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In deep learning, large language models are typically trained on data from a corpus as representative of current
knowledge. However, natural language is not an ideal form for the reliable communication of concepts. Instead, formal
logical statements are preferable since they are subject to verifiability, reliability, and applicability. Another reason for this
preference is that natural language is not designed for an efficient and reliable flow of information and knowledge, but is
instead designed as an evolutionary adaptation as formed from a prior set of natural constraints. As a formally structured
language, logical statements are also more interpretable. They may be informally constructed in the form of a natural
language statement, but a formalized logical statement is expected to follow a stricter set of rules, such as with the use of
symbols for representing the logic-based operators that connect multiple simple statements and form verifiable
propositions.
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The large language models of deep learning depend on natural language samples from a large corpus of knowledge @l.
However, natural language is a communication form that is derived from biological evolution ZBI4 and is a descendant of
the other related forms of animal communication, a recent adaptation with roles in sociality, social organization, and
general behavior in a natural context [&. It is also not considered a rigorous method for communication of knowledge that
includes the attributes of reliability and permanence 8, Likewise, the common definitions of rhetoric include the act of
effective writing—but as an art form, not as a scientific practice B, This observation suggests that natural language is
limited in its capacity for the construction of reproducible knowledge, a problem studied in philosophy, such as in the
literature of epistemology and logic .

This problem is also studied in the context of deep learning models in computer science RARUILANLS] For instance, Traylor
and others (11 recorded visual data from experiments for whether the logical operations of negation 14 and disjunction 12!
are learned by neural network models. They showed that these models acquire some generalized knowledge of these
tasks, but are not yet reliable for generating the elements of logical reasoning. In another study, Evans and others 12
published a data set as a benchmark to test for logical entailment, a subtype of propositional logic that relies on symbolic-
based reasoning B8, These formalized methods of logic may be contrasted against the more informal methods of

reasoning. However, the formality of propositional logic offers interpretability on the processes of logical reasoning 181119
[20][21][22][23][24]

A strict method of application of propositional logic is to show the symbols of logic as Boolean operators on statements of
natural language. An example is negation of a statement 4. Given the statement “human perception is innate”, in a
classical context, the negation of this statement is formed by NOT as a Boolean operation on this statement. Therefore,
the negation of the statement is “human perception is not innate”. For the case of disjunction in propositional logic, at least
in a classical context, two simple statements are joined by the Boolean operator OR 3], Therefore, an example is “human
perception is either innate or not innate”. However, other natural languages may represent a formal disjunction using a
different method, so it is necessary to contrast the pure forms of ideal logic with its use in common practice [151241[25],
Logic is a form of reliable expression of concepts for compensation of vagueness and error in interpretation of statements
across the natural languages. Therefore, training a machine system on samples of natural language is expected to
reproduce these same errors. However, logic is taught, so it is possible to acquire knowledge of logical reasoning.

The alternative to these formalized approaches is to rely on metaphysical and non-mechanistic definitions of general and
logical reasoning. A similar problem exists in the common definitions of “intelligence”. These amorphously formed terms
stem from concepts that precede the best practices in science and knowledge of the mechanics of cognition and
perception. In this case, as for other natural processes, a mechanistic approach to the explanation of phenomena favors
experimentation, reproducibility, and scientific rigor. A second alternative is to rely on definitions based on a naive
perspective, and, therefore, potential exclusion of the mechanistic basis of natural science and any of the rigor from the
methods of philosophy. Since the various schools and teachings of philosophy are not expected to influence common



sense as a population phenomenon, it is likely that common sense is often formed by methods without a component of
verifiability (28],

Deep learning and its models are a testbed for verification of information-based phenomena 21128 For example, studies
have shown that these models are capable of generating machine-readable code from queries in a text-based prompt,
such as in the form of natural language requests; therefore, this capability shows that logic is computable by the advanced
large language models, as in GPT-4 [28129 Bubeck and others 2 further showed that logical reasoning in the GPT-4
model is observed in its solutions for mathematical and general reasoning problems. The higher-order capabilities of

these models are often referred to as emergent properties that arise from scaling the model with the inclusion of “big data”
sets 39,

It may be that large language models are incorporating samples of propositional logic during the training step, where the
data source is a natural language corpus. However, these capabilities may be contrasted against training a pretrained
model on a large number of samples with formal statements of propositional logic 2. The presumption is that
tokenization of these samples would better capture higher-order logic than “common speech”. Another method is to
connect external tools to the deep learning model using a translation layer that communicates natural language into a
machine-readable format Bl These exchanges between the model and external tools are information that is not
incorporated into the neural network itself, but these exchanges may be recorded and added to the model during a later
training phase.
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