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Abstract

This paper describesthe system of interface files and recompilation checking in the Glasgow Haskell 1.3 Compiler. In
developing this system our aim is to provide a separate compilation system which avoids unnecessary recompilation
while performing significant inter-modul e optimisations. We associate aversion number (based on the current times-
tamp) with each declaration and record the versions of all the imported declarations used when amoduleis compiled.
When the moduleis recompiled the usage number s are compared with the current version numbersto determineif the
recompilation is unnecessary.

Thepaper also describesaproposed system of sourceinterfacesdesignedto deal with the problem of cyclic module
dependencies. This avoids the error-prone duplication of declarations by extracting the interface directly from the
source code.

1 Introduction

Selective recompilationisan important techniquefor reducing the amount of recompilation required after achange has
been made in alarge software system (Adams, Tichy & Weinert [1994]). Thisisparticularly important in acompilation
system which performs significant inter-modul e opti mi sationssince these optimi sationsrequire additional information
to be exposed to the importing module.

This paper describes the system of interface files and recompilation checking in the Glasgow Haskell 1.3 Compiler
— adtate-of-the-art optimising compiler for Haskell, Version 1.3 (Peterson et al. [1996]), which performs significant
inter-modul e optimisations. In developing this system our aim isto provide:

1. ascheme for reducing the amount of unnecessary recompilation,
2. agraightforward means of communicating all the required information between modules, and
3. amechanism for handling cyclic module dependencies.

Before presenting our compilation system we discuss some of the problems encountered with the Haskell 1.2 module
system (Hudak et al. [1992]). These provided the motivation for the devel opment of our compilation system which
went hand-in-hand with the adoption of aless specific module system in Haskell 1.3.

1.1 Motivation

I nter-modul e optimi sations require additional pragmatic information to be exposed inamodul € sinterface. For exam-
ple, consider the module

nodul e Decls (Decl (..), Expr, substDecl) where

inmport Id (1d)

i mport Expr (Expr, substExpr)

type Decl = (ld, Expr)

substDecl :: (ld -> 1d) -> Decl -> Decl

subst Decl fn decl = case decl of (id, expr) -> (fn id, substExpr fn expr)

from which the following Haskell 1.2 interface is generated.
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interface Decls where
i mport Expr (Expr)

i mport 1d(ld)

dat a Expr

data Id

type Decl = (1d, Expr)

substDecl :: (ld -> 1d) -> Decl -> Decl

The inter-modul e optimisations might expose Expr 's constructors and an unfolding for subst Def n. These were
typically incorporated in the standard interface file as compiler recognisable “ comments’.

i nterface Decls where
i mport Expr ( Expr, subst Expr)

i mport 1d(ld)
dat a Expr
{-# CONSTRS Var |d | App Expr Expr | ... #-}
data Id
type Decl = (1d, Expr)
substDecl :: (ld -> 1d) -> Decl -> Decl

{-# UNFOLD\ f d -> case d of (i,e) -> (f i, substExpr f e) #-}

This has number of significant implications. Firstly, the pragmatic information may change when the implementation
of amoduleis modified, even if these modifications do not change the standard interface. This can result in asignifi-
cant amount of recompilation sinceamoduleisrecompiled if any of theimportedinterface files changes. It isoftenthe
case that many of the ensuing recompilations are unnecessary as the particular definitions which are used by the mod-
ule being recompiled may not have changed. Thisis not a new problem — changes to standard interfaces also cause
unnecessary recompilation. However, the presence of pragmatic information makes this problem much worse. The
effect on overdl turnaround timeis further exacerbated by the increase in compilation times caused by the increased
size of theinterface files and the additional time spent performing the inter-modul e optimisations.

Secondly, Haskell 1.2 requiresthat al the entitiesreferred to by the imported declarations are also imported (Hu-
dak et al. [1992, section 5.1.3]). For example, amodule which importsthe functionsubst Decl must aso import all
the entities mentioned by the interface information for subst Decl . ThusDecl (. .) (itsatype synonym) must be
imported which in turn requires Expr and | d to be imported. For standard interfaces this closure operation is man-
ageable since it only requires additional type and class information to be imported. Indeed, an interface can be made
self-sufficient by ensuring that it exports all the types and classes it mentions.

However, thisrestriction causes problems when inter-modul e pragmas are introduced. For example, the unfolding
for subst Decl mentionssubst Expr. A module whichimportssubst Decl can only make use of the unfolding
if thedefinition of subst Expr isalsoimported. Thesituationiseven worseif an unfolding happenstorefer toalocal
definition, i.e. adefinition which is not exported, since this definition cannot be imported. Thisisall very unsatisfac-
tory — either the programmer has to embark on the cumbersome task of importing (and exporting) all the additional
declarations required by the optimisation pragmas or they must accept a reduced level of inter-modul e optimisation.

Another problem associated with the Haskell 1.2 modul e system arises from the fact that an interface must contain
the definitions of all the declarations exported, even when they are actually defined in another module. Thisresultsin
alot of information being duplicated in different interface files, especialy if alarge body of pragmatic informationis
exported with each declaration. When theimported interfaces are read all thisduplicateinformation has to be read and
checked for consistency.!

Acknowledging these problems the Haskell 1.3 language definition does not attempt to define a standard interface
format — each implementation is |eft free to define its own interface conventions. The sole purpose of the import
and export declarationsis to control the names which are brought into scope, i.e. those names which can be explicitly
mentioned in the source of the module. The compilation system is responsible for finding any additional information

1while the duplicate definitions are normally consistent, cyclesin the module structure can result in inconsistencies while the new definition of
amodified declaration is being propagated.
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needed for compilation without the help of the programmer (Peterson et a. [1996, section 5.2]). (We use the term
implicit importsto refer to these additional imports.)

1.2 Overview

The Glasgow Haskell 1.3 compilation system consists of four main components:

Recompilation Checker: A version number is associated with every top-level declaration. When a module is com-
piled theversionsof all theimported declarations which were actually used during the compilation are recorded.
When the module is subsequently recompiled the usage numbers recorded during the previous compilation are
compared with the current version numbers to determine if recompilation is actually required (see Section 2).

Interface Files. Aswdll asrecording the exported interface of amoduletheinterface filerecords all the version num-
bers and inter-modul einformation for every exposed top-level declaration which was defined inthe module, i.e.
any declaration which the compiler may need to know about when compiling another modul e (see Section 3).

Source Interfaces. Haskell alows cyclic module dependencies which pose particular problems to the compilation
system. Our solution introduces the idea of a source interface (see Section 4).

Interface Processing: During compilation the compiler must read al the required information out of the interface
files. This process involves a transitive closure operation since the information for a particul ar declaration may
refer to additional declarations which were not imported by the source (see Section 5).

After describing each of these components | briefly discuss related work (Section 6) and present our plansto evauate
the effectiveness of the recompilation checker (Section 7).

2 TheRecompilation Checker

The basic ideaiis to avoid recompiling a module if the source has not been changed and the interface of the imported
declarations used when the module was | ast compiled have not changed. This correspondsto asking the question: “Are
the inputs to the compilation of this module identical to the inputs to the previous compilation of this module?’. A
system of version numbers is used to identify when an interface or declaration has changed.

2.1 Version numbers

Each module and each declaration within amodul e has associated with it a version number. These are recorded in the
modul € sinterface file (see Section 3). The version numbers are computed as follows:

o Every time amodule is actudly (re)compiled it’s version number is updated to the current timestamp (but see
Section 2.5).

o If theinterface? for aparticular declaration changes or anew declaration iscreated its version number is updated
to the current timestamp.

o It followsthat the module version number isaways greater than all the declaration version numbers within that
module.

A crucial property of version numbersisthat they are strictly increasing — the current version number of a particular
entity isgreater than all previous version numbers associated with that entity.

2Asfar as the compilation system is concerned the interface of a declaration includesits type and any optimisation pragmas.
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2.2 Usagenumbers

When amodule is compiled it records the version numbers of all the imported declarations which were used by that
compilation. We call this set of imported version numbers the usage numbers. They are aso recorded in the modul€e's
interface file (see Section 3).

If the modul eisthen recompiled without any source modificationsthe usage numbers recorded during the previous
compilation are compared with the current version numbers to determine if the recompilation is unnecessary.

2.3 Original names

To avoid any ambiguity the compilation system always refers to an entity using its original name. This consists of
the name of the module in which the entity was originaly defined and its name within that module and is written
OriginalModule. Name. The use of origina names by the compilation system should not be confused with the use
of qualified names (ImportedModule. Name) in the source code. Qualified names are a Haskell 1.3 language feature
used to disambiguate source names within a particular module.

24 Checkingif recompilation isrequired

Recompilation of amoduleisinvoked by the make utility (Feldman [1979]) if its source has changed or the interface
of any module imported directly or indirectly has changed. However, recompilation of a module A, will be deemed
unnecessary and abandoned if:

1. The sourcefile A. hs has not been modified,® AND
2. Theinterfacefile A. hi exists, AND

3. V declarations M.d € usages(A): U (A.M.d) = V(M.d)

where usages(A) referstoal theimported declarations used when A was last compiled
i.e. the declarations with usages recorded in A. hi .
U(A.M.d) istheusage of declaration M .d recorded in A. hi
V(M.d) isthecurrent version of A .d recorded in 3. hi

If the interface for a particular module cannot be found or does not contain a version number for a particular
declaration then recompilation must proceed.

One optimisation which can be made to the recompilation checking algorithmisto compare the usage and version
numbers of the modul e before comparing the usage and version numbers of the declarationswithin that module. If the
current version number of the moduleis the same as its usage number then the module has not been recompiled (see
Section 2.1). It follows that the version numbers of all the declarations within cannot have changed. So condition 3
becomes:

3. ¥ modules M € modules_used(A): U(A.M) = V(M) OR
V declarations d € decls.used(A.M): U (A.M.d) = V(M.d).

) refersto all the modules which have usagesin A. hi
) isthecurrent version of module M recorded in M. hi
) istheusage of module M recorded in A. hi
decls.used(A.M) refersto dl the declarations from module M/ which have usagesin A. hi
) istheusage of declaration A/.d recorded in A. hi
) isthecurrent version of definition M .d recorded in M. hi

SCurrently the test for source modification isis a simple time-stamp comparison — we do not perform any syntactic analysisto determineiif the
source modifications are irrelevant, i.e. confined to comments and white space.

Functional Programming, Glasgow, 1996 4



Smart Recompilationin Glasgow Haskell

Checking for recompilation is done by a Perl script before invoking the compiler if recompilation is actually re-
quired. Another script is responsible for updating the version numbers in an interface after recompilation. A textual
comparison of the current and previous interface information for each declaration is used to determine if the version
number for that declarationisupdated. Notethat all the interfaceinformationfor a particular declaration must be com-
pared, including any pragma information.

25 Dependencies

In Section 2.4 we stated that mak e must invokearecompilationif the source of amodul e has changed or theinterface of
any moduleimported directly or indirectly has changed. Rather than requiring our make depend utility to determine
the transitive closure of import dependencies we aways touch interface files when a module is recompiled, even if
the recompilation is deemed unnecessary. In thisway the direct import dependencies recorded by nake depend are
propagated.

The only exception to thisisif recompilation was required solely because the source file had changed and the new
interfaceisidentical to the previousinterface (modul o a possibly modified set of usages). In thissituation no interface
modifications need to be propagated — the new interface file is given the same Unix timestamp and version number
astheoldinterface.

2.6 InstanceDeclarations

In Haskell 1.3 instances can be declared inany moduleand are always exported. Rather than recording all theinstances
exported by a module (which includes all the instances declared in the transitive closure the modul € s imports) we
adopt a scheme which searches for al the instance declarations which may be required by the compilation. The cross-
product of al the classes and type constructorsrequired by the compilationisused to determine the possibl e class/type-
constructor combinationsfor which instance declarations may subsequently be required. (Which instancesare actually
required is only determined during the type-checking phase of the compiler. For now, at least, weread all theinstances
which may berequired.)

To ensure that we can dways find al the instance(s) for a particular class/type-constructor combination we keep
track of al the moduleswhich declare an instance, but do not declare either the class or the type constructor invol ved.
In each interface we record the list of instance modules which this modul e knows about. This consists of the module
itself if it contains any special instance declarations and the union of the instance modules of its direct imports. The
instance(s) for aparticul ar class/type-constructor combination can belocated by lookingintheinterfaces of: themodule
which declared the class, the modul e which declared the type constructor and the list of specia instance modul es.

We record the instances declared within a modulein a separate section of the interface file. Each interface which
containsinstance declarations has associated with it asingle version number for al itsinstance declarations. If thein-
terfacefor any of itsinstances changestheinstance version number isupdated. Weintend to improvetherecompilation
resol ution of instances by introducing a separate version number for each class/type-constructor instance combination.

3 Interfacefiles

The Haskell 1.3 definition does not define a standard interface format — each implementationisfreeto defineitsown
interface conventions.

In Glasgow Haskell we adopt the approach that thereis only ever one copy of the definition of any particular entity
— thisresidesin the interface for the module in which it was defined. Whenever the compiler requires the definition
of an entity the interface of the defining module must be read (even if thismodule has not been directly imported into
the module being compiled). This avoids the duplication of information described in Section 1.1.

An interface file consists of the following sections:

Header: The module name and the version number of the interface.

Usages. The usage numbers numbers recorded when this module was last compiled (see Section 2.2).
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i nterface Di graph 6
usages__

gg 4 :: Bag 2 bagTolList 2 |listToBag 2;

Smart Recompilationin Glasgow Haskell

FiniteMap 6 :: FiniteMap 1 |listToFM 2 | ookupFM 2 | ookupW t hDef aul t FM 2;
GHCbase 22 :: CCallable 8 CReturnable 8 1022 lex 14 readList__ 12 showList_\

GHCio 6 :: | CError 1;
Ix 7 :: Ix 1;
List 6 :: partition 2;

Maybes 6 :: MaybeErr 2 maybeToBool

Prelude 15 :: & 2 . 8 Bounded 7 Either 7 Enum7 Eq 7 Eval 7 Floating 7 Fract\

Ratio 14 :: Ratio 9 Rational 2;
Uni que 6 :: Unique 1;

Uil 4 :: isln 2 panic 2;
_versions__

Cycle 1

Edge 1

SCC 1

dfs 2

findSCCs 2

st rongl yConnConp 2

t opol ogi cal Sort 2
__exports__

Bag. Bag

Maybes. MaybeEr r

Di graph. SCC (..)

Di graph. df s

Di gr aph. fi ndSCCs

Di gr aph. strongl yConnConp

Di gr aph. t opol ogi cal Sort
__declarations__

type Digraph.Cycle a = [a];
type Digraph. Edge a = (a, a);

data Di graph. SCC a = Di graph. Acycli cSCC a |

-- exported abstractly

-- exported with constructors

Di gr aph. Cycl i ¢cSCC (Bag. Bag a);

Digraph.dfs :: __forall ___[a] (a ->a -> Prelude.Bool) -> (a ->[a]) -> ([a],\
Digraph.findSCCs :: _ forall __ [a,b] {{Prelude.Od b}} => (a -> (b, Bag.Bag b\
Di graph. strongl yConnConp :: _ forall__ [a] (a -> a -> Prelude.Bool) -> [Digral\
Di graph.topological Sort :: _forall__[a] (a -> a -> Prelude.Bool) -> [Di grap\
__instances___

instance _ forall __ [a] Prelude. Eval (D graph. SCC a);

Figure 1: An example interface file (with sanitised version numbers) — Di gr aph. hi
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Versions. The version numbers of the modul€'s exposed declarations.

Exports. A listof al theentitiesexported by thisinterface. It may include entitieswhich were defined in another mod-
ule and have been re-exported. For type constructors and classes we include a notion of abstract/non-abstract
(..),butwe do notincludethe names of the constructors/methods. These are found by looking at the declara-
tion of the entity.

Fixities: Any fixity declarationsfor thelocal declarationswhich are exported.

Declarations: The definition of all local declarations which need to be exposed, i.e. the exported declarationsand any
other declaration which can be reached from the exported declarations.

Instance Modules: A list of moduleswhich contain specia instance declarations (see Section 2.6).
Instances: A list of theinstances defined in thismodule.
Pragmas. Any pragmas for the local declarations.

Anexample of astraightforwardinterfacefileisgiveninFigure 1. For the purposesof readability the actual timestamps
have been substituted with readable small integers.

4 Cyclic module dependencies

Cyclic modul e dependencies pose a bootstrapping problem. Traditional solutionsrequire the programmer to embark on
the cumbersome and error-pronetask of hand-writing separate loop-breaking interface files. An inconsistent interface
filebreaksthe security of the compilation system and often remai nsundetected until aruntimecrash occurs! Inaddition,
Haskell 1.3 no longer defines a standard interface format — any |oop-breakinginterface fil es woul d be implementation
dependent.

In the light of these problems we intend to implement a scheme which eliminates the task of hand-writing loop-
breaking interfaces. Instead, loops are broken by importing the loop-breaking decl arations directly from the sour ce of
the module concerned. This eliminates the possibility of any inconsistencies since the same text is used for both the
source and the interface. For example, suppose we have two modul es defined as follows:

nodul e A
i mport B

nodule B (B(..),b)

i mport A (A a)

data Ba b =Bl a]| B2ab

b:: A->1Int

instance Eq a => Eq (B a b) where

The dependenciesgenerated by these modul esare shownin Figure 2. (These dependencieslook quite complicated since
they are designed to enable a simple cut-off recompilation scheme — if anew interfacefileisidentical to the previous
interfacefileit is not updated and recompilation is not propagated.) To break the loop, one of the import declarations
isannotated with the{ - #SOURCE#- } pragma. For example,

nodul e A
i mport {-#SOURCE#-} B (B(..),b)

The resulting dependencies are dlso depicted in Figure 2. First A. hs iscompiled with the source interface for module
B being directly extracted from B. hs. Then B. hs iscompiled with theinterface for module A being read from A. hi
as usual.
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Figure 2: Cyclic module dependencies before and after sourceimport

4.1 Sourceinterfaces
For amoduleto be thetarget of ani mport {- #SOURCE#- } declaration it must:

1. Specify asourceinterfaceusing the{-# SOURCE ( export-list) #-} pragma (see below).
2. Specify explicit signaturesfor al the declarations exported by the source interface.

3. Explicitly name any instances to be exported by the source interface in the SOURCE pragma by specifying the
class/type-constructor pair.

4. Explicitly quaify or explicitly mention in an import list al the external names referred to by the declarations
exported in the source interface. Thissimplifiesthe process of resolving these external names when extracting a
sourceinterface sinceit enables theinterface from which the name isimported to be i dentified without searching
through all theinterfaces of unqualified imports. This restriction does not apply to names from the Prelude since
thisis assumed to be the defaullt.

5. Ensurethat al the declarations exported by the source interface are also exported by the normal interface of the
module. Thisis checked when the moduleis subsequently compiled.

For example,

nmodule B (B(..),b)
i mport A (A a)
{-# SOURCE (B(..), b, Eq B) #-}

data Ba b =Bl a]| B2ab
b:: A->1Int
instance Eq a => Eq (B a b) where

The SOURCE pragmaidentifiesthe subset of declarationsto be extracted from the source when constructing the source
interface. It aso provides explicit documentation of those declarations used to break the loopsin the modul e structure.

A source interface does not include any pragmatic information. Such information is compiler generated and, as
such, only appears in compiler generated interface files. Though it would be possibleto extract pragmatic information
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Figure 3: Implicit source imports

from the implementation of function in the source we do not believe that this would be of much benefit since source
interfaces are intended to be used only when necessary and only at the points of least coupling.

Theinterfacefile for amodule which imports a source interface records a single source usage number for the mod-
ule. Thisisbased on the timestamp of the source file from which the interface was extracted. A source usage number
isidentified by a! . When checking if recompilation is required a source usage number is compared with the current
timestamp of the source file rather than the version number in the modul € sinterfacefile.

4.2 Implicit sourceimports

Consider acyclic modul e dependency involving three modules in which module A imports the source interface decla
ration of C. CwhichreferstoB. B and exportsadeclaration of A. Awhichrefersto C. C(see Figure3). After achange
to the source of module C recompilation would proceed as follows:

1. Aiscompiled importing the source interface from C. hs; A. hi isupdated.
2. Biscompiled importing A. hi ; B. hi isupdated.
3. Ciscompiled importing B. hi ; C. hi isupdated.
This scenario contains two different forms of implicit importswhich are resolved in different ways.

Implicit namesreferred to by a source interface. The source interface of module C, imported when module A is
compiled, refers to B. B. To ensure that a change to the declaration of B. B would cause module A to be re-
compiled we require that B. B be explicitly imported by A. In thiscase B. B must be imported from B’s source
interface. In general, we require that al the names referred to by a source interface are explicitly imported by
the modul e importing the source interface.

Implicit source-interface namesreferred to by a normal interface. Theinterface of moduleA, imported when mod-
ule Biscompiled, refersto C. C. Since C. hi has not yet been updated the declaration must be imported from
the source interface extracted from C. hs. In general, when resolving implicit imports the sourceinterface must
be extracted if the actua interface file is out of date. In addition, implicit imports are allowed from an implic-
itly imported source interface since the dependencies will aready have been captured when the source interface
was explicitly imported. Inthiscase C. Crefersto B. Bwhich isactually one of the declarations currently being
compiled!

4.3 Discussion

The system of source interfaces which we have proposed may seem quite cumbersome. However, we believe that it
isasignificant improvement on the status quo since it eliminates the very cumbersome and error-prone task of hand-
writing separate interfacefiles. It isintended to be used only when cyclic module dependencies are present and only
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Figure 4: Structure of Renamer and Interface processing

at the pointsof least coupling. In practice, most systems will have no need to useit at all since they do not have cyclic
modul e dependencies. However, when there are inherent cyclic dependencies we believeit will prove to be a satisfac-
tory solution.

5 Renamingand Interfaces

The Renaming pass of the compiler isresponsiblefor resolving all the names in the source and reading all the required
interface information. The term “renaming” refers to the substitution of source and/or interface identifiers with the
appropriateRnNane — aninternal datastructurewhich containsall theinformationabout thename aswell asaglobally
Uni que value which is subsequently used to compare names efficiently. The pass proceeds in four phases:

1. Thetop-level names are extracted from the parsed source.

2. The sourcei nport declarations are processed and the directly imported names are read from their original
interfacefile.

3. The parsed source isrenamed and the imported names actually used in the source are accumul ated. In addition,
after resolving the names the renamer sorts out the precedence of any infix operator applications.

4. Thefull interface information for those names actually used in the source are read from their original interface
file and renamed. This avoidsthe “biginhale’ of all the interface information. reading and processing of any
imported declarationswhich are not actually used. Thisprocessinvolvesatransitiveclosureoperationsincethese
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definitions and pragmas may refer to additional definitions which must also be read and renamed. It is further
complicated by the need to read and rename a| theimported instance declarations which may be required by the
type checker (see Section 2.6).

Underlying thisis the interface cache which caches all the interfaces read so far. The main fadlity it providesis to
return the declaration which defines a given original name, reading and caching the interface if necessary. When a
normal interface isrequested itstimestamp must be checked against the timestamp of the corresponding sourcefile. If
theinterface is out of date a source interface is extracted instead (see Section 4.2).

5.1 Therenaming monad

The source and interface parsers both return the same Abst r act Syn data structures. This enables the same code
to be used to rename both source declarations and imported declarations. However, different action is required when
resolving names:

o When renaming a source declaration the renaming monad carries down a renaming environment which maps
source names in scope to RnNanes. If the name is not found an Unbound name is returned and an error gen-
erated.

+ When renaming an imported declaration the environment maps original names to RnNanes. If the nameis not
foundan | npl i ci t name is created on-the-fly and returned. The name is also recorded in a specia implicit
environment which is threaded through the monad. Any subsequent reference to the same original name must
return the already created | npl i ci t name. When renaming of the declaration is complete the names in the
implicit environment are added to the list of imported names still to be read and processed and to the original
name environment before processing the next imported declaration. In thisway we alocatethe Uni quesof the
implicitly imported names as they are encountered.

Thisis captured by the renaming monad which hastwo different “modes’ of operation. In additionthe renaming monad
isalso responsible for alocating Uni ques, accumulating errors and warnings, and carrying down any additional in-
formation (e.g. the environment of fixity declarations used by the precedence parser).

At thetop-level the renamer usesthe | Omonad since retrieving declarations from the interface cache may require
anew interface file to be read.

6 Related Work

None of the ideas presented here are particularly new or novel. Rather, thiswork is an attempt to apply acombination
of straightforward ideas to an implementation of a modern programming language which performs significant inter-
modul e optimisations.

The basic recompilation scheme described here is essentialy equivaent to Tichy’'s smart recompilation scheme
(Tichy [1986]). However, the presentationsdiffer — Tichy presents hischange analysisin terms of change sets, while
we introduce and compare version numbers.

Gutknecht [1986] makes the di stinction between resolved and unresol ved interfaces — aresolved interface isone
which has been extended with al the information it refers to. Our requirement that the origina interface contain the
only definition of an entity is essentialy a strict system of unresolved interfaces.

Theideaof processing only those declarationswhich are actually needed was proposed by Cashinet a. [1981]. We
believe that sdlective embedding (as Cashin et a. termed it) is particularly important when each declaration containsa
significant body of additional pragmatic information. A less selective approach is environment pruning which avoids
reading an interfaceif it can determine that none of theimported entitiesare used. However, thisapproach isnot really
feasible in the presence of unqudified imports.

4The module should contain a source interface since the only way for a request for an out-of-date interface to arise is if a reference to a source-
imported declaration is exported. If the module does not contain a sourceinterface an error is reported. This can arise if the makefile dependencies
are out of date.
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The CHIPSY CHILL compiler (Eidnes, Hallsteinsen & Wanvik [1989]) adopted avery similar combination of ideas
including a version-based recompilation checker and selective embedding. Though we believe that our detailed pre-
sentationis of value, theredl interest in our work liesin the proposed eval uation of the scheme which will quantify the
effect of introducing the inter-modul e pragmatic information on arange of straightforward compilation schemes (see
Section 7).

The separate compilation system recently devel oped for the SML/NJ compiler (Appd & MacQueen [1994]) hasan
incremental recompilation manager built on top (Harper et a. [1994]). This system implements a cut-off recompila
tion scheme based on module-level dependencies. Thisisequivaent to our original compilation scheme which avoids
propagating recompilation if the new interface isidentical to the previousinterface.

More advanced, fine-grain recompilation schemes have been proposed for dealing with inter-modul edependencies
arising from pragmatic information (Burke & Torczon [1993]; Chambers, Dean & Grove [1995]). The basic ideais
to record separate versions and usages for each “piece” of pragmatic information associated with a declaration rather
than the declaration asawhole. Recompilationisonly requiredif thereisachangeto the particul ar pieces of pragmatic
informationwhich the compiler made use of. Such schemesare only really feasiblein an integrated compilation system
where a database of information is maintained.

Finally, we observe that smartest recompilation (Shao & Appel [1993]) isnot really compatible with inter-module
optimisation since no inter-moduleinformation isavailable at compiletime. Inter-modul e consistency is checked dur-
ing the linking phase of compilation. While it would be feasible, even desirable, to delay optimisation to the linking
phase, we have not explored thisfurther.

7 Evaluation

Unfortunately a comprehensive evaluation of the recompilation scheme is not yet feasible — the GHC 1.3 compiler
has only just been rel eased and cross-modul e pragmas have not yet been implemented. However, initial feedback from
users has been very positive.

We intend to conduct an experiment similar to that conducted by Adams, Tichy & Weinert [1994], comparing the
amount of recompilation required for a naive cascading recompil ation scheme with theinterface cut-off recompilation
scheme used previously and the smart recompilation scheme described here. Within this framework we intend to ex-
aminetheeffect of introducing theinter-modul e pragmatic information on the performance of the different compilation
schemes. The results will be included in a subsequent version of this paper.

We aso intend to implement the system of source interfaces described in Section 4 — we currently ill rely on
hand written interfaces to bootstrap cyclic module dependencies.

A Glasgow Haskéll

The Glasgow Haskell Compiler isfreely available from anumber of ftp sites. For more information please consult the
GHC home page:

http: //ww. dcs. gl asgow. ac. uk/ f p/ sof t war e/ ghc.

Note that the recompilation scheme described here is only available with the Glasgow Haskell 1.3 Compiler — i.e.
GHC version 2.xx. The current version (2.01) does not implement source interfaces or cross-modul e pragmas.
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