
Data Structures and Algorithms II
Lecture 8:

Recursive Descent Parsing and Parse
Trees

� Recursive DescentParsing.

� ReturningaParseTree.
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Recursive Descent Parsing

How cantop-down parserfor givengrammarbe

written?

Recursive descentparsersimplementthegrammar
rulesdirectlyasfunctions.Giventwo rules,say:

term -> ’(’ expr ’)’

term -> NUM

andtokentypes:OPENPAREN, CLOSEPAREN,

NUM, OP. Write a functioncalledterm thatcalls

anotherfunctioncalledexpr asfollows:

void term()

{

if(nexttoken.type=OPENPAREN)

{

match(OPENPAREN);

expr();

match(CLOSEPAREN);

}

else if (nexttoken.type=NUM)

match(NUM);

else error(); // some error function

}
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The Match Function

Matchis a functionthatchecksthatthenext token

matchesthe(enumerated)typeof its argument,and

thengetsthenext token.

It canbequitesimple.It assumesthereis some

globalvariablenexttoken, whichhasfields

type andtext whichcorrespondto thenext

tokenin theinputstream:

void match(TokenType t)

{

if(nexttoken.type==t)

getnexttoken();

else error();

}

getnexttoken is thescanner. It obtainsthenext

tokenin thefile of characters.It maybequite

complex, but here’s asimpleexampleif weassume

eachtokenis asinglecharacter, andnospaces:
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void getnexttoken()

{

char c=cin.get();

nexttoken.text[0]=c; nexttoken.text[1]=’\0’;

switch (c)

{

case ’+’ : case ’-’ :

nexttoken.type=OP; break;

case ’(’ : nexttoken.type=OPENPAREN; break;

case ’)’ : nexttoken.type=CLOSEPAREN; break;

default: nexttoken.type=NUM;

}

}

Theerrorfunctioncouldbequitesimple:

void error()

{

cerr << ‘‘Parse error - giving up’’;

exit(0);

}
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Example

In generalall thetokenscorrespondingto LHS of a

ruleshouldhaveacorrespondingfunction:

term -> ’(’ expr ’)’

term -> NUM

expr -> NUM OP NUM

wouldhave two functions:

void term()

{

.. (as before)

}

void expr()

{

match(NUM);

match(OP);

match(NUM);

}
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Generalising a Bit

How dowewrite thefunctionsfor a recursive

descentparser?

Supposewehave asinglerulestartingwith the

symbols. Wewrite a functioncalleds. For each

symbolon theRHSwehaveastatementin the

function.

� If thatRHSsymbolis a terminalsymbolwe

call the“match” functionto checkit is theright

type,andadvancetheinput (getnexttoken).

� If thatsymbolis anonterminalsymbol(say, n)

wecall a functionn().

So..s -> NUM n
would resultin a rule:

void s()

{

match(NUM);

n();

}
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If thesymbolon theLHS canberepeated,say:

s -> n*

n -> NUM ..

thenwecanhave a loop:

void s()

{

while(nexttoken.type==NUM)

n();

}

asNUM is first symbolonLHS of n.

If thereareseveralrulescorrespondingto agiven

symbolthenwewill havea functionwith anif

statement,whereit decideswhich rule to usebased

on thetypeof thenexttoken in theinput. (See

exampleonslide2).
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Generalising..

This leadsto thefollowing basicrulestructure:

void n()

{

if (next token can start first rule for n)

match rule 1 for n

else if (next token can start second rule

for n)

match rule 2 for n

... ...

else if (next token can start i’th rule for n)

match rule i for n

else

error();

(Thisschemewill only work if rulesareNOT left

recursive,andif onetokenlookaheadis enoughto

choosebetweentwo rules.)
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Example

term -> ’(’ expr ’)’

term -> NUM

Constructingrule for term:

void term()

{

if(nexttoken.type=OPENPAREN)

// next token can start first rule for term

{

match(OPENPAREN);

expr();

match(CLOSEPAREN);

// so match terminal symbols, call fns

// for non terminals

}

else if (nexttoken.type=NUM)

// next token can start 2nd rule for term

match(NUM);

else error(); // some error function

}
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Starting it Up

Theparserrequiresaglobalvariablecalled

nexttokento be“ready” whenit entersthemain

parsefunction,soourmainprogramwouldcontain:

tokentype nexttoken;

void main()

{

getnexttoken();

term(); // (our start symbol)

match(EOF);

}

EOFis anextra tokentypecorrespondingto theend

of file - matchcanbeusedto checkthatafterthe

parseis finishedwe’re atEOF.
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Returning the Parse Tree
� Wealsowantto beableto returntheparsetree.

� Thiscanbedoneif wehavea general tree

ADT, whichallows treesstructureswherea

nodecanhaveany numberof children.Wealso

assumethateachnodecanholdastringasits

data.

� Our treeADT will have (at least)thefollowing
operations:

class tree {

public:

tree();

tree* addchild();

void adddata(char*);

// functions to access nodes..

private:

// private data

}

Addchildcreatesanew child nodeandreturns

apointerto it. Adddataaddsastringto agiven

node.
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� Wecouldcreateasmalltreeusingstatements

like:

tree* t = new tree;

tree* child1, child2;

child1 = t->addchild();

child2 = t->addchild();

t->adddata(‘‘alison’’);

child1->adddata(‘‘sophie’’);

..

� NOTE: It’seasiestto dealwith pointers to

trees,hencet->addchild(); ratherthan

t.addchild();.
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Returning the Parse Tree

� Wecanusethis to constructaparsetreeand

returnit in argumentsto theparsefunctions.

� Eachfunction(eg. term()) will havean

argument- apointerto a tree.Whenthe

functionhasexecutedthisshouldpoint to a

parsetreefor thatexpression(e.g.,theterm)

� Whenfunctionsfor otherrulesarecalled,these
in turnwill resultin partof thetreebeing
constructed;They mustbeaddedinto thetree
of thecalling function,e.g.,

void term(tree* t)

{

...

tree* child=t->addchild();

expr(child);

...

}
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Summary

� Recursive descentparsinginvolveswriting a

(possiblyrecursive) functionfor rule in a

grammar.

� For eachnon-terminalonRHScall a

correspondingfunction,andfor eachterminal

“match” thatterminalwith token,andgetnext

token.

� Useonetokenlookeahedto decidewhichof

severalruleswith sameLHS to use- simpleif

statement.Usewhile loop if symbolonRHS

mayberepeated.

� Canconstructandreturntreeatsametime.

Eachfunctionwill returnasubtree,and

symbolscorrspondingto terminalnodeswill be

addedto thetreeexplicitly.
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