UNIT=II
SyntaxAnalysis-: TheRoleofaparser,ContextfreeGrammars, Writing Agrammar,topdownparsingbottomup
parsing,Introduction toLrParser.

UNIT-2
SYNTAXANALYSIS
ROLEOFTHEPARSER

Parserobtainsastringoftokensfromthelexicalanalyzer andverifiesthatitcanbegeneratedby the
language for the source program. The parser should report any syntax errors in
anintelligiblefashion. Thetwo types ofparsers employedare:

1.Top down parser: which build parse trees from top(root) to
bottom(leaves)2.Bottomupparser:whichbuildparsetreesfromleavesandworkupt
he root.

Thereforetherearetwo types of parsing methods— top-down parsing and bottom-up parsing
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Figure 4.1: Position of parser in compiler model

ContextfreeGrammars(CFG)
CFGisusedto specifythesyntaxofalanguage. A grammarnaturallydescribes
thehierarchicalstructureofmost program-ming languageconstructs.

FormalDefinitionofGrammars

Acontext-freegrammar hasfourcomponents:

1. Asetofterminalsymbols,sometimesreferredtoas”tokens."Theterminalsarethe
elementarysymbolsof the languagedefined by the grammar.

2. Asetofnonterminals,sometimescalled"syntacticvariables.” Eachnon-
terminalrepresentsasetofstringsof terminals, in amanner weshall describe.

3. Asetofproductions,whereeachproductionconsistsofanonterminal,calledtheheadorleftsideoftheproduc
tion, an arrow,and a sequenceof terminals andlornonterminals, calledthe body or right
side of the production. The intuitive intent of a production is to specify one of
thewrittenformsofaconstruct;iftheheadnonterminalrepresentsaconstruct,thenthebodyreprests.
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4. Adesignation ofone of the nonterminals asthestartsymbol.

Production is for a nonterminal if the nonterminal is the head of the production. A string
ofterminals is a sequence of zero or more terminals. The string of zero terminals, written as E , is
calledtheemptystring.

Derivations

A grammar derives strings by beginning with the start symbol and repeatedly replacing a
nonterminalbythebody ofaproduction forthat nonterminal. Theterminal stringsthatcan bederived
fromthestartsymbolform thelanguage defined by the grammar.

LeftmostandRightmostDerivationofaString

o Leftmostderivation—Aleftmostderivationisobtainedbyapplyingproductiontotheleftmost
variableineachstep.

« Rightmostderivation—Arightmostderivationisobtainedbyapplyingproductiontotherightmostvari
ablein each step.

« Example
Letanyset ofproduction rulesinaCFGbe
X—X+X[X*X[X|a
overanalphabet{a}.
Theleftmost derivation for thestring**a+a*a'is
X—-X+X—atX—atX*X—ata*X— ata*a
Therightmost derivation for theabovestring™a+a*a*is

X—-X*X —» X*a— X+X*a— X+a*a—ata*a

DerivationorYield ofa Tree

The derivation or the yield of a parse tree is the final string obtained by concatenating the labels of
theleaves of the tree from left to right, ignoring the Nulls. However, if all the leaves are Null,
derivation isNull.

parse tree pictorially shows how the start symbol of a grammar derives a string in the language.
Ifnonterminal A has a production A - XYZ , then a parse tree may have an interior node labeled A
withthreechildren labeledX,Y, and Z, from left to right:

A
4 | "B
X Y Z

Given a context-free grammar, a parse tree according to the grammar is a tree with the
followingproperties:

1. Theroot islabeled by the start symbol.

2. Eachleafislabeledby a terminalorby e.

3. Eachinteriornodeislabeledby anonterminal
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If A is the nonterminal labeling some interior node and X I, Xz, ... ,Xn are the labels ofthe
childrenofthat nodefrom left toright, thentheremustbeaproduction A— X1X2 .. Xn .Here,
X1,X2,..., Xn,each standfor asymbol that iseitheraterminal or anonterminal. Asaspecial case,
ifA—cis aproduction, then anodelabeled Amay haveasinglechild labeledE

Ambiguity

A grammar can have more than one parse tree generating a given string of terminals. Such a grammar
issaid to be ambiguous. To show that a grammar is ambiguous, all we need to do is find a terminal
stringthat is the yield of more than one parse tree. Since a string with more than one parse tree usually
hasmorethanonemeaning,weneedtodesignunambiguousgrammars for compilingapplications,orto
useambiguousgrammars with additional rules to resolvethe ambiguities.
Example::Supposeweusedasinglenonterminalstring anddidnotdistinguish betweendigitsandlists,

string — string + string | string — string [0 | 1| 2| 3|4 |5|6|7|8|9
Fig. shows that an expression like 9-5+2 has more than one parse tree with this grammar. The two

treesfor 9-5+2 correspond to the two ways of parenthesizing the expression: (9-5) +2 and 9- (5+2) .
Thissecondparenthesizationgivestheexpressionthe unexpectedvalue2ratherthanthecustomaryvalue6.

string string
# 17 1%
string +  string string -  siring
7 % | | 7
string -  string 2 9 siring +  siring
| I I l
9 5 5 2

Twoparsetrees for9-5+2

Verifyingthelanguagegeneratedbya grammar

Thesetof allstringsthatcanbe
derivedfromagrammarissaidtobethelanguagegeneratedfromthatgrammar. Alanguagegenerated
byagrammarGis a subset formally defined by

L(G)={W|WeX *, S>GW}
IfL(G1)=L(G2), theGrammarG1 isequivalentto theGrammarG2.

Example

Ifthereisagrammar

G:N={S,A,B} T={a,b}P ={S— AB,A— a, B— b}

Here S produces AB, and we can replace A by a, and B by b. Here, the only accepted string is ab,
i.e.,L(G)={ab}
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Writingagrammar

A grammar consistsofanumberof
productions.Eachproductionhasanabstractsymbolcalledanonterminalasits left-handside,anda sequence
of one or more nonterminaland terminal symbols as its right-hand side. For each grammar, the
terminal symbols are drawn from aspecifiedalphabet.

Starting from a sentence consisting of a single distinguished nonterminal, calledthe
goal symbol,agivencontext-freegrammarspecifiesa language, namely, the set
ofpossiblesequencesofterminalsymbolsthatcanresultfromrepeatedlyreplacinganynonterminalintheseque
ncewith a right-handsideofaproduction forwhich the nonterminal isthe left-hand side.
Therearefourcategories inwritingagrammar:

1. LexicalVsSyntaxAnalysis
2. Eliminatingambiguousgrammar.
3. Eliminatingleft-recursion

4. Left-factoring.
Eachparsingmethodcanhandlegrammarsonlyofacertainformhence,theinitialgrammar mayhavetobe

rewritten to makeit parsable

1. LexicalVsSyntaxAnalysis
Reasonsforusing theregularexpressionto define thelexical syntaxofalanguage

a) Regular expressions provide a more concise and easier to understand notation for tokens

thangrammars.
b) Thelexicalrulesofalanguagearesimpleandtodescribethem,wedonotneednotationaspowerfulas

grammars.
c) EfficientlexicalanalyzerscanbeconstructedautomaticallyfromREthanfromgrammars.
d) Separatingthesyntacticstructureofalanguageintolexicalandnonlexicalpartsprovidesaconvenientwa
y ofmodularizing the front end into twomanageable-sizedcomponents.

2. Eliminatingambiguousgrammar.

Ambiguity of the grammar that produces more than one parse tree for leftmost or
rightmostderivationcan beeliminated by re-writing thegrammar.

Considerthisexample,
G:stmt—ifexpr thenstmt
|if expr then stmtelsestmt
|other
ThisgrammarisambiguoussincethestringifE1thenifE2thenS1lelseS2hasthefollowingtwoparsetrees
forleftmost derivation
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i ewr then st else Stont
E; S; S
S
T R
if expr then somr else sont
E; Sz
if QI then stnt
E; S;

Twoparsetreesforanambiguous sentence

Thegeneralruleis‘““Matcheachelsewiththeclosestunmatchedthen. Thisdisambiguatingrulecanbe
useddirectlyinthegrammar,

Toeliminateambiguity,thefollowinggrammarmaybeused:
stmt—matched|unmatchedstmt
matched— ifexprstmtthen matchedelsematchedstmt|other
unmatched—ifexprthen stmt|ifexprthen matchedelseunmatchedstmt

3. Eliminatingleft-recursion
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Becausewetrytogeneratea leftmost derivationbyscanningtheinput from left toright, grammarsoftheformA —
A x may cause endless recursion.Such grammars are called left-recursive and they must betransformedif we
wantto use atop-down parser.

B Agrammarisleft recursiveifforanon-terminal A,thereisa derivationA="*Aa

B Toeliminatedirectleftrecursionreplace

1) AAaB  with  A—>aA’le
2) A— AallAazl...|AOLm|[31|[32|...|[3n
with

A—PBiB |B:B |...|p:B
B—auBlo2B|...|omBle
4. Left-factoring

Leftfactoringis agrammartransformation thatisusefulfor producingagrammar
suitableforpredictiveparsing. When it is not clear which of two alternative productions to use to expand
a non-terminal A, wecan rewrite the A-productions to defer the decision until we have seen enough of
the input to make therightchoice.
B ConsiderS —if E thenS else S |if E then S
B Which of the two productions should we use to expand non-terminal S when the
nexttoken is if?
Wecan solvethis problemby factoring outthecommonpart intheserules.

A—afilafa|...| afnly
becomes
A—oBly

B —p1/Bzl...|Bn

Considerthegrammar , G :S—IEtS|iIEtSeS|a
E—b
Leftfactored,thisgrammarbecomes
S — iEtSS’ |
aS’—eS [e
E—b

PARSING
Itistheprocessofanalyzingacontinuousstreamofinputinordertodetermineitsgrammaticalstructurewith
respect toagiven formal grammar.
Typesof parsing:

1. Topdownparsing
2. Bottomupparsing

Top-downparsing:A parsercanstart withthestartsymbol andtryto transformittotheinput
string. Example:LL Parsers.
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Bottom-upparsing: Aparsercanstartwithinputandattempttorewriteitintothestartsymbol.
Example: LR Parsers.

TOP-DOWNPARSING

Itcanbeviewedasanattempttofindaleft-mostderivationforaninputstringoranattemptto construct
aparsetreeforthe inputstarting fromtheroot to theleaves.

TypesofTOP-DOWNPARSING
5. Recursivedescentparsing
6. Predictiveparsing

RECURSIVEDESCENTPARSING

Recursive descent is a top-down parsing technique that constructs the parse tree from the top and
theinput is read from left to right. It uses procedures for everynon-terminal entity. This parsing
techniquerecursively parses the input to make a parse tree, which may or may not require back-
tracking. But thegrammar associated with it (if not left factored) cannot avoid back-tracking. A form of
recursive-descentparsing that doesnot requireany back-tracking is known aspredictiveparsing.

Thisparsingtechniqueisregardedrecursiveasitusescontext-freegrammarwhichisrecursiveinnature.

Thisparsingmethodmayinvolvebacktracking.
Examplefor:backtracking

Considerthegrammar G:S —cAd
A—abla
andtheinput stringw=cad.
Theparsetreecan beconstructed using thefollowingtop-down approach :
Stepl:
InitiallycreateatreewithsinglenodelabeledS. Aninputpointerpointsto ‘c’ thefirstsymbolofw.
Expandthe treewith the production ofS.

/‘f\
C A d

Step2:
Theleftmostleaf*c’matchesthefirstsymbolofw,soadvancetheinputpointertothesecondsymbolofw‘a’
andconsider thenext leaf*A’. ExpandAusingthe first alternative.
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/f\
C A d
a/\;

Step3:

The second symbol ‘a’ of w also matches with second leaf of tree. So advance the input pointer to
thirdsymbol of w ‘d’. But the third leaf of tree is b which does not match with the input symbol d.
Hencediscardthechosen production and reset thepointer to secondbacktracking.

Step4:Nowtry thesecondalternativeforA.
S
c A d

a

Nowwecanhalt andannouncethesuccessful completionof parsing.

Predictiveparsing

It is possible to build a nonrecursive predictive parser by maintaining a stack explicitly, rather
thanimplicitly via recursive calls. The key problem during predictive parsing is that of determining
theproduction to be applied for a nonterminal . The nonrecursive parser in figure looks up the
production tobe applied in parsing table. In what follows, we shall see how the table can be constructed
directly fromcertaingrammars.

meor [ o] -] &[]

STACK X Predictive parsing program
2 P L2 —— ouTPUT

Parsing Table AS

Fig. 2.4 Model of a nonrecursive predictive parser

A table-driven predictive parser has an input buffer, a stack, a parsing table, and an
outputstream. The input buffer contains the string to be parsed, followed by $, a symbol used as a
rightendmarkertoindicatetheendofthe inputstring. Thestackcontainsasequenceofgrammar symbols
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with $ on the bottom, indicating the bottom of the stack. Initially, the stack contains the start symbol
ofthegrammaron topof$.Theparsingtableisatwo dimensionalarray M[A,a]whereAis anonterminal,and a
is a terminal or the symbol $. The parser is controlled by a program that behaves as follows.
Theprogram considers X, the symbol on the top of the stack, and a, the current input symbol. These
twosymbolsdeterminethe action ofthe parser. Therearethreepossibilities.

1 1fX= a=8$, theparser halts andannounces successful completionof parsing.
2 IfX=a!=$, theparserpops Xoff thestackandadvances theinput pointer to thenext
inputsymbol.31fXis anonterminal,theprogramconsults entry M[X,a]oftheparsingtable M.This entry
willbe
either an X-production of the grammar or an error entry. If, for example, M[X,a]={X- >UVW},
theparser replaces X on top of the stack by WVU( with U on top). As output, we shall assume that
theparser just prints the production used; any other code could be executed here. If M[X,a]=error,
theparser calls an errorrecovery routine

Implementationofpredictiveparser:

1. Eliminationofleftrecursion,leftfactoringandambiguousgrammar.
2. ConstructFIRST()andFOLLOW()forallnon-terminals.

3. Constructpredictiveparsingtable.

4. Parsethegiven inputstring usingstackand parsingtable

AlgorithmforNonrecursivepredictive parsing.

Input.A string wand aparsing tableM forgrammarG.
Output.If wisinL(G),a leftmostderivationofw;otherwise,anerrorindication.

Method. Initially, the parser is in a configuration in which it has $S on the stack with S, the start
symbolof G on top, and w$ in the input buffer. The program that utilizes the predictive parsing table M
toproduceaparse forthe inputis shown in Fig.

setipto pointto thefirstsymbolof w$.repeat

letXbethetopstacksymbol andathe symbolpointedto byip.if Xisa terminalof$
thenifX=athen
pop X from the stack and advance ip else
error()else
iIfM[X,a]=X->Y1Y2...Ykthenbegin popXfrom thestack;
push Yk,Yk-1...Y1 onto the stack, with Y1 on top; output the production X->
Y1Y2...Ykend
elseerror()
untilX=$ /*stack isempty *
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FIRSTANDFOLLOW
Theconstructionofapredictive parsingtableisaidedby twofunctions associatedwith agrammar:
1. FIRST
2. FOLLOW

To compute FIRST(X) for all grammar symbols X, apply the following rules until no
moreterminalsor ecan beadded to any FIRST set.

RulesforFIRST():

1. IfXisterminal,thenFIRST (X)is{X}.

2. IfX— eis aproduction, thenadde toFIRST(X).

3. IfXisnon-terminal andX—aaisaproductionthen addatoFIRST(X).

4. IfXisnon-terminalandX—Y'1 Y2...Ykisaproduction,thenplace
ainFIRST(X)ifforsomei,aisinFIRST(Y1),ande is inallof FIRST(Y1),...,FIRST(Yi-
1);thatis,

Y1,....Yi-1=>¢.lfeisinFIRST(Yj)forallj=1,2,.. .k ,thenaddetoFIR ST (X).

RulesforFOLLOW():
1. IfSis astartsymbol, thenFOLLOW(S)contains$.
2. IfthereisaproductionA—aBp, theneverythinginFIRST(B)excepteisplacedin
follow(B).
3. IfthereisaproductionA—aB,oraproductionA— aBBwhereFIRST(B)containse,then
everything inFOLLOW(A)is inFOLLOW(B).

Algorithmforconstructionofpredictiveparsingtable:

Input : Grammar
GOutput : Parsing table
MMethod:
3. ForeachproductionA—aof thegrammar,dosteps2and3.
4. ForeachterminalainFIRST(a)), addA—atoM[A,a].
5. IfeisinFIRST(ar),addA—atoM[ A,b]foreachterminalbinFOLLOW(A).IfeisinFIRST(a) and $ is
inFOLLOW(A) , add A— ato M[A,$].
6. Makeeach undefinedentry ofM beerror.
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Example:
Considerthefollowinggrammar :
E—E+T|T
T—T*F|F
Aftereliminatingleft-recursionthegrammaris
E—-TE’
E’—+TE’[eT
—FT’
T'—*FT’|sF
— (BE)lid

First():
FIRST(E) ={(,id}
FIRST(E’)={+,¢}
FIRST(T) ={(,id}
FIRST(T*)={*,¢}
FIRST(F) ={(,id}

Follow():
FOLLOW(E)={$,)}
FOLLOW(E’)={$,) }
FOLLOW(T)={+,$)) }
FOLLOW(T’)={+.$,)}
FOLLOW(F) ={+,*,$, )}

PredictiveparsingTable

NON- id + ' ( ) S
TERMINAL
E E-TE’ E—TE'
E' E'—-TE' E'—e | E'-e
T T—HI’ T-FT'
T T'=¢ | T'=%T T'=e | T'-e
F Foid Fo(E)
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Stacklmplementation

stack Input Output
SE id-id*id $
SE'T id-id*id S E—-TE’
SE’T’F id-id*id S T—FT’
SE'T’id id-id*id s Ezid
SE’T’ +id*id S
SE’ —id*id S T —¢
$E° T+ ~1d*id S E’—+TE’
SE’T 1id*id S
S$SE*T°F id*id S T—FT®
SE'T’id id*id $ F2id
$E'T? *1d S
SE'T’F* *idS A T I
SE’T’F idS
SE'T’id idS F—=id
$SE’T’ S
SE’ S T =g
S S E'—¢
-24-
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LL(1)GRAMMAR

The parsing table algorithm can be applied to any grammar G to produce a parsing table
M.For some Grammars, for example if G is left recursive or ambiguous, then M will have
atleast one multiply-defined entry. A grammar whose parsing table has no multiply
definedentries is said to be LL(1). It can be shown that the above algorithm can be used to
producefor every LL(1) grammar G, a parsing table M that parses all and only the sentences
of G.LL(1) grammars have several distinctive properties. No ambiguous or left recursive
grammarcan be LL(1). There remains a question of what should be done in case of multiply
definedentries. One easy solution is to eliminate all left recursion and left factoring, hoping
toproduce a grammar which will produce no multiply defined entriesinthe parse
tables.Unfortunately there are some grammars which will give an LL(1) grammar after any
kind ofalteration. In general, there are no universal rules to convert multiply defined entries
intosinglevalued entries without affectingthe languagerecognized by theparser.
Themaindifficultyinusingpredictiveparsingisinwritingagrammarforthesourcelanguages
uchthatapredictiveparsercanbeconstructedfromthegrammar. Althoughleftrecursionelimination
andleftfactoringareeasytodo,theymaketheresultinggrammarhardtoreadanddifficulttousethetran
slationpurposes. Toalleviatesomeofthisdifficulty,acommon organization for a parser in a
compiler is to use a predictive parser for
controlconstructsandtouseoperatorprecedenceforexpressions.however, ifanlrparsergeneratorisa
vailable,onecangetallthebenefitsofpredictiveparsingandoperatorprecedenceautomatically.

ERRORRECOVERYINPREDICTIVEPARSING

The stack of a nonrecursive predictive parser makes explicit the terminals and
nonterminalsthat the parser hopes to match with the remainder of the input. We shall
therefore refer
tosymbolsontheparserstackinthefollowingdiscussion. Anerrorisdetectedduringpredictiveparsin
gwhentheterminalontopofthestackdoesnotmatchthenextinputsymbol or when nonterminal A
is on top of the stack, a is the next input symbol, and theparsingtableentry M[A,a] is empty.

ConsidererrorrecoverypredictiveparsingusingthefollowingtwomethodsPanic
-Moderecovery
PhraseLevel recovery

Panic-mode error recovery is based on the idea of skipping symbols on the input until
atoken in a selected set of synchronizing tokens appears. Its effectiveness depends on
thechoice of synchronizing set. The sets should be chosen so that the parser recovers
quicklyfromerrors that arelikely to occur in practice.

As a starting point, we can place all symbols in FOLLOW(A) into the synchronizing set
fornonterminal A. If we skip tokens until an element of FOLLOW(A) is seen and pop A
fromthestack, it is likely thatparsing cancontinue.

ItisnotenoughtouseFOLLOW(A)asthesynchronizingsetforA.Foexample,ifsemicolons
terminate statements, as in C, then keywords that begin statements may notappear in the
FOLLOW set of the nonterminal generating expressions. A missing semicolonafter an
assignment may therefore result in the keyword beginning the next statement beingskipped.
Often, there is a hierarchica structure on constructs in a language; e.g.,
expressionsappearwithinstatement,whichappearwithinbblocks,andsoon.Wecanaddtothe
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synchronizingsetofalowerconstructthesymbolsthatbeginhigherconstructs.Forexample, we
might add keywords that begin statements to the synchronizing sets for
thenonterminalsgeneraitn expressions.

If we add symbols in FIRST(A) to the synchronizing set for nonterminal A, then
itmay be possible to resume parsing according to A if a symbol in FIRST(A) appears in
theinput.

If a nonterminal can generate the empty string, then the production deriving e can
beusedasadefault. Doingsomaypostponesomeerrordetection,butcannotcauseanerrortobemiss
ed.Thisapproachreducesthenumberofnonterminalsthathavetobeconsideredduringerrorrecove

ry.
If a terminal on top of the stack cannot be matched, a simple idea is to pop

theterminal, issue a message saying that the terminal was inserted, and continue parsing.
Ineffect,this approachtakes thesynchronizing setofatokento consistof allothertokens.

PhraseLevelrecovery

Thisinvolves,definingtheblankentriesinthetablewithpointersto someerror
routineswhichmay

Change, delete or insert symbols in the input

orMayalso pop symbols fromthestack

BOTTOM-UPPARSING
Constructing a parsetreeforaninputstringbeginningatthe leavesandgoingtowards the root
iscalledbottom-up parsing. A generaltypeof bottom-up parser isashift-reduceparser.

SHIFT-REDUCEPARSING

Shift-reduce parsing is a type of bottom-up parsing that attempts to construct a parse tree
foran input string beginning at the leaves (the bottom) and working up towards the root

(thetop).
Example:
Considerthegrammar:S—aABe
A—Abc|bB
—d

Thesentencetoberecognizedis abbcde.

REDUCTION(LEFTMOST) RIGHTMOSTDERIVATION

abbcde (A—Db) S —

aABeaAbcde(A— Abc) —aAde

aAde(B— d) —aAbcde

aABe(S— aABe) —abbcde
S

Thereductionstraceouttheright-most derivationinreverse.
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Handles: A handle of a string is a substring that matches the right side of a production,
andwhose reduction to the non-terminal on the left side of the production represents one
stepalongthereverseofarightmost derivation.

Example:
Considerthegrammar:
E—E+E
E—E*E
E—id

And the input string
id1+id2*id3Therightmost

derivation is :
E—E+E
—E+E*E
—E+E*id3
—E+id2*id3
— id1+1d2*
Intheabovederivationthe underlinedsubstringsarecalledhandles.

Handlepruning:
A rightmost derivation in reverse can be obtained by “handle pruning”. (i.e.) if w is a
sentenceorstring of thegrammarat hand, thenw= yn, whereyn is the nthrightsentential formof

somerightmostderivation.

Actionsinshift-reduceparser:

« shift-Thenextinput symbol isshifted onto thetopof thestack.

« reduce -Theparserreplaces thehandlewithinastackwith anon-terminal.

« accept-Theparser announcessuccessful completionofparsing.

« error-Theparserdiscoversthatasyntaxerror hasoccurredandcallsanerror recoveryroutine.

Conflictsinshift-reduceparsing:
Therearetwoconflictsthatoccurinshift-reduceparsing:

1. Shift-reduceconflict: Theparsercannotdecide whethertoshiftortoreduce.

2. Reduce-reduceconflict: Theparser cannotdecidewhichofseveralreductionsto make.
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Stackimplementationofshift-reduceparsing:

Stack Input Action
S id;—ido*id; S shift
Sid; +id;*id; S reduceby E—id
SE +id2*id; $ shift
SE+ id>*id; $ shift
SE+id; *“id: S reduceby E—id
SE+E *id; $ shifi
SE+EX id3 $ shift
SE-+E*id3 $ reduceby E—id
SE+E*E S reducebvE—E *E
SE+E S reduceby E—E-E
SE S accept
1. Shift-reduceconflict:
Example:
Considerthegrammar:
E—E+E [E*E | id and input id+id*id
Stack Input Action Stack Input
SE+E *ds Reduceby SE-E *d§ Shift
E—E-E
SE “ids Shift SE+E* ids Shift
SE* idS Shift SE-E*id $ Reduceby
E—id
SE*id S Reduceby SE+E*E $ Reduceby
E—id E—E*E
SE*E S Reduceby SE~E S Reduceby
E—E*E E—E*E
SE SE
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2. Reduce-reduceconflict:
Considerthegrammar:M—R+R|R+c|R

R—c
inputc+c
Stack Input Action Stack Input Action
S cc$ Shift S cresS Shift
S¢ +¢$ Reduce by Sc +¢S Reduce by
Rc R—re
SR +$ Shift SR +¢$ Shift
SR+ c$ Shift SR~ cS Shift
SR+¢ S Reduceby SR-¢ S Reduceby
R—c¢ M—R~+c
SR+R S Reduceby SM S
M—R-R
SM S

INTRODUCTIONTOLRPARSERS

An efficient bottom-up syntax analysis technique that can be used CFG is called LR(K)
parsing. The ‘L’ is for left-to-right scanning of the input, the ‘R’ for constructing a rightmost derivation
inreverse,and the‘k’for the numberofinput symbols.When ‘k’isomitted, it isassumed to bel.

Advantagesof LR parsing:
1. Itrecognizesvirtuallyallprogramming languageconstructsforwhich CFGcanbewritten.
2. Itisanefficientnon-backtrackingshift-reduce parsingmethod.
3.Agrammarthatcanbe parsedusingLRmethodisapropersupersetofa
grammarthatcanbeparsed with predictive parser
4.1tdetectsa syntacticerrorassoon aspossible.

DrawbacksofLRmethod:
Itistoomuchofworktoconstructal Rparserbyhandforaprogramminglanguagegrammar.
Aspecializedtool,calledaLRparsergenerator,isneeded.Example: Y ACC.

TypesofLR parsingmethod:

1. SLR-Simple LR
Easiesttoimplement, leastpowerful.

2. CLR-CanonicalLR
Mostpowerful, mostexpensive.

3. LALR-Look-AheadLR
Intermediateinsizeandcostbetweenthe othertwomethods.
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TheLRparsingalgorithm:

Theschematicformofan LRparser isas follows:

—  OUTPUT

o] a 4 an )
3
Sm | LR parsing program
X ;
Sm-l \\
Xm-l \
action go1o
Sl:l
STACK

Fig. 2.5 Model of an LR parser

Itconsistsofaninput,an output,astack, adriverprogram,and apaparts(action andgoto).

a. Thedriverprogramisthe sameforallLRparser.

o

Theparsingprogramreads charactersfroman inputbufferone atatime.

c. Theprogram uses astackto storeastring ofthe forms0X1s1X2s2...Xmsm, where sm is
ontop. EachXi is agrammarsymbol andeach si isa state.
d. Theparsing table consists oftwo parts :action andgoto functions.

Action: Theparsingprogramdeterminessm,thestatecurrentlyontopofstack,andai,thecurrentinputsymbol.
Itthen consultsaction[sm,ai] intheaction tablewhichcanhaveoneof four values:

1. shifts, wheresisa state,

2. reducebyagrammarproduction A—f3,

3. accept,
4. Error.

Goto: Thefunction gototakes astateandgrammar symbolas argumentsand producesastate.

LRParsing algorithm:

Input: AninputstringwandanLRparsingtablewithfunctionsactionandgotoforgrammarG.Output:If wis
inL(G), abottom-up-parseforw;otherwise, anerrorindication.

Method:Initially,theparser hassOon itsstack,wheresQisthe initialstate,and w$inthe inputbuffer.

Theparserthenexecutes thefollowingprogram:
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setipto pointto thefirstinputsymbolof w$;repeat foreverbegin
let sbethe state on top of thestack andathe symbol pointed to by ip;
ifaction[s,a] =shifts’thenbegin
push athen s’ontop of thestack; advanceip tothe next input symbol
endelseifaction[s, a] =reduceA—Bthenbeginpop 2*|B|symbolsoffthestack;
lets’bethestatenowontopofthestack;pushAthengoto[s’,A] ontopofthestack;outputthe
productionA—f3
end
elseifaction[s,a]=acceptthenret
urn
elseerror()e
nd

CONSTRUCTINGSLR(1)PARSINGTABLE
ToperformSLRparsing,takegrammar asinputanddothe following:

1. FindLR(O)items.

2. Completingtheclosure.

3. Computegoto(l,X),where,lissetof itemsand X isgrammarsymbol.
LR(O)items:

AnLR(0)itemofagrammarGisaproductionofGwithadotatsomepositionoftherightside.For
example,production A — XY Zyields thefouritems:

A— XYZ

A —- X

YZA — XY

. ZA—

XYZ.

Closureoperation:

Iflis asetof itemsfor agrammarG, then closure(l)is theset ofitemsconstructed from Ibythetwo

rules:

1. Initially,everyiteminlisaddedto closure(l).

2. IfA— a. Bp isin closure(I)and B — v is aproduction, then add the item B — . y to I, if it
isnotalreadythere.Weapplythisrule untilnomorenewitemscan be addedtoclosure(l).

Gotooperation:

Goto(I,X)is definedto bethe closureof thesetofallitems [ A—aX.[]suchthat{ A—a.Xp]is inl.

StepstoconstructSLRparsingtableforgrammar Gare:

1. AugmentGandproduceG’

2. ConstructthecanonicalcollectionofsetofitemsC forG’

3. Constructtheparsingactionfunctionactionand gotousingthefollowingalgorithmthat
requiresFOLLOW(A) foreach non-terminal of grammar.
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AlgorithmforconstructionofSLRparsingtable:
Input: An augmentedgrammarG’
Output:TheSLRparsingtablefunctionsactionandgotoforG’
Method:
1. ConstructC={I0,I1,....In},thecollectionofsetsofLR(0)itemsforG’.
2. Statei isconstructedfrom li.. Theparsingfunctions
forstateiaredeterminedasfollows:
(@) Ifl A—a-ap]isin liandgoto(Ii,a)=Ij,thensetaction[i,aJto*shift;”.Hereamust be
terminal.
(b) Ifl A—a-]isinli,thensetaction[i,a]to“‘reduceA—a”forallainFOLLOW(A).
(c) H[S’—S.]isinli, thensetaction[i,$]to “accept”.
Ifany conflictingactionsaregeneratedby theaboverules, wesay grammaris not SLR(1).
3. Thegototransitionsforstateiare constructed for allnon-
termlfgoto(li,A)=lj, then goto[i,A]=j.
4. Allentries notdefined byrules (2) and(3)aremade‘“‘error”
5. Theinitialstateoftheparseristhe oneconstructedfromthe [S’—.S].

ExampleonSLR (1 )Grammar

S—E
E—-E+T|T
T—T*F|FF
—id

AddAugmentProductionandinsert's'symbolatthefirstpositionforeveryproductioninGS'— <E
E—<E+TE

— oT

T — T *

FT— <F

F—-id

10State:
AddAugmentproduction tothel0StateandComputetheClosure
10= Closure(S™ —<E)

AddallproductionsstartingwithEin tolOStatebecause™."isfollowed bythenon-terminal.So,the
|0Statebecomes

10=S"— <E
E—°<E+TE

— oT

Add all productions starting with T and F in modified 10 State because "." is followed by the non-
terminal.So, the 10 Statebecomes.

VUV DI IO U7 WO UVIULLE T UITLJUUL
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10=S" —°E
E—E+TE
— T
T — T *
FT— °F
F—-eid

1= Go to (10, E) = closure (S° — Ee, E — Ee +

T)12= Go to (10, T) = closure (E — T°T, Te — *
F)I13= Go to (10, F)=Closure (T —» F¢)=T —
Fel4= Go to (10, id) = closure (F — id*) = F —

id*15=Goto(I1, +)=Closure(E—E+T)

Add all productions starting with T and F in 15 State because "." is followed by the non-terminal. So,
thel5Statebecomes

I5=E —E+T
T — T *
FT— °F
F—-eid

Go to (IS5, F) = Closure (T — Fe¢) = (same as
13)Goto (I5,1d) =Closure(F—1ide*)=(same asl4)

16=Goto (12, *)=Closure(T—T * *F)

AddallproductionsstartingwithFinl6Statebecause™."isfollowedbythenon-terminal.So,the
|6Statebecomes

16=T =T * oF
F—eid

Goto (16,id) =Closure (F— id*)=(sameasl4)

I17=Goto (I5, T)=Closure(E— E+T*)=E —E+T-*
18=Goto (16,F) =Closure(T—T * Fe) =T—T*Fe
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DrawingDFA

SLR(1)Table
States Action Go to
id + * $ T
Io 54 2
I Y Accept
Iz Ra Sg R2
Is R4 R R4
I Es R5 RS
Is s54 7
Is S4
I R1 S6 R1
Ig R3 R3 B3
Explanation:

First (E) = First (E + T) U First

(TFirst (T) = First (T * F) U First

(F)First(F) ={id}

First(T)={id}

First(E)={id}

Follow (E) = First (+T) U {$} = {+,

$}Follow (T)=First (*F)UFirst (F)
={* + 8}

Follow(F)={*,+,%}
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1) TlcontainsthefinalitemwhichdrivesS—Eeandfollow(S)={$},soaction{I1,$}=Accept

2) I2containsthefinalitemwhichdrivesE—Teandfollow(E)={+,$},soaction{I2,+}=R2,
action{12,$}=R2

3) I3containsthefinalitemwhichdrivesT—Feandfollow(T)={+,*,$},soaction{I3, +}=
R4,action{13,*}=R4,action{13,$} =R4

4) T4 contains thefinalitemwhichdrivesF—ideandfollow(F) ={+,*,$},soaction{14,+}=
R5,action{14,*}=R5,action{14,$} =R5

5) I7containsthefinalitemwhichdrivesE—E+Teandfollow(E) ={+,$},soaction {I7,+}=
R1,action{17,$}=R1

6) I8 containsthefinalitemwhichdrivesT—T* Feandfollow(T) ={+,*,$},soaction{I8,+}
=R3, action{18, *}=R3,action {18,$} =R3.
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