Introto Languagesand Grammars CIs310 Procedural Programming Languages
Languages and Grammar s (informally)

Suppose we have the following "grammar"” to generate sentences in English.

The set of English words we are allowed to used is the set { a, the, large, hungry, rabbit, mathematician,

10.

11.

12.

13.

14.

15.

eats, hops, quickly, wildly}. Our sentences must satisfy the following rules.
A sentence (S) is made up of anoun phrase (NP) followed by a verb phrase (VP);

a noun phrase is made up of an article (ART) followed by an adjective (ADJ) followed by a noun
(N), or

anoun phrase is made up of an article followed by anoun ;
averb phrase is made up of averb (V) followed by and adverb (ADV), or
averb phrase is made up of averb (V);

anarticleisa, or

an articleisthe;

an adjectiveislargeor

an adjectiveis hungry;,

anoun israbbit, or

anoun is mathematician;

averb iseats, or

averb is hops; and

an adverb is quickly, or

an adverb iswildly.

From these rules we can form valid sentences using a series of replacements until no more rules can be
used. For example, we can form the sentence a large mathematician hops wildly. However, we cannot
generate the sentence the mathematician eats a rabbit.
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Languages and Grammar s (formally)

A vocabulary V isany nonempty finite set of elements called symbols.
A string (word, sentence, statement) over aphabet V is afinite sequence of symbolsfromV .

V* istheset of al stringsover V.
A (or ) istheempty or null string. A €V *.
V*isthesatV* —{A}.

A language over Visasubset of V *.

Informally a grammar provides a set of symbols and a set of productions or rules for generating the
strings in alanguage. See our author's description of agrammar.
Moreformaly, agrammar G isa4-tuple(N, T, S, P) where:
1) Nisafinite, nonempty set of symbols called nonter minals; N V NT=
2) T isafinite, nonempty set of symbols called terminals; TV N T=
Y,
3) SeNisasymbol called the start symbol; and

4) Pisalfinite, nonempty set of productionsor rules of theformu vwhereue (N T)*
andve (N T)*. Wesay u can be defined (or replaced) by v.

For any stringswy = | zor and w; =l z;r AVAR wewritew, w,; if zy z; isaproductioninP. We say
w; isdirectly derivable fromw, (or derivable fromw,in one step).

If w,, can be derived from w, in zero or more steps we write wo* w,,, we say w,, isderivablefromwy, .

We say the grammar G generates the language L(G) provided L(G) ={weT :S" w} .

Observe that the symbols (including the symbolsin N and in T , and the symbols used to represent the
rules, etc.) a'so make up an alphabet and the rules are strings over that alphabet. Thus the set of rules of
the grammar is a metalanguage, i.e., alanguage used to describe another language.

For the time being we shall be concerned with rules of theform A S where Ae N and S&V *. Such

grammars are called context-free grammars and the languages they generate are caled context-free
languages.

Example: T={a}, N ={S, LG)={a":n>0}
P={SaSaS}
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Example: T ={a,b}, N={SB}, L(G)={abs:r,s_0}

P={SaS SbB, Sh, BbB, Bb, SA}
Languages and Grammars (cont'd)

Example T={a, b}, N={S, L(G)={a"b":n>0}
P={Sab, Sa%}

Example T={ab,c}, N={S, LG)=?
P={SaSa, Sb, Scx,S 1A}

Example T={a, b}, N={SA B}, LG)=?
P={SaAB, A bBb, B A B A}

A derivationis aleftmost derivation if in each step the leftmost nonterminal is replaced.
Similarly aderivation isarightmost derivation if in each step the rightmost nonterminal is replaced.
Parsing is the process of finding a sequence of rules by which astring u in L(G) is derived.

Informally, a derivation of a string can be represented by a hierarchical structure called aparsetree. A
parse tree is an ordered tree in which each interior node is |abeled with the left hand side of arule and the
children of the node represent the corresponding right hand side of the rule. In a context-free language
every interior nodeislabeled with a nonterminal symbol and every leaf islabeled with aterminal symbol.

A grammar for which two (or more) distinct parse trees are possible for the same string is said to be

ambiguous. The last exampleis an example of an ambiguous grammar.

(right) regular grammar s are grammars with rules of theform A vB, or A v, whereve T* , AB e N.
Observe that regular grammars are also context-free.

Example: T={a}, N={S, LG)={a":n>0}
P={SaSaS}
Example: T ={a,b}, N={SB}, L(G)={abs:r,s_0}

P={SaS ShbB, Sb, BbB, Bb, SA}

In order that we understand the restrictions placed on context-free grammars it may be helpful to look at
acontext-sensitivegrammar. A context-sensitive grammar rule is of the form aAB ayf, where

a B ye(NT)', AeN

Example T ={ab,c}, N={SABC}, LG="7
P={SA A aABC,A abC,CB BC,bB bb, C c}
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Backus-Naur Form

The syntax of alanguage is the form of its statements. In particular, the syntax of a programming language is the
form of its expressions, statements, and program units.

The semantics of a language is the meaning of those statements. In particular, the semantics of a programming
language is the meaning of its expressions, statements, and program units.

The smallest syntactic units in a language are called lexemes (or lexics). In particular, the lexemes of a program-
ming language are the instances of its identifiers, constants, operators, keywords, reserved words, etc.

A token of alanguage is a category of itslexemes. In particular, identifiers and arithmetic operators of a program-
ming language are tokens of the programming language.

A language recognizer is a device which given astring of symbols from an aphabet either accepts or rejects that
string as amember of alanguage. In particular, the syntax analyzer of a compiler determines whether or not a pro-
gram isin the programming language, i.e., the program is syntactically correct.

A language gener ator isadevice which can generate the sentencesin alanguage. A grammar is alanguage gener-
ator for alanguage.

The use of aformal grammar to define the syntax of a programming language is important to the user aswell asthe
implementor. The user uses the grammar for correct use of program form, punctuation, and structure. Theimple-
mentor uses the grammar in construction of the translator. Both the user and implementor have a common defini-
tion from which to resolve disputes.

The language generating the instances of the tokens of programming languagesisin the class of regular languages.
The programming languages themselves are for the most part context-free languages. The notation used to
describe the syntax of programming languages is known as the Backus-Naur form (BNF). BNF is a metalan-
guage used to describe a programming language.

In Backus-Naur form the nonterminals are the names of abstractions and are often delimited by brackets, <> . For
example <var>, <expr>, and <id> may be delimited nonterminals in a BNF description of a programming lan-
guage. The start symbol may be <program> in a BNF description of a programming language, The terminals are
the lexemes of the language. The symbol : : = is often used instead of the arrow in a production . All right-hand
sides of productions with the same left-hand side are listed in the same statement separated by the "or" symboal, |.
For example, the productions S aSa, S bSh, and S A arerepresented as:
<S>::=a<Ssa|b<Ssb|A
or in our author's format: S aSa|bSh | A.

A grammar for generating arithmetic expressions (see page 36):

expression expression operator expression
| — expression
| (‘expression )
| identifier

identifier A,B|C

operator 17 D|/

Note that this grammar is an ambiguous grammar.
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