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Abstract
Supercompilation is a program transformation that removes inter-
mediate structures and performs program specialization. We dis-
cuss problems and necessary steps for building a supercompiler for
GHC.

1. Introduction
Supero [4] is a supercompiler for Haskell that has achieved runtime
improvements of 16% for a subset of the imaginary part of the nofib
suite compared to GHC. This is a remarkable result considering that
it is doing a single program transformation beyond those of GHC
and that GHC is a mature optimizing Haskell compiler. Not only is
Supero showing great results, but the theoretical underpinnings of
supercompilation have been investigated quite thoroughly as well.
We know that it is possible to supercompile both strict [2] and
lazy [9] languages, that the algorithms preserve the semantics of
the program [7] and that the algorithms will terminate [8].

If the theory of supercompilers is well investigated, and runtime
improvements are impressive – why does not every compiler in-
clude the optimization? Mitchell and Runciman [4] list three main
areas in the future work for Supero:

Runtime performance For certain benchmarks earlier versions of
Supero had better results. This is both evidence that there are
improvements to be made, and it also highlights how small
changes to the algorithm can have large effects on the result
of the optimization.

Compilation speed Profiling Supero showed that 90% of the time
was spent to ensure termination (the homeomorphic embedding
test), which was done in a naı̈ve way.

More benchmarks Supero was applied to a subset of the imagi-
nary part of nofib. No one has ever benchmarked supercompiled
real world Haskell programs.

We set out to build a supercompiler for GHC in order to tackle
these three problems (Sections 3 and 4). Using GHC gives the addi-
tional benefit of support for many Haskell extensions for free, since
they are all translated to System Fc, GHC’s typed intermediate lan-
guage [10]. We start with some examples of a supercompiler in
action to try to convey the intuition behind the algorithm (Section
2).

[Copyright notice will appear here once ’preprint’ option is removed.]

2. Examples
We have left out many of the technical details of the algorithm due
to space constraints and instead try to convey the intuition via a
series of examples of how a supercompiler behaves. Readers who
are interested in the gory details are encouraged to read some of
the related work already cited, in particular Sørensen et al. [9] for
a call-by-name algorithm, the work on Supero by Mitchell and
Runciman [4], or Jonsson and Nordlander [2] for a call-by-value
algorithm.

Supercompilation is a program transformation, closely related
to deforestation [11], that both removes intermediate structures and
performs program specialization. Removing intermediate struc-
tures will make the program allocate less memory and thus put less
strain on the garbage collector. The program specialization will in
practice remove many of the higher order functions, replacing them
with a specialized first order variant. Higher order languages usu-
ally represent functions as closures on the heap, and these closures
need to be garbage collected. Having removed them at compile-
time reduces the amount of garbage collection necessary, and also
avoids an indirect jump to the function pointer in the closure at
runtime.

Our first example is transformation of sum (map square ys).
The functions used in the examples are defined as:

square x = x ∗ x
map f xs = case xs of

[] → ys
(x : xs) → f x : map f xs

sum xs = case xs of
[] → 0
(x : xs) → x + sum xs

We start our transformation by allocating a new fresh function
name (h0) to this expression, inlining the body of sum and substi-
tuting map square ys into the body of sum:

case map square ys of
[] → 0
(x ′ : xs ′) → x ′ + sum xs ′

After inlining map and substituting the arguments into the body
the result becomes:

case ( case ys of
[] → []
(x ′ : xs ′) → (square x ′) : map square xs ′) of

[] → 0
(x ′ : xs ′) → x ′ + sum xs ′

We duplicate the outer case in each of the inner case’s branches,
using the expression in the branches as head of that case-statement.
Continuing the transformation on each branch with ordinary reduc-
tion steps yields:
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case ys of
[] → 0
(x ′ : xs ′) → square x ′ + sum (map square xs ′)

Now inline the body of the first square and observe that the
second argument to (+) is similar to the expression we started with.
We replace the second parameter to (+) with h0 xs ′. The result of
our transformation is h0 ys , with h0 defined as:

h0 ys = case ys of
[] → 0
(x ′ : xs ′) → x ′ ∗ x ′ + h0 xs ′

This new function only traverses its input once, and no interme-
diate structures are created. If the expression sum (map square xs)
or a renaming thereof is detected elsewhere in the input, a call to
h0 will be inserted there instead.

The following examples are due to Ohori and Sasano [5]:

mapsq xs = case xs of
[] → []
(x ′ : xs ′) → (x ′ ∗ x ′) : mapsq xs ′

f xs = case xs of
[] → []
(x ′ : xs ′) → (2 ∗ x ′) : g xs ′

g xs = case xs of
[] → []
(x ′ : xs ′) → (3 ∗ x ′) : f xs ′

Transforming mapsq (mapsq xs) will inline the outer mapsq ,
substitute the argument in the function body and inline the inner
call to mapsq :

case ( case xs of
[] → []
(x ′ : xs ′) → (x ′ ∗ x ′) : mapsq xs ′) of

[] → []
(x ′ : xs ′) → (x ′ ∗ x ′) : mapsq xs ′

As previously, we duplicate the outer case in each of the inner
case’s branches, using the expression in the branches as head of
that case-statement. Continuing the transformation on each branch
by ordinary reduction steps yields:

case xs of
[] → []
(x ′ : xs ′) → (x ′ ∗ x ′ ∗ x ′ ∗ x ′) : mapsq (mapsq xs ′)

This will encounter a similar expression to what we started with,
and create a new function h1. The final result of our transformation
is h1 xs , with the new residual function h1 that only traverses its
input once defined as:

h1 xs = case xs of
[] → []
(x ′ : xs ′) → (x ′ ∗ x ′ ∗ x ′ ∗ x ′) : h1 xs ′

For an example of transforming mutually recursive functions,
consider the transformation of sum (f xs). Inlining the body of
sum , substituting its arguments in the function body and inlining
the body of f yields:

case ( case xs of
[] → []
(x ′ : xs ′) → (2 ∗ x ′) : g xs ′) of

[] → 0
(x ′ : xs ′) → x ′ + sum xs ′

We now move down the outer case into each branch, and perform
reductions until we end up with:

case xs of {[] → 0; (x ′ : xs ′) → (2 ∗ x ′) + sum (g xs ′) }

We notice that unlike in previous examples, sum (g xs ′) is not
similar to the expression we started with. For space reasons, we
focus on the transformation of the rightmost expression in the last
branch, sum (g xs ′), while keeping the functions already seen in
mind. We inline the body of sum , perform the substitution of its
arguments and inline the body of g :

case ( case xs ′ of
[] → []
(x ′′ : xs ′′) → (3 ∗ x ′′) : f xs ′′) of

[] → 0
(x ′ : xs ′) → x ′ + sum xs ′

We now move down the outer case into each branch, and perform
reductions:

case xs ′ of
[] → 0
(x ′′ : xs ′′) → (3 ∗ x ′′) + sum (f xs ′′)

We notice a familiar expression in sum (f xs ′′), and fold when
reaching it. Adding it all together gives a new function h2:

h2 xs = case xs of
[] → 0
(x ′ : xs ′) → (2 ∗ x ′) + case xs ′ of

[] → 0
(x ′′ : xs ′′) →

(3 ∗ x ′′) + h2 xs ′′

Kort [3] studied a ray-tracer written in Haskell, and identified
a critical function in the innermost loop of a matrix multiplication,
called vecDot :

vecDot xs ys = sum (zipWith (∗) xs ys)

This is simplified by our positive supercompiler to:

vecDot xs ys = h1 xs ys
h1 xs ys = case xs of

(x ′ : xs ′) → case ys of
(y ′ : ys ′) →

x ′ ∗ y ′ + h1 xs ′ ys ′

→ 0
→ 0

The intermediate list between sum and zipWith is transformed
away, and the complexity is reduced from 2|xs|+|ys| to |xs|+|ys|
(since this is matrix multiplication |xs| = |ys|).

3. Towards a Supercompiler in GHC
The first step towards a supercompiler in GHC is to construct a
supercompilation algorithm for System Fc, the typed intermediate
language found in GHC [10]. The conversion of the algorithm is
quite straightforward and in our experience it is rare to acciden-
tally introduce non-termination or unsound transformation steps.
The challenge is rather to achieve the desired transformation effects
in the presence of the casts (I) that might propagate inside expres-
sions in System Fc. Previous work on supercompilation has been
for untyped languages. Since GHC assumes well-typed expressions
once the type-checker pass is done it is necessary to prove that the
supercompiler preserves types as well

Mitchell and Runciman lists three choices that need to be made
during optimization:

• Which function to inline.
• What termination criterion to use.
• What generalisation to use.

Our current implementation makes a fixed choice for function to
inline (left-most), what termination criterion to use (the homeomor-
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phic embedding), and what generalisation to use (the most specific
generalisation, or simple splitting in the case where no common
terms are found).

4. Analysis of Problems
4.1 Code Explosion
It is possible to construct examples where a module exports two
mutually recursive functions, and if one supercompiles both these
functions independently it might lead to code duplication. We have
sidestepped this issue by only supercompiling one function, main,
which makes our supercompiler unusable for libraries at the mo-
ment. However, upon compiling the entire program with the library
present the desired optimization should occur. We expand on issues
with whole program compilation in Section 4.3.

Our current strategy to always inline the left-most function is
not always beneficial for performance since it might lead to code
explosion, and possibly evaluating the same expression multiple
times. An example is the following Haskell-program:

main = do
x ← getArgs
xs ← readFile (x !! 2)
ys ← readFile (x !! 3)
doCompute xs ys
return ()

which will give two copies of readFile: one readF ile!!2 and one
readF ile!!3, something that is not necessarily faster than simply
calling readFile directly with the different parameters.

Inlining itself is a difficult problem, which is not that well
studied. The inliner of GHC has been investigated previously [6],
and we expect many results from that investigation to carry over
to our supercompiler. We find it likely that more work is necessary
for inlining efficiently in our supercompiler, possible directions for
work include, but are not limited to:

• Investigate how inliners of other compilers than GHC work.
• Characterize what a good or bad inlining is.
• Create a partial order between inlinings.

With the above knowledge, it should be possible to design a
heuristic that works well in practice.

4.2 Compilation Speed
We propose to make the homeomorphic embedding test on a
smaller part of the tree, which still preserves termination of the
algorithm. Any improvements in the implementation of the home-
omorphic embedding test will be of benefit both to our approach
and to Supero. Changing the test makes it impossible to extend
our algorithm to distillation [1], which removes more intermediate
structures. This a trade-off we are prepared to accept considering
that supercompilation is still an improvement over what is currently
in use today. Should we change our mind in the future it should not
be a problem to go back to the kind of test Supero uses. It is still
too early to tell whether this change is enough, or if there are other
bottlenecks that will show when supercompiling larger programs.

4.3 Whole Program Compilation
Currently, our experiments have only been on complete programs
defined in one module, avoiding to import the Prelude. To gain the
most out of supercompilation on real world programs GHC needs
to be tweaked to handle whole program compilation. This can be
done by removing the current constraint that expressions placed in
the interface files (.hi) must be “small”, and by annotating loop-
breakers in the interface files. The size increases to the interface
files from these changes need to be measured.

Whole program compilation has been used in MLton and they
manage to compile programs larger than 100k lines [12]. If this
number carries over to GHC and Haskell it makes whole program
compilation a viable approach for a majority of the known Haskell
programs.

5. Conclusions and Future Work
We have reported on our current work on building a supercom-
piler for GHC. Many problems that we intend to tackle have been
mentioned already, among them a proof of type preservation of the
algorithm, investigating inlining to avoid code explosion, and mea-
suring the effects of making the interface files contain entire mod-
ules to achieve whole program compilation. We are however certain
that problems which we have not foreseen will surface as we make
progress on our supercompiler.
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