

'--—-—{107

® ®

Figure 5.17. Flow Chart of Subroutine ARRAY (Sheet 1 of 5)
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201
-

T \DOI=IM\
1

/_____I
“ —»{ DOK = lhh
f

|

|AT(K I)=A(K, r

e - - 143
MIN =}
MAX =M

|

"1

a

Figure 5.17.

\ 4

NRG = MAX-MIN +I
Mw = HMAX +1

Flow Chart of Subroutine ARRAY (Sheet 2 of 5)
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) §

vi =0
NZ =0

r DO 1 = MIN, MAX

|

)
1
|
|
! |
! I AT(K 1) =1
: | F NI=NLt+I

]
i
| ]
| I ~. T
\ | <ar(KI0 4
! ] F NzZ=Nz+l
[

]
1 - — —~.gu0
| g

T
pd
; i I NI 2 NRG 0
I F AT(K, MW] =1
I Yl
: NZ®NRS> -
| 43 AT (r,nwW)=0
: T N1 >hRe
I NI > HReT ‘
I [ MRe =N1 F \
| : F o [MreeN1 {
»-
| T v w4
! Nz >MRe ITS <1
: = MW

I IMR6=N2 F L 1
|

L ~
- |
!
i >
|
!
|
N
>—» !
|
;o 1 4
|
Iy
n=LAa IT ~Tr-s 4!
AT~ - PN = W (IT) P NCoL=NCOL ¢
4 A MRG = WK (ZT+1) [
NRG s wh{IIt3) ¢ !
PAX = WK(ILt¥) | 9 5¢
Mw = MAX + e AT(¥,1) = 3
[ |
]
RETURN |
I
]

&

Ql€

Figure 5.17. Flow Chart of Subroutine ARRAY (Sheet 3 of 5)
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WK(IT+2)=K
WH(LI+¥)=nAx

Figure 5.17.
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!
| \ 2
| - WK(LI) = MIN
' KW =Wwk{IV+2) Wit (LIrn= MRS
| A”V'WKUV"”"‘ wK (IL+3)2NRG
' (KW LA) = AT (KW, hw) I1-I1+5
4 S 1]
v % Il MIN =MW +|
[Ir=wrarsn+ ] MAX =L
NRG =L~/
Mw =L ti
ITK>Kn >
d
'R0 -
MW = i +|
C|EM = L- MW
r
]
‘ x
L [Rowitw=I
= 11
'y
A

I )

Flow Chart of Subroutine ARRAY (Sheet 4 of 5)
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TR
' Iw<I- Mw
IR =ROW(IV]

s I-Mw Row (1w) =7
[Jk - {A -1 A(T,LA) = AT{TI}

A

KW =WHK{IW+L1)
Mws=WK{IW+¥)H]

3

Figure 5.17. Flow Chart of Subroutine ARRAY (Sheet 5 of 5)
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SUBRUUTINE DETRU (KK, HlNo AT. NRT. [ Y] No LR}

INTEGER A

ODIMENSJON

- 20

22

30

- 32
34

s
- 36

a8

- 40

~42

COMMON Ja
TF(M JLE,
L = MIN
00 22 1| =
ROW(L) =
00 20 K =
ATI(K,L) =
IFCALK, )
CONTINUE

IF(ROW(L)
IFt] +EQ,
CONTINUE

L e L'» ]

o ATy ROW i e

AT(30, l)oll(?ﬂ.?2).ﬁ°*(l°0)oAC109357)

§) RETURN

I+ N

0 T T T T

s KK

AIKel) — e i s

.NE. 3) ROU(LI . ROW(L) *

eNEe O) L » L o |
M) LM @ Lo}

Ml = MIN » l

JWw = |

D0 24 | =
1All,s1) =
00 Jo U =
JW = YW
NCOL = O

00 3¢ | =

00 JU K =
IFIATIK,]
CONTINVE
1AL uW)
NCOL = NC
1Al 1) =
60 Tou 34
1ALL uW)
CONT INUE

1o Ml
0
MIN, L"

\ GO OO

o M o e e e e e

1o KK

b ATUKG) GEQa 1060 TO 32 - r o e i

e
oL ¢ |}

lA‘ ‘ . ‘ ,“.._ i e e e e s w e e me Siem e eah e s

w0

IFINCOL +EQs O) GO TO 35

TA(MINLJIW
60 Yo 26
JW = W =
CONTINVE

)y = NCOL

IF (JW oGTe 92 «ORe MIN 4GTe 28) WRITE(6,38)
FORMAT (L1HOW*THE FOLLOWING BOOLEAN FUNCTION MAY BE IN ERROR'I
IXs " INCREASE DIMENSIONS OF lA(ooO) IN SUBROUTINE DETRU')
-39 LR = 0

MROW = 90
00 42 | =
IFCIALlL,
MROW = [ A
LR = |
CONTINVE
IF(LR o+EQ
NCOL = O
LC = 0
1I7TS = 12
00 46 V =

1o M1 - .
1} = MROW) qo. 42, 42
t5el) e

« 0) GO TO SO

2, JW

. NL » l“LR .J) e e = im——e e h——— e e N . . . .. e e e e
IF(IACLR J) oGEe 1 oANDe JTAIMINLJ) +GTe NCOL) Go_yo 4y

Figure 5.18. Subroutine DETRU (Sheet 1 of 2)
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IFOIACLROJ) eGEoJ o ANDO JACMINIJICEQeNCOLOANDoROWIANL)oLToITSIGO TO 44DTRY

Figure 5.18.

Subroutine DETRU (Sheet 2 of 2)

. GO TO 46 S * 4.1

44 LC = DTRY

,,,,, NCOL & JAIMINGIY . . e — oo DIRV

TS » ROW(NL) DTRU

_. 86 CONTINVE _ - e e e e DTRY

NL & JA(LRILC) DTRY

ROW(NL) = 20 _ . DTRU

DO 48 1 = oy M} DIRV

N IFCTIACTGLC) oGEe §) Al 1) __ " 90 e OIRU

48 CONTINUVE DTRY

GO TO 3¢ _ e i DTRU

60 LA = 0 DTRU

PO 56 1 = MINLM S e e DYRY

IFC(ROW(I) = 20) 569 521 66é DTRU

52 LA = LA + ] L . . 9TrY

. PO 54 K = }, KK ' DTRU

84 A(K LA} = AT(Ko) ) e e DTRY

56 CONTINUE DTRY

..... M= LA . e e e e R 0TRU

IFINRT ¢EQe 1) GO TO 4% DIRV

- D0 62 1 & MINGL . DTRY

IFIROW(]) «EQe 20) GO TO 42 T T DIRV

LA = LA + ) S DTRY

DO 60 K ® )}y KK CTemm T T - T T DTRY

60 A(KLA) = ATIKE) DTRU

62 CONTINVE o ) T [ * 417

64 N = LA R DTRY
TTTTRETURN T ) - TOTRYU T

_ END ) o . . OTRY
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SUBROUTINE BOOL (R4X4SiNRT,HA) ‘8004 }
INTEGER AoCoF oG eSaRoT UV o W XY oZySUNRTHRR\XX - - - BOOL 2
DIMENSION AtL}0,1) gooL 3
IF(R oLEes J) RETURN: - o S BOOL 4
1Ps0 . 800l -3
{=0 S e e e gooL 6
IFIS +EWde } «ORe S +EQ» R) 1) To 940 BOOL 7
lR a s . . . e e bt e i e oo e 4 e et e en e et ame e et BOOL e
GO0 To 818 BOOL 9
IP = | 800L 10
IR = R BooL 1
Inje} o T - 800, j2-
AFLl » X = ) 254.251.253 : sooL 13
IPslPe} BOOL 14
1IF (1P +EQ. 2) GO TO 502 ) BOOL IS
IFCIP = 3) 5)144120,514 R R EaERICHEEI -1 1+ I ¥ 3
JJ s | - BooL 17
00 510 J & 2R - : - BOOL )8
DO 504 | ® 14X sooL v
IF(A(TsJ) eNEe 3) GO TO SO&6 8ootL . 20
CONTINVE ) : BOOL 2}
Go TO SO’ . b b e e e ames seiss e ore cemes s e omeeas o 4= e — w4 s ——— e e s e e e e = BOOL 22
JY = Ud e} .BooL 23
00 508 1l w |¢XK == - 800L - 24
ATl JJd) » ALl ,.J) . BOOL 25
1F(J oEGe S) 8§ ® Jy ~—- ommmmmmsmmmmos—ccee s e e mee e - BOQY, 26
CONTINVE gooy- 27
R . JJ . . . C e e ek emim e e = [ —_——— s e e O O QU BOOL 28 .
IR =& R : : gooy 29
I - ‘ . PR e eem e [P et = ——— . et st e e tn onn bQOL . ;0 .
J e @ BOOL I}
J-J‘l 3 e e e eiee e e e mmmebe men mee e = = e 4+ mameme o e wmmes 4 e o e e e e a e ebemae e BOOL 32
IF{JsGECIR) GO TO 818 80O0OL 33
IF(A(LsJ)e€Qe3) GO TO B m o s mso oo e e e BOOL 34
K s J ¢+ | . _ 800OL 35
SUMaA(T . U) * ALL4K) o= B BooL 36
IF{SuUM=])808,807,808 ’ . 80QL 37
K IK * l e rmrm aie + mmmirevenee + e ares svvmemt = mn emm e e meems - w e aeamemn vooais s e e e 8 S = = e BOOL 35
lF(K-CGoIR‘l)GO To 817 BooOL 39
60 To 8u9Y - - D e -1 ¢ 1 TN 1 ¢
CsRe | BOOL 4}
00 810 L=l,eX S e -~ e - : -~ BOOL 42
AlL,C) = AlL, Jl BOOL 43
CONTINUE e e e e - B0 WY
AlleC) = 3 . BOOL 45
RR=0 ' : . - e e - BOOL 46
RRaRKel BOOL 47
IFIRRGEQeX®])) GO TO BIH - o oo o cimes e o e BOOL 48
SUM = A(RR.K) ¢ A(RR,C) BOOL N9
IFISUM®L) B124813,4812  ——m e oty e e i BOOL - 60
DO 6819 Tmiok BOOL. 51§
At 4’ N [} .’ e e e e e o e+ o BQQL - 52
CONTINUE - 800, 63
G0 Yo 800 — —— IR BOOL.—-64-
XXe0 BOOL SS
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SUBROUTINE DGLOT (A LETR,KKyNyM MODE ,fCODE NC,NO,NBI NH,NRT MPS)

INTEGER A DATA BLANK,BAR,PLUS,SLH ONE ,FCODE FIN,C,04F,R,S,T RO¥

INTEGER RPAR

OIMENSION AL1O, l).LETR(l).OATA(llO).FlN!S)
DIMENSTION ROWLI2U),NO(1) oNBIL257 410, RWI?5)
DATA LPAR,RPAR/IN(,IH)/

PR

DATA BLANKBARIPLUS(SLHLONE/IH slHY 3 1H® 4 IH/y1HL/ ,10SH/IHw/
"DATA Cor0oF oJsKeReSeT/IHC IHD s IHF ¢ 1HJY ¢ IHK s JHR ¢ JHS ( IHT/, JZRO/ZIHO/
DATA (IRW(E) o). =1, 7217100 in=olH 2lH] , JHe il JlH=, 1H}, sn .lNO.lHD.DGOT

IFI{FCUDE LEQe 1) GO TO 14

- JF(FCODE +EQe S +ORs FCOODE +EQe 6) 60 TO -} 6 s =
IFIFCODE +EQe 2 ¢ORe FCODE +EQe B +0R, FCDDE .Ee. 6’ 60 TO 20

L] ll"Ua‘H"l‘“ vIHlolHOWIH "HO.'H].‘H ’l“"lHO'IN .'_~"'
IHO ol o lH s Il IR JIH J1H0sdH JIH Jieil ¢dH JiH
FHOGIH J3H s IHISIH G IH N1 N oIl L In0 1IN GlH
JHO s IHe g JHQ o IH) s IHO o IHm L MO dH]) g lHw  LHm, IHD, IHO,
FHO o IH® o JHO o JH= s IHO G IH1 o IO s IO i1, IHw o INO,IHOZ
IN = §
l o - 6 - . . meamm el . e m————- i m & S e e <+ o S s < e 1t o e AR £ e 0 i -
IF(MUDE +€Q¢ F) GO TO 52
T AIF(MOODE oEQ¢ C) GO TO "JO =~ =TT ITTITm T T s e e e
G0 To 99 o
lF‘Nc'K‘ .Eq. 1) G°T° la —_ e e e “e pim ot e e e em = e - —
GO To 44 : ' :
11 =
12 - 2 e e e e e e s e e o e e e e e
13 = 3

“FIN(31 ® BLANK - . . e . e e e e

“NIN w | e e . - et i = e e e e e

~dd & Ji e ‘ I 3 e O

FIN(2) = BLANK
IF(FCODE +EQe 4) GO TO 22—
IF({FCODE .EQ. 3) GO 10 2n

|
i
1
1
)
'

(o] T 0 28 S e e s s i e

FINGLL) =
FIN(2) = K S
0 Tg 28

FIN(I)Y @ P oo e R el e e

NIN = 3

G0 T0 la U G S

FIN(]1) =
FIN(2) =
11 = 2
12 = 1 e e e e e S - . -
GO To 28

FINLI) = 7

GO T0 26

FIN(1) ®» D e e e e e e e e e

13 = 2

NOF » |}

NI = |

LF(NRT <EQe }) GO TO 231}
Jil = lZOFCOOE - ll

ﬁﬂlflllOolOZ) FlN(ll)oFlN(lZ) FlN(‘J)

Figure 5.22, Subroutine DGLOT (Sheet 1 of 4)
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CIHI26XK3I (AL IX) 4 *FLIP=FLOP TRANSITION INPUT REQUIREMENTS?,

eNEeo BLANK oAND.

_102 FORMAT DGoT
] 17725%'0 =e®=> (0 0 eme=) | | ®=e=> 0 } me==> ) peor
WRETE(LO,104) CIFINUI)sl i) aN sl yq) o tIRWIL)sl = V) ,4V2) .- . DGOT

104 FORMAT (27Xe4CA L IXAL AXAL4BX)I/Z727TK o9 (ALoIXALoLKAY,8X) /77 pGoT
- I 25X.,43M%]* = TRUE, 'Ot ® FALSE, 'e' .® DON'T CARE//) - D6OT
WRITECEQ,110) FINGII) FIN(I2),FINLID) pGOT

‘110 FORMAT (JHO,26X,*TRUTH TABLE FOR-COUNTER- ustus':cxxoaxl~"~"-—~-“-DGOT
0 FLIP-FLOPS'/D ’ pGoT

S TR e e e e e DGOT
DO 112 L = } KK peoOT
ROMIILe1) ® LETRI(L) : s s : s - DGOTY
ROW(]IL*2) = BLANK odeoT

- L= JL ¢ 2 T B ettt et S DGeoT
112 CONTINUE pGoT
DO 114 I ®» 142 0GOT

. IL s JL ¢} pGoT
‘114 ROW(IL) o BLANK T mimmesnss o ms e e e e pGoy
D0 118 L s },KK DGOT

- DO 116 [ = JeNIN ~ oo e -~ DGOT
ROW(ILel) = FINCD) b6eQY

) ROW(IL+2) = LETR(L) N - - P6eOT
7/ ROW(IL*3) = BLANK beoT
i L= L 3 . - e - bGoT
116 CONTINVE peor
~318 CONTINVE i 0GoT
WRITE(10,120) (ROW(I),] s J,4}L2 . DGor

120 FORMAT (IHOLIOXINOPBX,130A0) ~ = = orm =i coomT e 0GOT
NLG = 201KK + } ’ pGoT-

ST DO CJN0 ) w JaNLG s e - DGOT
L =0 ' 0607

== 00 130 L m JeNH - e et -- pgoTv
ROW(ILel) ®» JOSH 0GoOT
IFINBI(1,L) +EQe ) ROW(IL®l) ®» ONE - - PGOT
IFINBIUL,L) eEQ, Q) Row(xLol) . xzno 0GOT
ROW(JL®2) » BLANK: e i e m e e DGQT

IL = IL e 2 DeOT

IF(L .EWe KK) GO TO 22— - - e pGOT

GO To 126 DeoT

122 00 124 1} = 1.2 - DGoT
IL = 1L ¢} DGoOT

12% ROALIL) s BLANK - s e - 0GOT
126 IF(L .GE. KK) GO TO 128 peoT
- 60 To 130 . e - -DGOT
128 1L = (L ¢ | 06OTY
: ROWN(IL) = BLANK - ————— - PGOT
130 CONTINVE DGoOT
- WRITELI0,134) NOGID) o (ROW(L)HL = 141l pmem—— . DGOT
$34 FORMAT (JHO8XI4,5X130A1) PGOT
140 CONTINUE c——- PGOT
1 WRITE (10.32) FINHH FIatl2),FIN(]3) pGOY

- 32 FORMAT (1M 31X ,AL1X,ALolXKoAls? FLIP=FLOP INPUT EQUAIlONS'I——m—w-DGOT
i 3ax(F = TRUE TERMS /*18H DON'T CARE TERHS)// beoT
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o"“(L. P LE‘R(‘, R e e e e e . e e e - C m e e mmme o me wem —m e e DGOY ‘90
1FLAL],J0d)) 64.63.60 DGOT 19)

L e L el e e et e e 4 e e er e e e e s e e e e et - DGOT 192 —
DATA(L) = BAR DGoT 193
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Figure 5.22. Subroutine DGLOT (Sheet 4 of 4)
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Figure 5.23. Flow Chart of Subroutine DGLOT (Sheet 1 of 5)
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Figure 5.23. Flow Chart of Subroutine DGLOT (Sheet 2 of 5)
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Figure 5.23. Flow Chart of Subroutine DGLOT (Sheet 3 of 5)
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Figure 5.23. Flow Chart of Subroutine DGLOT (Sheet 4 of 5)

157

tadenans




Figure 5.23,

LL72LXx

—3 17¢

rbATA(L)=KPAR]

27

=L+l ’
DATA(L)= LPAR

=L~

_______ BTy

IWTML)E BLAAIK]
'

\wure: DATA(I) T = I,L/

I

L=o0
JCLR = O

v

199
[BKTAUJ=ZEAOI

Y

Flow Chart of Subroutine DGLOT (Sheet 5 of 5)
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APPENDIX
USE OF PROGRAM STORED ON TAPE

The complete program deck, consisting of one main-line program, ten
subroutines, and control cards, contains about 1000 cards. Unless the
program is stored on a tape or disc, these 1000 cards must be submitted
each time the program is run. Hence, where the program is often used (a
most pfobable situation), it is convenient to store part or all of the
program. .

An example of the program stored on tape is given for the program
stored for use by NASA personnel located at Astrionics Laboratory, Bldg.
4487, Marshall Space Flight Center (MSFC). The program was stored on
tape for use on the Univac 1108 computer at the Computation Laboratory,
Bldg. 4663, MSFC. The program deck, ihcluding sample data cards, re-
quired to run the stored progfam is given in Figure A.l. >MSFC personnel
can submit this deck either through a terminal station or directly to the
Computation Laboratory. One such terminal station is located at Astrion-
ics Laboratory, Room A288.

The function of the program deck illustrated in Figure A.l is as
follows. Card #l1 initiates the program run and provides accounting, iden-
tification, and scheduling information. On card #1 each user should sub-
stitute their own charge account number in columns 17-22, name in columns
24-29, and bin number in columns 33-35. Control cards # 2 and 3 call
the stored program. For this example, the program is étored on tape
number 10025 as indicated on card #2. Card #3 reads the elements from
the tape into the program file. Card #4 prints out the source listing of
main-line program DIGITL exactly asvgiven in Figure 5.2. If this source
listing is notﬁdesired, card #4 can be left out. Control card #5 initiates
execution of the program. Cards #6 through 10 are sample data cards. Aﬁy
number of design cases consisting of any number of data cards can be in-

" cluded. Note that the last data card must be a blank card. The last two
cards (cards #11-and 12) are control cards that terminate the program run.

All seven control cards shown begin with a multiple 7-8 punch in column one.
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All the thirteen design examples contained in this manual (sections
3.3 and 4) were run at the same time on the UNIVAC 1108 computer using this
program deck. With all the thirteen design cases submitted on the same
run, the program used a total of 1.7 minutes computer run time and 25,000
words memory. The typical cost for this computer usage is $10. The 25,000
words memory is required for a counter design having 8 bits or 255 count
states. Since all the design examples were for counters having 6 bits or
less, the required memory for this run could have been substantially’

reduced.
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