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It is recommendedthatyouhandin solutionsto Exercises2.1,2.4,2.5,and2.6aftertheexerciseclasses.If yousolve
moreexercises,youarewelcometo handin thosesolutionsalso.

Exercise 2.1 Lecture2 presentsthe SML functionpreorder : ’a tree -> ’a list that returnsa list of
thenodevaluesin 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-lineartree.

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

Exercise 2.2 Writeacompiler(in SML, bymodifyingscomp) thatgeneratesstackmachinecodefor theStack.seval
interpreter(written in Java) from theexpr expressionlanguage.Thecompilershouldoutputa sequenceof integers
representingthebytecodeinstructionsto a file. An SML list inss maybeoutputto thefile calledfname usingthis
SML function:

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;

Exercise 2.3 Modify thestackmachineinterpreterin Stack.java to readthestackmachineprogram,in theform
of asequenceof integers,from atext file, andthenexecuteit. Thenameof thetextfile maybegivenasacommand-line
parameterto theJava program.Readingfrom thetext file maybedoneusingtheStringTokenizerclassor StreamTo-
kenizerclass(seehttp://www.dina.kvl.dk/~sestoft/programmering/tekstfiler.pdf or asuit-
ableJava textbook,or anonlineJava tutorial).

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

Exercise 2.4 Extendtheexpressionlanguagewith multiple simultaneouslet-bindings,suchasthis (in concretesyn-
tax):

let x1 = 5+7 x2 = 89 * 2 in x1 + x2 end

Thecorrespondingabstractsyntaxmight be

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

sothatLet takesa list of bindings,wherea bindingis apair of a variablenameandanexpression.
Revise the eval interpreterto work for the extendedexpr language.The idea is that all the right-handside

expressionsshouldbeevaluated,afterwhichall thevariablesareboundto thosevaluessimultaneously. Hence
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let x = 11 in let x = 22 y = x+1 in x+y end end

shouldcompute12 + 22 becausex in x+1 is theouterx (andhenceis 11),andx in x+y is theinnerx (andhence
is 22). Thus,in thelet-binding

let x1 = e1 ... xn = en in e end

thescopeof thevariablesx1 ... xn shouldbee, not e1 ... en. In somelanguagesit makessenseto let the
scopeof x1 ... xn be the right-handsidese1 ... en in additionto e; in this casethe bindingsaremutually
recursive.

As anaside,observe that in SML, mutualrecursionmakessenseonly for functiondeclarations(not for arbitrary
valuedeclarations),suchasthese:

fun even n = if n=0 then true else odd (n-1)
and odd n = if n=0 then false else even(n-1);

However, mutuallyrecursivebindingssuchasthis

let x = y y = x + 1 in y end

make little sensein ourexpressionlanguage.Onecannotfind anintegervaluefor y thatsatisifiesy = y + 1.

Exercise 2.5 Revise the functionsclosed : expr -> bool andfreevars : expr -> string list
to work for theextendedlanguage.

Exercise 2.6 Revisetheexpr-to-texpr compilertcomp : expr -> texpr for theextendedlanguage.
Thereis no needto modify thetexpr languageor theteval interpreterto accommodatemultiplesimultaneous

let-bindings.

Exercise 2.7 Write a functioncheck : expr -> bool for the extendedexpr languagethat returnstrue just
whentheexpressionis closedandno let-bindingbindsthesamevariabletwice. For instance,it shouldreturnfalseon
this expression

let x1 = 7
x1 = 9

in x1 end

becausex1 is boundtwice.

Exercise 2.8 Definea versionof 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 2.9 Definefunctionssimilar toeven andodd from Exercise2.4,in Postscript.YoumayusethatPostscript
(likeSML) definesconstantstrue andfalse. Computeeven of 10,11,and10001.

Exercise 2.10 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).
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