Logics

To summarize, we can say that a logic consists of the following:
1. A formal system for describing states of affairs, consisting of

(a) the syntax of the language, which describes how to make sentences, and
(b) the semantics of the language, which states the systematic constraints on how sentences relate to states of affairs.

2. The proof theory—a set of rules for deducing the entailments of a set of sentences.
We will concentrate on two kinds of logic: propositional or Boolean logic, and first-order logic (more precisely, first-order predicate calculus with equality).

In propositional logic, symbols represent whole propositions (facts); for example, D might have the interpretation "the wumpus is dead." which may or may not be a true proposition. Proposition symbols can be combined using Boolean connectives to generate sentences with more complex meanings. Such a logic makes very little commitment to how things are represented, so it is not surprising that it does not give us much mileage as a representation language.

First-order logic commits to the representation of worlds in terms of objects and predicates on objects (i.e., properties of objects or relations between objects), as well as using connectives and quantifiers, which allow sentences to be written about everything in the universe at once.

First-order logic seems to be able to capture a good deal of what we know about the world, and has been studied for about a hundred years. We will spend therefore a good deal of time looking at how to do representation and deduction using it.

It is illuminating to consider logics in the light of their ontological and epistemological commitments. Ontological commitments have to do with the nature of reality. For example, propositional logic assumes that there are facts that either hold or do not in the world. Each fact can be in one of two states: true or false. First-order logic assumes more: namely, that the world consists of objects with certain relations between them that do or do not hold. Special-purpose logics make still further ontological commitments; for example, temporal logic assumes that the world is ordered by a set of time points or intervals, and includes built-in mechanisms for reasoning about time.

Epistemological commitments have to do with the possible states of knowledge an agent can have using various types of logic. In both propositional and first-order logic, a sentence represents a fact and the agent either believes the sentence to be true, believes it to be false, or is unable to conclude either way. These logics therefore have three possible states of belief regarding any sentence. Systems using probability theory, on the other hand, can have any degree of belief, ranging from 0 (total disbelief) to 1 (total belief). For example, a probabilistic wumpus-world agent might believe that the wumpus is in [1,3] with probability 0.75. Systems

FUZZY LOGIC based on fuzzy logic can have degrees of belief in a sentence, and also allow degrees of truth: a fact need not be true or false in the world, but can be true to a certain degree. For example, "Vienna is a large city" might be true only to degree 0.6. 

PROPOSITIONAL LOGIC: A VERY SIMPLE LOGIC

Despite its limited expressiveness, prepositional logic serves to illustrate many of the concepts of logic just as well as first-order logic. We will describe its syntax, semantics, and associated inference procedures.

Syntax

The syntax of prepositional logic is simple. The symbols of prepositional logic are the logical constants True and False, proposition symbols such as P and Q, the logical connectives A, V, •&, =>, and -i, and parentheses, (). 

All sentences are made by putting these symbols together using the following rules:

• The logical constants True and False are sentences by themselves.
• A prepositional symbol such as P or Q is a sentence by itself.
• Wrapping parentheses around a sentence yields a sentence, for example, (P A Q).
• A sentence can be formed by combining simpler sentences with one of the five logical connectives:

A (and). A sentence whose main connective is A, such as P A (Q V R), is called a conjunction (logic); itsparts are the conjuncts. (The A looks like an "A" for "And.") 
V (or). A sentence using V, such as A V (P A Q), is a disjunction of the disjuncts A and (P A Q). (Historically, the V comes from the Latin "vel," which means "or." For most people, it is easier to remember as an upside-down and.)
=> (implies). A sentence such as (PA Q) =>• R is called ani implication (or conditional).
PREMISE Its premise or antecedent is P A Q, and its conclusion or consequent is R. Implications are also known as rules or if-then statements. The implication symbol is sometimes written in other books as D or —.

EQUIVALENCE <> (equivalent). The sentence (P A Q) & (Q A P) is an equivalence (also called a biconditional).

-NEGATION -1 (not). A sentence such as -<P is called the negation of P. All the other connectives combine two sentences into one; -> is the only connective that operates on a single
sentence.

ATOMIC SENTENCES miliar with the BNF notation. The grammar introduces atomic sentences, which in propositional SENTENCES logic consist of a single symbol (e.g., P), and complex sentences, which contain connectives or LITERAL parentheses (e.g., P A Q). The term literal is also used, meaning either an atomic sentences or a negated atomic sentence.

Strictly speaking, the grammar is ambiguous — a sentence such as P A Q V R could be
 as either (P A Q) V R or as P A (Q V R). This is similar to the ambiguity of arithmetic expressions such as P + Q x R, and the way to resolve the ambiguity is also similar: we pick an order of precedence for the operators, but use parentheses whenever there might be confusion. The order of precedence in propositional logic is (from highest to lowest): ->, A, V, =>•, and -O. 

Semantics

The semantics of prepositional logic is also quite straightforward. We define it by specifying the interpretation of the proposition symbols and constants, and specifying the meanings of the logical connectives.

A proposition symbol cari mean whatever you want. That is, its interpretation can be any arbitrary fact. The interpretation of P might be the fact that Paris is the capital of France or that the wumpus is dead. A sentence containing just a proposition symbol is satisiiable but not valid:
it is true just when the fact that it refers to is the case.

With logical constants, you have no choice; the sentence True always has as its interpretation the way the world actually is—the true fact. The sentence False always has as its interpretation the way the world is not.
A complex sentence has a meaning derived from the meaning of its parts. Each connective_ can be thought of as a function. Just as addition is a function that takes two numbers as input and returns a number, so and is a function that takes two truth values as input and returns a truth value. We know that one way to define a function is to make a table that gives the output value for every possible input value. For most functions (such as addition), this is impractical because of the size of the table, but there are only two possible truth values, so a logical function with two arguments needs a table with only four entries. Such a table is called a truth table. We give truth tables for the logical connectives in Figure 6.9. To use the table to determine, for example, the value of True V False, first look on the left for the row where P is true and Q is false (the third row). Then look in that row under the P V Q column to see the result: True.

Truth tables define the semantics of sentences such as True A True. Complex sentences such as (P V 0 A -iS1 are defined by a process of decomposition: first, determine the meaning of (P A Q) and of -iS, and then combine them using the definition of the A function. This is exactly analogous to the way a complex arithmetic expression such as (p x q) + —s is evaluated. The truth tables for "and," "or," and "not" are in close accord with our intuitions about the English words. The main point of possible confusion is that P V Q is true when either or both P and Q are true. There is a different connective called "exclusive or" ("xor" for short) that gives false when both disjuncts are true.7 There is no consensus on the symbol for exclusive or; two choices are V and -£.

In some ways, the implication connective =>• is the most important, and its truth table might seem puzzling at first, because it does not quite fit our intuitive understanding of "P implies <2" or "if P then Q." For one thing, propositional logic does not require any relation of causation or relevance between P andQ. The sentence "5 is odd implies 

Tokyo is the capital of Japan" is a true sentence of propositional logic (under the normal interpretation), even though it is a decidedly odd sentence of English. Another point of confusion is that any implication is true whenever its antecedent is false. For example, "5 is even implies Sam is smart" is true, regardless of whether
Sam is smart. This seems bizarre, but it makes sense if you think of "P => Q" as saying, "If P is true, then I am claiming that Q is true. Otherwise I am making no claim."
