Formal Languages- 2

e Context-freePLs

e Grammars

— Derivation

— Ambiguity

— Precedence and Associativity
* Parsetrees
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Grammar

o <set of terminals, set of nonterminals,
productions (rules), special symbol>
— terminals are alphabet symbols
— nonterminals represent PL constructs (e.g., Stmt)

— productionsarerulesfor forming syntactically
correct constructs

— gpecial symbol tellswhereto start applying the
rules
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Example
<letter>::=
a|blc|d|eff|glhlifi [k[lmn]olp|alr[sft|ulv|w|x]y|z
<digit>::= 0]|1]2|3|4|5|6|7|8|9
<identifier> ::= <letter> | <identifier> <letter> |
<identifier> <digit>
<assign-stmt> ::= <identifier> = 0 //terminals;

/[Inonterminalsare
{<letter><digit><assign_stmt><identifier>}

/l/special symbol is<assign-stmt>
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Derivation

1 <letter>::= alb|c|d|eif|glhlilj [ [l |mnfolpqlr|sit|ulv|w|x]y|z

2 <digit>::= 0]1]2|3|4|5|6|7|8|9

3 <identifier> ::= <letter> | <identifier> <letter> | <identifier> <digit>
4 <assign-stmt> ::= <identifier>=0

Can we generate x2 = 0 from theserules?
<assign-stmt> ® 4 <identifier>=0
® 3c <identifier> <digit>=0
® 3a <letter> <digit>=0
®1 x <digit>=0
®2 x2=0
YES!
Thisisaderivation of a sentence in the language described by the grammar above.

Each sequencein thisderivation isa sentential form. Thisisa leftmost or canonical
derivation. At each step, theruleindicated isused to substitute therhs of therule
for the leftmost nonterminal in the sentential form.
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Par se

1 <letter>::= alb|c|d|eff|glhlilj k|l m[nolplalrIsit|ulviwix]ylz

2 <digit>::= 0[1]2|3]4|5|6|7|8]9

3 <identifier> ::=<letter> | <identifier> <letter> | <identifier> <digit>
4 <assign-stmt> ::= <identifier>=0

Can werecognize x2 = 0 asbelonging to thisPL?

x2=0 ® <letter>2=0 rulel
® <identifier>2=0 rule 3a
® <identifier><digit>=0 rule2
® <identifier>=0 rule3c
® <assign-stmt> rule4

A parse of the sentence x2 = 0.
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Parse Tree
x2=0® <letter>2=0 rulel
® <identifier>2=0 rule 3a <assign-stmt>
® <identifier><digit>=0 rule2
® <identifier>=0 ruledc  igentifier> = 0
®

<assign-stmt> rule4 \

<identifier> <diFit>
In parsetree, each internal node| <letter>
isanonterminal; itschildren |

aretherhsof arulefor that X

nonterminal.
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Grammarsare not Unigue

1 <letter>::= albjc|d|ef|g|hli]j [[l|m[nlolpalr|sitlulviw[x]y|z
2 <digit>::= 0[1/|2|3|4|5|6]7|8|9

3 <id> ::=<letter> | <id> <letterordigit>

4 <assign-stmt>::=<id>=0

5 <letterordigit> ::= <letter> | <digit>

Thisgrammar generatesthe same language (i.e, set of

treeswhose frontiers arethe same) , but has different
par se treesthan the previous grammar.
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Example
2nd grammar tree 1st grammar tree
yA S o
/<id>\: 0 <id7tifier} :\o
/<id> <letterordigit> <identifier> <diFit>
<letter> <diTit> <letter> >
X 2 X

Many grammars can correspond to 1 PL, but only 1 PL should
correspond to any useful grammar!
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Terms

o Grammar

— aformalism that describes which sequences of
terminals are meaningful in a PL

— <finite set of terminals, nonter minals, production
rules, special symbol>

» Context-free grammar

— correspond to PLswhoseruleshaveonly 1
nonter minal on the lhs
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Terms

Sentence

— afinite sequence of terminals, constructed
according to therules of thegrammar for that PL

Sentential form

— afinite sequence of terminals and nonterminals,
constructed according to the rules of the grammar
for that PL

Derivation
Par se
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Ambiguity
1G::=E
2 3 4
E:=EE|E*E]|I
51 ::= alolcld|elf|glhlifj k[l minjolplqlr sft|ulviwixlylz
G ®1 E

®3 E*E f

®4 | * E E

®5 x* E R
®2 X*E-E | |Q§
® 4 X*|-E | E:E
®5 X*y-E | | ‘
®4 X*y-I X 1 I
®5 X*y-2z y

Ambiguity
1G::=E

2 3 4
E:=E-E|E*E]I
51 ::= albic|dleff|glhli]j [k ljm[nolpa]r |sit|ufv|w|x]y|z
G ®1 E

®2 E-E S
®3 E*E-E E
®4  1*E-E R
®5 x*E-E A

®4 X*I-E E*E

®5 X*y-E K : |
®4 X*y-I | | |
®5 X*y-z X Yy ,
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Comparison

Treel: G Tree2: G
| |
E
E
E/ I*\E RN
| EVE /\
| | E*E
/|
x 1 R
|y | o
z X
Y z

Which treeis correct?
Can we rewrite the grammar to only

enerate one of them? -
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Ambiguity

* Ambiguity
— If there are 2 different canonical derivations (or
alternatively, 2 parsetrees) for the same sentence

then the grammar isambiguous

— Thereisno algorithm which can tell if an
arbitrary context-free grammar isambiguous

— Solution
» Change grammar to reflect operator precedences

X*Y-Z means ((X*Y) - Z)

14
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A Better Grammar

G:= E |G
E::= S| E-S E
Si= I | S*I £
| = <letter> / |
<letter>::=alb|c|d|elf|g|hli]j [K|l|m|n g
olplqlr [sltlulviw|x]y|z \
lolplalr sitlufviwixly S detters
Note: since Sisoperand of - operation, / <letter> Z
thisforces* to have higher precedence I |
than -. <lgtter> Y
I
X
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Associativity in the Grammar

G::= E C|5

E::= E+S| S E

S::= I | S*I

= <letter> E/J'r\
<letter>::=alb|c|d|e|f|g|hli]j |k |I|m|n / \ F

olpla|r [sftjulv|wx]y|z F + ? 1
How parse X+Y+Z? S (4
Tree showsthat + is left associative | |
because E'sruleisleft recursive. I Y

| (X+Y) +2)
X

Formal Languages-2, CS314 Fall 01© BGRyder

16




Right Associativity

G:= E Cli
E:= S"E|S £
s:= O[121314I5/6[7I8]9 N
What is 213147 8¢ or 2817 E AN
|
3

i
S
|
4
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