Using monads to fuse recursive programs
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— extended abstract —

We try to combine the ‘syntactic composition of tree transducers’ [FV98, KV01]
on the one hand side and ‘short cut fusion’ [GLP93] on the other hand side.

Short cut fusion is based on the ‘cata/build-rule’ [JohO1] or ‘acid rain theo-
rem’ [TM95]. Therefore it is necessary to represent the recursive functions as cata-
morphisms. A catamorphism is a generalization of the well known list-function
foldr for arbitrary algebraic datatypes. In terms of category theory a catamor-
phism is the unique mediating morphism from an initial algebra.

We invented a new fusion technique using monads: instead of a catamorphism
we use the unique mediating morphism from a free monad.

Consider the small Haskell program:

data Nat = Zero | Succ Nat
dataBool = True | False
even Zero = True

even(Succ n) = oddn

odd Zero = False

odd(Succ n) = evenn

The latter four equations define the two mutually recursive functions even and odd.
We can view this system of equations as a function which maps the left-hand-side-
expressions onto the according right-hand-side-expressions:

where X = {n} is the set of variables. The endofunctors X, A, and Q describe
the application of ranked symbols from {Zero(®, SuccV}, {True(®),False(®}, and
{even™ 0ddM}, respectively, to a set (e.g. LX = {Zero} U {Succ z|z € X}). The
functor Ta constructs all A-trees over a set: TaX =2 X + A(TaX).
It is easy to show that the function px is natural in X and thus we have a
natural transformation:
0:Q-XL-Ta-Q

which we call the rule of the functional program. It is now possible (using some
category theory magic like adjoint functors) to equivalently transform this rule into
the form:
Ql DI |HTA|
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where Ta = (Ta,n, 1) denotes the free monad over A, H is a monad transformer,
and | .| the forgetful functor mapping a monad onto its underlying endofunctor. A
rule in the latter form is the main ingredient of a so called monad transducer.

Using the universal properties of free monads we can define a semantics for
monad transducers. Moreover, we have proved a new fusion theorem for monad
transducers similar to the ‘acid rain theorem’ or ‘cata/build-rule’.

All the above has been motivated by the theory of tree transducers: A tree
transducer [Rou68| is a finite tree automaton with in- and output. Its integral
part is a set of rules. Some classes of tree transducers can be viewed as syntactic
fragments of functional programming languages. Our example Haskell program is
a top-down tree transducer which has the two states even and odd.

In the theory of tree transducers there exist many composition results, which
are all of the form: ‘If two tree transducers belong to the syntactic classes X and
Y, respectively, then the composition of the two belongs to class Z.’

The composition of top-down tree transducers is an instance of short cut fu-
sion [JVO01]. But for more complicated tree transducers we have not been able to
apply short cut fusion, so we invented the monad transducer.

Using our monad transducer we can describe many kinds of tree transducers in a
uniform way. The expressiveness of monads makes it possible to conveniently treat
tree transducers which have context parameters. We have reproduced many known
composition results (e.g. for high-level tree transducers [EV88]), but with much
easier proofs. In the future we will describe so called tree-series transducers [EFV02]
as monad transducers which will lead us to new composition results.

Furthermore, we want to implement our new fusion technique by means of the
rewriting rules of the GHC [PTHO1] so that it can be used to deforest functional
programs. Whether this can (easily) be done and/or whether this will increase
program efficiency are open questions.
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