Programming L anguages I T-C, F2002

Exercise sheet 5
for 13 March 2002

2002-03-06
Do exercise$.1,5.2,5.3,5.4,5.5. Handin the solutions.
Exercise5.1 Definethefollowing polymorphicSML functionson lists usingthef ol dr functionfor lists:

efilter : ("a ->bool) -> ("alist ->"a list)
wherefilter p xs appliesp to all elementx of xs andreturnsalist of thosefor whichp x is true.

e mapPartial : ("a -> "b option) -> ("a list ->"b list)
wheremapParti al f xs appliesf toall elementx of xs andreturnsalist thevaluesy for whichf x has
form SOMVE y.
ThusmapPartial (fni =>if i>7 then SOVE(i-7) else NONE) [4, 12, 3, 17, 10]
shouldgive[ 5, 10, 3].

Exercise5.2 Definethe polymorphicSML functiontmap : ('a -> 'b) -> ("a tree -> 'b tree) so
thatt map f t createsanew treeof thesameshapeast , but in whichthevalueof anodeisf v if thevalueof the
correspondingnodein theold treeis v.

Exercise 5.3 Definethefollowing polymorphicSML functionson treesusingthet f ol d functionfrom thelecture:

e preorderl : 'a tree -> "a list
einorderl : "a tree -> "a list
e postorderl : 'a tree -> "a |ist

¢ theabovefunctiont map
e thefunctiondepth : ’"a tree -> int fromexercisesheetl.
Recallthatthe preorderinorder, andpostordetraversalswveredefinedin exercisesheet2.
Exercise 5.4 Add anorymousfunctions,similarto SML'sfn x => ..., tothehigherorderfunctionallanguage:
dat atype expr =

| Fn of string * expr

I
Anonymousfunctionsgive riseto non-recursie closuresof theform
dat atype val ue =
| Clo of string * expr (* (x, body, bodyenv) *)

Forinstancetheexpressiorf n x => 2*x mightevaluateto this closure:
Co("x", Prim("*", [Cstl 2, Var "x"]), []) intheemptyervironmentEnv. enpty.
Similarly, theexpression et y = 22 in fn z => z+y end mightevaluateto this closure:
Co("z", Prim("+", [Var "z", Var "y"]), [y~ 22]).
Extendthe evaluatorin file f un/ hof un. sm to interpretsuchanorymousfunctions.

Exercise 5.5 Extendthelexer andparserspecificatiorto permitanorymousfunctions. The concretesyntaxmay be
asin SML: fn x => expr,wherex isavariable.



Programming L anguages I T-C, F2002

Exercise5.6 Write an SML functioncheck : expr -> bool thatcheckswhetherall variablesand function
namesaredefinedwhenthey areused.This checler shouldaccepthe higherorderlanguage Thatis, in the abstract
syntaxCal | (el, e2) for afunction call, the expressionel can be an arbitrary expressionand neednot be a
variablename.

Exercise5.7 Add mutuallyrecursve functiondeclarationsn the higherorderfunctionallanguage:
dat atype expr =

| Letfun of fundef list * expr

I
wheretypdundef= string™* string* expr

Exercise 5.8 Add lists (Cst N is the emptylist Cst N, ConC( el, e2) is el: : e2), and caseexpressiondo the
languagewhereCase(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)

I
I
I
I
Exercise 5.9 Implementsomehigherorderfunctionson lists asexamples.You maygetinspirationfrom thestructure

List in Moscav ML or StandardML BasisLibrary.

Exercise5.10 Designaconcretesyntaxfor the higherorderfunctionallanguagesxtendedwith lists, extendthe lexer
andparserspecificationsandwrite someexampleprogramsn concretesyntax.

Exercise5.11 Extendthe (monomorphicor polymorphic)type checler to dealwith lists. Usethe following extra
kindsof types:

datatype typ =

| TypL of typ (* list, element type is typ *)
| ...

Exercise5.12 Studya lazy functionallanguagesuchasHaslell (wwv. haskel | . or g). The Haslell compilerthat
is easiesto installanduseis probablyHugs(ht t p: / / www. haskel | . or g/ hugs/ ).



