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Example Grammar

Heres anexamplegrammaifor averytiny subset
of thelanguagéePascal:

1. program-> stnts ' .’

2. stnts -> stnt ;' stnts
3. stnts -> st

4. stnt -> ID’:=" expr
5. expr -> NUM

6. expr -> expr '+ NUM

» Eachrule consistof aleft-hand-sidgLHS)
andaright-hand-siddRHS) separatethy a - >.
(Othernotationsmayusea :==" to separate).

» - > canbereadas“can consistof”.

» ThelHS consistof asinglesymbol,whereas
theRHS canconsistof asequencef grammar
symbols.

» Somesymbolsareterminal symbols
correspondingo wordsin thelanguagesome
arenon-terminal andinternalto thegrammar

Intr oduction

» Any naturallanguageor programming
languagéhasa “vocalulary” of words.

e.g.,+-; ==xforif while ..
JohnMary catloveshateshe..

» Somesequencesf wordsarelegal, some
arent.

'x =for while 1’ NOT LEGAL!
'JohnMary catthe’ NOT LEGAL!

» Grammargrovide amethodof specifying
which of thesequencearelegal, andwhich are
not.

» Parserdothejob of checkingwhethera
sequenceés legal.

» In theabose example,NUM andID arespecial
terminalsymbolsthatmatcha whole setof
words(ie, ary valid numberor variablename).
Thesesymbolswill bein capitals.

Theabove grammarallows thefollowing asa legal
program:

x:=1, vy:=1, z := 1,
a = X+y+z.




Rewriting

» Therulesareoftencalledrewriterules. Each

rule stateghatif we have anoccurencef the
LHS symbolwe canrewrite (replace)t with an
occurenof the RHSsymbols.

If we canrewrite a start symbol (e.g.,program)
to ourinputsequence¢henthatshavs thatthe
sequencés alegal onein thelanguagee.g.,:

pr ogr am ==> stnts . by rule
==> stnmt . by rule
==> ID:=expr . by rule
==> ID:= NUM. by rule

Shavsthatasequencsuchas“x ;=2 isa
legal program.

We saywe have derived the sentencéx :=2”
from the startsymbol. Thelanguagedefinedby
thegrammaiis the setof all suchsequences
(calledsentences), which canbe derived from
thestartsymbolby applyingrewrite rules.
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Therootof the parsetreecorrepondgo the start
symbol.For eachstepin thederivationof the
sequencérom the startsymbol,whenthe LHS is
replacedy theRHS of arule,the RHS symbolsare
addedaschild nodesn thetree.

Whenthederivationis completetheleafnodes
shouldcorrespondo thewordsin thesequence
beinganalysed.

ParseTrees

Determiningwhethera sequencés legal is
only half thestory.

For almostall applicationsyou alsowantto
find outthestructure of the sequencéwho
elementsaregrouped).Thiswill make further
processingossible(suchascompiling
programinto sequencef primitive
instructions).

Thiswill beatreestructure:theparsetree.

Thegrammarreflectsthe structureof the
languaggeachsymbolshouldcorrespondo a
meaningfulunit), andthe parsetreecanbe
basedlirectly ontherewrite rulesapplied.

For the program*a:=1." we have thefollowing
parsetree.

LanguageAnalysis

= Ourgoalin parsingis to take a sequencef
charactersindextracta parsetree(atthe same
time we verify thatthe sequencés legal).

» Thisis usuallydonein two stages:

characteg P token arser arse
sEream - ann streem | P %rae =

In practicethetwo stagesareusuallyinterleared,
but arehandledby separatéunctions.




Scanner

w A scanner or tokeniser takesthesequencef
charactersindreturnsa sequencef
meaningfultokens correspondingo words. For
example,it mighttake thesequencévar:=35"
andsplitit into tokenscorrespondingo “var”
“=" and“35".

» Thetokenisershouldextractboththetext
(lexeme) andtheclass of theitem. So,atoken
for “35” shouldcontainthetext (35) andthe
typeNUM.

Top Down Parsing

» In top down parsingwe keeptrying to rewrite
symbolswhile traversingthrougha sequence
of tokens.

» Whenthefirst symbolin thesequencés a
terminalsymbol,we checkit agpinststhe
currenttoken. If they match,we getthenext
token,andremove theterminalsymbolfrom
thesequence.

» So..asuitabledatatypefor atokenwill bea Example:
structor classsuchasthefollowing: L
1. program -> stmts .
struct token { 2. stnts  -> stmt '’ stnts
char* text; 3. stnts  -> stm
t okent ype type; 4. stnt -> ID’:=" expr
}; 5. expr -> NUM
6. expr -> expr '+ NUM
wheretokentypeis anenumeratetype
specifyingpossibletypesof token.
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I nput sequence: 'a := 1.’
First token ='a’

Parser

» Theparseraccepts streamof tokens,checks
thatit is legal accordingio thegrammarand
builds aparsetree.

» Parserscanwork top down or bottom up.

— Topdown parsersstartwith the startsymbol
andtry andderie theinputsequence,
applyingrulesleft to right.

— Bottomup parsersstartwith theinput
sequencandtry andderie the start
symbolapplyingrulesright to left
(rewriting symbolscorrespondingvith
RHS of rule with symbolon LHS of rule)

program ==> stnts '.’

==> stnt ’

==> |D"':= expr '’
(1D matches "a', so get next token ':=
and renove | D from sequence)

==> ’:= expr .’
(":=" matches token, so get next token
and renove ':=" from sequence)

==> expr .’

=> NUM'.’
(next token ='.")

==>

==>

In thisform of deriation,the parses successful
whenthereareno moresymbolsto rewrite, andwe
have processedll thetokensontheinputstream.
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Look Ahead

» For bothtop down andbottomup parsersthe
problemis thatthereis usuallymorethanone
possiblerewrite rule thatcanbe applied.

— Which symbolshouldbe rewritten?

— Whichrule shouldbe usedto rewrite it ( for
example for top down parsingandour
examplegrammartherearetwo rulesfor
st nt s andfor expr .)

» For top down parsingwe canchooseo always
rewrite thefirst non-terminain the current
sequence.

» We canusuallydecidewhichrule to useby
looking ahead onetokenin theinputsequence.
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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
Eachtime achoiceneedso be madebetweertwo

rules,this canbedoneon the basisof the current
tokenandthefirst symbolof the RHS of therule.
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Top Down Parsing with one Token Look
Ahead

Considetthefollowing grammayfor bracleted
arithmeticexpressions.

1. expr -> (' expr op expr ')’

2. expr -> NW

3. op ->

4. op -> 7

It allows sequencebk e thefollowing:

(1 +(2 - 4)
((4 -5) + (6 +4))

Let's seehow we couldrewrite 'expr’ to’(1 +
(2-4))’ usingonetokenlookaheado decidewhich
rulesto use:

first token =" (’
apply rule 1 token matches first synbd
of RHS.
expr ==> ' (' expr op expr ')’
==> expr op expr ')’
get next token '1’' and renove ' (’
==> expr op expr ')’
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Left Recursive Rules

» Simpletop down parsingschemesvill fail if
grammarsareleft recursive.

w If thefirst symbolonthe RHSis thesameas
thesymbolonthe LHS we saytheruleis
directly left recursve, e.g.,:

expr -> expr '+ NUM left recursi
expr -> NUM

» Rulescanalsobeindirectly left recursve:

expr ->result "+ NUM
result -> expr ..

» It is usuallypossibleto transformsuch
grammarsnto non-leftrecursve onese.g.,

expr -> NUM exprr
est
exprrest -> '+ NUM exprrest
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Summary

Parsinginvolvescheckingthata sequencés
legal in alanguageandobtainingatree
structureof thesequence.

Grammarsspecifythelegal sentencem a
language-if a startsymbolcanberewrittento
give thesentencehy applyingrewrite rules,
thenthatsentencés legal.

Normally parsingprocessplitinto
scanner+parsescannereturnsmeaningful
itemsin thecharactesequencée.g.,
if(num==33)hastokensif, (, num,==, 33,).)

Parsingcanproceedop town or bottomup.
Top down startswith startsymbolandtriesto
derive sentencehottomup doesopposite.

Usually severalrewrite rulesmayapply, and
parsingmustbe controlledby “looking ahead”
onetoken. Chooseaule wherecurrenttoken
matchedirst symbolon RHSof rule.
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