CS451 ProgrammingParadigms Spring2001 1

Project 1. Programming in ML — due Wednesday28 Mar ch

Total numberof pointsavailableon this projectis 140. Full creditis equivalentto 100 points.
We've learnedthat B-reductionof termsof the A-calculusby handis tediousanderrorprone.

Thegoalof this projectis to developaninterpreterfor the A-calculusthatwill automatehereductionsThis program
will follow literally the rulesfor 3 andn corversion,andthe rulesfor substitution. The internal representatiornf

A-termsis essentiallythe sameasthe textual representationthoughthe datatype makesthe bracletting structure
apparentandpattern-matchingasier We call this kind of system‘string rewriting”.

We mustfirst specifytheinternalrepresentatiofor A-expressionsThe following typeis suggested@but you arefree
to usea differenttype):

datatype Expr = Var of string | Abstraction of string Expr | Application of Expr = Expr

Tasks:

1. (5 pts.) Write afunctionlexpPrint to corvertan Expr into a charactesstringin the fully-brackettedsyntaxfor
A-expressionsUsethe characte# for A.

2. (5 pts.) Write a function lexpPrettyPrint to corvert an Expr into a characterstring in the loose syntaxfor
A-expressions.

3. (10pts.) Write afunctionlexpParse to parsea charactestringcontainingthetext of a A-expressionwhich may
bein theloosesyntax)andcorvertit into an Expr.

4. (10 pts.) Implementan ervironmentmappingidentifiersto A-expressionswith type string — Expr. There
shouldbe a mechanisnto build new ervironmentsout of old onesby introducingnew definitionsfor anidenti-
fier.

5. (10 pts.) Implementa top-level ervironmentandappropriaténput/outputhandling,sothatit is possibleinter-
activelly to addnew definitionsof namedi-expressionsandaskfor expressiongo be reducedandprinted. It
shouldbe possibleto print all intermediatestepsof thereductionaswell.

6. (40 pts.) Implementa genericreductionframework, in which several notionsof corversioncanbe specified,
anddifferentreductionorderscanbe specified.For instance pneshouldbe ableto specifythateither3 andn
conversionspr both,shouldbetried, andthatapplicatve-orderor normal-ordereductionshouldbeused.

Implementp andn corversionsaswell asa corversionthatwe’ll call ¢ that performsthe “macro-epansion”
of anamedefinedin thetop-level ervironment.

7. (10 pts.) Testyour programby reducingthe several expressiondrom homevork assignmentsSKK; K(SII);
S(S(KS)(KI))(KI); SSSSSSS.

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

9. (20 pts. extra credit) Do whatis necessargo that strictnessannotationcan be addedto the A-bindings: even
if normal-ordereductionis otherwiseused,B-cornversionof a redex (Av.B)E will causeE to bereducedirst,
beforesubstitutioninto thebodyB.

10. (20 pts. extra credit) Write a function lexplnterpretivePrettyPrint to corvert an Expr into a characterstring
in the loosesyntaxfor A-expressionshput in a form thatis easierfor humansto read,asfollows. Recognize
subepressionghat are exactly asthe Churchnumeralsandthe truth valuesandprint themasO, 1, etc. Also
recognizecons andni | sothatlists canbeprintedas(cons 2 (cons 1 nil)),forinstance.



