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Exercise sheet 2
for 19 February 2003

2003-02-12*

It is recommendedthatyou handin solutionsto Exercises2.1,2.4,2.5,and?? aftertheexerciseclasses.If you solve
moreexercises,you arewelcometo handin thosesolutionsalso.

Exercise 2.1 DefineanSML functionlinear : int -> int tree sothatlinear � producesaright-linear
tree with � nodes. For instance,linear 0 shouldproduceLf, andlinear 2 shouldproduceBr(2, Lf,
Br(1, Lf, Lf)).

Exercise 2.2 Lecture2 presentsanSML functionpreorder : ’a tree -> ’a list thatreturnsa list of the
nodevaluesin a tree,in preorder (rootbeforeleft subtreebeforeright subtree).

Now definea function inorder that returnsthe nodevaluesin inorder (left subtreebeforeroot beforeright
subtree)anda functionpostorder thatreturnsthenodevaluesin postorder (left subtreebeforeright subtreebefore
root):

inorder : ’a tree -> ’a list
postorder : ’a tree -> ’a list

Thusif t isBr(1, Br(2, Lf, Lf), Br(3, Lf, Lf)), theninorder t is[2, 1, 3] andpostorder
t is [2, 3, 1].

It shouldhold thatinorder (linear n) is [n, n-1, ..., 2, 1] andpostorder (linear n)
is [1, 2, ..., n-1, n], wherelinear n producesa right-lineartreeasin Exercise??.

Notethat thepostfix(or reversePolish)representationof anexpressionis just a postorderlist of thenodesin the
expression’s treerepresentation!

Exercise 2.3 Extendtheexpressionlanguageexpr from sem2.sml with multiple sequentiallet-bindings,suchas
this (in concretesyntax):

let x1 = 5+7 x2 = x1*2 in x1+x2 end

To evaluatethis, the right-handsideexpression5+7 mustbe evaluatedandboundto x1, and thenx1*2 mustbe
evaluatedandboundto x2, afterwhich thelet-bodyx1+x2 is evaluated.

Thenew abstractsyntaxfor expr mightbe

datatype expr =
CstI of int

| Var of string
| Let of (string * expr) list * expr (* CHANGED *)
| Prim of string * expr list;

so that theLet constructortakesa list of bindings,wherea binding is a pair of a variablenameandanexpression.
Theexampleabovewould berepresentedas:

Let ([("x1", ...), ("x2", ...)], Prim("+", [Var "x1", Var "x2"]))

Revise the eval interpreterfrom sem2.sml to work for the expr languageextendedwith multiple sequential
let-bindings.

Exercise 2.4 Revise the function closed1 : expr -> bool to work for the languageas extendedin Exer-
cise2.4.Notethattheexampleexpressionin thebeginningof Exercise2.4is closed,but let x1 = x1+7 in x1
end is not— avariablecannotbeusedon theright-handsideof its own binding. (Thereare programminglanguages
whereavariablecanbeusedin theright-handsideof its own binding,but expr is notsucha language).
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Exercise 2.5 Revisetheexpr-to-texpr compilertcomp : expr -> texpr from sem2.sml to work for the
extendedexpr language.Thereis noneedto modify thetexpr languageor theteval interpreterto accommodate
multiplesequentiallet-bindings.

Exercise 2.6 Write a compiler(in SML, by modifyingscomp from sem2.sml) thatgeneratesstackmachinecode
for theStack.seval interpreter(writtenin Java)from theoriginalexpr expressionlanguage.Thecompilershould
outputa list of integersrepresentingthebytecodeinstructions.

You may testtheoutputof your compilerby typing in thenumbersasanint arrayin theStack.java inter-
preter. (Or you maysolveExercise?? below to avoid thismanualwork).

Exercise 2.7 Modify the compiler from Exercise?? to write the lists of integersto a file. An SML list inss of
integersmaybeoutputto thefile calledfname usingthis SML function(foundin sem2.sml):

fun instofile (inss : int list) (fname : string) : unit =
let val os = TextIO.openOut fname

fun outn n = TextIO.output(os, " " ^ Int.toString n);
in

List.app outn inss;
TextIO.closeOut os

end;

Thenmodify the stackmachineinterpreterin Stack.java to readthe sequenceof integersfrom a text file, and
executeit asa stackmachineprogram. The nameof the textfile may be given asa command-lineparameterto the
Java program.Readingfrom thetext file maybedoneusingtheStringTokenizerclassor StreamTokenizerclass(see
http://www.dina.kvl.dk/~sestoft/programmering/tekstfiler.pdf or asuitableJavatextbook,
or anonlineJava tutorial).

It is essentialthat the compiler(in SML) andthe interpreter(in Java) agreeon the intermediatelanguage:what
integerrepresentswhatinstruction.

Exercise 2.8 DefinePostscriptfunctionscorrespondingto theSML functions

fun addSeven n = n + 7;
fun gauss n = n * (n + 1) div 2;

Then

� Evaluateandprint addSeven 20 by typing20 addSeven =.

� Evaluateandprint addSeven for thenumbers0–12by typing0 1 12 { addSeven = } for

� andsimilarly for thegauss function.

Exercise 2.9 Defineaversionof the(naive)Fibonaccifunction

fun fib n = if n<2 then n else fib(n-1) + fib(n-2)

in Postscript.ComputeFibonacciof
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�

.

Exercise 2.10 Definefunctionssimilartoeven andodd fromsem2.sml, in Postscript.YoumayusethatPostscript
(like SML) definesconstantstrue andfalse. Computeeven of 10,11,and10001.

Exercise 2.11 Write a Postscriptprogramto computethesum
����
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. It mustreally do thesummation,
not usethe closed-formexpression �

�
�
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. (Trickier: do this usingonly a for-loop, no function
definition).

2


