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MESSAGE-BASED SEMANTICA FOR SAT PROBLEMS

Abstract. This paper outlines the logical system of MSSG-logic originally developed
by the author to represent a particular theory in analytic philosophy of language. That was a
theory by philosopher Paul Grice that proposed to consider the intention of the speaker as an
important context for the definition of the true meaning of his speech act. MSSG-logic
proposes to use special sets of symbols for the additional interpretation of the logical formulas
as well as the supersets of these sets (“trees of messages™) with defined algebras on them for
more complex cases. This particular paper proposes to modify the "linguistic” MSSG-logic to
represent the famous computer science boolean satisfiability problems (SAT) with the similar
tools. The consequences for computer science and philosophy of language are also discussed.
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Introduction. Author initially proposed message-based logical semantics
for formal study of natural language. The main inspiration for the idea was
concept by analytic philosopher H. Grice. He researched linguistic semantics
and proposed that to define the true meaning of the utterance (speech act) we
should take into consideration the intention of the speaker (Grice, 1972, p. 3).

The idea is next. Whatever the words’ meaning "by vocabulary” is, a
speaker might be using the speech act to manipulate his audience. Speaker can
lie, manipulate the facts or make a certain wrong emphasis in his words. In this
way, the true meaning of the speech act is not its plain meaning but the
intention of the speaker combined with the “usual” meaning. More generally,
the key context of the utterance defines the meaning of the utterance as well as
the "vocabulary".

The idea of the message based semantics is adding to the signature of the
logic special symbol sets — messages. Messages will define meta-rules for
interpreting the semantics of the language studied by the particular logical
system. Thus, the message may state that the formal expression is not true
because the speaker is lying to achieve his goals etc.

Let us take the obvious example. Politician A. makes an election speech
and he needs to introduce the facts about economics in the context he needs
rather than just objective facts. We combine the statements in his natural
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language speech with a message: "A. needs facts in a certain context and he
may be lying". Interpreter of the speech will have the meta-rule for assessing
this speech.

He may use this meta-rule to interpret A.’s speech as a rhetorical speech
or he may interpret it differently, according to his own information and
purposes. He can try to expose A or just observe the situation based on his own
goals. That is the strong side of meta-rules — with some specifications they can
be used for a wide range of different purposes. From rhetoric to mathematics.

In this way, messages are wider as a concept than just this narrow usage
in analytical philosophy and linguistics. It is possible to build a system of
messages that cooperate with each other by rules of a special algebra and
represent structure other than just that of natural language. It is especially
important for formal languages. For the case of the linguistic application the
author proposed to use the abstract systems of messages ("message trees")
which later can be developed into an algebraic mathematical structure. It is not
obligatory that there should be just "trees". Different algebras and rules of
cooperation can present different hierarchies of meta-rules — both vertical and
horizontal.

One of these possible alternative applications is computer science SAT
(Boolean satisfiability) problems (Manquinho & Marques-Silva, 2004, p. 354).
SAT problem is defining the semantics status of the propositional logic
formula. It usually concerns the very complex propositional formulas that
define certain abstract computational structures which can relate both to the
computer hardware design and applied mathematics engineering problems. In
this way, whether it is possible to find such a combination of truth values for
the parts of the propositional formula so it will be TRUE (satisfiable) is a
question which has consequences for theoretical computer science (existence
of the appropriate algorithm) and pure hardware circuits design. Sometimes the
truth status of such formulas also has consequences for certain problems in an
algebraic complexity theory. As a result, the paper proposes to introduce a
slightly modified version of this linguistic logical semantics that can help
represent the SAT problems.

Analysis of recent research and publications. The connection of the
philosophical (non-classical) logics and computer science is quite a hot topic in
the scientific discourse of the recent years. Most of these discussions include
computational logic i.e. specific logical systems for formal deductive reasoning
about the computational functions which are the foundation of any computer
system.

From the beginning of the XX™ century an extremely important segment
of mathematics connected to logic and computer science was automated
theorem proving (Biere et al.). Though, Hilbert’s Problem seems to be
unsolvable there is always progress to make in applying computers to finding
new formal results in mathematics.

Another extremely influential topic is temporal logic (Clarke et al.).
Research in this area allows for new insights on saving computational powers.
In this way it is connected to dynamic logic (Goranko et al.).

In general MSSG-logic version, presented in this particular paper it goes
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specifically about the SAT problems, but in general it shares many common
topics with computational logic and computer science.

The purpose of the article is to research the features of message-based
semantic for sat problems

Formulation of the main material.

1. The semantics in the nutshell

The initial semantics states the existence of the additional sets of symbols
in the signature of the classic formal logic. Each message will define a certain
context for the propositions in question. In this way each such eligible message
will be a meta-rule for the particular formal logic.

The initial example of the text-based message (meta-rule) was given in
the introduction section. Text may constitute an extremely wide range of topics
and tools for defining the context of the propositional formula in question. In a
sense, the concept of "messages” in formal logic seriously widens its
application domain.

What is the example of such a meta-rule for a non-linguistic usage?
Suppose we have a complex statement which involves many different
propositions connected by logic operators. There are so many different
propositions that it is impossible to build a truth table or use any other classic
way to define the status of this statement as the resulting calculation will be
unbearably complex.

Suppose also that we have some meta-information about this statement.
Among the propositions of the statement there is a proposition "p" and our
meta-information states that "p" is false. Introducing this meta-information into
the assessment of the initial complex proposition will help a lot with the task.

Assume also that "the message™ we introduce gives a general criterion
why "p" is false rather than just stating its status. In this way the meta-rule will
state that all the propositions of the "p-type™ are false. The problem here is to
define what is exactly for the proposition of being of "p-type" but it will
concern particular engineering problems. If we return to an example with the
politician, we can generalize the meta-rule used in this example for all the
politicians and their speeches. "You should be cautious in assessing the
speeches of the politicians who strive to win the elections, as they can lie to
achieve their goals". Then we have a logic that can be useful in the field of
rhetorics as well as political science (Graham, 1928, p. 26).

If we would had to assess such contexts formally without the specific
messages we would have built a separate logical system modified to represent
particular political rhetorical speeches. That would be another interesting
project but it should be taken into consideration that message-based logic
already allows such contexts as well as the wider range of alternatives without
deepening the technical aspects of the formal logic.

This is a very simple and plain example and we can devise something
much more complex and subtle but it illustrates the concept. We can develop it
further, stating that we have a special curve function that distributes
probabilities of certain propositions in the long complex formula being true or
false. This particular function may be itself of a certain type and special rules
for particular classes of similar functions in the meta-rules may be defined as
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well.

The "p-type" case may seem like a very unnatural example. It is because
the illustration is very basic. It is doubtful that in a real practice the computer
scientist will have the evidence that a particular proposition for his logical
ventile formal description is false. Or, at least, he will not need the guidance of
specific formal structures to use this kind of information. However, there are
cases when there is additional non-mathematical (or partially formalized)
knowledge about the formal problem including the circuits’ design and our
semantics gives a chance to use it in solving the problem. In all the cases the
information may be codified using textual description in natural language.

Mathematical formalisms thus constitute a little bit more narrow field of
application. But there is always a possibility to synthesize approaches by using
both formalism and natural language (Wybraniec-Skardowska, 2020, p. 190).

As for the function curves, methods of mathematical calculus are
sometimes used to help with the SAT problems and similar mathematical
problems that involve propositional formulas. The same goes for the different
combinatorial formulas which are actively used in different fields of computer
science and applied mathematics. It is difficult to find the particular example
that will perfectly fit the description but there is a class of problems for which
it would be useful to create a message-based logical system. In fact, the "curve
case" is the same as the "false p" case, just more advanced.

Of course it is easy to imagine that for each such complex statement there
is more meta-information and more meta-rules accordingly. And these
messages can interact with each other so it is not a good decision just to
compose one big complex message from them using the "and" operator. Apart
from that there could be a cooperation of meta-rules of different types. Some
may be probabilistic curves while others are defined facts about propositions et
cetera.

Because of this reason, the original paper devoted to Gricean linguistic
philosophy proposes to consider more abstract and complex structures instead
of the messages alone — already mentioned "trees of messages". Let us suppose
there are several meta-rules for one very big propositional formula and they
may contradict each other or change meaning when combined. It seems that the
set of such messages forms a particular "tree-like" structure.

Then we must define the hierarchy of these messages and, more
generally, algebraic relations between different messages. Different "trees” can
also influence each other and the case for interaction of different complex
propositions gives even a more complex picture. So there will be an algebra for
relations between the trees as well as for the relations between the different
messages in one single tree (Bjarni, 1984, p. 301).

The formal definition of the logical system remains mostly the same as
for the linguistic case. The sets of messages are added as well as connected
supersets of trees with the defined functional relations. Then the systems of
supersets of trees are connected with appropriate functional relations.

Let us just site the formal definition from the author’s original paper on
the linguistic variant of the semantics: "We add next elements to the model of
the classic propositional logic — [A, T, K, G] where A is a superset of sets of
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textual symbols composing messages, T is a superset of subsets of A
constituting the "message-trees”, K is a superset of sets of ordering relations on
T constituting algebras for "message-trees” and G is a global algebra for
cooperation of different trees (or a blank set if there is no global algebra in the
system). Different other types of this semantics are possible through
specification of local and global algebras™ (Petik, 2022).

SAT case requires almost the same specifications. It just should be
mentioned that "A" constitutes not textual messages with meta-rules but
additional mathematical formal expressions such as mentioned probability
distribution curve or other specifications with additional information about the
complex propositional formula in question.

"T"-expression for the "message-trees” remains almost the same. The
algebra of the relations between the "trees” and the "messages" inside the "tree"
should be more strictly defined than for the linguistic case. The same with the
different types of modifications for the semantics. It all can be done through
added specifications.

The hierarchy of the messages inside one of the "trees" was mentioned
previously. It was also specified that it can be "vertical* or "horizontal".
Vertical hierarchy means there are always some prior messages that if in
conflict with the inferior ones, cancel them. Horizontal hierarchy is the set of
rules for dealing with the messages where it is impossible to understand the
priority status. In fact, such a "horizontal” set of rules will be a sort of the
algebra for the relations between different messages in the system of a one
single tree.

It is possible that such a "horizontal" algebra will involve the probability
ranges for the different truth statuses of the propositional formulas. The simple
or more advanced probability theory schema can be introduced into the system
of formal logic to represent that. It was also mentioned that a certain system of
the relations between different trees of messages is also possible to establish.
Computer science field of application may involve cases when very complex
propositional formulas interact with other complex propositional formulas
creating a very hard case for the classic logic to represent.

If there is such a practical case, then the message-trees of both formulas
will be interacting. We can devise a similar "global" algebra for these
interactions. It may seem that there should be a certain ordered hierarchy
between “trees" as well. Some trees will be superior to others. It is easy to
formalize this relation as well by the ordering relation on the superset of all the
message-trees. That is what is meant by "cooperation of the trees".

2. Consequences for computer science.

The proposed semantics allows for building a logic system that will be
more effective in solving the SAT class of problems. This is not a universal
solution for this type of problems but being properly implemented it may help
with the general approach. As was implied in the introduction paragraph,
message-based systems make it easier to specify particular formal logic for
some technical problem. If not for this solution, you have to build a new
independent specific logic for each local case.

SAT problems are important for the circuits design and have theoretical
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implications for the algorithmic complexity chapter of the computer sciences.
The existence of the MSSG-semantics and its applicability to the technical
computer science problem proves the intrinsic relation of natural language,
formal systems and computational elements design.

The idea of this paper was devised before the introduction of ChatGPT
and the massive spread of the artificial intelligence systems which are based on
machine learning. However, the paper was completed after Al became very
popular. Despite their usefulness, ChatGPT and similar systems cannot solve a
lot of existing mathematical problems including the complex propositional
formulas and SAT. In this way, the Al does not cancel the usefulness of the
formal systems proposed in this paper (Russel & Norvig, 2010).

More to that, the principle of the Al — learning from textual information
and answering to the requests in natural language — seems to imply that it is a
particular technological bridge between the study of natural language,
programming and formal languages. This will also involve contemporary
philosophy of language. Do the classical problems and approaches posed by
Wittgenstein and his followers change their status due to the new ways to
interpret and understand language? That is a very deep question that concerns
philosophy first of all. In general this idea is in mathematical
logic/combinatorics and as such is an interesting new approach to some of the
classic problems and formal structures in computer science.

3. Consequences for linguistics and philosophy of language.

Of course, semantics of such type as described in this particular paper has
its consequences for the linguistics and philosophy of language. The deep
connection to the philosophy of language in a new Al-related context was
already stated. MSSG-logic originally was created to represent one of the
concepts of the philosopher of language in analytical tradition of Paul Grice.

The modification of this semantics presented here proves that there is a
deep connection between the formal structures of the natural language and
formal languages. That is a known idea in philosophy of mathematics but here
it is studied in one more practical aspect. It can be connected to linguistics
practical research. MSSG-logic can also be used to study other concepts and
theories in the field of philosophy of language. These possible applications
include the classic ideas of Ludwig Wittgenstein as well as the later ideas by
Grice and his followers and probably some further specifications for the French
continental philosophy of language.

Citing the original paper once more: "As was mentioned before,
messages as a concept are wider than just the intentional theory of meaning of
Grice. Text messages may express more than intention — as meta rules their
domain is context of the formal expression as a whole. The domain of
message-based semantics is about particular specifications. In this chapter we
will outline what such specifications are needed to fit into Gricean theory and
theorize on further specifications for the case of computer natural language
processing.

Textual messages are actually also wider than meta-rules. Textual
information may constitute almost any kind of idea. However, the scope of
formal logic presupposes meta-rules as the main content for the messages. Any
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other kind of textual information would make the relations between different
trees chaotic. It will be impossible to build a rigorous algebra.

Though, it is still interesting how such a chaotic system will look like and
what will be its parameters. Unrigorised textual information will not define the
precise values for the truth function. Instead the influence will be chaotic and
extremely complex. In fact, it will be more like the cooperation of two different
text messages or pieces of fiction text than mathematical expression. In this
sense unrigorised message systems are very promising for natural language
processing and artificial intelligence " (Petik, 2022).

The main detail here is about chaotic text systems. It seems that natural
language is such a chaotic system. Or it is the system with so many complex
rules and local cases that it seems chaotic to the most advanced human mind.
That is the type of text that is studied by philology and philosophy of language.
Itis also in line with the complex interacting tree-based structures.

Compare it to the continental philosophy understanding of the natural
language. French structuralism and post-structuralism philosophers studied the
language as the center of human culture and introduced the notion of
postmodernism and hypertext. That would be a great field for formalization for
message-based logic in particular.

MSSG-logic has a lot of consequences for the philosophy of language,
both analytic philosophy of language and its continental counterpart. In this
way, research in this field will be quite fruitful for the new understanding of
the natural language.

Conclusion. This paper proposes to modify the existing linguistic logical
semantics to be used for the computer science problems known as the SAT
problems. SAT problems are important for algorithmic complexity theory,
circuits design and computer science in general.

The semantics requires only a few little details of modification which
implies the inner connection of the ordinary language and formal languages
used for stating mathematical problems.

This semantics is not the universal tool for solving the problems but it
may help with the general approach to such types of problems. The paper will
be interesting for computer scientist, logicians, linguists and philosophers
interested in computation theory.

Conflict of Interest and other Ethics Statements
The author declares no conflict of interest.

References

Jonsson, B. (1984). Maximal Algebras of Binary Relations. Contributions to Group Theory.
Contemporary Mathematics. Vol. 33. Providence/RI: American Mathematical Society.
Pp. 299-307.

Graham, G. (1928). The Logics and the Social Sciences. Social Forces, 7 (1). Pp. 24-32.

Grice, H. (1972). Intention and Uncertainty Oxford Universtiy Press. 19 p.

Manquinho V.M., Marques-Silva J. (2004). Satisfiability-based algorithms for Boolean
optimization. Annals of Mathematics and Artificial Intelligence. No. 40. Pp. 353-372.

Petik, 1. (2022). Message-based logic semantics and intentional linguistic semantics of Paul
Grice. Humanitarian Vision. 8 (1). Pp. 19-24.

Russell, S. & Norvig, P. (2010). Artificial Intelligence: A Modern Approach. New Jersey:
Prentice Hall, 1151 p.

ISSN 2786-491X (Print) 73



PHILOSOPHY, ECONOMICS AND LAW REVIEW. Volume 4, no. 1, 2024

Wybraniec-Skardowska, U. (2020). What Is the Sense in Logic and Philosophy of Language.
Bulletin of the Section of Logic. 49 (2). Pp.185-211.

Abadi, M. & Lamport, L. (2008). The existence of refinement mappings. Theoretical
Computer Science. 319 (1-3). Pp. 437-449.

Biere, A., Cimatti, A., Clarke, E. M. & Zhu, Y. (2003). Symbolic model checking without
BDDs. Tools and Algorithms for the Construction and Analysis of Systems. Pp. 193-
207.

Clarke, E. M. & Emerson, E. A. (2002). Design and Synthesis of Synchronization Skeletons
using Branching Time Temporal Logic. ACM Transactions on Programming
Languages and Systems (TOPLAS). 23 (5). Pp. 845-871.

Goranko, V. & Passy, S. (2007). Algorithmic Correspondence for Dynamic Logics:
Complexity and Expressiveness. Journal of Logic, Language, and Information. 16 (4).
Pp. 397-422.

Sipser, M. (2008). A Complexity-Theoretic Perspective on Formal Languages.
Communications of the ACM. 51 (7). Pp. 76-83.

Vardi, M. Y. & Wolper, P. (2008). An automata-theoretic approach to automatic program
verification. A Decade of Concurrency: Reflections and Perspectives. Pp. 317-331.

Apocaas ITETIK

JJOI'TYHA CEMAHTHUKA HA OCHOBI IOBITJOMJIEHb
VIS SAT TPOBJIEM

AHoTanis. B crarti mpoBeneHo orisa JorigHoi cucteMd MSSG-IOTikH, CIOYaTKy
po3po0IeHOl aBTOPOM TSI IIpEACTaBICHHS MEBHOI Teopii B aHAMITHUHIA (inmocodii MoBu. 1o
Teopito 3amporonyBaB ¢inmocod Ilom I'paiic, skmii mpomoHyBaB BBaKaTH HaMip BIIaCHUKA
MOBJICHHS BaKIMBUM KOHTEKCTOM [UI BH3HAUCHHS CIPaBXHBOTO 3HAUCHHA HOTo aKrta
MOBJICHHS.

MSSG-Jiorika MpOMOHYe BHKOPHCTOBYBATH CIEIiaibHi HAOOpDH CHMBOJIB IS
JIOZATKOBOTO TIYMaueHHs JIOTTYHHX (OPMYJI, a TaKOX HAJMHOXKHHU LUX HAOOpIiB («IepeBa
MOBIZIOMJICHBY) 13 BU3HAUCHUMH ajreOpamu Juisi OUIbII CKIaAHUX BUMAAKiB. CTAaTTs MPOMOHYE
MoaudikyBatH «MOBHY» MSSG-noriky a8 mnpeicTaBiieHHsS BiZoMHX OyJeBHX 3a1ad
3amoBosieHHss yMOB (SAT) y ramy3l KOMI'IOTEPHHX HayK 3a JOMOMOTOI0 IOIIOHUX
iHCTpyMEHTIB. TakoK 0OTOBOPIOIOTHCS HACIIAKY T KOMIT FOTEPHUX HayK Ta (hiocodil MOBH.

Knwwuosi cnosa: SAT, boolean satisfiability, xomn’romepni nayku, nocika oas
Komn romepuux Hayk, Ilon I'paiic, popmanvra mosa, ananimuyna ginocois mosu.
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