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Do exercises8.1,8.2,8.6,8.7,and8.8. Handin thesolutions.

Exercise 8.1 Write a tail-recursive versionleni : int list -> int -> int and a continuation-passing
style(CPS)versionlenc : int list -> (int -> int) -> int of thelist lengthfunctionlen:

fun len [] = 0
| len (x::xr) = 1 + len xr;

Exercise 8.2 Write acontinuation-passingversionrevc : ’a list -> (’a list -> ’a list) -> ’a
list of thelist reversalfunctionrev:

fun rev [] = []
| rev (x::xr) = rev xr @ [x];

This shouldbe calledasrevc xs id, whereid = fn v => v is the identity function. Thenobserve that the
continuationk canalwaysberepresentedby a functionof theform fn u => u @ r. Usethis to obtainanefficient
tail-recursiveversionrevi : ’a list -> ’a list -> ’a list of thelist reversalfunction.

Exercise 8.3 Write a tail-recursive versionprodi : int list -> int -> int anda continuation-passing
versionprodc : int list -> (int -> int) -> int of thelist productfunctionprod:

fun prod [] = 1
| prod (x::xr) = x * prod xr;

Exercise 8.4 Optimizethe tail-recursive versionandthe CPSversionof theprod function above. The ideais that
bothversionscouldterminateassoonasthey encountera zeroin thelist (becauseany list containinga zerowill have
productzero).

Exercise 8.5 Write moreexamplesusingexceptionsandexceptionhandlingin the small functionalandimperative
languagesimplementedin cont/fun.sml andcont/imp.sml, andrun themusingthegiveninterpreters.

Exercise 8.6 Whatstatementsarein tail positionin thesimpleimperative languageimplementedbycoExec1 in file
cont/imp.sml? Intuitively, thelaststatementin a statementblock{ ... } is in tail positionprovidedtheentire
block is. Canyou arguethatthis is actuallythecase,lookingat theinterpretercoExec1?

Exercise 8.7 ThecoExec1 versionof theimperative languageinterpreterin file cont/imp.sml supportsa state-
ment Throw to throw anexception.ThisThrow statementis similartothrow in Java. Add anexpression EThrow to
theexpressionabstractsyntaxto permitthrowing exceptionsalsoinsideanexpression,asin SML’sraise expression.
Youwill needto rewrite theexpressioninterpretereval in continuation-passingstyle.

Thereturntypeof yournew expressioninterpretershouldbeanswer asfor coExec1, andit shouldtakeanormal
continuationof type(int -> answer) asargument,whereanswer is theexactsametypeusedin thecoExec1
statementinterpreter. (Like coExec1, your new expressioninterpreterneednot take anerrorcontinuation,because
wedo not intendto implementexceptionhandling.)

Your interpretershouldbeableto executerun1 ex4 andrun1 ex5 where

val ex4 =
Block[If(EThrow (Exn "Foo"), Block[], Block[])];

val ex5 =
While(EThrow (Exn "Foo"), Block[]);
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Exercise 8.8 (1)UsingtheIcon-stylemini-languageandinterpreterin cont/backtrack.sml,write anexpression
that producesandprints the values2 4 6 8. Write an expressionthat producesandprints the values3 5 7 9.
Write anexpressionthatproducesandprintsthevalues21 22 31 32 41 42.

(2)Thelanguage(likerealIcon)hasnoBooleanvalues.Instead,failureis usedto meanfalse, andsuccessmeans
true. For instance,the less-thancomparisonoperator(<) behavesasfollows: 3 < 2 fails, and3 < 4 succeeds
(once)with thevalue4. Similarly, thanksto backtracking,3 < (1 to 5) succeeds(twice) with thevalues4 and
5. Usethis to write anexpressionthatprintstheleastmultipleof 7 thatis greaterthan50.

(3) Extendtheabstractsyntaxwith unary(one-argument)primitive functions,like this:

datatype expr =
...

| Prim1 of string * expr

Extendtheinterpretereval to handlesuchunaryprimitives,anddefinetwo suchprimitives:(a)defineaprimitive
"sqr" thatcomputesthesquare������� of its argument� ; (b) definea primitive"even" that fails if its argumentis
odd,andsucceedsif it is even(producingtheargumentasresult).For instance,square(3 to 6) shouldsucceed
four times,with theresults9 1625 36,andeven(1 to 7) shouldsucceedthreetimeswith theresults2 4 6.

(4) If you have time, definea unaryprimitive"multiples" thatsucceedsinfinitely many times,producingall
multiplesof its argument. For instance,multiples(3) shouldproduce3, 6, 9, . . . . Note thatmultiples(3
to 4) would producemultiplesof 3 forever, andwould never backtrackto thesubexpression(3 to 4) to begin
producingmultiplesof 4.

Exercise 8.9 (For adventurousJava hackers:) Implementabstractsyntaxandan interpreterfor a backtrackingIcon-
style languagesubset,in the spirit of cont/backtrack.sml, but do it in Java. You candraw someinspiration
from methodfacc in cont/Factorial.java. The resultwill probablyappearratherincomprehensible,but it
shouldnot betoo hardto write if you takeasystematicapproach.

Exercise 8.10 (Four-weekproject)Implementasubsetof thelanguageIcon(http://www.cs.arizona.edu/icon/).
This involvesdecidingonthesubset,writing lexerandparserspecifications,andwriting anextendedinterpreterin the
styleof cont/backtrack.sml. Theinterpretermustat leasthandleassignablevariables.

Exercise 8.11 (Project)Write a programto transformprogramsinto continuation-passingstyle,usingtheDanvy and
Filinski 1992presentation(whichdistinguishesbetweenadministrative redexesandotherredexes).

Exercise 8.12 (Somewhat hairy project) Extenda higherorder functional languagewith the ability to capturethe
current(success)continuation,andto applyit. Seepapersby Danvy, Malmkjær, andFilinski. It wouldbeagoodidea
to experimentwith call-with-current-continuation in Schemefirst.

2


