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Solve the six first SML exercises,andExercise1.8. The solutionsto Exercises1.10,1.11,1.12,and1.16mustbe
handedin aftertheexerciseclasses.If you solvemoreexercises,youarewelcometo handin thosesolutionsalso.

Exercise 1.1 DefineanSML functionmax2 : int * int -> int thatreturnsthelargestof its two arguments.
For instance,max(99, 3) shouldgive99.

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

Exercise 1.3 Definea functionisPositive : int list -> bool sothatisPositive xs returnstrueif
all elementsof xs aregreaterthan0, andfalseotherwise.

Exercise 1.4 Definea function isSorted : int list -> bool so that isSorted xs returnstrue if the
elementsof xs appearsortedin non-decreasingorder, andfalseotherwise.For instance,thelist [11, 12, 12] is
sorted,but [12, 11, 12] is not. Notethattheemptylist [] andall one-elementlists suchas[23] aresorted.

Exercise 1.5 Define an SML function count : inttree -> int that countsthe numberof internal nodes
(Br constructors)in aninttree, wherethe typeinttree is definedin the lecture. That is, count (Br(37,
Br(117, Lf, Lf), Br(42, Lf, Lf))) shouldgive3, andcount Lf shouldgive0.

Exercise 1.6 DefineanSML functiondepth : inttree -> int thatmeasuresthedepthof aninttree, that
is, themaximalnumberof internalnodes(Br constructors)on apathfrom theroot to a leaf. For instance,
depth (Br(37, Br(117, Lf, Lf), Br(42, Lf, Lf))) shouldgive2, anddepth Lf shouldgive0.

Exercise 1.7 Extendthelecture’s expressionlanguagewith theadditionaloperators:max,min, andequals.They all
take two arguments.Theequalsoperatorshouldreturn1 whentrue,and0 whenfalse.

Exercise 1.8 Write moreexampleexpressionsin theexpressionlanguage(in abstractsyntax),andevaluatethemusing
theeval function.

Exercise 1.9 Rewrite one of the eval functionsto evaluatethe argumentsof a dyadic (two-argument)primitive
beforebranchingouton thekind of primitive,in thisstyle:

fun eval e env : int =
case e of

...
| Prim(ope, [e1, e2]) =>

let val i1 = ...
val i2 = ...

in
case ope of

"*" => i1 * i2
| ...

end

Exercise 1.10 Extendthe expressionlanguagewith conditionalexpressionsIf(e1, e2, e3) correspondingto
Java’sexpressione1 ? e2 : e3 or SML’sexpressionif e1 then e2 else e3.

Thedatatype(abstractsyntax)for expressionsmaybeextendedasfollows:

datatype expr =
CstI of int

| Var of string
| If of expr * expr * expr
| Prim of string * expr list
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Extendtheinterpreterfunctioneval correspondingly. It shouldevaluatee1, andif e1 is non-zero,thenevaluatee2,
elseevaluatee3.

Notethatvariousstrangeandnon-standardinterpretationsof theconditionalexpressionis possible.For instance,
theinterpretermight startby testingwhetherexpressionse2 ande3 aresyntacticallyidentical,in which casethereis
no needto evaluatee1, only e2 (or e3). Althoughpossible,this is hardlyveryuseful.

Exercise 1.11 Declarean alternative datatypeaexpr for a representationof arithmeticexpressionswithout let-
binding.ThedatatypeshouldhaveconstructorsCstI, Var, Add, Mul, Div, Sub, for constants,variables,addition,
multiplication,division,andsubtraction.

The idea is that we can represent���������
	�� asMul(Var "x", Add(Var "y", CstI 3)) insteadof
Prim("*", [Var "x", Prim("+", [Var "y", CstI 3])]).

Write therepresentationof theexpressions
�� ��������� and ��� ��	���������� . How should����������� 
 berepresented?

Exercise 1.12 Write an SML functionfmt : aexpr -> string to format expressionsasSML strings. For
instance,it mayformatSub(Var "x", CstI 34) astheSML string"(x - 34)".

Exercise 1.13 WriteanSML functionsimplify : aexpr -> aexpr to performexpressionsimplification.For
instance,it shouldsimplify ��� �"!��#�$���%�"!�� to � .

Exercise 1.14 (Only for peoplewith fond recollectionsof differentialcalculus).Write anSML function to perform
symbolicdifferentiationof simplearithmeticexpressions(suchasthoseabove)with respectto a singlevariable.

Exercise 1.15 Write a versionof the formattingfunctionfmt which avoids producingexcessparentheses.For 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-c". Also, it shouldbetakeninto accountthatoperatorsassociateto theleft, sothat

Sub(Sub(Var "a", Var "b"), Var "c")

is formattedas"a-b-c" whereas

Sub(Var "a", Sub(Var "b", Var "c"))

is formattedas"a-(b-c)".
This canbe achievedby declaringthe formattingfunction to take anextra parameterctxpre that indicatesthe

precedenceor binding strengthof the context. The formatting function thenhastype fmt : int * expr ->
string.

Higher precedencemeansstrongerbinding. When the top-mostoperatorof an expressionto be formattedhas
higherprecedencethanthe context, thereis no needfor parenthesesaroundthe expression.A left associative oper-
ator of precedence6 (in SML), suchasminus(-), providescontext precedence5 to its left argument,andcontext
precedence6 to its right argument.As a consequence,-(a, -(b, c)) will beparenthesizeda - (b - c) but
-(-(a, b), c) will beparenthesizeda - b - c.

Exercise 1.16 The purposeof this exerciseis to useJava classesandmethodsto do what we have doneusing the
SML datatypeaexpr from Exercise1.11above. Designa Javaclasshierarchyto representarithmeticexpressions:it
couldhave anabstractclassExpr with subclasseCstI, Var, andBinop, wherethelatter is itself abstractandhas
concretesubclassesAdd, Mul, Sub, andDiv. All classesshouldimplementthetoString() methodto formatan
abstractsyntaxtreeasaJavaString. Theclassdeclarationsmaylook like this:

2



Programming Languages IT-C, F2002

abstract class Expr {
abstract public String toString();

}

class CstI extends Expr {
private int i;

public CstI(int i) {
this.i = i;

}

public String toString() { ... }
}

class Var extends Expr {
private String name;

public Var(String name) {
this.name = name;

}

public String toString() { ... }
}

abstract class Binop extends Expr {
private String oper;
private Expr e1, e2;

public Binop(String oper, Expr e1, Expr e2) {
this.oper = oper; this.e1 = e1; this.e2 = e2;

}

public String toString() { ... }
}

class Add extends Binop { ... }
class Mul extends Binop { ... }
class Sub extends Binop { ... }
class Div extends Binop { ... }

Theclassesmaybeusedlike this:

Expr e = new Add(new CstI(17), new Var("z"));
System.out.println(e.toString());

Createsomeabstractsyntaxtreesin Javaandprint them.

Exercise 1.17 How wouldyouaddfacilitiesto evaluatearithmeticexpressionsrepresentedin Javaasin Exercise1.16?
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