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I USED TO HATE WRITING
ASSIGNMENTS, | BUT NOW
- T CNION THEM,

WITH A LITTLE PRACTICE,

WRITING CAN BE AN

INTIMIDATING AND

IMPENETRABLE FOG!
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1 Introduction 4.:84l)

There are two basic ways to implement function application in
a higher-order language, when the function is unknown: the
push/enter model or the eval/upply model [11]. To illustrate the
difference, consider the higher-order function zipWith, which zips
together two lists, using a function k to combine corresponding list
elements: dl_"u

zipWithdd&hadt>b->c) -> [a] -> [b] -> [c]
zipWith k [] (] =[]
zipWith k (x:xs) (y:ys) =k x y : zipWith xs ys

Here k is an unknown function, passed as an argument; global flow
analysis aside, the compiler does not know what function k is bound
to. How should the compiler deal with the call k x y in the body
of zipWith? It can’t blithely apply k to two arguments, because
k might in reality take just one argument and compute for a while
before returning a function that consumes the next argument; or k
might take three arguments, so that the result of the zipWith is a
list of functions.
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Which of the two is best in practice? The trouble is that the eval-
uation model has a pervasive effect on the implementation, so it is
too much work to implement both and pick the best. Historically,
compilers for strict languages (using call-by-value) have tended to
use eval/apply, while those for lazy languages (using call-by-need)
have often used push/enter, but this is 90% historical accident —ei-
ther approach will work in both settings. In practice, implementors
choose one of the two approaches based on a qualitative assessment
of the trade-offs. 1n this paper we put the choice on a firmer basis:

e We explain precisely what the two models are, in a common
notational framework (Section 4). Surprisingly, this has not
been done before.

e The choice of evaluation model affects many other design
choices in subtle but pervasive ways. We identify and dis-
cuss these effects in Sections 5 and 6, and contrast them in
Section 7. There are lots of nitty-gritty details here, for which
we make no apology — they were far from obvious to us, and
articulating these details is one of our main contributions.

In terms of its impact on compiler and run-time system com-
plexity, eval/apply seems decisively superior, principally be-
cause push/enter requires a stack like no other: stack-walking
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We adopt the notion of transaction from Brown [1], as modified
for distributed systems by White [2], using the four-phase
interpolation algorithm of Green [3]. Our work differs from
White in our advanced revocation protocol, which deals with the
case of priority inversion as described by Yellow [4].
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3. The idea 5 sl

Consider a bifircuated semi-lattice D, over a
hyper-modulated signature S. Suppose p, is an
element of D. Then we know for every such p.
there is an epi-modulus j, such that P <P
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2 Background

To set the scene for this paper, we begin with a brief overview of
the Scrap your boilerplate approach to generic programming. Sup-
pose that we want to write a function that computes the size of an
arbitrary data structure. The basic algorithm is “for each node, add
the sizes of the children, and add 1 for the node itself”. Here is the
entire code for gsize:

gsize :: Data a => a -> Int

gsize t = 1 + sum (gmapQ gsize t)
The type for gsize says that it works over any type a, provided a
is a duta type — that is, that it is an instance of the class Data’
The definition of gsize refers to the operation gmapQ, which is a
method of the Data class:

class Typeable a => Data a where
...other methods of class Data...
gmapQ :: (forall b. Data b => b -> r) -> a -> [r]
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Info pointer
L

Payload

Info table
> @——» Entry code

Object type
Layout info

Type-specific
fields

Figure 3. A heap object

The thice cases above do not exhaust the possible founs of f. 1t
might also be a THUNK, but we have alicady dealt with that case
(rule THUNK). 1t might be a CON, in which case there cannot be any
pending arguments on the stack, and rules UPDATE ot RET apply.

4.3 The eval/apply model

The last block of Figure 2 shows how the eval/apply model deals
with function application. The first three rules all deal with the case
of a FUN applied to some arguments:

e 1fthere are exactly the night number of arguments, we behave
exactly like rule KNOWNCALL, by tail<alling the function.
Rule EXACT 1s still necessary — and indeed has a ditect coun-
terpatt in the implementation — because the function might
not be statically known.

e 1f there are too many atguments, rule CALLK pushes a call

remainder of the object is called the puyloud, and may consist of
a mixture of pointers and non-pointers. For example, the object
CON(C ay...ap) would be represented by an object whose info
pointer tepresented the constructor C and whose payload is the ar-
guments d) ...dy.

The info table contains:

e Exccutable code for the object. For example, a FUN object
has code for the function body.

e An object-type field, which distinguishes the vatious kinds of
objects (FUN, PAP, CON ctc) from each other.

e layout information for garbage collection putposes, which
describes the size and layout of the payload. By “layout”™ we
mean which fields contain pointers and which contain non-
pointets, information that is essential for accutate garbage col-
lection.

e Type-specific information, which varies depending on the ob-
ject type. For example, a FUN object contains its anty; a
CON object contains its constructor tag, a small integer that
distinguishes the different constructors of a data type; and so
on.

1n the case of a PAP, the size of the object is not fixed by its info
table; instead, its size is stored in the object itself. The layout of its
ficlds (e.g. which are pointers) is described by the (initial segment
of) an argument-descriptor field in the info table of the FUN object
which 1s always the first field of a PAP. The other kinds of heap
object all have a size that is statically fixed by their info table.

A very common opetation is to jump to the entry code for the object,
so GHC uses a slightly-optimised version of the representation in
Figure 3. GHC places the info table at the addresses immediately



Jseaall il sl e 2aiy

Lale ani o) Jogaall Asall gl
ol S olald | uall) ey 4dSl

N ?“
O aldy i o) Wikl |

L343 ¢l & 4 a3 43 Wl

iala ua\);j\ sda Cole ua\);j\ 54 L;.c alaalaall UJJi

Laadae Uns clld L adis) o8 Laadae Und 13 f aiies o8

ALl o3 8 elllae 3 (e s il




EJJA.AJ m ‘\.,J e.J;J..ua‘

P

S i Jaray

o glecall Jalutiudy o il

el pea dlee ol J 8 Of i
psiall aasll e (S5l

Cuday S dalail) Jale

3 .




(|

o SN ¢lle Lo aal

doalay) o S8y Bl e
daia) g el Jaa) .
ALAYL Cpliu)

"Advice on Research and Writing"

http://www-2.cs.cmu.edu/afs/cs.cmu.edu/user/
mleone/web/how-to.html



