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Exercisess.1and5.2 areintendedto illustratethe differencebetweenStandardviL andJava programmingstyle; the
latter exerciseuseshigherorderfunctions. The exercisedook a bit overwhelming,but that's mostly becausef the
amountof explanation.Do thoseexercisegskippingsubquestionasindicated)if you feelthatyou needto strengthen
your StandardML skills. In this case alsodo oneor two of the next exercises.
Exercise$.3,5.4,5.5illustratetypical higherorderfunctionsin StandardvL. Do all threeexercisedf youdo not
do5.1or5.2. ConsiderdoingalsoExerciseb.6 which is abouta practicalapplicationof higherorderfunctions.
Thelaterexercisesareabouttheimplementatiorof the higherorderfunctionallanguage.

Exercise 5.1 The purposeof this exerciseis to contrastthe StandardML and Java programmingstyles,especially
asconcernghe handlingof lists of elements.The exerciseasksyou to write functionsthat merge two sortedlists of
integers,creatinga new sortedlist thatcontainsall the elementf the givenlists.

(A) Implementan SML function
merge : int list * int list ->int list

thattakestwo sortedlists of intsandmeigestheminto asortedist of ints. Forinstanceperge ([ 3, 5, 12],
[2,3,4,7]) shouldgive[ 2, 3, 3,4,5,7,12] .

(B) Implementasimilar Javramethod
static int[] nerge(int[] xs, int[] ys)

thattakestwo sortedarraysof ints andmeigestheminto a sortedarrayof ints. The methodshouldbuild a new
array andshouldnot modify the givenarrays.Two arraysxs andys of ints maybebuilt lik e this:

int[] xs ={ 3, 5, 12 };

int[] ys ={2 3, 4 7}

(C) Thegoalof this exerciseis to useLinkedListsof Integersinsteadof arraysof ints asin part(B). This appearso
berathercumbersome— atleastif youtry to useiteratorsto traversethelists — sodo notwastetoo muchtime
onthis. Butif youfeellikeit, thengo ahead:implementa Javra method

static LinkedLi st nerge(List xs, List ys)

thattakestwo sortedlists of Integer objectsandmergestheminto a sortedList of Integer objects. The method
shouldbuild anew LinkedList,andshouldnotmodify thegivenLists. Theinterfacelist andtheclass.inkedList
arefrom thejava.util package.

Two Listsxs andys of Integerobjectsmaybebuilt lik e this:

Li nkedLi st xs = new Li nkedLi st ();
xs. addLast (new | nteger(3));

xs. addLast (new | nteger (5));

xs. addLast (new I nteger(12));

Li nkedLi st ys = new Li nkedLi st();
ys. addLast (new I nteger(2));

ys. addLast (new I nteger(3));

ys. addLast (new I nteger(4));

ys. addLast (new I nteger(7));
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Exercise 5.2 Thisexerciseis similarto the precedingone,but now you shouldhandlesortediists of arbitraryelement

type.

(A)

(B)

©

Write an SML function
nmergep : 'alist * "alist * ("a* 'a->int) ->"alist

sothatner gep(xs, ys, cnp) megesthetwo sortedlistsxs andys. Thethird agumentcpm : "a *
"a -> int isacomparisorfunctionsothatcnp(x, y) returnsanegative numberif x is lessthany, zero
if they areequal,andapositve numberif x is greaterthany .

For instancewith theintegercomparisorfunction
fun icmp (x, y) = if x<y then ~1 else if x>y then 1 else 0

thecallmerge ([3,5,12], [2,3,4,7], icnp) shouldreturn[ 2, 3, 3,4,5,7,12].
Definea string comparisorfunction scnp andwrite a call to the mer gep function that memgestheselists of
strings:

ssl
ss2

["abc", "apricot", "ballad", "zebra"]
["abelian", "ape", "carbon", "yosenmite"]

Usingthis functionfor comparingnteger pairs

fun pcnp ((x, y1), (y, y2)) =
if x<y then ~1 else if x=y then icnp(yl,y2) else 1

write a call to thener gep functionthatmegesthesdists of integerpairs:

psil
ps2

[(10, 4), (10, 7), (12, 0), (12, 1)]
[(9, 100), (10, 5), (12, 2), (13, 0)]

Write asimilar Javamethod
static oject[] nergep(Conparabl e[] xs, Conparable[] ys)

that megestwo sortedarraysxs andys of Comparableobjects. A Comparableobjectx hasa methodi nt
conpar eTo( Obj ect y) sothatx. conpar eTo(y) returnsa negative numberif x is lessthany, zeroif
they areequal,anda positive numberif X is greaterthany. Sinceclassintegerimplementsthe Comparable
interface,your mer gep methodwill beableto memge sortedarraysof Integerobjects.

As in (A) above, shav how to call the mer gep methodto memge two arraysof Strings. ClassString also
implementsComparable.

As in (A) abore, shav how to call the mer gep methodto merge two arraysof IntPair objects,representing
pairsof ints. Youwill needto definea classintPair sothatit implementsComparable.

Write a Javamethod
static onject[] mergec(Ohject[] xs, Object[] ys, Conparator cnp)

thatmeigestwo sortedarraysxs andys. TheComparatointerface(from packaggava.util) describesa method
int conpare(Cbject x, Object y) sothatcnp.conpare(x, Yy) returnsanegative numberif x
is lessthany, zeroif they areequal,anda positve numberif x is greaterthany.

Shav how to call thener gec methodto meigetwo arraysof Integers.



Programming L anguages | T-C, F2003

Exercise 5.3 Definethefollowing polymorphicSML functionsonlists usingthef ol dr functionfor lists:

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

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

Exercise 5.4 Definethe polymorphicSML functiontrmap : ('a -> 'b) -> ("a tree -> 'b tree) so
thatt map f t createsnew treeof thesameshapeast , but in whichthevalueof anodeisf v if thevalueof the
correspondingnodein theold treeis v.

Exercise 5.5 Definethefollowing polymorphicSML functionsontreesusingthet f ol d functionfrom thelecture:

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

e theabove functiont map

¢ thefunctiondepth : "a tree -> int fromexercisesheetl.
Recallthatthe preorderinorder andpostordetraversalsweredefinedin exercisesheet2.

Exercise 5.6 This exerciseis aboutusinghigherorderfunctionsfor productionof HTML code. Thisis handywhen
writing Webscriptsin StandardL (asin ML SenerPagessee

http://ell enpse. di na. kvl . dk/ ~sest of t / nep/ i ndex. nsp) or whengeneratingstaticwebpage$rom
databas@nformation.

(A) Write anSML function

htmrow: int * (int -> string) -> string
thatbuilds onerow of anumericHTML table.For example,

htmrow (3, fnj =>1Int.toString(j * 8))
shouldproducethe string

"<TR><TD ALI G\N=RI GHT>0<TD ALI G\N=RI GHT>8<TD ALI G\N=RI GHT>16"
Write an SML function

htmtable : int * (int -> string) -> string
thatbuildsanHTML table.For example,

htmtable (3, fni => String.concat["<TD>", Int.toString i,
"<TD>", Int.toString(i*8)]);
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shouldproducethe string

" <TABLE>\ n<TR><TD>0<TD>0\ n<TR><TD>1<TD>8\ n<TR><TD>2<TD>16\ n</ TABLE>"
The\ n meanmewline asin Java. Similarly,

htmtable (10, fni => htmrow10, fnj =>Int.toString((i+1)*(j+1))))

shouldproducea 10-by-10multiplicationtablein HTML.

(B) Implementmethodssimilarto ht m r owandht nl t abl e in Java. (Thisis cumbersome).
Exercise 5.7 Add anorymousfunctions,similarto SML'sfn x => ..., tothehigherorderfunctionallanguage:
dat at ype expr =

| Fn of string * expr

I
Anonymousfunctionsgive riseto non-recursie closuresof theform

dat at ype val ue =

| o of string * expr * vfenv (* (x, body, bodyenv) *)
w thtype vfenv = (string, value) env

For instancetheexpressiorf n x => 2* x might evaluateto this closure:
Co("x", Prim("*", [Cstl 2, Var "x"]), []) intheemptyenvironmentEnv. enpty.
Similarly, theexpression et y = 22 in fn z => z+y end mightevaluateto this closure:
Co("z", Prim("+", [Var "z", Var "y"]), [y~ 22]).
Extendtheevaluatorin file f un/ hof un. sn to interpretsuchanorymousfunctions.

Exercise 5.8 Extendthe lexer andparserspecificationto permitanorymousfunctions. The concretesyntaxmay be
asin SML: fn x => expr,wherex isavariable.

Exercise5.9 Write anSML functioncheck : expr -> bool thatcheckshatall variablesandfunctionnames
aredefinedwhenthey areused,andreturnst r ue if they are. This checler shouldaccepthe higherorderlanguage.
Thatis, in theabstracsyntaxCal | (el, e2) for afunctioncall, theexpressionel canbeanarbitraryexpression
andneednot beavariablename.

Thecheck functionneedgo carryaroundan‘environment’to know whichvariablesarebound.Thiservironment
canjustbeasimplelist of theboundvariables.

Exercise 5.10 Add mutuallyrecursve functiondeclarationsn the higherorderfunctionallanguage:
dat atype expr =
| Letfun of fundef list * expr
| .

wheretype fundef = string * string * expr

Exercise 5.11 Designa concretesyntaxfor the higherorderfunctionallanguageextendedwith lists, extendthelexer
andparserspecificationsandwrite someexampleprogramsn concretesyntax. (This is especiallyinterestingif you
have alreadyimplementedistsin thefunctionallanguageabstracsyntax,assuggesteih an Exercisefrom sheet4).

Exercise 5.12 Implementsomehigherorderfunctionsonlistsasexamples.Youmaygetinspirationfrom thestructure
List in Moscav ML or StandardML BasisLibrary.



