Data Structuresand Algorithmsl1
Lecture8:
Recur sive Descent Parsing and Par se
Trees

» Recursie Descenfarsing.

» ReturningaParseTree.

The Match Function

Matchis afunctionthatchecksthatthe next token
matcheghe (enumeratediype of its amument.and
thengetsthenext token.

It canbequitesimple.It assumeshereis some
globalvariablenext t oken, which hasfields
t ype andt ext which correspondo thenext
tokenin theinputstream:

voi d mat ch( TokenType t)

{
i f(nexttoken.type==t)
get next t oken();
el se error();
}

get next t oken is thescanner. It obtainsthe next
tokenin thefile of characterslt maybequite
comple, but heres asimpleexampleif we assume
eachtokenis a singlecharacterandno spaces:

Recursive Descent Parsing

How cantop-davn parserfor givengrammaibe
written?

Recursie descenparsersmplementhe grammar
rulesdirectly asfunctions.Giventwo rules,say:
term -> (' expr ')’

term -> NUM

andtokentypes:OPENRAREN, CLOSERAREN,
NUM, OP. Write afunctioncalledt er mthatcalls
anotherfunctioncalledexpr asfollows:

void term))
{
i f (nexttoken.type=OPENPAREN)
{
mat ch( OPENPAREN) ;
expr();
mat ch( CLOSEPAREN) ;
}
el se if (nexttoken.type=NUM
mat ch( NUM ;
else error(); // sone error function

}

voi d getnexttoken()
{
char c=cin.get();
nexttoken. text[ 0] =c; nexttoken.text[1]
switch (c)
{
case '+ : case '-’
nextt oken. t ype=0OP; br eak;
case ' (' : nexttoken.type=OPENPAREN,
case ')’ : nexttoken.type=CLOSEPAREN,;
defaul t: nexttoken.type=NUM
}
}

Theerrorfunctioncouldbe quite simple:

void error()

{

cerr << ‘'Parse error - giving up’’';
exit(0);

"\NO';

br eak;
br eak;




Example

In generakll thetokenscorrespondingo LHS of a
rule shouldhave a correspondindunction:

term -> (' expr ')’

term -> NUM

expr -> NUM OP NUM

would have two functions:

void term()
{

(as before)

voi d expr()

{
mat ch( NUM ;
mat ch( OP) ;
mat ch( NUM ;

If thesymbolontheLHS canberepeatedsay:

S -> n*
n ->NUM..

thenwe canhave aloop:

voi d s()

{
whi | e( nextt oken. t ype==NUM

nQ);
}
asNUM is first symbolon LHS of n.

If thereareseveralrulescorrespondingo agiven
symbolthenwe will have afunctionwith anif
statementwhereit decidesvhichruleto usebased
onthetypeof thenexttoken in theinput. (See
exampleonslide2).

Generalising a Bit

How dowe write thefunctionsfor arecursve
descenparser?

Supposeve have asinglerule startingwith the
symbols. We write afunctioncalleds. For each
symbolonthe RHSwe have a statemenin the
function.

» If thatRHS symbolis aterminalsymbolwe
call the“match” functionto checkit is theright
type,andadwancetheinput (getnettoken).

» If thatsymbolis anonterminalsymbol(say n)
we call afunctionn() .

So0..s -> NUM n
would resultin arule:

void s()

{
mat ch( NUM ;
n();

Generalising..
Thisleadsto thefollowing basicrule structure:

voi d n()
{

if (next token can start first rule foq

match rule 1 for n

else if (next token can start second r|
for n)

match rule 2 for n

else if (next token can start i’'th rul g
match rule i for n
el se
error();

(This schemewill only work if rulesareNOT left
recursve, andif onetokenlookaheads enoughto
choosebetweertwo rules.)

n)

for n)




Example

term -> (' expr ')’
term -> NUM

Constructingule for term:

void term()
{
i f (nexttoken.type=OPENPAREN)
/1 next token can start first rule for
{
mat ch( OPENPAREN) ;
expr();
mat ch( CLOSEPAREN) ;
/1 so match term nal synbols, call
/1 for non terninals
}
el se if (nexttoken.type=NUM
/'l next token can start 2nd rule for tdg
mat ch( NUM ;
else error(); // sone error function

term

fns

Returning the Parse Tree

» Wealsowantto beableto returnthe parsetree.

» Thiscanbedoneif we have ageneral tree
ADT, which allows treesstructuresvherea
nodecanhave ary numberof children.We also
assumehateachnodecanhold a stringasits
data.

» OurtreeADT will have (atleast)thefollowing
operations:

class tree {
public:

tree();

tree* addchild();

voi d adddat a(char*);

/1 functions to access nodes..
private:

/1l private data

}

Addchild createsanew child nodeandreturns
apointerto it. Adddataaddsa stringto agiven
node.
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Starting it Up

Theparserequiresaglobalvariablecalled
nexttokento be“ready” whenit entershemain
parsefunction,soour mainprogramwould contain:

t okent ype nextt oken;

voi d nain()

{
get next t oken();
term(); // (our start symbol)
mat ch( ECF) ;
}
EOFis anextratokentype correspondingo theend

of file - matchcanbeusedto checkthatafterthe
parseis finishedwe're at EOF

10

» We couldcreatea smalltreeusingstatements
like:

tree* t = new tree;

tree* childl, child2;

childl = t->addchild();
child2 = t->addchild();
t->adddata(‘‘alison'’);

chi | d1->adddat a(‘ ‘ sophie’’);

» NOTE: It's easiesto dealwith pointersto
treeshence - >addchi | d() ; ratherthan
t.addchild();.
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Returning the Parse Tree

» We canusethisto constructa parsetreeand
returnit in agumentdo the parsefunctions.

» Eachfunction(eg. t er m() ) will havean
amument- apointerto atree.Whenthe
functionhasexecutedthis shouldpointto a
parsetreefor thatexpression(e.g.,thet er m

» Whenfunctionsfor otherrulesarecalled,these
in turnwill resultin partof thetreebeing
constructedThey mustbeaddednto thetree
of thecalling function,e.g.,

void term(tree* t)

{
tree* chil d=t->addchild();
expr(child);
}
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Summary

» Recursie descenparsinginvolveswriting a
(possiblyrecursve) functionfor rulein a
grammar

» For eachnon-terminabn RHScall a
correspondindunction,andfor eachterminal
“match” thatterminalwith token,andgetnext
token.

» Useonetokenlookeahedo decidewhich of
severalruleswith samelLHS to use- simpleif
statementUsewhile loopif symbolon RHS
mayberepeated.

» Canconstrucandreturntreeat sametime.
Eachfunctionwill returnasubtreeand
symbolscorrspondingo terminalnodeswill be
addedo thetreeexplicitly.
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