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Project 1: Programming in ML — dueWednesday28Mar ch

Totalnumberof pointsavailableon this projectis 140.Full creditis equivalentto 100points.

We’ve learnedthatβ-reductionof termsof theλ-calculusby handis tediousanderror-prone.

Thegoalof this projectis to developaninterpreterfor theλ-calculusthatwill automatethereductions.This program
will follow literally the rules for β andη conversion,andthe rules for substitution. The internal representationof
λ-termsis essentiallythe sameas the textual representation,thoughthe datatype makes the bracketting structure
apparent,andpattern-matchingeasier. We call this kind of system“string rewriting”.

We mustfirst specifytheinternalrepresentationfor λ-expressions.Thefollowing typeis suggested(but you arefree
to useadifferenttype):

datatypeExpr � Var of string
�
Abstraction of string � Expr

�
Application of Expr � Expr

Tasks:

1. (5 pts.) Write a function lexpPrint to convert anExpr into a characterstring in the fully-brackettedsyntaxfor
λ-expressions.Usethecharacter# for λ.

2. (5 pts.) Write a function lexpPrettyPrint to convert an Expr into a characterstring in the loosesyntaxfor
λ-expressions.

3. (10pts.)Write a functionlexpParse to parseacharacterstringcontainingthetext of aλ-expression(whichmay
bein theloosesyntax)andconvert it into anExpr.

4. (10 pts.) Implementan environmentmappingidentifiersto λ-expressions,with type string � Expr. There
shouldbea mechanismto build new environmentsout of old onesby introducingnew definitionsfor anidenti-
fier.

5. (10 pts.) Implementa top-level environmentandappropriateinput/outputhandling,sothat it is possibleinter-
activelly to addnew definitionsof namedλ-expressions,andaskfor expressionsto bereducedandprinted. It
shouldbepossibleto print all intermediatestepsof thereductionaswell.

6. (40 pts.) Implementa genericreductionframework, in which several notionsof conversioncanbe specified,
anddifferentreductionorderscanbespecified.For instance,oneshouldbeableto specifythateitherβ andη
conversions,or both,shouldbetried,andthatapplicative-orderor normal-orderreductionshouldbeused.

Implementβ andη conversions,aswell asa conversionthatwe’ll call ζ thatperformsthe“macro-expansion”
of a namedefinedin thetop-level environment.

7. (10 pts.) Testyour programby reducingthe several expressionsfrom homework assignments:SKK; K � SII � ;
S � S � KS ��� KI ���	� KI � ; SSSSSSS.

8. (10 pts.) Structureyour ML codewell. Documentyour designandyour programwell. Submitprogramlisting
andtranscriptof a samplesessionincludingat leastthereductionsabove.

9. (20 pts. extra credit)Do what is necessaryso thatstrictnessannotationscanbeaddedto theλ-bindings:even
if normal-orderreductionis otherwiseused,β-conversionof a redex � λv 
 B � E will causeE to be reducedfirst,
beforesubstitutioninto thebodyB.

10. (20 pts. extra credit) Write a function lexpInterpretivePrettyPrint to convert an Expr into a characterstring
in the loosesyntaxfor λ-expressions,but in a form that is easierfor humansto read,asfollows. Recognize
subexpressionsthatareexactly asthe Churchnumeralsandthe truth valuesandprint themas0, 1, etc. Also
recognizecons andnil sothatlistscanbeprintedas(cons 2 (cons 1 nil)), for instance.


