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Solve the six first SML exercises,and Exercisel.8. The solutionsto Exercisesl.10,1.11,1.12,and 1.16 mustbe
handedn afterthe exerciseclasseslf you solve moreexercisesyou arewelcometo handin thosesolutionsalso.

Exercise 1.1 DefineanSML functionmax2 : int * int -> int thatreturnsthelargestof its two arguments.
Forinstancemax (99, 3) shouldgive 99.

Exercise 1.2 DefineanSML functionmax3 : int * int * int -> int thatreturnsthelargestof its three
arguments.

Exercise 1.3 Defineafunctioni sPositive : int list -> bool sothati sPositive xs returnstrueif

all elementof xs aregreaterthan0, andfalseotherwise.

Exercise 1.4 Definea functioni sSorted : int list -> bool sothati sSorted xs returnstrueif the
elementof xs appearsortedin non-decreasingrder, andfalseotherwise.For instancethelist[ 11, 12, 12] is
sortedbut[ 12, 11, 12] isnot. Notethattheemptylist[] andall one-elemenlists suchas[ 23] aresorted.

Exercise 1.5 Define an SML functioncount : inttree -> int thatcountsthe numberof internal nodes
(Br constructorsjn ani nttree, wherethetypei nttree is definedin thelecture. Thatis, count ( Br (37,
Br(117, Lf, Lf), Br(42, Lf, Lf))) shouldgive3,andcount Lf shouldgiveO.

Exercise 1.6 DefineanSML functiondepth : inttree -> int thatmeasurethedepthofani nttree,that
is, themaximalnumberof internalnodes(Br constructorspn apathfrom therootto aleaf. Forinstance,
depth (Br(37, Br(117, Lf, Lf), Br(42, Lf, Lf))) shouldgive2,anddepth Lf shouldgiveO.

Exercise 1.7 Extendthe lectures expressiorlanguagewith the additionaloperatorsmax, min, andequals.They all
take two arguments.Theequalsoperatorshouldreturn1 whentrue,and0 whenfalse.

Exercise 1.8 Write moreexampleexpressionn theexpressiodanguagdin abstracsyntax),andevaluatethemusing
theeval function.

Exercise 1.9 Rewrite one of the eval functionsto evaluatethe argumentsof a dyadic (two-argument)primitive
beforebranchingout onthekind of primitive, in this style:

fun eval e env : int =
case e of

| Prim(ope, [el, e2]) =>
let val i1
val i2

in
case ope of
R => 1 % 2
I

end

Exercise 1.10 Extendthe expressionlanguagewith conditionalexpressiond f (el, e2, e3) correspondingo
Jara’sexpressionel ? e2 : e3 orSML'sexpressiori f el then e2 el se e3.
Thedatatypgabstracsyntax)for expressionsnay be extendedasfollows:

dat atype expr =
Cstl of int
| Var of string
| If of expr * expr * expr
| Primof string * expr |ist
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Extendtheinterpreteffunctioneval correspondinglylt shouldevaluateel, andif el is non-zerothenevaluatee2,
elseevaluatee3.

Notethatvariousstrangeandnon-standaréhterpretationof the conditionalexpressions possible.For instance,
theinterpretemight startby testingwhetherexpression®2 ande3 aresyntacticallyidentical,in which casethereis
no needto evaluateel, only e2 (or e3). Althoughpossiblethisis hardlyvery useful.

Exercise 1.11 Declarean alternatve datatypeaexpr for a representatiorof arithmetic expressionswithout let-
binding. The datatypeshouldhave constructorCst | , Var , Add, Mul , Di v, Sub, for constantsyariablesaddition,
multiplication, division, andsubtraction.

Theideais thatwe canrepresent: * (y + 3) asMul (Var "x", Add(Var "y", Cstl 3)) insteadof
Prim("*", [Var "x", Prinm("+", [Var "y", GCstl 3])]).

Write therepresentationf theexpression® — (w+ z) and2/(3+z xy). How shouldz +y + z+ v berepresented?

Exercise 1.12 Write an SML functionf nt : aexpr -> string toformatexpressionsasSML strings. For
instancejt mayformatSub(Var "x", Cstl 34) astheSML string" (x - 34)".

Exercise 1.13 WriteanSML functionsi npl i fy : aexpr -> aexpr toperformexpressiorsimplification.For
instancejt shouldsimplify (1 + 0) * (z + 0) to .

Exercise 1.14 (Only for peoplewith fond recollectionsof differentialcalculus). Write an SML functionto perform
symbolicdifferentiationof simplearithmeticexpressiongsuchasthoseabove) with respecto a singlevariable.

Exercise 1.15 Write a versionof the formattingfunctionf nt which avoids producingexcessparenthesesFor in-
stance,

Mul (Sub(Var "a", Var "b"), Var "c")
shouldbeformattedas" (a- b) *c" , whereas
Sub(Mul (Var "a", Var "b"), Var "c")
shouldbeformattedas" a* b- ¢" . Also, it shouldbetakeninto accounthatoperatorsassociateo theleft, sothat
Sub( Sub(Vvar "a", Var "b"), Var "c")
is formattedas" a- b- ¢" whereas
Sub(Var "a", Sub(Var "b", Var "c"))

is formattedas" a- (b-c) ".

This canbe achiezed by declaringthe formattingfunctionto take an extra parametect xpr e thatindicatesthe
precedencer binding strengthof the context. The formatting functionthenhastypefnt : int * expr ->
string.

Higher precedenceneansstrongerbinding. When the top-mostoperatorof an expressionto be formattedhas
higherprecedenc¢hanthe context, thereis no needfor parenthesearoundthe expression.A left associatie oper
ator of precedencé (in SML), suchasminus(- ), providescontet precedenc® to its left agument,and context
precedencé to its right algument.As aconsequence,(a, - (b, c¢)) will beparenthesized - (b - c¢) but
-(-(a, b), c) will beparenthesized - b - c.

Exercise 1.16 The purposeof this exerciseis to useJava classesand methodsto do what we have doneusingthe
SML datatypeaexpr from Exercisel.1llabove. Designa Javaclasshierarchyto represenarithmeticexpressionsit
couldhave anabstractlassExpr with subclass€st | , Var , andBi nop, wherethe latteris itself abstractandhas
concretesubclassesdd, Mul , Sub, andDi v. All classeshouldimplementthet oSt ri ng() methodto formatan
abstracsyntaxtreeasaJasa St r i ng. Theclassdeclarationsnaylook lik e this:
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abstract class Expr {
abstract public String toString();

}

class Cstl extends Expr {
private int i;

public Cstl(int i) {
this.i =1i;

}

public String toString() { ... }
}

cl ass Var extends Expr {
private String nane;

public Var(String name) {
thi s. name = nane;

}

public String toString() { ... }
}

abstract class Binop extends Expr {
private String oper;
private Expr el, e2;

public Binop(String oper, Expr el, Expr e2) {
this.oper = oper; this.el = el; this.e2 = e2;

}

public String toString() { ... }
}

cl ass Add extends Binop {
class Mul extends Binop {
cl ass Sub extends Binop {
class Div extends Binop {

(SN

Theclassesnaybeusedlik e this:

Expr e = new Add(new Cstl(17), new Var("z"));
Systemout.printlin(e.toString());

Createsomeabstracsyntaxtreesin Javaandprint them.

Exercise 1.17 How wouldyouaddfacilitiesto evaluatearithmeticexpressionsepresentedh Jasaasin Exercisel.16?



