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Do exercises4.1, 4.2, 4.3, 4.4, 4.5. Hand in solutionsto all except exercise4.1. Exercises4.6 and 4.7 are also
interesting,andthelatteris probablythesimplestof thetwo.

Exercise 4.1 Compile the Env.sig andEnv.sml files, then generateand compile the lexer and parserfor the
small functional languageasdescribedin fun/grammar.txt. Parseandrun someexampleprogramsfrom file
fun/parse.sml.

Exercise 4.2 Write more exampleprogramsin the functional language.For instance,write programsthat do the
following:

� Computethesumof thenumbersfrom 1000down to 1. Do this by defininga functionsum n thatcomputes���������
	��
��������������	 althoughtherearesmarterwaysto do this.

� Computethenumber��� , thatis, 3 raisedto thepower8. Again,usea recursive function.

� Compute��� � ��� ��������� ����� � ����� , usingtwo recursive functions.

� Compute	 � �
� � ����������	! � , againusingtwo recursivefunctions.

Exercise 4.3 For simplicity, thecurrentimplementationof the functionallanguagerequiresall functionsto take ex-
actly oneargument.This seriouslylimits theprogramsthatcanbewritten in thelanguage(at leastit limits thosethat
canbewrittenwithout excessiveclevernessandcomplications).

Modify the languageto permit functionsto take oneor morearguments.Startby modifying the abstractsyntax
to permita list of parameternamesin Letfun anda list of argumentexpressionsin Call. After doingsoyou must
compileit with mosmlc -c Absyn.sml, shutdown mosml andthenrestartit to load thenew compiledversion
of Absyn. Thenmodify theeval interpreterin file fun.sml to work for thenew abstractsyntax.Youmustmodify
theclosurerepresentationto accommodatea list of parameters.Also, modify theLetfun andCall clausesof the
interpreter. Youwill probablyfind thebindZip functionfrom theEnv structureuseful.

Exercise 4.4 In continuationof Exercise4.3, modify the parserspecificationto accepta languagewherefunctions
maytake any (non-zero)numberof arguments.Thetext file grammar.txt givessomehints. Theresultingparser
shouldpermitfunctiondeclarationssuchasthese:

let pow x n = if n=0 then 1 else x * pow x (n-1) in pow 3 8 end

let max2 a b = if a<b then b else a
in let max3 a b c = max2 a (max2 b c)

in max3 25 6 62 end
end

You may want to stealtheNames1 nonterminalfrom usql/Sqlpar.grm, except that parameternamesarenot
separatedby commasin micro-SML. You shouldchangethereturntypeof nonterminalAppExpr to Absyn.expr
list andmakeappropriatechangeselsewherein theparserspecification.

Exercise 4.5 Extendthe(untyped)functionallanguagewith sequentiallogical ‘and’ (likeSML’sandalso andJava’s
&&) andwith sequentiallogical ‘or’ (like SML’s orelse andJava’s ||). Notice thate1 && e2 canbe encoded
asif e1 then e2 else false and that e1 || e2 can be encodedasif e1 then true else e2.
Henceyou needonly changethe lexer andparserspecifications,andmake the new rulesin the parserspecification
generatetheappropriateabstractsyntax.
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Exercise 4.6 Introducetupleconstructors(...) andcomponentselectors#i, with this abstractsyntax:

datatype expr =
...

| Tup of expr list
| Sel of int * expr
| ...

If we usetheconcretesyntax#2(e) for Sel(2, e) and(e1, e2) for Tup[e1, e2] thenyou shouldbeable
to write programssuchasthese:

let t = (1+2, false, 5>8)
in if #3(t) then #1(t) else 14 end

and

let max xy = if #1(xy) > #2(xy) then #1(xy) else #2(xy)
in max (3, 88) end

Notethatthis permitsfunctionsto takemultiple argumentsandreturnmultiple results.
To extend the interpretercorrespondingly, you needto introducea new kind of value, namelya tuple value

TupV(vs), andto allow eval to returna resultof typevalue (not just aninteger):

datatype value =
Int of int

| TupV of value list
| RClo of string * string list * expr * vfenv

withtype vfenv = (string, value) env

fun eval (e : expr) (env : vfenv) : value = ...

Notethatthisrequiressomechangeselsewherein theeval interpreter. For instance,theprimitiveoperationscurrently
work becauseeval alwaysreturnsanint, but with thesuggestedchange,they will haveto checkthateval returns
anInt i (e.g.by patternmatching).

Exercise 4.7 Add tuplesandselectorsto the typed functional language(fun/tychk.sml), and implementtype
checkingfor tuplesandselectorsalso.Youwill needto introduceanew kind of typeto representthetypeof a tupleof
values:

datatype typ =
...

| TypT of typ list (* tuple; list of element types *)

so that thetuplet in theabove exercisewould have typeTupT[TypI, TypB, TypB], andfunctionmax would
have typeTypF(TypT[TypI,TypI], TypI).

Exercise 4.8 Add lists(CstN is theemptylist [],ConC(e1,e2) ise1::e2), andcaseexpressionsto thelanguage,
whereCase(e0, e1, (h,t, e2)) is case e0 of [] => e1 | h::t => e2

datatype expr =
...

| CstN
| ConC of expr * expr
| Case of expr * expr * (string * string * expr)
| ..

Exercise 4.9 Add typecheckingfor lists. All elementsof a list musthave thesametype. You’ll needa new kind of
typeTypL of typ to representthetypeof listswith elementsof a giventype.
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