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Do exercises5.1,5.2,5.3,5.4,5.5.Handin thesolutions.

Exercise 5.1 Definethefollowing polymorphicSML functionson lists usingthefoldr functionfor lists:

� filter : (’a -> bool) -> (’a list -> ’a list)

wherefilter p xs appliesp to all elementsx of xs andreturnsa list of thosefor whichp x is true.

� mapPartial : (’a -> ’b option) -> (’a list -> ’b list)

wheremapPartial f xs appliesf to all elementsx of xs andreturnsa list thevaluesy for whichf x has
form SOME y.

ThusmapPartial (fn i => if i>7 then SOME(i-7) else NONE) [4, 12, 3, 17, 10]
shouldgive[5, 10, 3].

Exercise 5.2 DefinethepolymorphicSML functiontmap : (’a -> ’b) -> (’a tree -> ’b tree) so
thattmap f t createsa new treeof thesameshapeast, but in which thevalueof a nodeis f v if thevalueof the
correspondingnodein theold treeis v.

Exercise 5.3 Definethefollowing polymorphicSML functionson treesusingthetfold functionfrom thelecture:

� preorder1 : ’a tree -> ’a list

� inorder1 : ’a tree -> ’a list

� postorder1 : ’a tree -> ’a list

� theabovefunctiontmap

� thefunctiondepth : ’a tree -> int from exercisesheet1.

Recallthatthepreorder, inorder, andpostordertraversalsweredefinedin exercisesheet2.

Exercise 5.4 Add anonymousfunctions,similar to SML’sfn x => ..., to thehigher-orderfunctionallanguage:

datatype expr =
...

| Fn of string * expr
| ...

Anonymousfunctionsgive riseto non-recursiveclosuresof theform

datatype value =
...

| Clo of string * expr (* (x, body, bodyenv) *)

For instance,theexpressionfn x => 2*x mightevaluateto this closure:
Clo("x", Prim("*", [CstI 2, Var "x"]),

���
) in theemptyenvironmentEnv.empty.

Similarly, theexpressionlet y = 22 in fn z => z+y end mightevaluateto this closure:
Clo("z", Prim("+", [Var "z", Var "y"]),

� ����	�
���
).

Extendtheevaluatorin file fun/hofun.sml to interpretsuchanonymousfunctions.

Exercise 5.5 Extendthe lexer andparserspecificationto permitanonymousfunctions.Theconcretesyntaxmaybe
asin SML: fn x => expr, wherex is a variable.
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Exercise 5.6 Write an SML function check : expr -> bool that checkswhetherall variablesand function
namesaredefinedwhenthey areused.This checker shouldacceptthehigher-orderlanguage.That is, in theabstract
syntaxCall(e1, e2) for a function call, the expressione1 can be an arbitrary expressionand neednot be a
variablename.

Exercise 5.7 Add mutuallyrecursive functiondeclarationsin thehigher-orderfunctionallanguage:

datatype expr =
...

| Letfun of fundef list * expr
| ...

wheretypefundef= string* string* expr

Exercise 5.8 Add lists (CstN is the empty list CstN, ConC(e1,e2) is e1::e2), and caseexpressionsto the
language,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 5.9 Implementsomehigher-orderfunctionson listsasexamples.Youmaygetinspirationfrom thestructure
List in Moscow ML or StandardML BasisLibrary.

Exercise 5.10 Designaconcretesyntaxfor thehigher-orderfunctionallanguageextendedwith lists,extendthelexer
andparserspecifications,andwrite someexampleprogramsin concretesyntax.

Exercise 5.11 Extendthe (monomorphicor polymorphic)type checker to dealwith lists. Use the following extra
kindsof types:

datatype typ =
...

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

Exercise 5.12 Studya lazy functionallanguagesuchasHaskell (www.haskell.org). TheHaskell compilerthat
is easiestto install anduseis probablyHugs(http://www.haskell.org/hugs/).
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