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Introduction to Formalization and Resolution Calculus

In the realm of logic and artificial intelligence, formalizing natural language sentences into logical
expressions is a fundamental step for automated reasoning. Once formalized, the next crucial step is
to verify the validity of inferences—determining whether a conclusion logically follows from given
premises. The resolution calculus, a powerful rule-based proof system, plays a vital role in
establishing the validity of logical inferences, especially within propositional and first-order logic
frameworks. This article explores the process of formalizing sentences using predicates, transforming
them into clauses suitable for resolution, and applying the resolution calculus to prove the validity of
inferences.

---

Understanding Formalization in Predicate Logic

What Is Formalization?

Formalization involves translating natural language statements into formal logical expressions. This
process ensures precise representation of the meaning, avoiding ambiguities inherent in natural
language. For example, the sentence:

- "All humans are mortal."

can be formalized as:

- ∀x (Human(x) → Mortal(x))

Similarly, specific statements about individuals, properties, and relations are expressed using
predicates, quantifiers, and logical connectives.



Significance of Using Predicates

Predicates are functions that represent properties or relations among objects. They are essential in
first-order logic, enabling the expression of complex statements involving multiple entities. Using
predicates allows for:

- Expressing properties: e.g., Mortal(x)
- Expressing relations: e.g., Loves(x, y)
- Quantification over objects: e.g., ∀x, ∃y

Proper formalization with predicates sets the foundation for logical inference and proof procedures.

---

Steps to Formalize Sentences Using Predicates

Formalizing sentences involves several systematic steps:

1. Identify the Predicates and Constants
- Determine the properties, relations, and objects involved.
- Example: Human(x), Mortal(x), Socrates (constant).

2. Assign Variables and Constants
- Variables represent unspecified objects; constants denote specific ones.

3. Determine Quantifiers
- Use universal (∀) or existential (∃) quantifiers to express generality or existence.

4. Translate Sentences into Logical Formulas
- Combine predicates, variables, and quantifiers with logical connectives.

5. Standardize and Simplify
- Ensure all variables are properly scoped and formulas are in a standard form.

Example:
Natural language: "All humans are mortal."
Formalization: ∀x (Human(x) → Mortal(x))

Natural language: "Socrates is a human."
Formalization: Human(Socrates)

Natural language: "Therefore, Socrates is mortal."
Formalization: Mortal(Socrates)

---



Transforming Formalized Sentences into Clausal Form

To apply the resolution calculus, the formalized statements must be converted into a suitable
form—clausal form or conjunctive normal form (CNF). The process involves:

1. Eliminate Implications
- Rewrite implications using disjunctions: p → q becomes ¬p ∨ q.

2. Move Quantifiers to Prenex Form
- Standardize the position of quantifiers, bringing all to the front.

3. Skolemization
- Remove existential quantifiers by introducing Skolem functions/constants.

4. Drop Universal Quantifiers
- Implicitly assume all variables are universally quantified in clauses.

5. Distribute Disjunctions over Conjunctions
- Convert to CNF, a conjunction of disjunctions.

Example:
Original: ∀x (Human(x) → Mortal(x))
Step 1: ¬Human(x) ∨ Mortal(x)
Step 2-4: Skolemization not required here as no existential quantifiers.
Step 5: Already in CNF.

---

Applying the Resolution Calculus to Prove Validity

What Is Resolution Calculus?

Resolution is a rule of inference used to derive conclusions from clauses set in CNF. It operates by
identifying complementary literals between clauses and resolving them to produce new clauses,
iteratively deducing whether a contradiction (an empty clause) can be derived. A proof that leads to
an empty clause confirms that the negation of the conclusion is inconsistent with the premises,
thereby establishing the validity of the original inference.

Steps to Use Resolution for Validity Proof

1. Negate the Conclusion
- To prove that a conclusion follows from premises, assume the negation of the conclusion along with
the premises.



2. Convert All Sentences into Clausal Form
- Formalize premises and the negation of the conclusion into CNF.

3. Set of Clauses
- Combine all clauses from premises and negated conclusion into a single set.

4. Apply Resolution Rule
- Select pairs of clauses with complementary literals, resolve to produce new clauses.

5. Iterate Until
- Either derive the empty clause (proof of validity), or no new information can be gained (invalid
inference).

Example:
Suppose we want to prove: "Socrates is mortal," given: "All humans are mortal," and "Socrates is a
human."

- Premises:
1. ∀x (Human(x) → Mortal(x))
2. Human(Socrates)

- Conclusion:
Mortal(Socrates)

- Negate conclusion:
¬Mortal(Socrates)

- Formalize and convert to clauses, then resolve to find a contradiction, confirming the inference's
validity.

---

Detailed Example: Formalizing and Proving Using
Resolution

Let's walk through a concrete example to illustrate the process:

Natural language statements:

- "All cats are animals."
- "Whiskers is a cat."
- "Therefore, Whiskers is an animal."

Step 1: Formalize sentences

- ∀x (Cat(x) → Animal(x))
- Cat(Whiskers)
- Goal: Animal(Whiskers)



Step 2: Negate the conclusion

- ¬Animal(Whiskers)

Step 3: Convert premises and negation into CNF

- Premise 1: ∀x (¬Cat(x) ∨ Animal(x))
- Premise 2: Cat(Whiskers)
- Negated conclusion: ¬Animal(Whiskers)

Step 4: Instantiate and list clauses

- Clause 1: ¬Cat(x) ∨ Animal(x) (from premise 1)
- Clause 2: Cat(Whiskers) (premise)
- Clause 3: ¬Animal(Whiskers) (negation of conclusion)

Step 5: Resolution process

- Resolve Clause 1 and Clause 2 on x = Whiskers:

- From Clause 1: ¬Cat(Whiskers) ∨ Animal(Whiskers)
- Clause 2: Cat(Whiskers)

- Resolving on Cat(Whiskers):

- The resolvent: Animal(Whiskers)

- Now resolve with Clause 3:

- Animal(Whiskers) and ¬Animal(Whiskers):

- Resolvent: ⊥ (empty clause)

Since we derived an empty clause, the original argument is valid: Whiskers is an animal.

---

Importance of Resolution in Automated Theorem
Proving

Resolution calculus is a cornerstone of automated theorem proving systems. Its systematic approach
provides:

- Soundness: Only derives conclusions that logically follow.
- Completeness: Can derive a contradiction when the set of premises is inconsistent.
- Automation: Suitable for computer implementation, enabling automated reasoning in various
domains like software verification, knowledge bases, and AI.



Understanding how to formalize sentences, convert them into clauses, and apply resolution is
essential for developing and analyzing automated reasoning systems.

---

Conclusion

Formalizing natural language sentences into predicate logic is a critical step in logical reasoning,
enabling precise and unambiguous representation of statements. Using predicates, quantifiers, and
logical connectives, complex statements can be systematically expressed. Converting these into
clausal form sets the stage for applying the resolution calculus, a robust proof method for validating
inferences. By following a structured process—formalization, conversion to CNF, and resolution
application—one can rigorously prove the validity of logical inferences, which is fundamental in fields
such as artificial intelligence, automated theorem proving, and formal verification. Mastery of these
techniques enhances the capacity to develop intelligent systems capable of rigorous logical
reasoning.

---
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Frequently Asked Questions

How can I formalize a natural language inference into
predicate logic to use resolution calculus?
To formalize a natural language inference, identify the predicates, constants, and variables
representing the entities and properties involved. Convert each statement into a logical formula using
predicate symbols, quantifiers, and logical connectives, ensuring the formalization accurately
captures the original meaning. This allows the use of resolution calculus to prove inference validity.

What are the steps to prove an inference is valid using
resolution calculus in predicate logic?
First, formalize all premises and the negation of the conclusion into predicate logic. Convert these
formulas into clausal form (conjunctive normal form). Then, apply the resolution rule to derive an
empty clause. If the empty clause is derived, the inference is valid; otherwise, it is invalid.

Can you provide an example of formalizing a simple inference
and proving its validity using resolution?
Yes. For example, from 'All humans are mortal' and 'Socrates is human,' formalize as: ∀x (Human(x)
ightarrow Mortal(x)) and Human(Socrates). Negate the conclusion 'Socrates is mortal' as ∀x
(Human(x)



ightarrow Mortal(x)), and check if resolution derives a contradiction. Applying resolution confirms the
inference is valid.

What are common challenges when using resolution calculus
to prove inference validity in predicate logic?
Common challenges include correctly formalizing natural language statements into predicate logic,
converting formulas into clause form without errors, managing variable scope and quantifiers, and
ensuring all relevant clauses are considered during resolution to avoid missing proofs.

Why is resolution calculus an effective method for proving the
validity of inferences in predicate logic?
Resolution calculus is systematic, sound, and complete for propositional and predicate logic. It
provides a mechanical procedure to derive contradictions from premises and negations of
conclusions, making it a powerful tool for validating inference validity in formal logic systems.

Additional Resources
Formalize The Sentences And Prove With The Resolution Calculus That The Inference Is Valid. Use The
Predicate

In the realm of logic and automated reasoning, establishing the validity of an inference rule is
fundamental. Formalization transforms natural language statements into precise logical expressions,
enabling rigorous proof techniques to verify their correctness. Among these techniques, the resolution
calculus stands out as a powerful and systematic method for deriving conclusions from a set of
premises. This article explores the process of formalizing sentences using predicate logic and
demonstrating the validity of an inference through the resolution calculus, providing a comprehensive
guide for students, researchers, and practitioners interested in formal logic and automated theorem
proving.

---

Understanding Formalization in Predicate Logic

What Is Formalization?

Formalization is the process of translating natural language statements into formal logical
expressions. This translation involves:

- Identifying the logical structure of sentences.
- Assigning appropriate predicates, constants, variables, and quantifiers.
- Ensuring that the meaning of the original statements is preserved accurately.

In predicate logic, formalization allows us to represent complex relationships and conditions explicitly,
making it possible to apply formal proof methods such as resolution.

Why Formalize?



Natural language is often ambiguous and imprecise. Formalization removes ambiguity by providing a
clear, unambiguous representation of statements. This clarity is essential for:

- Automated reasoning systems.
- Verification of logical inference rules.
- Formal analysis of arguments in mathematics and computer science.

---

The Inference in Question: A Practical Example

To illustrate the formalization and proof process, consider the following example:

Premise 1: All humans are mortal.
Premise 2: Socrates is a human.
Conclusion: Therefore, Socrates is mortal.

This classic syllogism can be formalized using predicate logic, enabling us to rigorously verify the
validity of the inference.

---

Step 1: Formalizing the Sentences Using Predicates

Defining Predicates and Constants

- Let Human(x) denote "x is a human."
- Let Mortal(x) denote "x is mortal."
- Let s denote the constant "Socrates."

Formalization of Premises and Conclusion

- Premise 1: "All humans are mortal."

\[
\forall x (Human(x) \rightarrow Mortal(x))
\]

- Premise 2: "Socrates is a human."

\[
Human(s)
\]

- Conclusion: "Socrates is mortal."

\[
Mortal(s)
\]

---



Step 2: Negate the Conclusion for Proof by Contradiction

The resolution method employs refutation: to prove that the conclusion logically follows from the
premises, we assume the negation of the conclusion and derive a contradiction.

- Negation of the conclusion:

\[
\neg Mortal(s)
\]

---

Step 3: Convert All Sentences to Clause Form

Resolution operates on clauses, which are disjunctions of literals. We must convert the formalized
sentences into conjunctive normal form (CNF).

1. Premise 1: \(\forall x (Human(x) \rightarrow Mortal(x))\)

- Implication equivalence: \(A \rightarrow B\) is equivalent to \(\neg A \vee B\).

- Universal quantifier: \(\forall x\) is kept for now; in clause form, it becomes a set of clauses for each
instance or remains with the quantifier in the inference process.

- CNF form:

\[
\forall x (\neg Human(x) \vee Mortal(x))
\]

2. Premise 2: \(Human(s)\)

- Already a positive literal; as a clause:

\[
Human(s)
\]

3. Negation of the conclusion: \(\neg Mortal(s)\)

- A clause:

\[
\neg Mortal(s)
\]

---

Step 4: Skolemization and Moving to Prenex Form



While Skolemization is essential in some resolution procedures, for this simple example, we can
proceed directly with the clauses, substituting constants where necessary.

---

Step 5: Resolution Proof

Now, with the set of clauses:

1. \(\neg Human(x) \vee Mortal(x)\) (from Premise 1)
2. \(Human(s)\) (from Premise 2)
3. \(\neg Mortal(s)\) (negation of conclusion)

Our goal is to derive a contradiction, i.e., an empty clause, indicating the original conclusion logically
follows.

Step-by-step Resolution:

- From clause 2: \(Human(s)\), and clause 1: \(\neg Human(x) \vee Mortal(x)\), instantiate \(x\) as \(s\):

\[
\neg Human(s) \vee Mortal(s)
\]

- Resolve with clause 2:

\[
Human(s)
\]

The resolvent:

\[
Mortal(s)
\]

- Now, resolve this with clause 3: \(\neg Mortal(s)\):

\[
Mortal(s)
\]
and
\[
\neg Mortal(s)
\]

The resolvent:

\[
\Box
\]



The empty clause \(\Box\) signifies a contradiction, confirming that the negation of the conclusion
leads to inconsistency when combined with the premises. Therefore, the conclusion "Socrates is
mortal" is valid given the premises.

---

Deep Dive: The Power of Resolution Calculus

What Is Resolution Calculus?

Resolution calculus is a rule of inference that allows deriving new clauses by resolving pairs of clauses
containing complementary literals. Its strength lies in:

- Completeness: It can prove any logically valid formula.
- Automation: Suitable for implementation in theorem-proving software.
- Simplicity: Uses only one inference rule—resolution.

How Does It Work?

- Identify pairs of clauses with complementary literals.
- Resolve these clauses to produce new clauses.
- Repeat the process until either:

- An empty clause is derived (proof of unsatisfiability, hence validity of the original statement), or
- No new clauses can be generated, suggesting the original formula is not valid.

---

Practical Considerations and Applications

Automated Theorem Proving

Resolution is at the core of many automated theorem proving systems, used in:

- Formal verification of hardware and software.
- Mathematical proof assistants.
- AI systems for reasoning and decision-making.

Limitations and Challenges

- The resolution process can generate a large number of clauses, leading to computational
complexity.
- Strategies such as clause learning, heuristics, and optimization are employed to manage this.

---

Summary and Significance

Formalizing sentences and proving their validity via resolution calculus is a cornerstone of modern
logic and automated reasoning. By translating natural language into predicate logic, we gain the
precision necessary for rigorous proofs. The resolution method provides a systematic, rule-based



approach to verify inference validity, ensuring that conclusions follow logically from premises. This
process underpins critical technologies in computer science, artificial intelligence, and formal
verification, making it an essential tool for both theoreticians and practitioners.

In our example, we demonstrated how a simple syllogism can be formalized and rigorously validated
using predicate logic and resolution calculus. The methodology exemplifies how complex reasoning
tasks can be mechanized, paving the way for advancements in automated logic and intelligent
systems.

---

In conclusion, formalization and resolution calculus form a powerful duo in the pursuit of logical
certainty. They enable us to translate intuitive reasoning into formal proofs, ensuring that conclusions
are not only convincing but also demonstrably valid. As logic continues to underpin technological
progress, mastering these techniques remains essential for researchers and practitioners committed
to rigorous, reliable reasoning systems.
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