CMSC 330: Organization of
Frogramming Languages

Context-Free Grammars:
Fushdown Automaton
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Regular expressions and CFGs

Description Machine

reqular reqular DFAs, MFAs
languages EXpressions

context-free context-free pushdown
languages gQrammars automata
(FDAs])

= Programming languages are not regular

— Matching {an arbitrary number of} brackets so that
they are balanced

» Usually almost context-free, with some hacks
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Equivalence of DFA and regular grammars
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Fushdown Automaton (PDA)

= A pushdown automaton (PDA) is an absiract machine
similar to the DFA

— Has a finite set of states
— Also has a pushdown sfack
= Mowves of the PDA are as follows:

— An input symbol i= read and the top symbaol on the
stack is read

— Based on both inputs, the machine

» Eniere 3 new siaie, and
= Wites Zerg or more symbals anio the pushdown etack

= O pOps ZEM oF mare symbsals from tha slack
— Sitring accepted if the stack is empty AMD the siring
has ended
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Power of PDAs

 PDAs are more powerful than DFAs

— a'b”, which cannot be recognized by a OF A, can
easily be recognized by the PDA
« Stack all 3 symbals and, for each &, pog an a aff the s1ack.

= If the end of InpuA I reached at the same time hal the sack
pecomes emgty, the siring Is accaptad
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Context-free Grammars in Practice

= Regular expressions are used to tum raw text into &
string of fokens
— E.g., "I, "|hen”, "identifer, e4c.
— \Whitespace and comments are simply skipped
— These iokans ar2 e Input for the next phasa of compliatian
— Standard topls usad Include lex and fex
= Blemy cthers for Jave
= CFGs are used to turn tokens into parse trees
— This procese 16 called parsing
— Standard tools us=d Include yace and blson
= Thiose trees are then analyzed by the compiler, which
eventuslly produces object code
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Farsing

» There are many efficient technigues for turning
strings into parse trees
— They all have strange names, like LL{k}, SLRE(k}, LR{k]...
— Take CMSC 430 for more details

We will look at one very simple technique:

recursive descent parsing

— This is a “top-down” parsing slgorithrn because we're
going to begin at the start symbol and try to produce the
string
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Example

E+id=n|{L}
L+E;L|&

— Here n is an infteger and id is an identifier

= One input might be
—{x=3{y=4%%}
— This would get turned into a list of tokens
fx=3.({y=4 }:1
— And we want to turn it mto a parse tree
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Example (cont'd)

Farsing Algorithm

= (30al: determine if we can produce a string to be
parsed from the grammar's start symbol

» At each step, we'll keep track of two facts

— What tree node are we trying to match?
— What is the next token (lookakesd) of the input sifing?

* There are three cases:

— If we're trying to match a terminal and the next token

(lookahesd) is that token, then suctceed, advance the
lookahead, and continue

— If we're trying to match a nonterminal then pick which
production to apply based on the lookahesad

— Otherwise, faill with a parsing error
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Definition of First{y)

» First{y), for any terminal or nonterminal y, is the
set of initial terminals of all strings that y may
expand to

— We'll us= this to decide what production to apply

Defimtion of First(y), cont'd

 Foraterminal 3, First{a)={a}
 For a nonterminal N:

— If M — g, then add £ to First(M]}
— IfN - a. a, ... a.. then {note the o, are all the symbols
on the right side of one single producton):
- A0d Firebia.a, .. o] 10 Firsty], whens Firstie. a. . a) k5
defined as
— First{a.) If ¢ & Firsla,)
- Otharwise (FIrst{a. ) — £)u Firstja, ... a,)
« e« FIrstjm) for all I, 1 <1 < k, then add £ 10 FirstjN]
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Examples
E+id=n|{L} E-id=n|{L}|e
L+E;L|e L+E;LJe
First(id) = { id } First(id) = {id }
First(C=") ={"="} First("™=")={"="}
Firstin)={n} First(n)={n}
First("{')={"{" } First("{"={"{" }
First("}")={"}"} First("})={"1"}
First{(",")={"" } First("")={"" }

First(E) ={id, "{" } First(E) ={id, "{", £ }
sty =11, T, e} First(L)=1{1d, "{", ", €}

Implementing a Recursive Descent Parser

* For each terminal symbol a, create a function

parse_a, which:

— |f the lookahesd is a it consumes the lookshead by
advancing the lookahesad to the next token, and returns

— Otherwise fails with a parse error if the lookahead is not
&

* For each nonterminal N, create a function parse M

— This function is called when we're trying to parse a part
of the input which corresponds to {or can be derved
from} N

— parse_5 for the start symbol S begins the process
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Implemeanting a Recursive Descent Parser, con't.

» The body of parse_M for a nonterminal N does
the following:

—Let N - B | ... | B be the productions of M

- Harz § ks the entire right slde of 3 produclion- 3 saguenca of
ierminalks and moniemmirals

— Pick the producton M — B such that the lookahead s
in First{,)
= 1 must be that FirstB) nFIrstR) = & forie |
= If Mere 6 no such production, Bul M« ¢ then retum
« Otharwise, then a3l with 3 parse armor
— Suppose fh=a¢0; ... 4. Then call parse_oy(}); ... ;
parse_a () to match the expected right-hand side,
EIImmﬁlnnl:l return

Example

- legt parsa tarm £ =
Esid=n|{L} if 1lookahead = b
LFE:LlE than lookabead := <oaxt Dokencs
i elsa raise <Parss @rTor>

lat rac parsa E (] =
if lookaboad - 14" thao begln
Parsa term "id4°';
Parsa term '="';
pParsa tarm 'nm’
and
alsa if lookahgad = °{" then bhegin
parsa term '{';
Parsa L (]
(nof quite parsa _term "}°';
valld OCemi) and
alsa raise <Parse SGrTOr=;
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