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Homework set 16: Combinatory reduction — due Monday 9
April

Totalnumberof pointsavailableon this homework is 300.Full credit is equivalentto 100points.

In this homework we look at a way to evaluateλ-expressionsefficiently; this is the essenceof
the implementationstrategy for functionalprogramminglanguageswith lazy evaluation,Haskell
included. Previously we definedseveral combinatorsas termsin the λ-calculus,and looked at
examplesof reductionof combinatorswithin λ-calculus. It turnsout that λ-expressionscanbe
expressedasapplicationsof combinators,andthatβ-reductionscanbebrokendown into reductions
of combinators.To evaluateλ-expressions,onecanfirst translateto combinatoryexpressionsand
thenuseavirtual machineto effect combinatoryreduction.

1. (50pts.)Readthehandoutoncombinators.Augmentyourλ-calculuscodewith combinatory
expressionsover combinatorbases

�
S � K � I � and

�
S � K � I � B � C � . Implementthe translation

of λ-expressionsto combinatoryexpressions,with andwithoutB andC.

2. (20pts.)Testonthetranslationof theλ-expressionfor Y, aswell asafew otherλ-expressions.

3. (30 pts.) How is thesizeof the resultantcombinatoryexpressionrelatedto thesizeof the
input λ-expression?Answershouldbedifferentfor thetwo combinatorbases.

4. (80 pts. extra credit) Implementgraphreductionasoutlinedin thehandout.Teston various
λ-programsyou havealreadywritten, includingthemerge-sort.Reporthow fasttheevalua-
tor worksfor differentinputsor input sizes.Careful: have you truly achieved the sharing of
graph nodes of the kind depicted in the handout? If not, what is the obstacle? What are the
repercussions for performance of graph reduction?

5. (120pts. extra credit) Implementstring reduction(asin Project1) andgraphreduction(as
above)usinganimperative languagefrom theset

�
C, Pascal,Java� asyour implementation

language.


