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Exercise sheet 2
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It is recommendethatyou handin solutionsto Exercises2.1,2.4,2.5,and?? afterthe exerciseclasseslf you solve
moreexercisesyou arewelcometo handin thosesolutionsalso.

Exercise2.1 DefineanSML functionl i near : int -> int treesothatl i near nproducesright-linear
tree with n nodes. For instance,l i near 0 shouldproducelLf, andl i near 2 shouldproduceBr (2, Lf,
Br(1, Lf, Lf)).

Exercise2.2 Lecture2 presentanSML functionpreorder : 'a tree -> 'a |i st thatreturnsalist of the
nodevaluesin 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 l|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-lineartreeasin Exercise??.

Notethatthe postfix (or reversePolish)representationf an expressions just a postordellist of the nodesin the
expressiors treerepresentation!

Exercise 2.3 Extendthe expressionanguageexpr from sen®. sm with multiple sequentialet-bindings,suchas
this (in concretesyntax):

|l et x1 = 5+7 X2 = x1*2 in x1+x2 end

To evaluatethis, the right-handside expression5+7 mustbe evaluatedandboundto x1, andthenx1* 2 mustbe
evaluatedandboundto x 2, afterwhichthelet-bodyx1+x2 is evaluated.
Thenew abstracsyntaxfor expr mightbe

dat at ype expr =
Cstl of int
| Var of string
| Let of (string * expr) list * expr (* CHANGED *)
| Primof string * expr list;

sothatthe Let constructortakesa list of bindings,wherea bindingis a pair of a variablenameandan expression.
Theexampleabove would berepresenteds:

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

Revise the eval interpreterfrom sen®. sm to work for the expr languageextendedwith multiple sequential
let-bindings.

Exercise 2.4 Revise the function cl osedl : expr -> bool to work for the languageas extendedin Exer-
cise2.4. Notethatthe exampleexpressiorin thebeginningof Exercise2.4is closedbutl et x1 = x1+7 in x1
end is not— avariablecannotbe usedon theright-handsideof its own binding. (Thereare programmindanguages
whereavariablecanbeusedin theright-handsideof its own binding,but expr is notsuchalanguage).
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Exercise 2.5 Revisetheexpr -to-t expr compilert conp : expr -> texpr fromsenR. sm towork for the
extendedexpr languageThereis no needto modify thet expr languageor thet eval interpreteito accommodate
multiple sequentialet-bindings.

Exercise 2.6 Write acompiler(in SML, by modifying sconp from sen®. sm ) thatgeneratestackmachinecode
fortheSt ack. seval interpreter(writtenin Java)from theoriginalexpr expressiorlanguageThecompilershould
outputalist of integersrepresentinghe bytecodenstructions.

You maytestthe outputof your compilerby typing in the numbersasani nt arrayin the St ack. j ava inter
preter (Or you may solve Exercise?? belawv to avoid this manualwork).

Exercise 2.7 Modify the compilerfrom Exercise?? to write the lists of integersto a file. An SML list i nss of
integersmay be outputto thefile calledf name usingthis SML function (foundin sen®. smi ):

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

in
Li st.app outn inss;
Text1 O cl oseQut os
end;

Thenmodify the stackmachineinterpreterin St ack. j ava to readthe sequencef integersfrom a text file, and
executeit asa stackmachineprogram. The nameof the textfile may be given asa command-lingparameteto the
Java program.Readingfrom the text file may be doneusingthe StringTokenizerclassor Streamdkenizerclass(see
http: //ww. di na. kvl . dk/ ~sest of t / programmreri ng/tekstfil er. pdf orasuitableJasatextbook,
or anonline Javatutorial).

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

Exercise 2.8 DefinePostscripfunctionscorrespondingo the SML functions

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

Then
e EvaluateandprintaddSeven 20 bytyping20 addSeven =.
e EvaluateandprintaddSeven for thenumber9)-12by typing0 1 12 { addSeven =} for
e andsimilarly for thegauss function.
Exercise 2.9 Defineaversionof the (haive) Fibonaccifunction
fun fibn =1if n<2 then n else fib(n-1) + fib(n-2)
in PostscriptComputeFibonacciof 0, 1, . . ., 25.

Exercise 2.10 Definefunctionssimilartoeven andodd fromsen®. smi , in PostscriptYoumayusethatPostscript
(like SML) definesconstants r ue andf al se. Computeeven of 10,11,and10001.

Exercise2.11 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).



