
LR parsingThere are three commonly used algorithms to buildtables for an \LR" parser:1. SLR(1) = LR(0) + FOLLOW� smallest class of grammars� smallest tables (number of states)� simple, fast construction2. LR(1)� full set of LR(1) grammars� largest tables (number of states)� slow, large construction3. LALR(1)� intermediate sized set of grammars� same number of states as SLR(1)� canonical construction is slow and large� better construction techniques existAn LR(1) parser for either ALGOL or PASCAL hasseveral thousand states, while an SLR(1) or LALR(1)parser for the same language may have severalhundred statesCPSC 434 Lecture 9{10, Page 1



Viable pre�xA viable pre�x is1. a pre�x of a right-sentential form that does notcontinue past the right end of the rightmosthandle of that sentential formy, or2. a pre�x of a right-sentential form that canappear on the stack of a shift-reduce parser.If the viable pre�x is a proper pre�x (that is, ahandle), it is possible to add terminals onto its endto form a right-sentential form.
As long as the pre�x represented by the stack isviable, the parser has not seen a detectable error.y If the grammar is unambiguous, there is a unique rightmosthandle. LR(k) grammars are unambiguous. Operator grammarsmay be ambiguous, but are still parsed with shift-reduce parsers.CPSC 434 Lecture 9{10, Page 2



SLR(1) parsingViable pre�x of a right-sentential form:� contains both terminals and nonterminals� recognized with NFA or DFA
Building a SLR parser� begin with NFA for recognizing viable pre�xes� construct DFA for recognizing viable pre�xes� augment with FOLLOW to disambiguatereductions
States in the NFA are LR(0) itemsStates in the DFA are sets of LR(0) items
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LR(0) itemsAn LR(0) item is a string [�], where� is a production from G with a � at someposition in the rhsThe � indicates how much of an item we have seenat a given state in the parse.[A ::= �XY Z] indicates that the parser is lookingfor a string that can be derived from XY Z[A ::= XY � Z] indicates that the parser has seen astring derived from XY and is looking for onederivable from ZLR(0) Items (no lookahead)A ::= XY Z generates 4 LR(0) items.1. [A ::= �XY Z]2. [A ::= X � Y Z]3. [A ::= XY � Z]4. [A ::= XY Z�]CPSC 434 Lecture 9{10, Page 4



Canonical LR(0) itemsThe SLR(1) table construction algorithm uses aspeci�c set of sets of LR(0) itemsThese sets are called the canonical collection of setsof LR(0) items for a grammar GThe canonical collection represents the set of validstates for the LR parserThe items in each set of the canonical collection fallinto two classes:kernel items: items where � is not at the left end ofthe rhs and [S 0 ::= �S]non-kernel items: all items where � is at the leftend of rhsCPSC 434 Lecture 9{10, Page 5



LR(0) itemsEach LR(0) item corresponds to a point in the parseTo generate a parser state from a kernel item, wetake its closure) if [A ::= � �B�] 2 Ij, then, in state j, the parsermight next see a string derivable from B�) to form its closure, add all items of the form[B ::= �
] 2 Gy An \augmented grammar" is one where the startsymbol appears only on the lhs of productionsFor the rest of LR parsing, we will assume thegrammar is augmented with a production S 0 ::= SCPSC 434 Lecture 9{10, Page 6



Canonical LR(0) itemsThe canonical collection of LR(0) items:� set of items derivable from [S 0 ::= �S]� set of all items that can derive the �nalcon�gurationEssentially,� each set in the canonical collection of sets ofLR(0) items represents a state in an NFA thatrecognizes viable pre�xes.� Grouping together is really the subsetconstruction, x3.6To construct the canonical collection we need twofunctions:� closure(I)� GOTO(I;X)CPSC 434 Lecture 9{10, Page 7



Closure(I)Given an item [A ::= � �B�], its closure containsthe item and any other items that can generatelegal substrings to follow �.Thus, if the parser has viable pre�x � on its stack,the input should reduce to B� (or 
 for some otheritem [B ::= �
] in the closure).To compute closure(I)function closure(I)repeatnew item  falsefor each item [A ::= � �B�] 2 I,each production B ::= 
 2 G0if [B ::= �
] 6 2 I thenadd [B ::= �
] to Inew item  trueendifuntil (new item = false)return ICPSC 434 Lecture 9{10, Page 8



Goto(I;X)Let I be a set of LR(0) items and X be a grammarsymbol.Then, GOTO(I;X) is the closure of the set of allitems[A ::= �X � �] such that [A ::= � �X�] 2 IIf I is the set of valid items for some viable pre�x
, then goto(I;X) is the set of valid items for theviable pre�x 
X.goto(I;X) represents state after recognizing X instate I.To compute goto(I;X)function goto(I, X)J  set of items [A ::= �X � �]such that [A ::= � �X�] 2 IJ0  closure(J)return J0CPSC 434 Lecture 9{10, Page 9



Collection of sets of LR(0) itemsWe start the construction of the collection of sets ofLR(0) items with the item [S 0 ::= �S], whereS 0 is the start symbol of the augmented grammar G0S is the start symbol of GTo compute the collection of sets of LR(0) itemsprocedure items(G0)S0  closure(f[S 0 ::= �S]g)Items  f S0 gToDo  f S0 gwhile ToDo not empty doremove Si from ToDofor each grammar symbol X doSnew  goto(Si;X)if Snew is a new state thenItems  Items [ f Snew gToDo  Items [ f Snew gendifendforendwhilereturn ItemsCPSC 434 Lecture 9{10, Page 10



LR(0) machinesLR(0) DFA� states { canonical sets of LR(0) items� edges { goto transitions� recognizes all viable pre�xes of handles� no lookaheadTo be able to recognize viable pre�xes of thelanguage (instead of the handles), we must be ableto reduce handles to nonterminalsReducing a handle (rhs of production) to anonterminal can be viewed as:� returning to state at beginning of handle� making transition on nonterminalTo return to state at beginning of the handle, wemust use the stack!CPSC 434 Lecture 9{10, Page 11



SLR(1) tablesSLR(1) parser� augment LR(0) machine� add FOLLOW information using one token oflookahead� encoded as ACTION, GOTO tablesACTION table� for each [state, lookahead] pair� have we reached end of handle?� if not, shift� if at end of handle, reduce� may also accept or error� use lookahead to guide decisionGOTO table� for each [state, nonterminal] pair� pick state to go to after reduction� look at nonterminal at top of stackCPSC 434 Lecture 9{10, Page 12



SLR(1) table constructionThe Algorithm1. construct the collection of sets of LR(0) itemsfor G0.2. State i of the parser is constructed from Ii.(a) if [A ::= � � a�] 2 Ii and goto(Ii, a) = Ij,then set ACTION[i, a] to \shift j". (a mustbe a terminal)(b) if [A ::= ��] 2 Ii, then set ACTION[i, a] to\reduce A ::= �" for all a in FOLLOW(A).(c) if [S 0 ::= S�] 2 Ii, then set ACTION[i, eof]to \accept".3. If goto(Ii; A) = Ij, then set GOTO[i, A] to j.4. All other entries in ACTION and GOTO are set to\error"5. The initial state of the parser is the stateconstructed from the set containing the item[S 0 ::= �S].CPSC 434 Lecture 9{10, Page 13



SLR(1) parser exampleThe Grammar1 E ::= T + E2 j T3 T ::= idThe Augmented Grammar0 S0 ::= E1 E ::= T + E2 j T3 T ::= idSymbol FIRST FOLLOWS0 f id g f eof gE f id g f eof gT f id g f +, eof g
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Example LR(0) statesS0: [ S0 ::= � E ],[ E ::= � T + E ],[ E ::= � T ],[ T ::= � id ]S1: [ S0 ::= E � ]S2: [ E ::= T � + E ],[ E ::= T � ]S3: [ T ::= id � ]S4: [ E ::= T + � E ],[ E ::= � T + E ],[ E ::= � T ],[ T ::= � id ]S5: [ E ::= T + E �]CPSC 434 Lecture 9{10, Page 15



Example GOTO functionStartS0  closure ( f[ S ::= � E ]g )Iteration 1goto(S0; E) = S1goto(S0; T ) = S2goto(S0, id) = S3Iteration 2goto(S2, +) = S4Iteration 3goto(S4, id) = S3goto(S4; E) = S5goto(S4; T ) = S2CPSC 434 Lecture 9{10, Page 16



Example ACTION and GOTO tablesACTION GOTOid + $ expr termS0 shift 3 | | 1 2S1 | | accept | |S2 | shift 4 reduce 2 | |S3 | reduce 3 reduce 3 | |S4 shift 3 | | 5 2S5 | | reduce 1 | |Stack Input Action$ 0 id + id $ shift 3$ 0 id 3 + id $ reduce 3 (T ::= id)$ 0 T 2 + id $ shift 4$ 0 T 2 + 4 id $ shift 3$ 0 T 2 + 4 id 3 $ reduce 3 (T ::= id)$ 0 T 2 + 4 T 2 $ reduce 2 (E ::= T)$ 0 T 2 + 4 E 5 $ reduce 1 (E ::= T + E)$ 0 E 1 $ acceptCPSC 434 Lecture 9{10, Page 17



What can go wrong?Rules 2a, 2b, & 2c in the SLR(1) table constructionalgorithm can multiply de�ne a position in ACTIONIf this happens, the grammar is not SLR(1).Two cases ariseshift/reduceThis is called a shift/reduce con
ict. In general,it indicates an ambiguous construct in thegrammar.� can modify the grammar to eliminate it� can resolve in favor of shiftingclassic example: dangling elsereduce/reduceThis is called a reduce/reduce con
ict. Again, itindicates an ambiguous construct in thegrammar.� often, no simple resolution� parse a nearby languageclassic example: PL/I call and subscriptCPSC 434 Lecture 9{10, Page 18


