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Homework 8 — ML — due Monday 29 April

Total numberof pointsavailableon this homeavork is 260. Full creditis equivalentto 100 points.

8.1 Grammar specificationlanguage(100pts)
The grammarof thelanguageusedto specifygrammarss 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 --> |dentifiers_List;
Identifiers_List --> Identifier Identifiers_List |

About the specificationlanguage: The terminalsymbolsin the grammarspecificationlanguageareidentifiers,
theright arrow, andthe productionseparatar Identifiersconsistof digits, letters,andthe underscore.The right
arrow is written--> or::= , theproductionsseparators written| , andthe symbolsseparatois written; . White
spacsds allowed anywherebetweerterminalsymbols but is only requiredbetweertwo adjacenidentifiers.

About the languagespecified: Identifiersthat appearon the left-handside of right arrowvs are non-terminals.
Any otheridentifiersareassumedo be terminals.Note thatwe do not usea visible representatioffior the empty
production(suchasg).

1. (10pts)Devise ML typesto represenfcontext-free)grammarspamethemaintypegrammar . Hint: A good
grammarrepresentatiogaptureghe symbols(terminalsandnonterminals)the distinguishedstartsymbol,
andthe productions Recallthata productionhasa nonterminalymbolon theleft, anda stringof terminals
andnonterminalon 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 toprintoutagrammarthis
will helpyouto delugthenext stage.

3. (60pts)Write afunctionparse _grammar:  string  -> grammar to parsea grammarspecification
into internalform. Split thetaskinto a scanneianda parsemproper Syntaxerrorsshouldraiseexceptions
(bothin the scanneandin the parser) which shouldbe handledin the outermosscanandparsefunctions,
andappropriateerrormessageshouldbeprinted.Hint: Therearemary waysto write theparser Theeasiest
is probablyto follow the structureof the parsempresentedh class.



CS451 ProgrammingParadigms Spring2002 2

4. (20pts)Packageyour codeusingthe ML modulelanguageWrite a structureGrammar with anappropriate
signaturesothatit providesthetypegrammar , thefunctionsparse _grammar andpretty _print _grammar,
andnothingelse.(You maywrite auxiliary structuredor scanningandparsingif youlike.)

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

This exerciseis a continuationof 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 --> |dentifiers_List
Identifiers_List --> Identifier Identifiers_List |

Thedifferencefrom Exercise8.1is thatthereis no longera visible separatobetweensymboldefinitions. Write
afunctionparse _grammar’: string  -> grammar to parseagrammarspecificationnto internalform.
You canreusethe scannefrom Exercise8.1, but you may discover thatyou can't reusethe parser(dependingon
how youwroteit).

8.3 Extra credit: Grammar analysis(80pts)

This exerciseis a continuationof Exercise8.1;it doesnotdependn Exercise8.2.

An importantquestionabouta grammaiis whetherit allows predictive top-dowvn parsing.To answelthatquestion,
one mustfirst determinewhich terminal symbolsmay appearat the headof sententiaforms derived from each
nonterminakymbol.

1. (70pts)Write afunctionfirst  _set:; grammar -> string  -> string list  with thefollow-
ing purposefirst _set G Sisthelist of terminalsymbolsof thegrammarGthatcanappeamasthefirst
symbolin somestringderivedfrom thestringS, whereS is a symbolof thegrammarG.

2. (10pts)Packagehefunctionfirst  _set into astructureGrammarAnalysis

How to turnin

Turnin your codeby running“dmylola/handinyourfile onaregularUNM CSmachine.You shouldusewhateser
filenameis appropriatan placeof yourfile. You canput multiple files on the commandine, or evendirectories.
Directorieswill have their entirecontentshandedn, sopleasebe sureto cleanoutary cruft.

Remembeto submitextensive testsof your programs!

Homaework mustbe accompaniedby the following statement!l pledge my honorthatin the prepamtion of this
assignment havecompliedwith theUniversity of New Mexico Board of Regents’Policy Manual,includingSection
4.8,Academidishonesty Themanualis availableathttp://www.unm.edu/"brpm/index.html



