CSci340,Spring2003,Project5

This projectis dueFriday, April 25at11:20am.
The“getcs 340 5” commandwill fetchthefile | nb. hs, which definesa type for representing
lambdaexpressions.
dat a LanbdaExpr = Lnb String LanmbdaExpr
| LanbdaExpr : @ LanbdaExpr | Id String

This saysthatlambdaexpressionsanbe built usingthreedifferentdataconstructorsLnb representing
function, : @representing: function application,and!| d representing variable! We could usethis data
typeto representhelambdaexpressionAz. * z z) 2 asfollows.

(Lmb "x" (ld "*" r@ld "x" :@Id "x")) :@ld "2"

In fact,the provided codedefines est 0 to beexactly thisvalue.
Theprovidedcodealsoplaced.ambdaExpiin the Shaw class.Thus,if youtype“t est 0” afterloading
| mb. hs in Hugs,theinterpretemusethe providedshowfunctionto display“(\ x. * x x) 2"

1. Defineafunctioncalledsubst for replacingall freeinstance®f a variablewith anexpressiorf.
subst :: String -> LanbdaExpr -> LanbdaExpr -> LanbdaExpr
Thisrepresents functiontakingthreeagumentsa string id, alambdaexpressiorwal, andalambda

expressionezpr. It shouldreturna newv lambdaexpressionbasedon ezpr, exceptwith eachfree
occurrencef id replacedy val. For example the expression

subst "x" (ld "2") (ld "*" :@ld "x" :@Ild "y")

shouldreturn“* 2 y” (asgivenby theshowfunction).
Yoursubst functionshouldbecarefulnotto replaceboundvariableinstancesConsiderthefollow-
ing.
subst "x" (1d "2") (Lnb "x" (Id "*" :@Ild "x" :@1d "y"))
In this case,it shouldreturn“\ x. * x y”, not“\x.* 2 y”. Thereasonis thatz is boundasa
parametein theexpression\z. x x y, andsoit shouldnot bereplaced.

2. Defineafunctioncalledsi mpl i fy for simplifying alambdaexpressiorinto normalform.
simplify :: LanbdaExpr -> LanbdaExpr
For example,giventhet est 0 definitionabore,theexpressiori'si npli fy test 0” shouldreturn
H* 2 2".

Your functionshouldperformall g-reductiongpossible.If | wereto type“si nplify (Lnb "z"
test 0) 7, yourfunctionshouldreturn“\ z. * 2 2”. (Whetherit simplifieslazily or eagerlyis not
important;do not botherwith n-reductions.)

For bothfunctions feelfreeto defineotherfunctionsthatyou find useful. You mayusethesubst function
in definingsi npl i fy.

Submityour solutionusing“handi ncs 340 5”. Also, submita papercopy of the functionsyou
wrote;in this papercopy, do notincludethecodel included.

The: @constructoiis aninfix dataconstructor describedat thetop of pagel1 of the Haslell handout.
2A freevariableis a variablethatis not bound. A boundvariableis onewhosepurposeis definedwithin the expression.For
example,in theexpressiom\z. f z, thex variableis bound(it identifiesa parametewalue),but f is free.



