4.2 The Predicate Calculus (Also known as First-Order Logic):

In propositional calculus, each atomic symbol (P, Q, etc.) denotes a
proposition of some complexity. There is no way to access the components
of an individual assertion. In other words, the propositional calculus has its
limitations that you cannot deal properly with general statements because
it represents each statement by using some symbols jointed with
connectivity tools. To solve the limitations in the propositional calculus,
you need to analyze propositions into predicates and arguments, and deal
explicitly with quantification. Predicate calculus provides formalism for
performing this analysis of propositions and additional methods for
reasoning with quantified expressions. For example, instead of letting a
single propositional symbol, P, denotes the entire sentence "it rained on
Tuesday," we can create a predicate weather that describes a relationship
between a date and the weather:

weather (rain, tuesday)

through inference rules we can manipulate predicate calculus expression
accessing their individual components and inferring new sentences.
Predicate calculus also allows expressions to contain variables. Variables let
us create general assertions about classes of entities. For example, we
could state that for all values, of X, where X is a day of the week, the
statement:

weather (rain, X ) is true ;

l,e., it rains it rains every day. As with propositional calculus, we will first
define the syntax of the language and then discuss its semantics.
Example: Convert the following engilsh sentences to predicate calculus

sentences:
1. If itis raining, tom will not go to mountain
2. If it doesn't rain tomorrow, Tom will go to the mountains.

3. All basketball players are tall.
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4. Some people like anchovies.

5. John like anyone who likes books.

6. Nobody likes taxes.

7. There is a person who writes computer class.

8. All dogs are animals.

9. All cats and dogs are animals.

10. John did not study but he is lucky.

11. There are no two adjacent countries have the same color.
12. All blocks supported by blocks that have been moved have also been
moved. Note: you can use the following predicates:

* block(X) means X is a block

e supports(X, Y) means X supports Y

e moved(X) means X has been moved

Answer:

1. weather (rain) » — go(tom,mountain)
2. — weather (rain, tomorrow) —go(tom, mountains).
3. V X (basketball _player(X) — tall (X))
4. 3 X (person(X) A likes(X, anchovies)).
5. 3 X like(X,book) —like(john,X)
6. — 3 Xlikes(X,taxes).

7. 3IX write(X,computer_class)

8. VX dogs(X) —animals(X)

9. VXVY cats(X)Adogs(Y) —animals(X)Aanimals(Y).

10. = study(john)A lucky(john)

11. VXVY (county(X) A county(Y) A adjacent(X,Y)) = — (color(X) = color(Y)). Or we
say: VXVY = county(X) v =county(Y) v madjacent(X,Y) v — (color(X) = color(Y)).
12. VXVY block(X) A block(Y) A supports(X,Y) A moved(X) — moved(Y)
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