
Artificial Intelligence

Lecture 16

Symbolic Logic

 Prepared by:

Md. Mijanur Rahman, Prof. Dr.

Dept. of CSE, Jatiya Kabi Kazi Nazrul Islam University

Email: mijanjkkniu@gmail.com

11



Symbolic Logic
Lecture Outlines:

• …

• First Order Predicate Logic (FOPL) 

• Syntax and Semantics of FOPL

• WFFs and Properties of wffs 

• Clausal Form and Resolution

• Conversion to Clausal Form
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First Order Predicate Logic (FOPL)

• FOPL extends the expressiveness of PL (Propositional
Logic).

• It is a generalization of PL that permits reasoning about world
objects as relational entities as well as classes or subclasses of
objects.

• The generalization comes from:

– the introduction of predicates in place of propositions, 

– the use of functions and 

– the use of variables together with variable quantifiers.
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Syntax of FOPL
• The syntax of FOPL is determined by allowable symbols and 

rules of combination, are defined as follows:
o Connectives: Five connective symbols, ~ (not or negation), & (and or 

conjunction), V (or or disjunction),  (implication),  (equivalence 
or if and only if).

o Quantifiers

o Constants

o Variables

o Functions

o Predicates
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 Two quantifiers: universal and existential quantifiers

 Constants, variables, and functions are referred to as terms.

 Predicates are referred to as atomic formulas or atoms.
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Expressions in FOPL
• Consider the following statements:

E1: All employees earning $1400 or more per year pay tax.

E2: Some employees are sick today.

E3: No employee earns more than the president.

• To represent expressions in FOPL, we must define predicates 
and functions, such as-
E(x) for x is an employee.

P(x) for x is president.

i(x) for the income of x.

GE(u,v) for u is greater or equal to v.

S(x) for x is sick today.

T(x) for x pays taxes.
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Expressions in FOPL
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Properties of wffs
• Valid: A wff is said to be valid if it is true under every

interpretation.

• Inconsistent or unsatisfiable: A wff that is false under every
interpretation is said to inconsistent or unsatisfiable.

• Invalid: A wff that is not valid (false for some interpretation)
is invalid.

• Satisfiable: A wff that is not inconsistent (true for some
interpretation) is satisfiable.

• A valid wff is satisfiable and an inconsistent wff is invalid.
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Semantics of FOPL
• The semantics of FOPL are determined by interpretations

assign to predicates, rather than propositions.

• This means that an interpretations must also assign values to
other terms including constants, variables and functions.

– When an assignment of values is given to each term and to each 
predicate symbol in a wff, we say an interpretation is given to 
the wff.

– The value of any given wff can be determined by truth table.

– If the truth values for two wffs are the same under every 
interpretation, they are equivalent.

• A predicate (or wff) has no variables is called a ground atom.
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Semantics of FOPL
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• Here, four predicates, A, B, C and D. A is a two-place predicate, a is 
constant and x is variable.

• B, C and D are unary predicates, the arguments of B is a function f(x).

• E is quantified by the universal quantifier (for all x).
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Semantics of FOPL
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• To evaluate E, consider the domain value {1, 2} and the 
following values:

a = 2 f(1)=2 f(2)=1

A(2,1) = true A(2,2) = false B(1) = true B(2) = false

C(1) = true C(2) = false D(1) = false D(2) = true

Using the above values we can evaluate E:

1) For x=1, we get true ---> false; So, E equals to False.

2) For x=2, E equals to True.

Since E is not true for all x, the expression E evaluates to False.
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Equivalent Logical Expressions
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Clausal Form (Normal Form)
• A  clause can be defined as a wff consisting of disjunction of literals, i.e., 

ଵ ଶ ଷ ௡, where ଵ, ଶ, …, ௡ are literals.

• Conjunctive Normal Form (CNF)

• Disjunctive Normal Form (DNF)

• Prenex Normal Form
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• Conjunctive Normal Form (CNF)

• Disjunctive Normal Form (DNF)
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Clausal Form (Normal Form)
Prenex Normal Form:
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Resolution: Conversion to Clausal Form
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• ~(P & Q) = ~P V ~Q

• ~(P V Q) = ~P & ~Q

• P → Q = ~P V Q
• P Q = (P → Q) & (Q →  P) = (~P V Q) & (~Q V P)



Resolution: Conversion to Clausal Form
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Resolution: Conversion to Clausal Form
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Resolution: Conversion to Clausal Form
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D’Morgan’s Law

Rename variables

Remove Existential Q

Prenex form



THE END
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