Automated Theorem Proving: Theory and
Practice

Automated theorem proving (ATP) is a branch of artificial intelligence that
seeks to develop computer programs that can automatically discover
mathematical proofs. ATP systems are designed to take as input a set of
axioms and a conjecture, and to output a formal proof of the conjecture if it
is true, or a refutation if it is false.

ATP has a wide range of applications in mathematics, computer science,
and other fields. For example, ATP can be used to:

= Verify the correctness of software programs

= Prove the consistency of mathematical theories

= Discover new mathematical theorems

=  Solve complex optimization problems

There are a variety of different ATP methods, each with its own strengths
and weaknesses. Some of the most common ATP methods include:
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= Resolution: Resolution is a method for proving theorems by
repeatedly applying a set of inference rules to a set of clauses.

= Model checking: Model checking is a method for proving theorems by
constructing a model of the world and then checking whether the
conjecture is true in the model.

= Satisfiability modulo theories (SMT): SMT is a method for proving
theorems by combining SAT solving with reasoning about specific
theories, such as arithmetic or real analysis.

= Interactive theorem proving (ITP): ITP is a method for proving

theorems with the assistance of a human user.

Developing ATP systems is a challenging task. Some of the challenges
involved include:

=  The complexity of mathematical reasoning: Mathematical
reasoning is a complex process that can be difficult to automate.

= The need for efficient algorithms: ATP systems must be able to
solve problems efficiently in order to be useful.

= The need for scalability: ATP systems must be able to scale up to
large problems.

ATP has a wide range of applications in various fields, including:

= Mathematics: ATP can be used to prove new mathematical theorems,
check the consistency of mathematical theories, and solve complex
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optimization problems.

= Computer science: ATP can be used to verify the correctness of
software programs, find bugs in software, and design new algorithms.

= Engineering: ATP can be used to design and verify complex
engineering systems, such as airplanes and bridges.

= Finance: ATP can be used to analyze financial data and make
investment decisions.

= Medicine: ATP can be used to develop new drugs and treatments, and
to diagnose diseases.

ATP is a powerful tool that can be used to solve a wide range of problems
in mathematics, computer science, and other fields. However, there are still
many challenges that need to be addressed in order to develop fully
automated ATP systems. As these challenges are overcome, ATP is likely
to become even more widely used in the future.
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