
CSci340,Spring2003,Project5

Thisprojectis dueFriday, April 25at 11:20am.
The “getcs 340 5” commandwill fetch the file lmb.hs, which definesa type for representing

lambdaexpressions.

data LambdaExpr = Lmb String LambdaExpr
| LambdaExpr :@ LambdaExpr | Id String

This saysthat lambdaexpressionscanbebuilt usingthreedifferentdataconstructors:Lmb representinga
function,:@ representinga functionapplication,andId representinga variable.1 We could usethis data
typeto representthelambdaexpression
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asfollows.

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

In fact,theprovidedcodedefinestest0 to beexactly this value.
TheprovidedcodealsoplacesLambdaExprin theShow class.Thus,if you type“test0” afterloading

lmb.hs in Hugs,theinterpreterusetheprovidedshow functionto display“(\x.* x x) 2”.

1. Definea functioncalledsubst for replacingall freeinstancesof avariablewith anexpression.2

subst :: String -> LambdaExpr -> LambdaExpr -> LambdaExpr

This representsa functiontakingthreearguments,astring ��� , a lambdaexpression����� , anda lambda
expression ������� . It shouldreturna new lambdaexpressionbasedon ������� , except with eachfree
occurrenceof ��� replacedby ��� � . For example,theexpression

subst "x" (Id "2") (Id "*" :@ Id "x" :@ Id "y")

shouldreturn“* 2 y” (asgivenby theshow function).

Yoursubst functionshouldbecarefulnot to replaceboundvariableinstances.Considerthefollow-
ing.

subst "x" (Id "2") (Lmb "x" (Id "*" :@ Id "x" :@ Id "y"))

In this case,it shouldreturn“\x.* x y”, not “\x.* 2 y”. The reasonis that
�

is boundasa
parameterin theexpression
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, andsoit shouldnotbereplaced.

2. Definea functioncalledsimplify for simplifying a lambdaexpressioninto normalform.

simplify :: LambdaExpr -> LambdaExpr

For example,giventhetest0 definitionabove, theexpression“simplify test0” shouldreturn
“* 2 2”.

Your functionshouldperformall % -reductionspossible.If I wereto type“simplify (Lmb "z"
test0)”, your functionshouldreturn“\z.* 2 2”. (Whetherit simplifieslazily or eagerlyis not
important;donotbotherwith & -reductions.)

For bothfunctions,feel freeto defineotherfunctionsthatyoufind useful.Youmayusethesubst function
in definingsimplify.

Submit your solutionusing “handincs 340 5”. Also, submita papercopy of the functionsyou
wrote;in this papercopy, donot includethecodeI included.

1The:@ constructoris an infix dataconstructor, describedat thetopof page11of theHaskell handout.
2A freevariableis a variablethat is not bound. A boundvariableis onewhosepurposeis definedwithin theexpression.For

example,in theexpression'�(*) +,( , the ( variableis bound(it identifiesa parametervalue),but + is free.


