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Do exercises4.1, 4.2, 4.3,4.4,4.5. Handin solutionsto all exceptexercise4.1. Exercises4.6 and4.7 are also
interestingandthelatteris probablythe simplestof thetwo.

Exercise4.1 Compilethe Env. si g andEnv. smi files, then generateand compile the lexer and parserfor the
small functionallanguageasdescribedn f un/ gr ammar . t xt . Parseandrun someexampleprogramsfrom file
fun/ parse.sm .

Exercise 4.2 Write more example programsin the functional language. For instance write programsthat do the
following:

e Computethe sumof the numberdrom 1000down to 1. Do this by defininga functionsum n thatcomputes
n+(n—1)+---+ 2+ 1 althoughtherearesmartemwaysto do this.

e Computethenumber3?, thatis, 3 raisedto the power 8. Again, usea recursve function.
e Compute3? + 3! + --- + 3!0 + 3!, usingtwo recursve functions.

e Computel® + 2% + ... + 108, againusingtwo recursve functions.

Exercise 4.3 For simplicity, the currentimplementatiorof the functionallanguagerequiresall functionsto take ex-
actly oneargument.This seriouslylimits the programghatcanbewritten in thelanguaggat leastit limits thosethat
canbewritten without excessve clevernesandcomplications).

Modify the languageto permit functionsto take one or morearguments.Startby modifying the abstractsyntax
to permitalist of parametenamesn Let f un andalist of agumentexpressionsn Cal | . After doingsoyou must
compileit with mosm ¢ -c¢ Absyn. sm , shutdown nosn andthenrestartit to load the newv compiledversion
of Absyn. Thenmodify theeval interpreteiin file f un. sm towork for thenew abstracsyntax.You mustmodify
the closurerepresentatioto accommodate list of parametersAlso, modify theLet f un andCal | clausef the
interpreter Youwill probablyfind thebi ndZi p functionfrom the Env structureuseful.

Exercise 4.4 In continuationof Exercise4.3, modify the parserspecificationto accepta languagewvherefunctions
may take any (non-zero)humberof arguments.Thetext file gr ammar . t xt givessomehints. Theresultingparser
shouldpermitfunctiondeclarationsuchasthese:

let powx 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

inlet max3 a b ¢ = max2 a (max2 b c)
in max3 25 6 62 end

end

You may want to stealthe Names1 nonterminalfrom usql / Sgl par . gr m exceptthat parametenamesare not
separatethy commasn micro-SML. You shouldchangethereturntype of nonterminalAppExpr to Absyn. expr
I i st andmake appropriatechange®lsavherein the parserspecification.

Exercise 4.5 Extendthe(untyped)functionallanguagevith sequentialogical ‘and’ (like SML'sandal so andJava’s
&&) andwith sequentialogical ‘or’ (like SML's or el se andJava’s | | ). Noticethatel && e2 canbeencoded
asif el then e2 else fal se andthatel || e2 canbeencodedasif el then true el se e2.
Henceyou needonly changethe lexer and parserspecificationsand make the new rulesin the parserspecification
generatéhe appropriateabstracsyntax.
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Exercise 4.6 Introducetupleconstructorg . . . ) andcomponentelectorsti , with this abstracsyntax:
dat atype expr =

| Tup of expr list
| Sel of int * expr

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

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

and

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

Notethatthis permitsfunctionsto take multiple argumentsandreturnmultiple results.
To extend the interpretercorrespondinglyyou needto introducea new kind of value, namely a tuple value
TupV(vs), andto allow eval to returnaresultof typeval ue (notjustaninteger):

dat atype val ue =
Int of int
| TupV of value Iist
| ROo of string * string list * expr * vfenv
wi thtype vfenv = (string, value) env

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

Notethatthisrequiressomechange®lsavherein theeval interpreterForinstancetheprimitiveoperationgurrently
work becauseval alwaysreturnsani nt , but with thesuggestedhangethey will haveto checkthateval returns
anl nt i (e.g.by patternmatching).

Exercise 4.7 Add tuplesand selectorgo the typed functionallanguage(f un/ t ychk. sm ), andimplementtype
checkingfor tuplesandselectorsalso. Youwill needto introducea new kind of typeto representhetypeof atuple of
values:

datatype typ =
| TypT of typ list (* tuple; list of elenment types *)

sothatthetuplet in the above exercisewould have type TupT[ Typl, TypB, TypB], andfunctionmax would
havetype TypF(TypT[ Typl, Typl], Typl).

Exercise 4.8 Addlists(Cst Nistheemptylist[] ,ConC( el, e2) isel: : e2), andcasexpressionso thelanguage,
whereCase(e0, el, (h,t, e2)) iscase e0 of [] => el | h::t => e2

dat atype expr =

CstN

ConC of expr * expr

Case of expr * expr * (string * string * expr)

Exercise 4.9 Add type checkingfor lists. All elementsf alist musthave the sametype. You'll needa new kind of
typeTypL of typ torepresenthetypeof listswith elementof a giventype.



