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PREFACE

The minimization of Boolean Functions may be broken
down into two parts; the first part being the determination
of the set of prime implicants, and the second being the
selection from the set of prime implicants of those terms
required to make up the minimal forms of the Boolean func-
tion or expression. This paper will deal with the first
part, namely, the determination of the set of prime impli-
cants. In this thesis, Bbolean expressions and a computer
program will be developed in order to find the set of prime
implicants.

The author wishes to express his indebtedness to Frank
E. McFarlin, Project Engineer for the International Business
Machines Cdrporatibn, for his invaluable ideas and assistance
in the preparation of this paper. Many thanks are due Pro=
fessor Paul A. McCollum who acted as the writer's major
advisor. Grateful acknowledgment is also due Professor
William Granet for making the facilities of the Oklahoma
State University Computing Center available, and also for the
inferest and encouragément given to the writer. Thanks are
. also due to the staff of the Oklahoma State Uriversity Come=

puting Center for their generoﬁs assistance.
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CHAPTIER I
THE PROBLEM
A, Statement of the Problem

In recent years, there has been an extremely rapid devel=-
opment of comﬁlex switching networks such as are found in mod-
ern electronic digital computers, automatic telephone dialing
systems, and other complex systems so prevalent in this age
of automation. Fer reasons of reliability, simplicity, and
economy, the engineer and circuit designer has found it expe-
dient to construet these complex switching networks efmtwo
valued or‘binary elements, Relays, vacuum tubes, diodes, tran-
sistors and magnetic cores are among the more common devices,
The presence or absence of an electrical signal, a high or low
voltage, a magnetic field of positive or negative polefity,
represent some of the schemes of representing binary informa=-
tion, Of necessity, paralleling the development of these
switching networks, an algebra of logic designed to pfeSent a
mathematical expression for complicated switching‘ope:ations
has received much study. The algebra of logic, moref;emmonly
known as Boolean Algebra, after George Boole (l8l5ei864), who
first introduced it in 1847 in a paper dealing withﬁFée mathe=

matical analysis of logic, has recelved the attention of many
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authors who have since devoted much time to the problem of
simplification or minimization of Boélean expressions.,

We Vo Quinel has shown that minimization of Boolean func=-
tions may be considered in two parts, namely, the determina=
tion of a set of prime implicants, and the selection from the
set of prime implicants of those terms necessary to make up
minimal forms of the original Boolean expression. Thié paper
will deal only with the first part of the problem, the deter=-
mination of the set of prime implicants for a Boolean function

through the use of the IBM 650 digital computer.
B.  Definition of Terms

Although it is assumed that the reader has a basic under=
standing of Boolean Algebra, a few definitions willjbe given
to preclude any misunderstanding on the part of the ﬁeéder;
Since this paper will be qoncerned with no more than ten inde=-
pendent binary variables? they will be represented by the let=-
ters 4, B, C, D, E, F, G, H, I, and J.

The negative (complement, inverse) of a variabie A will
be written as A,

A single variable, either complemented or uncomplemented,
will be referred to as a literal. |

The symbol + represents alternation (disjunction, inclu~

sive OR, logical sum, inelusive union).

lu. v. Quine, "The Problem of Simplifying Truth Func-
tion;", éme;ican Mathematical Monthly, Vol. 59, October 1952,
pp ® 21- 31 ° ' o ) '



The symbol ° represents conjunction (logical product,
AND, intersection). The conjunction of two literals A and
B will be shown as AB meaning A<B.

A term will mean a conjunction of literals.

An alterm will mean an alternation of literals.

A normal form (or disjunctiﬁe, or alternational form)
will mean‘an alternation of terms, .

A conjunctive form is a conjunction of alterms;

A term X will be said to subsume a term Y if all the
literals, whether complemented or uncomplemented, whose con=
Jjunction is Y areviﬁcluded among the literals whose,conjﬁnc-
tion is X. | |

If a term X subsumes a term Y, then X implies Y,

The pfime implicants of a Boolean expression will be de-
fined as all the terms derivable from the expressieh#sgeh that
no term‘or terms are subsumed by another term. o

A nérmalscanonical form for a funetion-of n variables will
mean an alternation of terms in which all n variables appear

in each term.

_C; Some Minimization Techniques

Many techniques for the minimization of Boolean func=-
tions have been developed, but careful investigation will re=-
veal that most methods merely provide an alternative procedure
for finding Quine's prime implicants and then selecting the
necessary prime impliecants to make up the Boolean function.

An'attempt by the author to program the Quine Method on the



IBM 650 Computer for déterming prime implicants proved im=
practical because of the excessive number of operations re=-
quired for a Bo&lean function of ten variables, The Harvard
Computer Group have devised a chart method for the simplifi-
cation of Boolean functions, but it is ﬁerely a variation of
the Quine Technique. A special form of Venn diagram called
the Veitch2 diagram has been used with success in simplify-
ing Boolean functions, however, this method is not réadily
adaptable for programming on a digitél computer, and ié even
impractical for hand computation if more than a few variables
are involved. Both the Quine and Earvard methods :gqu}re
that the Boolean expression be in the normal canoniéalmform
prior to the reduction process, while the Veitch method re-
quires only that the expression be in normal form. Excellent
concise explanations of the above three methods togéﬁhér with
numerical examples may be found in a book by,Montgoméry Phis=-
ter, Jr.3 )

Urbano and Muellerh, and also Roths, have presented topo=-

logical approaches to the minimization problem, The“works of

2E W. Veltch, "A Chart Method for Slmpllfylng Truth—

Functions," Proceedings of the Asgociation for
Machiner ,.May 1952, pp.vl28-l33.

3Montgomery Phister, Jr., Logical Design of Digital Com-
puters, Ny Touk, 19583 pp. 6RarohoT of Digital Cor

LFRo Ho Urbano and R° K. Mueller, A Topologlcal ‘M&Ethod

For the pggm;naﬁlog the Minimal Forms of a Booleag Fung=-
tion, AFCRC Tech. gt Noo 0. TR=56=105, USAF Cambrldge Research

Center (Bedfor@ 1956
5J P, Roth, "Algebraic Topologlcal Methods for the Syn=

the51s of Sw1tch1ng Systems I.," Iransactions %; Amgxlgag
Mathematical Society, Vol. 88, ,No, 2, July, 1958, pp. 301=32



the above authors along with others may be found in the bib-

liography contained at the end of this paper.



CHAPTER IT

DESCRIPTION OF TECHNIQUE

A, Method of Obtaining Prime Implicants

Before proceeding any further it would be advisable to
state that the material to be presented in this chapter has
been extracted from a paper by Frank E, McFarlin entitled
"A Technique for Minimizing Boolean Functions That Does not
Require a Canonical Form", dated December 31, 1958 and pro=-
posed for publication in the IRE TRANSACTIONS ON-ELECTRONIC
COMPUTERS., The above papef has been extracted by F. E.
McFarlin from his forthcoming PhD. thesis, "Logical Desggn
Concepts," Oklahoma State University, Stillwater, Oklahoma,

This section will show a method whereby the complete set
of prime implicants for a Boolean function ih disjunctive
form can be obtained without first putting the function in
normal canonical form. By repeated application of the follow=
ing Boolean identities, the complete list of prime implicants
will be obtained.

1. A+ sB=4A
2, AB + AB = A
3. 4B + BC = AB + AC + BC
The first two identities are those which are applied when us=-

ing the Qufne method from the normal canonical form, and

6



fulfill the requirement that no term or terms are, or can be,
subsumed by another term. The third identity is to insure
that all the terms derivable from the Boolean function are
generated. The following very simple example will serve tof
illustrate the ~application~of-the method;

Given: . F-=:BC + ACD + ABCD + BCD
1 2 3 L

Since identities 1 and 2 cannot be applied, identity 3 is

used to expand the function;

Terms l:and é Theorem does not apply:
Terms 1 and 3 Give ACD |
“‘Terms 1 and 4 = Rule applies, however, term is
N . ZEero
Terms é>and 3W Give BCD
Terns 2 and @ Give KBD':
Terms 3 and & Give AED_

The new function now contgins the four 6figinai'terms pl&s .
the four generatéd ﬁérms.' By application of theorems 1 and
2 the function:fédudes to%’ f | |

F;# EE7+ CD + BD
Since further éﬁ@liéat;onééf:the three identities does not
generate any new:terms, the:above expression thereby contains
all of the_p;imé@impkicéntso |

B, YValidity of the Method

The validity aand need:for theorem:3-is establigshed asi..-
follows by conskdering the:-two Boolean equations:

F = ABC + ABC + IBC



F = B + ABC
These two equations are equivalent, and the first may be re-
duced by application of identities 1 and 2 (the Quine method)
to yleld: F = BC + KEG Since the Quine method requires that
the Boolean expression initially be in normal canonical form,
the second equation cannot be reduced by épplication Bf iden=
tities 1 and 2. The term BC does however imply the term ABC
which, upon application of identity 2, could be used to re=-
duce the second term of the second equation to the required
prime implicant'iﬁa Therefore, the problem is the detection
of such implied terms within terms, and the utilization of
such terms to obtain the desired reduction., Assume that in
a Boolean expression, two of the terms imply terms that may
be combined to give a third term which 1s not reducible by
identity l. Such a term must then either be a prime impli=-
cant, or it can be ecombined by use of identity 2 with anoth=
er term in the original Boolean expression for eventual reduc-
tion to a prime implicant. If the two terms of the Boolean
expression are considered to be X and Y, then a term T must
be found which will satisfy the following two conditions:

le X+ TY =T

2, (T=-X)+ (T=Y)=7T
The Venn diagram shown below illustrates the concept that T=X
is by definition the conjunction of T and not X (shaded area§e

T-X=T«TK = TX




It follows that;
X =T-Y=TY
TY =T =X = TX
Taking the second condition:

(T =-X)+ (T=Y=T

The last equation shows that if the term T is to exist,
then the logical product of the two terms X and Y must be
zero, This condition can only be met if, among the literals
which comprise X, there is a literal which is the complement
of a literal contained in Y; in other words, X = AB and Y = ic,
where A is a single literal and B and C are the remaining
literals of X and Y, _Now‘that the condition for the existence
of the term T has been found, the term T must next be deter-
mined, Let it be assumed that it may be some function of A,

A, and some or all of the literals of B and C, either as con=-
tained or complemented. Rewriting the first condition as
TAB + TAC = T, perfect induction is next employed.

If A or & is present in T, then one of the terms on the
left side of the equality will of necessity be zero and no
new term can be generated, One of the terms on the left of
the equality will again be zero if any complemented literal

of Bor C is contained in T. T nmust therefore be a function

of B and C and must further be of the form or forms B, C, BC,
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or some other partial combination of the literals of B and C.
If the substitution of B or C is made for T, an inequality is
the result. Thé substitution of any partial combination of
the literals of B and C also ylelds an inequality, therefore
T = BC, If B contains a literal, and C contains the negative
of the same literal, then T = O, Thus the following Boolean
identity results:

AB + AC = AB + AC + BC.



CHAPTER IIT

ANALYSIS OF PROGRAMMING TECHNIQUE

A, Boolean Types Used in Programming

Although in the previous chapter only three Boolean
identities were shown for the derivation of the set of prime
implicants, in programming the digital computer the follow=
ing nine Boolean types were taken into consideration:

TYPE FORM
0 A+ a=A
1 A+ AB = A
2 AB + A = A
3 AB + AB = A
h AB +
5
6
7

&

= 4

0

BC + ABC

BC + ABC + AC = BC + AC

ABC + BC BC + AC

ABC + BC + AC

]

AC + BC = AC + BC + AB
8 AC + BD
Type O is, of course, merely to eliminate duplicate terms.
Type 2 is just the reverse order of type 1 énd is considered
so as to allow the computer to recognize the term to be elim=
inated. This will be brought out further on the flow chart.

Types 3 and 4 are again only the reverse of each other., Types

11
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5, 6, and 7, are all variations of the third Boolean identity
presented in Chapter II. ©Since 1t is advantageous‘to elimi=-
nate terms whenever possible, it is desirable to allow the
computer to know when the generated term i1s subsumed by the
second term on the left of the equality (type 5), subsumed

by the first term on the left of the equality (type 6), or
not subsumed by either term on the left of the equality

(type 7). Type 8 is a Boolean form not reducible by iden-
tities 1 and 2, nor of the form requir%d by identity 3.

B. General Description of Program Logic

Once the terms making up the Boolean expressions have
been placed as a consecutive list in computer storage, tests
are then made to determine which of the nine Boolean types
are present., The first term is picked up and worked against
the second term, testing for the nine Boolean t&pes in the
order previously listed. After the first term has been com=
pared against the rest of the list, the first term is stepped
(the second term now being considered as the first term).

The new first term 18 now picked up and worked against the
remainder of the list. As soon as the first term becomes the
last term in the list, the stepping instruction is reset and

a return is made to the top of the list picking up the first
and second terms. This process is repeated until types 2, 3,
and 4 no longer occur and no new terms are generated. By

this means, each term in the list is compared against every
other term in the 1list, until the complete set of prime imbli—

cants has been determined,
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Although the actual working of the program is slightly

~ more involved than the above brief explanation would lead

the reader to believe, it is felt that a better understanding
of the method used in programming can be gained from careful
scrutiny of the flow charts rather than through a word pic=-

ture of the complete operation.



CHAPTER IV

IBM 650 DIGITAL COMPUTER PROGRAM

A, Program Description

The program presented in this chapter was prepared for
use with the IBM 650 Electroﬁie Digital Computer. The coding
form used was IBM's Symbolic Optimal Assembly Program, Type
ITI. Both the SO0AP program and the assembled machine language
instructions are shown. The program consists of 252 instruce
tions, and ineluding the regions reserved for data, requires
852 drum storage locations in addition to 35 locations in
immediate access storage., All three indexing registers are
also used.

Although the region reserved for the input data and for
the storage of terms generated by thé program consists of 301
locations, it is strongly advised that no more than 50 terms
of a Boolean function be read into storage at one time., This
will allow sufficient room for storage of generated terms and
will also decrease the computation time. For Boolean expfeé-
sions of exceptional length, it desirable to break down the
funetion into blocks of ten to twenty terms per bloek and to
find the prime implicants for each block as if they were
individual expressions; the results may then be combined to

yield the final set of prime implicants by feeding the reduced

14
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data to the computer. ©Should this advice be disregarded, and
too large an amount of data be fed to the computer so that
the program attempts to store a generated term outside of the
reserved region, a built~in stop code will cause the computef
to halt operations without punching out any cards. Should
this occur, the advicefgiven above should be heéded, and the
loading started anew, |

The program is designed to handle Boolean expressions in
disjunctive form, each term consisting of no more than ten
literals.

It is also recommended that prior to initially loading
the program on the drum, a core and drum clearing routine be
used to clear all storage locations. Pre—puncﬁed clearing
routines can usually be found in any co@puting center, or
should this not be the case, the IBM 650 Operating Manual
contains a satisfactory clearing procedure. Oﬁge the program
has been loaded, no further clearing is necessdry, and only
the data along with the required transfer cards are needed
to solve successive Boolean expressionsg for the set of prime
implicants.

Although the program has been extensively tested, the
author makes no guarantee and assumes no responsibility against

the possibility of fallure for a specific problem.

B, Input Regquirements

‘Region A, consisting of drum storage locations 0000 to

0300 inclusive, has been reserved for the input data. The
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Boolean terms for a specific problem should be loaded consec=
utively in this region commencing with location 0000, The
method of loading data is left to the discretion of the read-
er, One=word load cards have proven very adequate for mést
cases, however, the reader may prefer to load the data seven=-
per=-card, or in some other form for a Boolean expression of
great length., In addition to the Boolean terms, one must
also load the number of terms minus one as a problem constant
into location 9000, This is important as it sets the length
of the list of terms. For a Boolean expression consisting
of twenty terms, the number N-l = 20=1 = 19, and written as
0000000019, must be loaded into core storage location 9000.
Each Boolean term 1s ten digits in length regardless if
the number of independent binary wvariables is less than ten.,
An uncomplemented literal will be represented by the numeric
1, a complemented literal by the numeric 3, and the absence

of a literal by a O, A few examples are shown below:

Boolean Term Numeric Representation
ABCDEFGHIJ = 1331333111
ACDFP = 3013010000
GIJ = 0000001031

The order of input for a problem, assuming that the com=-
puter program is on five=per card format and the data is to
be loaded on one-per card, 1s as follows: |

1. Core and drum clear cards,

2, Computer program (five=per c;ard)°

3. Transfer card (IL=5 to L-l),
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4, N=1 éard (one=per card),

5, Data cards (one=-per card).

6o ‘Transfer card (to location 0350 = start of program).

For the successive determination of the prime implicants
for other“Bodlean expressions, only steps 3, 4, 5, and 6 are

necessary,

C. Qutput Card Format

The program in its present form is designed to punch out
the prime implicants for a disjunctive Boolean expression on
a one=per card format; the first ten digits of each card being
the various prime implicants. The solution 1s not converted
to alphabetic form, but remains coded in the numeric form as

- discussed under input requirements.

D. Flow Chart

The flow charts presented in Figures 4=-1 and L4=2 repre=-
sent the actual technique used in the application ofjﬁhe tests
for the nine Boqlean types. A study of these chartsuwill give
the reader a good understanding of the program logie. Should
the reader desire to modifly the program in any way, these

charts will aid greatly.,
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mentioned in the
following pages.

are shown on the

E. Computer Program

20

The program for the IBM 650 Digital Computer, which was

preceeding pages is shown beléw and on the

The compiled machine language instructions

left while the corresponding SOAP II instruc-

tions are shown to the right.

Inst.
"No.

0001
0002
0003
000k
0005
0006
0007
0008
0009
0010
0011
0012
0013
001k
0015
0016
0017

MACHINE LANGUAGE SOAP IT
Loca= Op. Data Inst. Loca= Op. Data'q Tég Inst.
tion Co@g Add. Add. tion Code Add. - -~ Add.
0000 00 0000 0000 REG  AO00O 0300
0000 00 0000 0000 REG B1700 1999
0000 00 0000 0000 EQU  GENT 903k
0000 00 0000 0000 EQU  FORM 9032
0000 00 0000 0000 EQU  LIST 9000
0000 00 0000 0000 EQU TYPE 9001
0350 80 0000 0306 START RAA 0000 18T
0306 60 2000 0305 1ST  RAU 40001 A

0305 69 9000 0312 LDD  LIST

0312 51 8001 0318 SXA 8001

0318 40 0321 0322 NZA - N1

0322 60 9001 0331 RAU  TYPE

0331 bl 0335 0336 NZU | EXIT
0335 11 8003 0345 stp 8003

0345 21 9001 0304 STU  TYPE

030k 80 0000 0306 RAA 0000 18T
0321 50 8001 0327 N1 AXA 8001



0018
0019
0020
0021
0022
0023
0024
0025
0026
0027
0028
0029
0030
0031
0032
0033
003k
0035
0036
0037
0038
0039
0040

o0oLt1.

ook2
ook3
OOLL+

0327
0332
0381
0338
O34+
0400
0355
0310
0317
0323
0326
0333
0377
0309
0405
0360
0359
0315
0371
k55
0311

0320

0329
0385
0339
0365
ok21

4y
50
69
82
52
60
1y
69
53
42
52
52
50
11

21

69
89
65

21
11
58
48
69
89
65

0381
0001
8005
8001
0001
4000
0309
9000
8001
0326
8001
0001
0001
2000

0359

%000

0362
8001
2000
0001
9612
8003
0001
ol55
0362
8001
L000

0332
0306

0338

O3kk
0400
0355
0310
0317
0323
0377

0333
0400

0306
0405
0360
0310
0315
0371
o455
0311

.0320

0329
0385
0339

0365

ok21
0505

N2

2ND

EOL

Yl

N3

N5

NZU
AXA
LDD
RAB

RAU

NZU
LDD
SXB
NZB
AXB
AXB
AXA
SUP
NzU
STU
LDD
RSC
RAL
SLT
STU
SUP
AXC
NZC
LDD
RSC
RAL

N2

0Go1
8005
8001
0001
40001
N3
LIST
8001

8001
0001
0001
A0001
me
40001
VAR
8001
A0001
0001
9012
8003
0001
N5
VAR
8001
A0001

2l

1ST

2ND

EOL
Y1

2ND
1ST

EOL

N5

N6



o045
o046
o047
00L8
00L9
0050
0051
0052
0053
0054
0055
0056
0057
0058
0059
0060

0061

0062
0063
006k
0065
0066
0067
0068
0069
0070
0071

0505
0361
0370
0379
0435
0389
ok15
o471
0555
0605

10308

0367
0521
o431
0372
0328
0382

- 0409

oLk17
0571

© 0481

ok22

0378

0k32

0655

0303
o4tl1l

35
21

11:

58
48
69
89
60
11
46
60
AN
11
Ah
58
48
21
60

L

11
nh
58
48
60
21
11
21

0001
- 9622
8003
-0001
0505
0362
8001
ébob
4000
0308
9612
0521
9622
o485
0001
0308
4000
9dp2
0571
9612
0535
0001
0409
4000
2000
8003
4000

0361
0370
0379
o435
0389
o415

o471

0555
0605
0409
0367
0372
o431
0372
0328
0382
0310
o417
o422
o481
o422
0378
o432
0655
0303
Ohk11
0353

6

T1

Y2

T2

3

SLT
STU
SUP
AXC
NZC
LDD
RSC
RAU
SUP
BMI
RAU
NZU
SUP
NZU
AXC
NZC
STU
RAU
NZU
SUP
NZU
AXC
NZC
RAU
STU
SUP
STU

0001

9022

8003
0001
N6
VAR
8001
AOOO1
AOOO1
T1
9012

9022
T3

0001
T1
AO0O1

9022

9012
Tl

0001
T2
AOOO1
AOOO1

8003
AOOO1

22

T2

Y2

Y2

EOL.

Y3

¥3



0072
0073
0074
0075
0076
0077
0078
0079
0080
0081
0082
0083
008k
od§5
0086
0087
00838
0089
0090
0091
0092
0093
009k
0095
0096
0097
0098

o485
0343
0301

0410
o465
0621
0429

0337

. 0341

0346
0403
o459
0395
o453
0358
0316
0325
0383
0342
0398
0313
0671
0375
0433
03388
0515
0721

60

11

21
69

60
11
46
Wy
ol
58
43
11
Wy
21
60
10
21
58
48
60
4y
11

69
89
21

9032
8003
9032
0362
8001
9622
9612
0340
0395
9632
0001
0621
0348
0340
9632

19032

ok28
9032
0001
0621
9032
0375
oL28
0340
0362
8001
4000

033
0301
o410
o165
0621
029
0337
0341
0346
0403
o459
0313
ok53
0358
0316
0325
0383
0342
0398
0313
0671
0340
0433
0388
0515
0721
0503

T3

3T

Y6

Y7

RAT
SUP
STU
LDD
RSC
RAU
SUP
BMI
NZU
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" CHAPTER V
SUMMARY AND CONCLUSIONS

The result of this study hasﬁbeen the development of a
program for the IBM 650:Digital Computer which will deter-
mine the set of Prime Implicants for disjunctive Boolean func=-
tions. Every attempt has been made to hold the number of in-
structions to a minimum, The pfogram was compiled using SOAP
IT in order to reduce computation tiﬁe, The program will
effectively handle Boolean expressions containing a maximum
of ten variablés. No restriction is made upon the number of
terms comprising the Boolean funection., In order to handle
the Boolean expression, the program requiresrthat the Boolean
terms be written in a simple coded numeric form. The program
output is in the same coded form. Another program require=-
ment is that the Boolean expression be in the normal or dis=-
junctive form; the normal canonical form is not necessary but
is, of course, acceptable.

Althdugh'the method used in programming 1s quite readily
adaptable to a decimal coded computer such as the IBM 650,
the method is even more suitable for a binary computer such
as the IBM 70%, The IBM 704, in addition to being approxi-
'matély thirty times faster than the IBM 650, possesses cer=
tain intrinsic qualities or mbre powérful bperation»codeé;
that would enable it to handle Boolean func%ions more
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effectively. Operation codes which will perform logical AND,
OR, and EXCLUSIVE OR opefations aré-available on the IBM 70h
Computer. The IBM 704 can also handle words of greater and
variable length, has greéter storage capacity, and finally,
has a masking facility which would ‘greatly enhance the com=-
parison of Boolean terms,

Since an IBM 704 Computer was not available for use by
the author, and‘since_there aré ﬁOre”IﬁM 650“Compute?s in
héé than any other computer of épﬁparable size, typé, and
speed, it was felt that é program for the IBM 650, such as
presénted in this paper, was a worthwhile endeavor.

An application of the Petrick Method® to a digital com=
puter, utilizing the results obtained from the program pre-
sentedbin this paper, would yield a composite prégram which
would find the minimal form of forms, as the case may be,

for disjunctive Boolean functions.

6s. R. Petrick, A Direct Determination of the Lrredun-
dant Forms of a lizgl%% Function From the Set of Prime

Impllgantg AFCRC-TR- =110, USAF Cambridge Research Center
(Bedford, 1956) -
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