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Intr oduction

� Any naturallanguageor programming

languagehasa “vocabulary” of words.

e.g.,+ - ; == x for if while ..

JohnMary catloveshatesthe..

� Somesequencesof wordsarelegal, some

aren’t.

’x = for while 1’ NOT LEGAL!

’JohnMary catthe’ NOT LEGAL!

� Grammarsprovideamethodof specifying

whichof thesequencesarelegal, andwhichare

not.

� Parsersdo thejob of checkingwhethera

sequenceis legal.
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ExampleGrammar

Here’s anexamplegrammarfor avery tiny subset

of thelanguagePascal:

1. program -> stmts ’.’

2. stmts -> stmt ’;’ stmts

3. stmts -> stmt

4. stmt -> ID ’:=’ expr

5. expr -> NUM

6. expr -> expr ’+’ NUM

� Eachruleconsistsof a left-hand-side(LHS)

andaright-hand-side(RHS)separatedby a->.

(Othernotationsmayusea ‘:==’ to separate).

� -> canbereadas“canconsistof”.

� TheLHS consistsof asinglesymbol,whereas

theRHScanconsistof asequenceof grammar

symbols.

� Somesymbolsareterminal symbols

correspondingto wordsin thelanguage,some

arenon-terminal andinternalto thegrammar.
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� In theabove example,NUM andID arespecial

terminalsymbolsthatmatchawholesetof

words(ie, any valid numberor variablename).

Thesesymbolswill bein capitals.

Theabove grammarallows thefollowing asa legal

program:

x := 1; y := 1; z := 1;

a := x+y+z.
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Rewriting

� Therulesareoftencalledrewrite rules. Each

rulestatesthatif wehaveanoccurenceof the

LHS symbolwecanrewrite (replace)it with an

occurentof theRHSsymbols.

� If wecanrewrite a start symbol (e.g.,program)

to our inputsequencethenthatshows thatthe

sequenceis a legal onein thelanguage,e.g.,:

program ==> stmts . by rule 1

==> stmt . by rule 3

==> ID := expr . by rule 4

==> ID := NUM . by rule 5

Shows thatasequencesuchas“x := 2.” is a

legal program.

� Wesaywehave derived thesentence“x := 2.”

from thestartsymbol.Thelanguagedefinedby

thegrammaris thesetof all suchsequences

(calledsentences), whichcanbederivedfrom

thestartsymbolby applyingrewrite rules.
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ParseTrees

� Determiningwhetherasequenceis legal is

only half thestory..

� For almostall applications,youalsowantto

find out thestructure of thesequence(who

elementsaregrouped).Thiswill make further

processingpossible(suchascompiling

programinto sequenceof primitive

instructions).

� Thiswill bea treestructure:theparsetree.

� Thegrammarreflectsthestructureof the

language(eachsymbolshouldcorrespondto a

meaningfulunit), andtheparsetreecanbe

baseddirectlyon therewrite rulesapplied.

For theprogram“a:=1.” wehave thefollowing

parsetree.
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Therootof theparsetreecorrepondsto thestart

symbol.For eachstepin thederivationof the

sequencefrom thestartsymbol,whentheLHS is

replacedby theRHSof a rule, theRHSsymbolsare

addedaschild nodesin thetree.

Whenthederivationis complete,theleafnodes

shouldcorrespondto thewordsin thesequence

beinganalysed.
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LanguageAnalysis

� Ourgoalin parsingis to takeasequenceof

charactersandextractaparsetree(at thesame

timeweverify thatthesequenceis legal).

� This is usuallydonein two stages:

In practicethetwo stagesareusuallyinterleaved,

but arehandledby separatefunctions.
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Scanner

� A scanner or tokeniser takesthesequenceof

charactersandreturnsasequenceof

meaningfultokens correspondingto words.For

example,it might take thesequence“var:=35”

andsplit it into tokenscorrespondingto “var”

“:=” and“35”.

� Thetokenisershouldextractboththetext

(lexeme) andtheclass of theitem. So,a token

for “35” shouldcontainthetext (35)andthe

typeNUM.

� So..asuitabledatatypefor a tokenwill bea

structor classsuchasthefollowing:

struct token {

char* text;

tokentype type;

};

wheretokentypeis anenumeratedtype

specifyingpossibletypesof token.
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Parser

� Theparseracceptsastreamof tokens,checks

thatit is legal accordingto thegrammar, and

buildsaparsetree.

� Parserscanwork top down or bottom up.

– Topdown parsersstartwith thestartsymbol

andtry andderive theinputsequence,

applyingrulesleft to right.

– Bottomupparsersstartwith theinput

sequenceandtry andderive thestart

symbolapplyingrulesright to left

(rewriting symbolscorrespondingwith

RHSof rulewith symbolonLHS of rule)
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Top Down Parsing

	 In topdown parsingwekeeptrying to rewrite

symbols,while traversingthroughasequence

of tokens.

	 Whenthefirst symbolin thesequenceis a

terminalsymbol,wecheckit againststhe

currenttoken. If they match,wegetthenext

token,andremove theterminalsymbolfrom

thesequence.

Example:

1. program -> stmts ’.’

2. stmts -> stmt ’;’ stmts

3. stmts -> stmt

4. stmt -> ID ’:=’ expr

5. expr -> NUM

6. expr -> expr ’+’ NUM
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Input sequence: ’a := 1.’

First token = ’a’

program ==> stmts ’.’

==> stmt ’.’

==> ID ’:=’ expr ’.’

(ID matches ’a’, so get next token ’:=’

and remove ID from sequence)

==> ’:=’ expr ’.’

(’:=’ matches token, so get next token ’1’

and remove ’:=’ from sequence)

==> expr ’.’

==> NUM ’.’

(next token = ’.’)

==> ’.’

==>

In this form of derivation,theparseis successful

whentherearenomoresymbolsto rewrite, andwe

haveprocessedall thetokenson theinputstream.
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Look Ahead


 For bothtopdown andbottomupparsers,the

problemis thatthereis usuallymorethanone

possiblerewrite rule thatcanbeapplied.

– Whichsymbolshouldberewritten?

– Whichruleshouldbeusedto rewrite it ( for

example,for topdown parsingandour

examplegrammartherearetwo rulesfor

stmts andfor expr.)


 For topdown parsingwecanchooseto always

rewrite thefirst non-terminalin thecurrent

sequence.


 Wecanusuallydecidewhich rule to useby

looking ahead onetokenin theinputsequence.
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Top Down Parsing with oneTokenLook
Ahead

Considerthefollowing grammar, for bracketed

arithmeticexpressions.

1. expr -> ’(’ expr op expr ’)’

2. expr -> NUM

3. op -> ’+’

4. op -> ’-’

It allowssequenceslike thefollowing:

(1 + (2 - 4))

((4 - 5) + (6 + 4))

Let’sseehow wecouldrewrite ’expr’ to ’(1 +

(2-4))’ usingonetokenlookaheadto decidewhich

rulesto use:

first token = ’(’

apply rule 1 token matches first symbol

of RHS.

expr ==> ’(’ expr op expr ’)’

==> expr op expr ’)’

get next token ’1’ and remove ’(’

==> expr op expr ’)’
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apply rule 2 as token matches RHS.

==> NUM op expr ’)’

get next token ’+’

==> op expr ’)’

==> op expr ’)’

apply rule 3

==> ’+’ expr ’)’

etc

Eachtimeachoiceneedsto bemadebetweentwo

rules,thiscanbedoneon thebasisof thecurrent

tokenandthefirst symbolof theRHSof therule.
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Left RecursiveRules

� Simpletopdown parsingschemeswill fail if

grammarsareleft recursive.

� If thefirst symbolon theRHSis thesameas
thesymbolon theLHS wesaytherule is
directly left recursive,e.g.,:

expr -> expr ’+’ NUM left recursive

expr -> NUM

� Rulescanalsobeindirectly left recursive:

expr -> result ’+’ NUM

result -> expr ..

� It is usuallypossibleto transformsuch

grammarsinto non-leftrecursive ones,e.g.,

expr -> NUM exprr

est

exprrest -> ’+’ NUM exprrest
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Summary

� Parsinginvolvescheckingthatasequenceis

legal in a languageandobtaininga tree

structureof thesequence.

� Grammarsspecifythelegal sentencesin a

language– if astartsymbolcanberewritten to

give thesentence,by applyingrewrite rules,

thenthatsentenceis legal.

� Normallyparsingprocesssplit into

scanner+parser. Scannerreturnsmeaningful

itemsin thecharactersequence(e.g.,

if(num==33)hastokensif, (, num,==, 33,).)

� Parsingcanproceedtop town or bottomup.

Topdown startswith startsymbolandtriesto

derivesentence,bottomupdoesopposite.

� Usuallyseveralrewrite rulesmayapply, and

parsingmustbecontrolledby “looking ahead”

onetoken.Chooserulewherecurrenttoken

matchesfirst symbolonRHSof rule.
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