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It is recommendethatyou handin solutionsto Exercise2.1,2.4,2.5,and2.6 afterthe exerciseclasseslf you solve
moreexercisesyou arewelcometo handin thosesolutionsalso.

Exercise2.1 Lecture2 presentgshe SML functionpreorder : 'a tree -> 'a |i st thatreturnsalist of
thenodevaluesin atree,in preorder (rootbeforeleft subtreebeforeright subtree).

Now definea functioni nor der that returnsthe nodevaluesin inorder (left subtreebeforeroot beforeright
subtreelandafunctionpost or der thatreturnsthenodevaluesin postorder (left subtreebeforeright subtreebefore
root):

i norder : 'atree ->"a list
postorder : 'a tree -> "a |ist

Thusift isBr (1, Br(2, Lf, Lf), Br(3, Lf, Lf)),theninorder tis[2, 1, 3] andpostorder

tis[2, 3, 1].
It shouldhold thati norder (linear n) is[n, n-1, ..., 2, 1] andpostorder (linear n)
is[1, 2, ..., n-1, n],wherelinear n producesright-lineartree.

Notethatthe postfix (or reversePolish)representationf anexpressioris just a postordellist of the nodesin the
expressionstreerepresentation.

Exercise 2.2 Write acompiler(in SML, by modifyingsconp) thatgeneratestackmachinecodefor theSt ack. seval
interpreter(writtenin Java) from theexpr expressionanguage.The compilershouldoutputa sequencef integers
representinghe bytecodanstructionsto afile. An SML listi nss maybe outputto thefile calledf name usingthis
SML function:

fun instofile (inss : int list) (fnane : string) : unit =
let val os = Textl O openCQut fnanme
fun outn n = Textl O output(os, " " ™~ Int.toString n);

in
Li st.app outn inss;
Text 1 O cl oseQut os
end;

Exercise 2.3 Modify the stackmachineinterpreterin St ack. j ava to readthe stackmachineprogram,in the form
of asequencef integers from atext file, andthenexecuteit. Thenameof thetextfile maybegivenasacommand-line
parameteto the Java program.Readingfrom thetext file may be doneusingthe StringTokenizerclassor Stream-
kenizerclass(seeht t p: / / www. di na. kvl . dk/ ~sest of t / progranmmeri ng/ tekstfil er. pdf orasuit-
ableJaratextbook,or anonline Java tutorial).

It is essentiathatthe compiler(in SML) andthe interpreter(in Jasa) agreeon the intermediatdanguage:what
integerrepresentsvhatinstruction.

Exercise 2.4 Extendthe expressionlanguagewith multiple simultaneouget-bindings,suchasthis (in concretesyn-
tax):

let x1 = 5+7 X2 =89 * 2inx1 + x2 end
The correspondin@bstracsyntaxmight be
Let ([("x1", ...), ("x2", ...)], Prim("+", [Var "x1", Var "x2"]))

sothatLet takesalist of bindings,whereabindingis a pair of a variablenameandanexpression.
Revisethe eval interpreterto work for the extendedexpr language.Theideais thatall the right-handside
expressionshouldbe evaluated afterwhich all the variablesareboundto thosevaluessimultaneouslyHence
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let x =11 inlet x =22 y = x+1 in x+y end end

shouldcomputel?2 + 22 because in x+1 istheouterx (andhenceis 11),andx in x+y istheinnerx (andhence
is 22). Thus,in thelet-binding

let x1 =el ... xn =-enin e end
the scopeof thevariablesx1 ... xn shouldbee, notel ... en. In somelanguagest makessenseo let the
scopeof x1 ... xn betheright-handsidesel ... en in additionto e; in this casethe bindingsare mutually
recursve.

As anaside,obsenethatin SML, mutualrecursionmakessenseonly for function declarationgnot for arbitrary
valuedeclarations)suchasthese:

fun even n
and odd n

if n=0 then true else odd (n-1)
if n=0 then fal se el se even(n-1);

However, mutually recursve bindingssuchasthis
let x =y y =x+1iny end
male little sensen our expressioanguageOnecannoffind anintegervaluefor y thatsatisifiesy = y + 1.

Exercise 2.5 Revisethe functionscl osed : expr -> bool andfreevars : expr -> string |ist
to work for theextendedanguage.

Exercise2.6 Revisetheexpr -to-t expr compilert conp : expr -> texpr fortheextendedanguage.
Thereis no needto modify thet expr languageor thet eval interpreteto accommodatenultiple simultaneous
let-bindings.

Exercise2.7 Write afunctioncheck : expr -> bool for the extendedexpr languagethat returnstrue just
whentheexpressioris closedandno let-bindingbindsthe samevariabletwice. For instancejt shouldreturnfalseon
this expression

let x1 =7
x1 =9
in x1 end

because&1 is boundtwice.
Exercise 2.8 Defineaversionof the (haive) Fibonaccifunction

fun fib n =if n<2 then n else fib(n-1) + fib(n-2)
in PostscriptComputeFibonacciof 0, 1, . . ., 25.

Exercise 2.9 Definefunctionssimilarto even andodd from Exercise2.4,in Postscript.You mayusethatPostscript
(like SML) definesconstantd r ue andf al se. Computeeven of 10,11,and10001.

Exercise2.10 Write a Postscripprogramto computethesum1 + 2 + - - - + 1000. It mustreally do the summation,
not usethe closed—formexpression@ with n = 1000. (Trickier: do this usingonly af or -loop, no function
definition).



