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Do exercises8.1,8.2,8.6,8.7,and8.8. Handin the solutions.

Exercise 8.1 Write a tail-recursve versionl eni : int list -> int -> int anda continuation-passing
style(CPS)versionl enc : int list -> (int -> int) -> int ofthelistlengthfunctionl en:
fun len [] 0

| len (x::xr) 1+ len xr;

Exercise 8.2 Write acontinuation-passingersionreve : 'a list -> ("a list ->"a list) ->"a
I i st of thelist reversalfunctionr ev:

[l

rev xr @[x];

fun rev []
| rev (x::xr)

This shouldbe calledasr eve xs id,whereid = fn v => v istheidentity function. Thenobsenre thatthe
continuatiork canalwaysberepresentely afunctionof theformfn u => u @ r . Usethisto obtainanefficient

tail-recursveversionrevi : "a list -> "a list -> "a |ist ofthelist reversalfunction.
Exercise 8.3 Write atail-recursve versionprodi : int list -> int -> int andacontinuation-passing
versionprodc : int list -> (int ->int) -> int ofthelist productfunctionpr od:
fun prod [] =1
| prod (x::xr) = x * prod xr;

Exercise 8.4 Optimizethe tail-recursie versionandthe CPSversionof the pr od functionabove. Theideais that
bothversionscouldterminateassoonasthey encounter zeroin thelist (becauseary list containinga zerowill have
productzero).

Exercise 8.5 Write more examplesusing exceptionsand exceptionhandlingin the small functionalandimperative
languagesmplementedn cont / f un. sm andcont /i np. sm , andrunthemusingthegiveninterpreters.

Exercise 8.6 Whatstatementarein tail positionin the simpleimperatize languagémplementedy coExecl in file
cont /i np. sm ?Intuitively, thelaststatemenin a statemenblock{ ... } isin tail positionprovidedtheentire
blockis. Canyou arguethatthisis actuallythe caseJooking attheinterpretercoExec1?

Exercise 8.7 ThecoExec1 versionof theimperatve languagéenterpreterin file cont /i np. sm supportsa state-
ment Thr owto throw anexception.This Thr owstatemenis similartot hr owin Java. Add anexpression EThr owto
theexpressiorabstracsyntaxto permitthrowing exceptionsalsoinsideanexpressionasin SML'sr ai se expression.
Youwill needto rewrite the expressiornnterpretereval in continuation-passingtyle.

Thereturntypeof your new expressiorinterpreteishouldbeanswer asfor coExec 1, andit shouldtake anormal
continuationof type (i nt - > answer ) asamgumentwhereanswer is the exactsametypeusedin thecoExecl
statementinterpreter (Like coExec1, your new expressioninterpretemeednot take an error continuationbecause
we do notintendto implementexceptionhandling.)

Yourinterpretershouldbeableto executer unl ex4 andrunl ex5 where

val ex4 =
Bl ock[ | f (EThrow (Exn "Foo"), Block[], Block[])];

val ex5 =
Wi | e(EThrow (Exn "Foo"), Block[]);
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Exercise 8.8 (1) Usingthelcon-stylemini-languagendinterpretein cont / backt r ack. sm , write anexpression
that producesand printsthevalues2 4 6 8. Write an expressionthat producesandprintsthevalues3 5 7 9.
Write anexpressiorthatproducesandprintsthevalues21 22 31 32 41 42.

(2) Thelanguagédlikereallcon) hasno Boolearvalues.Insteadfailureis usedto meanf al se, andsuccessneans
t rue. For instancethe less-tharcomparisoroperator(<) behaesasfollows: 3 < 2 fails,and3 < 4 succeeds
(once)with thevalue4. Similarly, thanksto backtracking3 < (1 to 5) succeedstwice) with thevalues4 and
5. Usethisto write anexpressiorthatprintstheleastmultiple of 7 thatis greaterthan50.

(3) Extendthe abstracsyntaxwith unary(one-agument)primitive functions lik e this:

dat atype expr =
| Priml of string * expr

Extendtheinterpretereval to handlesuchunaryprimitives,anddefinetwo suchprimitives: (a) defineaprimitive
"sqr" thatcomputeshe squarer - z2 of its agumentz; (b) definea primitive " even" thatfailsif its agumentis
odd,andsucceedd it is even (producingthe agumentasresult). For instancesquar e(3 to 6) shouldsucceed
four times,with theresults9 16 2536,andeven(1 to 7) shouldsucceedhreetimeswith theresults2 4 6.

(4) If you havetime, definea unaryprimitive " mul ti pl es" thatsucceednfinitely mary times,producingall
multiples of its agument. For instance,rul ti pl es(3) shouldproduces3, 6,9, .... Notethatnul ti pl es(3
t o 4) would producemultiplesof 3 forever, andwould never backtrackto the subexpression( 3 t o 4) to begin
producingmultiplesof 4.

Exercise 8.9 (For adwenturouslasa haclers:) Implementabstracisyntaxandaninterpreterfor a backtrackingicon-
style languagesubset,n the spirit of cont / backt rack. sm , but doit in Java. You candrav someinspiration
from methodf acc in cont/ Factori al . j ava. Theresultwill probablyappearatherincomprehensibleput it
shouldnotbetoo hardto write if you take a systemati@pproach.

Exercise 8.10 (Fourweekproject)implementasubsebfthelanguagdcon(htt p: // www. cs. ari zona. edu/ i con/).
Thisinvolvesdecidingonthe subsetwriting lexerandparserspecificationsandwriting anextendednterpreteiin the
styleof cont / backt r ack. s . Theinterpretemustat leasthandleassignableariables.

Exercise 8.11 (Project)Write a programto transformprogramsnto continuation-passingtyle,usingthe Danvy and
Filinski 1992presentatiorfwhich distinguishedbetweeradministratve redexesandotherredees).

Exercise 8.12 (Somevhat hairy project) Extenda higher orderfunctional languagewith the ability to capturethe
current(successgontinuationandto applyit. Seepaperdy Danvy, Malmkjeer andFilinski. It would bea goodidea
to experimentwith cal | - wi t h- cur rent - cont i nuat i onin Schemdirst.



