COMP-4640: Intelligent & Interactive Systems

The Predicate Calculus

Language and Syntax

The predicate calculus is compose of the following components:

· Object Constants ( A, 112, SmallBlock, etc.)

· Function Constants (queen_of1, height_of1, mltpy2, etc.)

· Relation Constants (K253, Married_to2, etc.)

· Logical Connectives and Delimiters ((, (, (, (, (, (, (, ()
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Terms

Any object constant or function constant (with N terms in parentheses where N is the arity of the function) is a term. Ex: queen_of(England), mltpy(5,4).
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Sentences (well formed formulas)

· Atoms are relational constants (with the appropriate number of arguments in parentheses) Ex. Married(Gerry,Jacqui).

· If w1 and w2 are sentences then so are:

w1 ( w2  

(disjunction) 

w1 ( w2  

(conjunction)

w1 ( w2 

(implication)

(w1 

(negation)

· Married(Gerry,Jacqui) ( Loves(Gerry,Jacqui)
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Semantics

· A world can be composed of an infinite number of objects (individuals)

· An interpretation of an expression is a mapping between object, function, and relation constants in predicate calculus to objects, functions, and relations in the real world.

· A particular mapping or assignment of an interpretation is called a denotation.
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Models

· An interpretation satisfies a set of sentences if each of the sentences evaluates to true given the interpretation.

· A model is an interpretation that satisfies a set of sentences.

· Valid sentences are true under all interpretations.

· Any sentence that does not have a model is said to be inconsistent or unstatisfiable.

· If a sentence, s, is true under all interpretations for which each sentence in ( is true then ( ⊨ s (logical entailment).
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Knowledge

Sentences written in FOPL can be used to represent knowledge (in the form of facts and rules) about the world.
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Quantification

· There are two types of quantification in FOPL:

1. Universal (“For all x”)  

(x (Kid(x) ( likes(x,Candy))

2. Existential (“There exists an x”)

(x (Kid(x) ( likes(x,Broccoli))
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Quantification (cont.)

· Some useful equivalences (based on DeMorgan’s Law) are:

1. ((z (w(z)) ( (z ((w(z))

2. ((y (q(y)) ( (y ((q(y))  
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Some Practice Problems:

1. “Everybody loves someone.”

2. “There is someone who is loved by everybody.”

3. “There is someone who loves everybody.”

4. “Everybody has someone who loves them.”
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Some Practice Problems (cont.)

5. “Not all students take both History and Biology.”

6. “Every person who dislikes all vegetarians is smart.”
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Before we can apply resolution refutation to the predicate calculus we must first:

1. introduce the concept of unification and

2. provide a procedure for converting arbitrary sentences in FOPL into CNF.

Unification

The objective of unification is to find a substitution that will allow two sentences to look the same. Once we make two sentences look the same, it is possible to apply resolution. Consider this example found on page 271 of your textbook.


Knows(John, Jane)


Knows(y, Leonid)


Knows(y, mother(y))


Knows(x, Elizabeth)
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Unification (cont.)
Before applying unification. We must first standardize apart the sentences of our knowledge base (we will see this again a little later). Therefore the knowledge base becomes:

1. Knows(John, Jane)


2. Knows(x, Leonid)


3. Knows(y, mother(y))


4. Knows(z, Elizabeth)

Now we can unify Knows(John,w) with 1 using the substitution {w/Jane}.

We can unify Knows(John,w) with 2, 3, and 4.
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Converting Arbitrary Sentences into CNF

There is basically a nine step process for converting a sentence into CNF

1. Eliminate implications

2. Reduce the scope of negation

3. Standardize the variables apart

4. Eliminate existential quantifiers

   
Ex. (x (y Loves(x,y)

  

(x Loves(x,h(x))
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· If an existentially quantified variable is within the scope of a universally quantified variable then we replace all occurrences of the existentially quantified variable with a skolem function.

· If an existentially quantified variable is outside the scope of a universally quantified variable then we replace all occurrences of the existentially quantified variable with a skolem constant.

5. Convert to prenex form by moving all universal quantifiers to the front of the sentence.

6.  Put into CNF.

7. Eliminate the universal quantifiers.

8. Eliminate the conjunctions.

9. Standardize apart.
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Prepare the following sentence for resolution refutation.

(x [(P(x) ( R(x)) ( ((y Q(x,y)]
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Convert the following sentences into first-order logic and use resolution refutation (along with Green’s Theorem) to find out: Who is happy?

Anyone passing his/her AI exams and winning the PCH sweepstakes is happy. However, anyone who studies or is lucky can pass all of his/her exams (in all subjects). Sally did not study but she is lucky. Tom studied and so did Michelle. Anyone who is lucky wins the sweepstakes. Who is happy?
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Once we convert each sentence we get


( =

1. (Pass(x, AI) ( (Win_PCH(x) ( Happy(x)
2. (Studies(y) ( Pass(y, z)
3. (Lucky(a) ( Pass(a, b)
4. (Studies(Sally)
5. Lucky(Sally)
6. Studies(Tom)
7. Studies(Michelle)
8. (Lucky(c) ( Wins_PCH(c)
9. (Happy(d) ( Ans(d)    ( Green’s Theorem
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