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ABSTRACT: This study is a new version of a previous
paper. Its purpose is to simplify some sections of the old
version and, above all, to present the proofs of some theorems
which had been omitted for the sake of brevity. The analysis
discussed in this study and its previous version is based on a
well- known NP-complete problem which is called the
"satisfiability problem™ or "SAT". From SAT a new NP-
complete problem, called "core function”, derives; this
problem is described by a Boolean function of the number of
the clauses of SAT. In this study, a new proof is presented
according to which the number of gates of the minimal
implementation of core function increases with n exponentially.
Since the synthesis of the core function is an NP-complete
problem, this result can be considered as the proof of the
theorem which states that the class P of all the decision
problems which can be solved in polynomial time does not
coincide with the class NP of the problems for which an
answer can be verified in polynomial time.
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l. INTRODUCTION
A paper devoted to the proof of the theorem according to
which P and NP do not coincide was presented to the
Journal of Computer Science on September 2020 and
published (Meo, 2021). According to the Journal of
Computer Science at the end of August 2022 more than
2200 readers had viewed that paper and more than 600
readers had downloaded it.
Some readers have asked some questions concerning a few
theorems whose proofs had been omitted in that paper for
the sake of brevity. To prove these theorems is the main
purpose of this new version of that paper.
The proof of inequality on the question PvsNP which had
been presented in the previous paper and which will be
completed in this study is based on the following steps:
1. A new Boolean function called "core function" is
derived from the well-known SAT function. The core
function is equivalent to SAT according to the known

definition of NP-completeness

2. The main properties of the core function are presented
and discussed

3. It is shown that the number of gates necessary to
implement core function increases exponentially withthe size
of the problem

At present, no reader of my papers has found any mistake
in the three steps of that proof. Future work might
concern some mistakes which will be discovered. For
example, if it will be proved that core function is not NP-
complete, another function will be presented and discussed.

The second line of future research might concern the direct
synthesis of SAT function or some other function equivalent
to SAT.

A pure mark can be considered equal to NMTZ1(n) while the
value of an impure mark can be considered equal to
NMT1(n)-2™, where m is the number of spurious or
complemented compatibilities. Besides, the value of a
Boolean function which is equal to a sum of marks is always
less than or equal to the sum of the values of the considered
marks.

For example, as we shall discuss in the following sum of
remainders of CF (4):

Il.  MATERIALS AND METHODS

The Core Function

The Boolean function implemented by the core layer will
be called the “core function” of order t, where t is the
number of triplets. It will be denoted with the symbol
CF(t) or CF(n). The core layer processes only the 9-t-(t-
1)/2 compatibility variables c(i, j; h, k) and produce the
global result of the computation. The core function can be
determined by proceeding as follows.

Consider one selection of variables appearing in Eq. (1),
one and only one for each triplet, for all the triplets:

by Eqg. (1) will be called Ct or Cn. Indeed, the number t of
triplets appearing in Eq. (1) plays the role of symbol n used
in the standard complexity theory. In the following analysis,
we shall use the symbol t when it is necessary to remember
the number of triplets and n in the other cases.
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To simplify the analysis, circuit Cn will be decomposed
into two processing layers called the "compatibility
layer" and "core layer".

Compatibility Layer

A variable j of triplet i will be defined as “compatible”
with variable k of triplet h when and only when, either:

e The sign sij of the former variable is equal to the sign
shk of the latter variable, or

e The name <njj1 nij2 ... nijm> of the former
variable is different from the name <nhkl nhk2
...Nhkm> of the latter variable

From that definition it follows that two “not compatible”
variables have different signs and the same name;
therefore, their AND is identically FALSE.

The compatibility layer is composed of 3-t-(3:t-3)/2
identical cells, one for each pair of variables belonging
todifferent triplets.

Core Layer

The Boolean function implemented by the core layer will
be called the “core function” of order t, where t is the
number of triplets. It will be denoted with the symbol
CF(t) or CF(n). The core layer processes only the 9-t-(t-1)/2
compatibility variables c(i, j; h, k) and produce the global
result of the computation. The core function can be
determined by proceeding as follows.

Definition of Extended Prime Implicant

A term T of core function, that is, an implicant of core
function (a product of literals implying core function),
contains all the uncomplemented literals of a prime
implicant. Therefore, it may be defined as an “extended
prime implicant” (only) to remember that it contains all
the compatibilities of a prime implicant.

It may be a spurious extended prime implicant or an
impure extended prime implicant or both a spurious and
impure extended prime implicant.

Notice that an extended prime implicant can be viewed

as a (possibly spurious or impure) mark.

I11.  CONCLUSION

Since the number of minterms of ECF(n) contained in
CF(n) is equal to 3" NMT1(n) and the value of a gate, that is
the number of new minterms produced by a gate, is less than:

valmax(n)=9 «(1+(1/ 2)+(1/ 4))n_2-NMT1(n)

the number of gates necessary to implement CF(n) is
larger than 3%(9-((1+1/2+1/4)™?)) and, therefore, it
increases exponentially with n.

Since the synthesis of core function CF(n) is an NP-
complete problem, this result is equivalent to proving thatP
and NP do not coincide.
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