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Homework 8 — ML — dueMonday 29April

Totalnumberof pointsavailableon this homework is 260.Full credit is equivalentto 100points.

8.1 Grammar specificationlanguage(100pts)

Thegrammarof thelanguageusedto specifygrammarsis specifiedherein termsof itself:

Grammar --> Symbols_List;
Symbols_List --> Symbol Symbols_Separator Symbols_List

| Symbol;
Symbol --> Identifier Right_Arrow Productions_List;
Productions_List --> Production

Productions_Separator Productions_List
| Production;

Production --> Identifiers_List;
Identifiers_List --> Identifier Identifiers_List |

About the specificationlanguage: The terminalsymbolsin the grammarspecificationlanguageareidentifiers,
the right arrow, andthe productionseparator. Identifiersconsistof digits, letters,andthe underscore.The right
arrow is written --> or ::= , theproductionsseparatoris written | , andthesymbolsseparatoris written ; . White
spaceis allowedanywherebetweenterminalsymbols,but is only requiredbetweentwo adjacentidentifiers.

About the languagespecified: Identifiersthat appearon the left-handside of right arrows arenon-terminals.
Any otheridentifiersareassumedto beterminals.Note thatwe do not usea visible representationfor theempty
production(suchasε).

1. (10pts)DeviseML typesto represent(context-free)grammars;namethemaintypegrammar . Hint: A good
grammarrepresentationcapturesthesymbols(terminalsandnonterminals),thedistinguishedstartsymbol,
andtheproductions.Recallthata productionhasanonterminalsymbolon theleft, andastringof terminals
andnonterminalson theright. Hereis a possiblerepresentation:

type identifier = string
type expansion = identifier list
type production = identifier * expansion
type grammar = {

startSymbol: identifier,
symbolNames: identifier list,
nonterminalNames: identifier list,
terminalNames: identifier list,
productions: production list

}

2. (10pts)Write afunctionpretty print grammar: grammar -> unit to print outagrammar;this
will helpyou to debug thenext stage.

3. (60pts)Write a functionparse grammar: string -> grammar to parsea grammarspecification
into internalform. Split the taskinto a scanneranda parserproper. Syntaxerrorsshouldraiseexceptions
(bothin thescannerandin theparser),which shouldbehandledin theoutermostscanandparsefunctions,
andappropriateerrormessagesshouldbeprinted.Hint: Therearemany waysto write theparser. Theeasiest
is probablyto follow thestructureof theparserpresentedin class.
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4. (20pts)PackageyourcodeusingtheML modulelanguage.Write astructureGrammar with anappropriate
signaturesothatit providesthetypegrammar , thefunctionsparse grammar andpretty print grammar ,
andnothingelse.(Youmaywrite auxiliarystructuresfor scanningandparsingif you like.)

8.2 Extra credit: A slightly different language(80pts)

Thisexerciseis acontinuationof Exercise8.1.

Consideraslightly modifiedgrammarfor specifyinggrammars:

Grammar --> Symbols_List
Symbols_List --> Symbol Symbols_List

| Symbol
Symbol --> Identifier Right_Arrow Productions_List
Productions_List --> Production

Productions_Separator Productions_List
| Production

Production --> Identifiers_List
Identifiers_List --> Identifier Identifiers_List |

Thedifferencefrom Exercise8.1 is that thereis no longera visible separatorbetweensymboldefinitions.Write
a functionparse grammar’: string -> grammar to parsea grammarspecificationinto internalform.
You canreusethescannerfrom Exercise8.1,but you maydiscover thatyou can’t reusetheparser(dependingon
how youwroteit).

8.3 Extra credit: Grammar analysis(80pts)

Thisexerciseis acontinuationof Exercise8.1; it doesnot dependon Exercise8.2.

An importantquestionaboutagrammaris whetherit allowspredictivetop-down parsing.To answerthatquestion,
onemustfirst determinewhich terminalsymbolsmay appearat the headof sententialforms derived from each
nonterminalsymbol.

1. (70pts)Write a function first set: grammar -> string -> string list with the follow-
ing purpose:first set G S is thelist of terminalsymbolsof thegrammarGthatcanappearasthefirst
symbolin somestringderivedfrom thestringS, whereS is a symbolof thegrammarG.

2. (10pts)Packagethefunctionfirst set into a structureGrammarAnalysis .

How to tur n in

Turn in yourcodeby running˜dmykola/handinyour-file onaregularUNM CSmachine.Youshouldusewhatever
filenameis appropriatein placeof your-file. You canput multiple files on thecommandline, or evendirectories.
Directorieswill havetheir entirecontentshandedin, sopleasebesureto cleanout any cruft.

Rememberto submitextensive testsof yourprograms!

Homework mustbeaccompaniedby the following statement:“I pledge myhonor that in thepreparation of this
assignmentI havecompliedwith theUniversityof New MexicoBoard of Regents’Policy Manual,includingSection
4.8,AcademicDishonesty.” Themanualis availableathttp://www.unm.edu/˜brpm/index.html .


