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Review Example

void 'void'

. void main " [P .
¢ SVIm test.c —_————— QI{ identifier 'main'
:Int | 1_paren '('
, inta,; I r_paren ')
. |
intb, ¢ ! 1brace L __,
} It tant! I
:semi 158 l
. THC | |
* Sclang -cc1l -dump-tokens ./test.c ancl ot .
:1dent1f1er 'a'|
(. I
* Sclang -o test test.c et e |
tz:;:\ain%) v{varning: return type of 'main' is not 'int' [-Wmain-returrilint li;\tl :
A iidentifier 'b':
test.c:1:1: note: change return type to 'int' lcomma ', I
void main() { identifier 'c'!
- isemi '; ' :
int e - e
test.c:2:3: warning: declaration does not declare anything [-Wmissing-r—brace }
ns] eot ! L
int;
et e -
jtest.c:3:9: error: expected identifier or '(' !
| int a,; :
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Syntax Analysis[i&iE s #]

* Informal description of variable declarations in C[ZZ & = HH]
— Starts with int or float as the first token[284Y]
- Followed by one or more identifier tokens, separated by token
commaliZ 555 Mg IR IR FF)
- Followed by token semicolon[/r5]
* To check whether a program is well-formed requires a
specification of what is a well-formed program[i&i% & X]
- The specification be precise[1FH]

— The specification be complete[5& 4]
o Must cover all the syntactic details of the language

— The specification must be convenient[{##] to use by both
language designer and the implementer

* A context free grammar meets these requirements

3 (1) blm%
https://www.cse.iitb.ac.in/~uday/courses/cs324-07/syntax-analysis.pdf Py



https://www.cse.iitb.ac.in/~uday/courses/cs324-07/syntax-analysis.pdf

Context Free Grammar[ b F XX Tt 0]

* Formal definition[JE=\{t € X]: 4 components {T, N, s, 6}
— T is a finite set of terminals
- N is a finite set of non-terminals
- Sis a special nonterminal ( from N ) called the start symbol

— 0 is a finite set of production rules of the form such as A— q,
where A is from N and a from (N U T) *

* CFG of variable declarations
- {{id, int float_;}, {declaration type idlist}, declaration, &6}
T

S

* Production rules (6)
declaration - type idlist ;
idlist = id | idlist, id
type - int | float
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Notational Conventions[kxiR#iiE]

VTN

* These symbols are terminals[ £ 45 ]
— Lowercase letters early in the alphabet, e.g., g, b, c[FERi/NE FH}]
— Operator symbols such as +, *, ...[iz HFF]
— Punctuation symbols such as (, , ...[#5 555
- Digits O, 1, ..., 9[#(F]

— Boldface strings such as id or if, each is a single terminal symbol

* These symbols are non-terminals[JE £ 45 15F]
- Uppercase letters early in alphabet, e.g., A, B, C[ZEH K5 F £}
- The letter S, which, when it appears, is usually the start symbol
— Lowercase, italic names such as expr or stmt[/NE #Hk]

— When discussing programming constructs, uppercase letters
may represent non-terminals for the constructs

o E.g., E: expression[fRi& 2], T: term[I], F: factor[[X ¥
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Notational Conventions (cont.)

* Uppercase letters late in alphabet, e.g., X, Y, Z, represent
grammar symbols

— Either non-terminals or terminals

* Lowercase letters late in alphabet, chiefly u, v, ..., z,
represent (possibly empty) strings of terminals

* Lowercase Greek letters, e.g.,a, B, y represent (possibly
empty) strings of grammar symbols

-A2«a

* Unless stated otherwise, the head of the first production
is the start symbol [H 1577 5]

- Term2|  [Expression E>E+T | E-T | T Start symbol: £
2“ * %[J' 2+3 T>T*F | T//: | F Nonterminals: £, T and F

’/\‘ } FS () | id Terminals: everything else

[Factor 1| |Factor 2} 6 #r 4@ 1




Production Rule and Derivation[# &

* Production rule[/=4 L ]: LHS > RHS
— Aliases[Jl|44]: LHS = head, RHS = body
— Meaning[& X]: LHS can be constructed (or replaced) with RHS

* Derivation[{f£3]: a series of applications of production rules
— Replace a non-terminal by the corresponding RHS of a production
o B : a
— Meaning: string ais derived from 8
- B = a: derives in one step

- B =* a: derives in zero or more steps
- B =+ a: derives in one or more steps

 Example: A= 0A = 00B = 000
- A=%*000
- A=+ 000
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Derivation[# 5]

* If S=* a, where S is the start symbol of grammar G

* a: sentential form of G[©] %]
— A sentential form may contain both terminals and non-

terminals (and can be empty) S = subject, V = verb, O = object
SV: She laughed.
* o: sentence of G[#] ] SVO: She opened the door.

— A sentential form with no non-terminals

* Language[iZ 5] generated by a grammar
- L(G)={w:S=*w,we V;*}
— A string of terminal wis in L(G), iff w is a sentence of G (or S =*
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Example

e Grammar G={T, N, s, 6}
-T7={0, 1}
- N={A, B}
-s=A
-8={A>0A| 1A | 0B,B=> 0}

 Derjvation: from grammar to language[ 301 3iE &1
A = 0A = 00B =|000
A= 1A= 10B
4+ A= 0A = 00A = 000B =

1A=>0A=>01A>...
— Sentential form

entence
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Language Classification: Chomsky

* Language classification based on form of grammar rules
* Four types of grammars:

— Type O — unrestricted grammar
o ORUCTR — ToPR 1] STV

- Type 1 — context sensitive grammar(CSG)
o 10 - BN ICH RO

- Type 2 — context free grammar (CFG)

o 2R3k - BN ERIGE
- Type 3 — regular grammar
o 3MIICIL — IENSCIL
* Regular Grammar € CFG € CSG € Unrestricted Grammar
Chomsky hierarchy

! l E ] In 1957, Noam Chomsky published Syntactic

Structures, an landmark book that defined the so-
called Chomsky hierarchy of languages
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Type O: Unrestricted Grammar

* Form of rules a—>f
- wherea € (NUT),BE(NUT)"

* Implied restrictions
- LHS: no € allowed

* Example:

— aB - aCD: LHS is shorter than RHS
— aAB - aB : LHS is longer than RHS
- A = €: e-productions are allowed

 Derivations

— Derivation strings may contract and expand repeatedly (since
LHS may be longer or shorter than RHS)

- Unbounded number of productions before target string

MUK



Type 1: Context Sensitive Grammar

* Form of rules: adAB = aypB
~where AEN, o, BE(NUT) , ye(NUT)"
* Replace A by y only if found in the context of a and 8

* Implied restrictions
— LHS: shorter or equal to RHS
- RHS: no € allowed

* Example:
— aAB—>aCB: replace A with C when in between a and B
- A = C: replace A with C regardless of context

* Derivations

— Derivation strings may only expand
- Bounded number of derivations before target string

1Lk



TypeEZ: Context Free Grammar

* Form of rules: A-y
—~where AEN,yE(NUT)"

* Replace A by y (no context can be specified)

* Implied restrictions
— LHS: a single non-terminal

— RHS: no ¢ allowed

o Sometimes relaxed to simplify grammar but rules can always be
rewritten to exclude e-productions

* Example:
- A = aBc: replace A with aBc regardless of context

L={a""|n>0} is NOT regular but IS a context-free language.

For the following CFGG=<T,N, S, 6 > generates L:
I'={a,b}, N={S}tando6={S->aSb,S->ab}
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Type 3: Regular Grammar

 Form of rules A—>a,or A—>oB
- whereAABEN,a €T

* In terms of FA:
— Move from state A to state B on input a

* Implied restrictions
— LHS: a single non-terminal
- RHS: a terminal or a terminal followed by a non-terminal

* Example:A—> 1A | 0
- RE: 1*0
* Derivation:
— Derivation string length increases by 1 at each step
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INn Practice[szfr )

* Every regular language is a context-free language
— Context-free languages more general than regular languages

* If PLs are context-sensitive, why use CFGs for parsing?

- Perfectly suited to describing recursive syntax of expressions
and statements

— CSG parsers are provably inefficient

— Most PL constructs are context-free
o if-stmt, declarations

- The remaining context-sensitive constructs can be analyzed at
the semantic analysis stage

o e.g. def-before-use, matching formal/actual parameters

* In PLs

- Regular language for lexical analysis

__ — Context-free language for syntax analysis |




Grammar and Derivation[>iE5# 5]

 Grammar is used to derive string or construct parser[3i%]

* A derivation is a sequence of applications of rules[# 5]
— Starting from the start symbol
-S=...=...>... > (sentence)

— There are choices at each sentential form
o choice of the nonterminal to be replaced
o choice of a rule corresponding to the nonterminal

* Instead of choosing the nonterminal to be replaced, in an
arbitrary fashion, it is possible to make an uniform choice
at each step

 Leftmost and Rightmost derivations[& /& fl & 4 # 5]

— At each derivation step, leftmost derivation always replaces the
leftmost non-terminal symbol

— Rightmost derivation always replaces the rightmost one
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Example

e Two derivations of string “id * id + id * id” using grammar:
E->E*E | E+E | (E) | id

e Leftmost derivation[& &£ 5]

—EoFE+E=2E*E+EId*E+E=2id*¥Id+E=>...=2id*¥id +
id * id

* Rightmost derivation[#f 5]

—EDE+ESE+E*E>E+E*Id=2E+id*id=>...=2id*id+
id *id

* Derivations can be summarized as a parse tree[4#1#]
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