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that the following conditions are met:

» Redistributions of source code must retain the above copyright notice, this list of conditions and the
following disclaimer.
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Chapter 1. Introduction to GHC

Thisisaguide to using the Glasgow Haskell Compiler (GHC): an interactive and batch compilation sys-
tem for the Haskell 98 [http://www.haskell.org/] language.

GHC has two main components: an interactive Haskell interpreter (also known as GHCi), described in
Chapter 3, Using GHCi, and a batch compiler, described throughout Chapter 4, Using GHC. In fact,
GHC consists of a single program which is just run with different options to provide either the interact-
ive or the batch system.

The batch compiler can be used alongside GHCi: compiled modules can be loaded into an interactive
session and used in the same way as interpreted code, and in fact when using GHCi most of the library
code will be pre-compiled. This means you get the best of both worlds: fast pre-compiled library code,
and fast compile turnaround for the parts of your program being actively devel oped.

GHC supports numerous language extensions, including concurrency, a foreign function interface, ex-
ceptions, type system extensions such as multi-parameter type classes, local universal and existential
quantification, functional dependencies, scoped type variables and explicit unboxed types. These are all
described in Chapter 7, GHC Language Features.

GHC has a comprehensive optimiser, so when you want to Really Go For It (and you've got time to
spare) GHC can produce pretty fast code. Alternatively, the default option is to compile as fast as pos-
sible while not making too much effort to optimise the generated code (although GHC probably isn't
what you'd describe as a fast compiler :-).

GHC's profiling system supports “cost centre stacks’: away of seeing the profile of a Haskell program
in acall-graph like structure. See Chapter 5, Profiling for more details.

GHC comes with alarge collection of libraries, with everything from parser combinators to networking.
Thelibraries are described in separate documentation.

1.1. Meta-information: Web sites, mailing lists,

etc.

On the World-Wide Web, there are several URLs of likely interest:

» Haskell home page [http://www.haskell.org/]
»  GHC home page [http://www.haskell.org/ghc/]
» comp.lang.functional FAQ [http://www.cs.nott.ac.uk/~gmh/fag.html]

We run the following mailing lists about Glasgow Haskell. We encourage you to join, as you feel is ap-
propriate.

glasgow-haskell-users: This list is for GHC users to chat among themselves. If you have a
specific question about GHC, please check the FAQ
[http://hackage.haskell.org/trac/ghc/wiki/FAQ] first.

list email address: <gl asgow haskel | - user s@
askel | . org>
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glasgow-haskell-bugs:

cvs-ghc:

subscribe at:

admin email address:

list archives:

ht -

tp: // www. haskel | . or g/ mai
| man/

listinfo/glas-

gow haskel | - users.

<gl asgow haskel | -users-a
dm n@naskel | . or g>

ht -

tp: // www. haskel | . org/ pip
ermail / gl as-

gow haskel | -users/

Send bug reports for GHC to this address! The sad and lonely people
who subscribe to this list will muse upon what's wrong and what you

might do about it.

list email address:

subscribe at:

admin email address:

list archives:

<gl asgow haskel | - bugs@a
skel | . org>

ht -

tp: // ww. haskel | . or g/ mai
| man/

listinfo/glas-

gow haskel | - bugs.

<gl asgow haskel | - bugs- ad
m n@askel | . or g>

ht -

tp://ww. haskel | . org/ pip
ermai |l / gl as-

gow haskel | - bugs/

The hardcore GHC developers hang out here. Thislist also gets com-
mit message from the CV S repository. There are several other simil-
ar lists for other parts of the CVS repository (eg. cvs- hsl i bs,
cvs- happy, cvs- hdi rect etc)

list email address:

subscribe at:

admin email address:

list archives:

<cvs- ghc@askel | . org>

ht -
tp:// www. haskel | . or g/ mai
I man/listinfo/cvs-ghc.

<cvs-ghc-adm n@askel | . o
rg>

ht -
tp://ww. haskel | . org/ pip
ermai |l / cvs- ghc/

There are several other haskell and GHC-related mailing lists served by www. haskel | . or g. Go to
http://ww. haskel | .org/ mai | man/ | i sti nfo/ forthefull list.

Some  Haskell-related

discussion aso  takes

in the Usenet newsgroup
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1.2. Reporting bugs in GHC

Glasgow Haskell is a changing system so there are sure to be bugsiin it.

To report abug, either:

Preferred: Create a new bug [http://hackage.haskell.org/trac/ghc/newticket?type=bug], and enter
your bug report. You can also search the bug database here to make sure your bug hasn't already
been reported (if it has, it might still help to add information from your experience to the existing re-
port).

Bug reports can also be emailed to <gl asgow haskel | - bugs@askel | . or g>.

1.2.1. How do | tell if | should report my bug?

Take alook at the FAQ [http://hackage.haskell.org/trac/ghc/wiki/FAQ] and Chapter 9, What to do when
something goes wrong, which will give you some guidance as to whether the behaviour you're seeing is
really abug or not.

1.2.2.

If it is a bug, then it might have been reported before: try searching on the bug tracker
[http://hackage.haskell.org/trac/ghc], and failing that, try Google [http://www.google.com].

If in doubt, just report it.

What to put in a bug report

The name of the bug-reporting game is: facts, facts, facts. Don't omit them because “ Oh, they won't be
interested...”

What kind of machine are you running on, and exactly what version of the operating system are
you using? (on a Unix system, uname -a or cat /etc/motd will show the desired information.) In
the bug tracker, thisinformation can be given in the “ Architecture” and “ Operating system” fields.
What version of GCC are you using? gcc -v will tell you.

Run the sequence of compiles/runs that caused the offending behaviour, cut-and-paste the whole
session into the bug report. We'd prefer to see the whole thing.

Add the -v flag when running GHC, so we can see exactly what was run, what versions of things
you have, etc.

What is the program behaviour that iswrong, in your opinion?
If practical, please attach or send enough source files for us to duplicate the problem.

If you are a Hero and track down the problem in the compilation-system sources, please send us
patches (either dar cs send, plain patches, or just whole files if you prefer).

1.3. GHC version numbering policy

As of GHC version 6.0, we have adopted the following policy for numbering GHC versions:
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Stable Releases These are numbered X. y. z, wherey is even, and z is the patch-

level number (the trailing . z can be omitted if z is zero). Patch-
levels are bug-fix releases only, and never change the program-
mer interface to any system-supplied code. However, if you in-
stall a new patchlevel over an old one you will need to recompile
any code that was compiled against the old libraries.

The value of _ GLASGOW HASKELL _ (see Section 4.10.3,
“Options affecting the C pre-processor”) for a major release
X. Y.z isthe integer xyy (if y is a single digit, then a leading
zero is added, so for example in version 6.2 of GHC,
__GLASGOW HASKELL__==602).

Snapshots/unstable releases We may make snapshot releases of the current development

sources from time to time, and the current sources are aways
available via the CVS repository (see the GHC web site
[http://www.haskell.org/ghc/] for details).

Snapshot releases are named x. y. YYYYMVDD where YYYYMV

DD is the date of the sources from which the snapshot was built.
In theory, you can check out the exact same sources from the
CVSrepository using this date.

If y is odd, then this is a snapshot of the CVS HEAD (the main
development branch). If y is even, then it is a snapshot of the
stable branch between patchlevel releases. For example,
6. 3. 20040225 would be a snapshot of the HEAD, but
6. 2. 20040225 would be a snapshot of the 6. 2 branch.

Thevalueof  GLASGOW HASKELL _ for asnapshot releaseis
the integer xyy. You should never write any conditional code
which tests for this value, however: since interfaces change on a
day-to-day basis, and we don't have finer granularity in the values
of _ GLASGOW HASKELL __, you should only conditionally
compile using predicates which test whether
__ GLASGOW HASKELL_ _ isequal to, later than, or earlier than
agiven major release.

The version number of your copy of GHC can be found by invoking ghc with the ——ver si on flag
(see Section 4.5, “Help and verbosity options”).

1.4. Release notes for version 6.6

1.4.1. User-visible compiler changes

GHC now supports SMP: when you compile with - t hr eaded, you now get an RTS flag - N that
alows you to specify the number of OS threads that GHC should use. Defaults to 1. See Sec-
tion 4.12, “Using SMP parallelism” and Section 7.15, “Parallel Haskell”.

GHC now handles impredicative polymorphism; see Section 7.4.9, “Impredicative polymorphism ”.

There are significant changes to the way scoped type variables work, and some programs that used
to compile may no longer do so. The new story is documented in Section 7.4.10, “Lexically scoped

type variables . ( Simon's e-mail
[http:/iwww.haskell.org/pi permail /glasgow-haskel | -users/2006-January/009565.html]  gives some
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background, but the user manual should be complete (tell usif not), and certainly takes precedence if
thereis any conflict.)

GHC now supports bang patterns to require a function is strict in a given argument, e.g.

f (% y) =1[xyl]

isequivalent to

f (x, ¥y) | x “seq False = undefined
| otherwise = [x,Y]

See Section 7.8, “Bang patterns” for more details.

The restriction that you cannot use two packages together if they contain a module with the same
name has been removed. In implementation terms, the package name is now included in every ex-
ported symbol name in the object file, so that modules with the same name in different packages do
not clash. See Section 4.8.2, “ Consequences of packages’.

GHC now treats source files as UTF-8 (ASCII isa strict subset of UTF-8, so ASCII source files will
continue to work as before). However, invalid UTF-8 sequences are ignored in comments, so ASCII
code with commentsin, for example, Latin-1 will also work.

A way to have Latin-1 source files pre-processed by GHC is described in Section 4.10.4, “Options
affecting a Haskell pre-processor”.

GADTs can now use record syntax. Also, if the datatype could have been declared with Haskell 98
syntax then deriving clauses are permitted. For more info see Section 7.5, “Generalised Algebraic
Data Types (GADTS)".

There is a new pragma LANGUAGE which allows extensions to be specified portably, i.e. without
having to resort to the OPTI ONS_GHC pragma and giving GHC-specific options. The arguments to
the pragma are the same extensions that Cabal knows about. More info in Section 7.10.4,
“LANGUAGE pragma’.

When you use ghc --make, GHC will now take the executable filename from the name of the file
containing the Mai n module rather than using a. out . The . exe extension is appended on Win-
dows, and it can of course be overridden with - o.

GHC's garbage collector now deals more intelligently with mutable data, so you mostly no longer
need to worry about GC performance when alot of memory istaken up by STAr rays, | QArr ays,
STRef s or | ORef s. For more details see trac bug #650
[http://hackage.haskell .org/trac/ghc/ticket/650].

GHC now alows more generalisation when typing mutually recursive bindings, resulting in more
programs being accepted. See Section 7.4.13, “Generalised typing of mutually recursive bindings”
for more details.

The rules for instance declarations have been further relaxed. You are now permitted to have in-
stances whose heads contain only type variables, e.g.

instance C a

and instances whose constraints are not only type variables, e.g.

instance C2 Int a => C3 [a] b

5
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For more details, see Section 7.4.4.1, “Relaxed rules for instance declarations”.

The following flags (and, where appropriate, their inverses) used to be static (can only be given on
the command line) but are now dynamic (can also be given in a GHC_OPTI ONS pragma or with
:set in GHCi): -c¢, -hcsuf, -hidir, -hisuf, -0, -odir, -ohi, -osuf,
-keep-hc-file,-keep-s-file,-keep-raws-file,-keep-tnp-files,-tnpdir,

-i, -package, -hide-package, -ignore-package, -package-conf, -
no- user - package- conf , - f cont ext - st ack, - f excess- preci si on, -
fignore-asserts, -fignore-interface-pragmas, -1, -framework, -
framework-path, -1,-L,-main-is,-no-hs-nmain,-split-objs, -pgniL, -pgnP, -
pgnc, -pgme, -pgm, -pgndll, -pgnF, -optl, -optdll, -optdep, -

f no- asm mangl i ng. See Section 4.2, “Static, Dynamic, and Mode options’ for more on the
meaning of static and dynamic flags, and Section 4.17, “Flag reference” for more on the flags them-
selves.

There is a new flag - x for overriding the default behaviour for source files; see Section 4.4.3.1,
“Overriding the default behaviour for afile” details.

The - no-reconp option is now called - f f or ce- r econp. (the old name is still accepted for
backwards compatibility, but will be removed in the future).

The-f gl obal i se-t opl ev- nanes flag has been removed.

The -fallow overlapping-instances flag is implied by the -fal-
| owi ncoherent -i nst ances flag.

The directory that thef oo_st ub. ¢ and f oo_st ub. h files are put in can now be controlled with
the- st ubdi r flag. See Section 4.6.4, “ Redirecting the compilation output(s)” for more details.

When the - f no-i npli cit- prel ude isgiven, the equality test performed when pattern match-
ing against an overloaded numeric literal now uses the (==) in scope, rather than the one from
Pr el ude. Likewise, the subtraction and inequality test performed when pattern matching against
n+k patterns usesthe (-) and ( >=) in scope.

Another changeto - f no-i npli ci t - prel ude: with the exception of the arrow syntax, the types
of functions used by sugar (such as do notation, numeric literal patterns) need not match the types of
the Pr el ude functions normally used.

Thel nst al | edPackagel nf o syntax has changed. Now instead of ext r a- | i bs we have ex-
tra-libraries, instead of extra-hugs-opts we have hugs-opti ons, instead of ex-
tra-cc-opts we have cc-options, instead of extra-1d-opts we have | d-opti ons,
and instead of ext r a- f r amewor ks we have f r amewor ks. See Section 4.8.6, “ | nst al | ed-
Packagel nf o: apackage specification ” for details.

If you newt ype the 1O monad, e.g.

newtype MyIOa = MIO (10 a)

then GHC will now allow you to have FFI calls return Myl O t rather than just | O t. See Sec-
tion 8.1.2, “Newtype wrapping of the |O monad”

GHC's mechansim for deriving user-defined classes for newtypes has been further generalised, to
multi-parameter type classes and higher-kinded types. See Section 7.4.12, “ Generalised derived in-
stances for newtypes’.

By default, pattern bindings in GHC are now monomorphic. This means that some valid Haskell 98
programs will get rejected, but we believe they will be few in number. To revert to the old behaviour
usethe - f no- mono- pat - bi nds flag. More details are in Section 7.1, “Language options”.
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1.4.2.

» GHCi dready does more defaulting than Haskell 98 so that, for example, r everse [] shows a
result rather than giving an ambiguous type variable error. There is now a flag - fex-
t ended- def aul t - r ul es to use these defaulting rules with GHC too. More details are in Sec-
tion 3.4.5, “Type defaulting in GHCi”.

* You can now give both class and instance declarations in . hs- boot files. More details in Sec-
tion 4.6.9, “How to compile mutually recursive modules’.

e Linear implicit parameters have been scheduled for removal for some time. In 6.6 we've removed
them from the user manual, and they may well disappear from the compiler itself in 6.6.1.

» If the program isidle for a certain amount of time then GHC will now take the opportunity to do a
major garbage collection. The amount of idle time that is required before that happens is controlled
by the new - | RTSflag. Thereis more detail in Section 4.14.3, “RTS options to control the garbage
collector”.

» It isnow possible to control the frequency that the RTS clock ticks at with the new - V RTS flag.
Thisis normally handled automatically by other flags, but this flag is needed if you want to increase
the resolution of the time profiler. For more details see Section 4.14.2, “Miscellaneous RTS
options’.

» Theold syntax for FFI declarations (deprecated since 5.04) is no longer accepted.

« The-split-objs flag, which when used to compile libraries means executables using the library
will be smaller, can now be used with - - make and hence can be used by cabal. See Section 4.10.7,
“Options affecting linking” for more information.

» Template Haskell used to have limited support for type signaturesin patterns, but since that design is
in flux for Haskell (let alone Template Haskell), we've removed type signatures in patterns from
Template Haskell.

*  GHC now supports postfix operators, as a simple generalisation of left sections (Section 7.3.6,
“Postfix operators’).

» Pardle arrays, as enabled by - f parr, no longer work. They'll be coming back shortly, in full
glory.

GHCi changes

*  GHCi now allows tab completion of in-scope names and modules on platforms that use readline (i.e.
not Windows).

e GHCi now hasa: mai n command that allows you to call the mai n function with command-line ar-
guments. See Section 3.6, “GHCi commands’ for more information.

* GHCi now has: ct ags and : et ags commands to generate tags files for vi-style and emacs-style
editors respectively. See Section 3.6, “GHCi commands’ for more information.

* GHCi now hasan: edi t command which pops up an editor on the most recently loaded file, or a
specified file. See Section 3.6, “GHCi commands’ for more information.

e GHCi now invokes pri nt by default on the result of 10 actions and bindings at the prompt. Thisis
occasionally not what you want, so it can be disabled (at least for bindings) with : set -
f no-print-bind-resul t.SeeSection 3.4.2, “Using do- notation at the prompt”.
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1.4.3. Libraries

Libraries are now divided into core libraries (those that are necessary to build GHC) and extra libraries.
Decoupling the extra libraries means that they can release independently of GHC releases, and makes
development builds of GHC quicker as they no longer need to build unnecessary libraries.

The hdlibs libraries have finally been removed.

1.4.4. Core Libraries
1.4.4.1. base

e Version number 2.1 (was 1.0).
*  Wenow have Read and Showinstances for up to 15-tuples (used to be up to 5-tuples).

New module Cont rol . Appl i cati ve that describes a structure intermediate between a functor
and amonad: it provides pure expressions and sequencing, but no binding.

« Control . Exception now exports br acket OnEr r or , which behaves like br acket but only
runsthe fina action if the main action raised an error.

» Thereisanew module Cont r ol . Monad. | nst ances which provides Monad and Funct or in-
stances for ((->) r) (werein ntl's Control . Mnad. Reader), a Funct or instance for
(Either a) (wasinmt|'sControl.Mnad. Error) andaFunct or instancefor ((,) a)
(new).

* The MonadFi x instance for ((->) r) isnow in Control . Monad. Fi x (wasinntl's Con-
trol . Monad. Reader).

e Control.Mnad. ST now exportsunsaf eSTTol O.

» The HasBounds class has been removed from Dat a. Arr ay. Base, and its bounds method is
now inthel Ar r ay class. The MAr r ay class has also gained a method get Bounds.

 Data. Array. Base now providesanMArray (STArray s) e (Lazy. ST s) instance.
« Data. Array. St orabl e now exportsafunction unsaf eFor ei gnPt r ToSt or abl eArray.

 The new Dat a. Byt eSt ri ng hierarchy provides time and space-efficient byte vectors. The old
Dat a. PackedSt ri ng module is now deprecated as a result, although there is not yet a replace-
ment if you need full unicode support.

e GHC. Ext s now provides a function i nl i ne which, provided the RHS is visible to the compiler,
forcibly inlines its argument. Otherwise, it acts likei d. For more details, see Section 7.12, “ Specid
built-in functions’.

e GHC. Ext s now providesafunction| azy, wherel azy f behaveslikef , except GHC isforced to
believe that it is lazy in its first argument. For more details, see Section 7.12, “ Specid built-in func-
tions’.

« Data. Fi ni t eMap has been removed (deprecated since 6.4). Use Dat a. Map instead.

* Data.Char now exports i sLetter, i sMark, i sNunmber, i sPunctuati on, i sSymnbol ,
i sSeparator, i sAsci i Upper, i sAsciiLower and toTitl e. It also exports a function

gener al Cat egor y that tells you the category of a character in terms of a datatype Gener al C-
ategory.
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Dat a. Dynani ¢ now exports afunction dynTypeRep.

There is a new module Dat a. Eq which just exports the Eq class. Likewise, a new module
Dat a. Or d exportsthe O d class, aswell asthe handy conpar i ng function.

Thereisanew module Dat a. Fi xed providing fixed-precision arithmetic.

There is a new module Dat a. Fol dabl e providing a class for foldable datatypes. It gives in-
stances for Maybe,[] andArray i .

There is anew module Dat a. Tr aver sabl e providing a class for data structures that can be tra-
versed from left to right. It givesinstances for Maybe,[] andArray i .

Dat a. Funct or M has been deprecated; use Dat a. Fol dabl e and Dat a. Tr aver sabl e in-
stead.

The t oConst r definitions for tuples in Dat a. Generi cs. | nst ances now actualy evaluate
their arguments to tuples before returning anything.

Data. I ntMap now exports not Menber, alter, nmapMaybe, mapMaybeW t hKey,
mapEi t her and mapEi t her W t hKey. It also has Monoi d, Fol dabl e and Read instances.

Dat a. | nt Set now exportsnot Menber . It also has Monoi d and Read instances.

Dat a. Map now exports not Menber , al t er, mapMaybe, mapMaybeW t hKey, mapEi t her,
mapEi t her Wt hKey, mi nVi ew and maxVi ew. It also has Monoi d, Tr aver sabl e, Fol d-
abl e and Read instances.

Dat a. Set now exports not Merber , m nVi ewand maxVi ew. It also has Monoi d, Fol dabl e
and Read instances.

The old, deprecated (since 6.4) interface consisting of enpt ySet , nkSet , set TolLi st, uni t -
Set, el enent O , i sEnptySet, cardi nality, uni onManySet s, m nusSet, napSet,
i ntersect,addToSet and del Fr onSet has been removed.

Dat a. Monoi d no longer contains the Monoi d instances for Map, | nt Map, Set and | nt Set .
They have been moved to their own modules, as above. The (a - > a) instance has been replaced
with a Monoid b => Mnoid (a -> b) instance. The module also now exports Dual ,
Endo, Al | , Any, Sumand Pr oduct types, and Monoi d instances for them.

There is a new module Dat a. Sequence for finite sequences. The Dat a. Queue module is now
deprecated in favour of this faster, more featureful replacement.

Dat a. Tr ee now has Dat a, Typeabl e, Tr aver sabl e and Fol dabl e instances for the Tr ee
datatype.

Dat a. Typeabl e now uses - f al | ow over | appi ng-i nst ances, so the generic instances
can be overriden for your own datatypes.

Debug. Tr ace now exportst r aceShow, which isthe same ast r ace except its first argument
can be any showable thing rather than being required to be a string.

For ei gn. C. Types now also definesCl nt Pt r, CUl nt Pt r, Cl nt Max and CUI nt Max.

For ei gn. For ei gnPtr now exports Fi nal i zer EnvPt r, newFor ei gnPt r Env and add-
For ei gnPtr Fi nal i zer Env. Together, these allow the use of finalizers which are passed an ad-
ditional environment parameter.

Foreign. Marshal . Util s no longer exports the wi t hCbj ect function, deprecated since
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5.04; usewi t h instead.

» Foreign.Ptr now also defines IntPtr, ptrTolntPtr, intPtrToPtr, WordPtr, ptrTo-
Wor dPt r andwor dPt r ToPtr.

» Thereare now Bounded instances for up to 15-tuples (used to be up to 4-tuples).

e TheText.Htnl and Text. Ht m . Bl ockTabl e modules have now been removed, with the new
ht M and xht m packages providing replacements.

» Text . Read now exports afunction par ens which parses avalue in an arbitrary number of paren-
theses.

* TheFor ei gnPtr datatype has been atered to make it more efficient. There are also hew functions
mal | ocPl ai nFor ei gnPtr and mal | ocPl ai nFor ei gnPt r Byt es which do not allow you
to attach afinalizer to the For ei gnPtr.

 The Text. Regex and Text . Regex. Posi x modules have been removed. Instead, use the new

regex- conpat package for a drop-in Text . Regex replacement, or the new library in the new
regex- posi x package.

1.4.4.2. Cabal

* Version number 1.1.6 (was 1.1.4).

e Support for JHC, symmetric to the support for the other implementations, has been added
throughout.

» Support for object splitting and building in-place has been added throughout.

* Added a debi anTenpl at e directory with templates for building Debian packages from Cabal
packages.

e Thereare now modulesDi stri bution. Si npl e. conpi | er for each of GHC, NHC, Hugs and
JHC. The Distribution.Sinple.Buildand D stribution.Sinple.lnstall mod-
ules have shrunk correspondingly.

« Distribution. Get Opt isnolonger avisible module.

« Distribution.Sinple exports a function def aul t Mai nAr gs, which is identica to de-
faul t Mai n except that the arguments are given as alist of strings rather than being retrieved with
get Args.

e Distribution.Sinple.Configure no longer exports Local Bui | dl nf o, but does now
export conf i gDependency and conf i gConpi | er Aux.

e Distribution.Sinple.Local Buildlnfo now exports nkHaddockDi r, di st Pref,
srcPref ,aut ogenModul esDi r and nkl ncl udeDir.

« Distribution. PackageDescri pti on now exportshaddockNarne.

e Distribution.Sinple.Uils now exports copyDirectoryRecursiveVerbose,
di r O, di st Pref,haddockPref andsr cPref.Itnolonger exports "k GHCi Li bNane.

1.4.4.3. haskell98

10
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» No change (version 1.0).

1.4.4.4. parsec

* Version number 2.0 (was 1.0).

* No other change.

1.4.45. readline

* No change (version 1.0).

1.4.4.6. regex-base

* Vesion0.71.

* New library that provides common functions for different regex backends.

1.4.4.7. regex-compat

« Vesion0.71.

* New package providing areplacement Text . Regex module.

1.4.4.8. regex-posix

e Vesion0.71.

* A new package providing POSIX regexes.
1.4.4.9. stm

* Version number 2.1 (was 1.0).

* A new module Cont r ol . Monad. STMcontains the MonadPI us instance for STMand the func-
tioncheck (both used to bein Cont r ol . Concurrent. STM. It also re-exports STM at omi c-
ally,retry,orEl seandcat chSTM

* A new module Cont rol . Concurrent. STM TArr ay defines TAr r ay, a transactiona array,
and makesit an instance of MAr r ay.

* Control.Concurrent. STM TChan now provides a function newTChanl O, which allows
TChans to be created in the 10 monad. Similarly, Contr ol . Concurrent. STM TMWar
provides newTMWar | O and newEnpt yTWar | O, and Cont r ol . Concurrent. STM TVar
exportsnewT Var | O

11



Introduction to GHC

1.4.4.10

1.4.4.11.

1.4.4.12.

Control . Concurrent. STM TVar exportsr egi st er Del ay.

The Cont r ol . Concur r ent . STMmodule has been updated to re-export all the new modules.

template-haskell

Version number 2.0 (was 1.0).

A Show instance is now derived for I nfo, Fixity and FixityDirection in Lan-
guage. Haskel | . TH. Synt ax.

InLanguage. Haskel | . TH. Synt ax, there is atype PkgNane and functions nk PkgNane and
pkgSt ri ng for dealing with package names.

The pat CGE function in Language. Haskel | . TH. Li b now takes the final expression separately
to thelist of statements rather than splitting it off itself.

unix
No change (version 1.0).

Win32

Version number 2.1 (was 1.0).
Now maintained by Esallari Vuokko.

There is a new module Syst em W n32. Consol e providing an interface to the Windows Con-
sole API.

There is a new module Syst em W n32. DebugApi providing an interface to the Windows De-

bugApi.

Thereisanew module Syst em W n32. Fi | eMappi ng for working with memory-mapped files.
Thereisanew module Syst em W n32. Si npl eMAPI for using the Windows mail API.
Thereisanew module Syst em W n32. Ti ne for using the Windows time API.

i N\VALI D HANDLE VALUE has moved from Graphics.Wn32.Msc to Sys-
tem W n32. Types.

Syst em W n32. Fi | e has a new function get Fi | el nf or mat i onByHandl e and associated
data types.

Syst em W n32. | nf o hasanew function get Syst enl nf o0 and associated data types.
System W n32. Process now has many more exports.
Syst em W n32. Types has new types LARGE | NTEGER, DDWORD and Sl ZE_T. It also has

new helper functions ddwor dToDwor ds and dwor ds ToDdwor d to split and combine ddwords
into high and low components.

12
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e System W n32 reexports System W n32. Fi |l eMappi ng, System Wn32. Ti re and
Syst em W n32. Consol e.

1.4.5. Extra Libraries
1.4.5.1. ALUT

e Version number 2.0 (was 1.0).
* Sound. ALUT. Bui | t I nSounds has been removed. I1ts Phase and Dur at i on exports are now
exported by Sound. ALUT. Loader s and its hel | oWr| d, si ne, square, sawmt oot h, i m

pul se and whi t eNoi se exports are now constructors of the
Sound. ALUT. Loader s. SoundDat aSour ce datatype.

1.4.5.2. arrows

e Version number 0.2 (was 0.1).

» Control . Sequence hasbeen removed in favour of the new Cont r ol . Appl i cati ve module
inbase.

1.4.5.3. cqi

* Version 2006.8.14.

e cgi isanew package, developing on what used to be Net wor k. C@ inthenet wor k package.
1.4.5.4. fg|

e Version number 5.3 (was 5.2).
* Data. G aph. I nducti ve. G aph no longer exports UCont ext .

e Data. G aph. | nductive. Graph now exportsdel LEdge.

1.4.5.5. GLUT

e Version number remains 2.0.

e In Gaphics.U .GUT.Initialization, D splayMde has a new constructor
W t hAuxBuf f er s and Di spl ayCapabi | i t y hasanew constructor Di spl ayAux. These rep-
resent freeglut-only features.

* There are new examples in BOGLGP/ Chapt er 03/ OnYour Om1. hs,
RedBook/ AAI ndex. hs, RedBook/ AARGB. hs, RedBook/ AccAnti . hs, RedBook/ Ac-
cPer sp. hs, RedBook/ Al pha3D. hs, RedBook/ DOF. hs, RedBook/ Fogl ndex. hs, Red-
Book/ Mul ti sanp. hs, RedBook/ Poi nt P. hs, RedBook/ Pol yO f . hs, RedBook/ St en-

13
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cil . hs, RedBook/ St r oke. hs and RedBook/ Tor us. hs, and the examples in RedBook/
Font . hs and RedBook/ Hi st ogr am hs have been improved.

1.4.5.6. haskell-src

* No change (version 1.0).

1.4.5.7. HGL

* Nochange (version 3.1).

1.4.5.8. html

 Vesion 1.0.

e html is a new package, developing on what used to be Text.Hm and
Text. Ht m . Bl ockTabl e inthebase package.

 Text. H nl. Bl ockTabl e exportsanew function enpt y.

1.4.5.9. HUnit

* Nochange (version 1.1).

1.4.5.10. mtl

* No change (version 1.0).

1.4.5.11. network

* Version number 2.0 (was 1.0).

* Networ k. CA hasbeen removed; usethecgi package instead.

e Network.BSD no longer exports symink or readlink; use Sys-
tem Posi x. Fil es. creat eSynbol i cLi nk and Sys-
tem Posi x. Fi |l es. readSynbol i cLi nk instead.

* Networ k. BSD now exportsdef aul t Pr ot ocol .

 Networ k. Socket. Socket St at us now has a constructor Conver t edToHandl| e for sockets
that have been converted to handles.

* Network. Socket.Fam |y now has the following additional constructors: AF_NETROM
AF_BRI DGE, AF_ATMPVC, AF_ROSE, AF_NETBEU , AF_SECURI TY, AF_PACKET, AF_ASH,

14
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1.4.5.12

1.4.5.13

1.4.5.14

1.4.5.15

1.4.5.16

1.4.5.17.

AF_ECONET, AF_ATMSVC, AF_| RDA, AF_PPPOX, AF_WANPI PE and AF_BLUETOOTH,

In Net wor k. URI , par seabsol ut eURI has been deprecated with a new function par seAb-
sol ut eURI taking its place.

. ObjectIO

No change (version 1.0).

. OpenAL

Version number 1.3 (was 1.2).

No other change.

. OpenGL

Version number 2.1 (was 2.0).

No other change.

. QuickCheck

No change (version 1.0).

. time

Version 1.0.

ti me isanew package, for dealing with dates, times and time intervals.

X11

Version number 1.2 (was 1.1).

In Graphi cs. X11. Xl i b. Types, XGCVal ues has been renamed GCVal ues and XSet W n-
dowAt t ri but es has been renamed Set W ndowAt t ri but es.

In Graphi cs. X11. XI'i b. M sc, al | ocaXSet W ndowAt t ri but es has been renamed al -
| ocaSet W ndowAt tri but es.

The FontStruct type has moved from G aphics. X11. Xli b. Types to G aph-
i cs.X11. Xl'i b. Font.

The Poi nt, Rect angl e, Arc, Segrent and Col or typesin Graphi cs. X11. Xl i b. Types

15
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are now proper datatypes rather than synonyms for tuples. They all have a St or abl e instance.

* TheByt e and Short types from Graphi cs. X11. Xl i b. Types have been removed. The fol-
lowing type synonyms, which had already been marked "Backwards compatibility", have also been
removed: Li st Poi nt, Li st Rect angl e, Li st Arc, Li st Segnent andLi st Col or.

* Eq, Ord, Show, Typeabl e and Dat a are now derived for: XEvent , FdSet and Ti nreZone in
G aphi cs. X11. Xl'i b. Event , Font St ruct in G aphi cs. X11. Xl i b. Font,
XEr r or Event , XConposeSt at us and XText Property in Graphi ¢cs. X11. Xli b. M sc,
Regi on in Graphi cs. X11. Xl i b. Regi on, D spl ay, Screen, Vi sual , GC, GCVal ues,
Set W ndowAt t ri but es, Point, Rectangl e, Arc, Segnent and Col or in G aph-
i cs. X11. Xl'i b. Types.

1.4.5.18. xhtml

1.4.6.

1.4.7.

* Version 2006.8.14.

e« xhtm is a new package, developing on what used to be Text.Hmn and
Text. Ht m . Bl ockTabl e inthebase package.

GHC As A Library

Version number 6.6.

The internal modules of GHC are now available as a library, package name ghc. The interface has not
been designed with use by other programs in mind, so expect the API to vary radically in future releases.

An introduction  to using the library can be  found on the  wiki
[http://haskell.org/haskellwiki/GHC/As a library].

Internal changes

e GHC development now has its own integrated wiki and bug tracker
[http://hackage.haskell.org/trac/ghc].

*  GHC has now moved to darcs. See the wiki [http://hackage.haskell.org/trac/ghc/wiki/GhcDarcs] for
more details. The sources have moved around a bit within the tree as a result, most notably the GHC
sources are no longer kept within aghc/ subdirectory.

» The native code generator is now capable of compiling loops, which gets us a big step closer to be-
ing able to compile entirely without gcc on well-supported arches.
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Chapter 2. Installing GHC

Installing from binary distributions is easiest, and recommended! (Why binaries? Because GHC is a
Haskell compiler written in Haskell, so you've got to bootstrap it somehow. We provide machine-gen-
erated C-files-from-Haskell for this purpose, but it's really quite a pain to use them. If you must build
GHC from its sources, using a binary-distributed GHC to do so is a sensible way to proceed. For the oth-
er f pt ool s programs, many are written in Haskell, so binary distributions allow you to install them
without having a Haskell compiler.)

Thisguideisin severa parts:

* Ingtalling on Unix-alikes (Section 2.1, “Installing on Unix-a-likes").
* Installing on Windows (Section 2.2, “Installing on Windows”).

* The layout of installed files (Section 2.3, “The layout of installed files”). You don't need to know
thisto install GHC, but it's useful if you are changing the implementation.

2.1. Installing on Unix-a-likes

2.1.1.

2.1.2.

When a platform-specific package is available

For certain platforms, we provide GHC binaries packaged using the native package format for the plat-
form. Thisislikely to be by far the best way to install GHC for your platform if one of these packagesis
available, since dependencies will automatically be handled and the package system normally provides a
way to uninstall the package at alater date.

We generally provide the following packages:

RedHat or SUSE Linux/x86 RPM source & binary packages for RedHat and SUSE Linux (x86
only) are available for most major releases.

Debian Linux/x86 Debian packages for Linux (x86 only), also for most mgjor re-
leases.

FreeBSD/x86 On FreeBSD/x86, GHC can be installed using either the portstree

(cd /usr/ports/lang/ghc && nake install) or
from a pre-compiled package available from your local FreeBSD
mirror.

Other platform-specific packages may be available, check the GHC download page for details.

GHC binary distributions

Binary distributions come in “bundles,” one bundle per file called bundl e-pl atformtar. gz.
(See the building guide for the definition of a platform.) Suppose that you untar a binary-distribution
bundle, thus:
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% cd /your/scratch/space
% gunzi p < ghc-Xx. xx-sun-sparc-solaris2.tar.gz | tar xvf -

Then you should find asingle directory, ghc- ver si on, with the following structure;

Makefile.in

configure
README

I NSTALL
ANNOUNCE
NEWS

bi n/ platform

lib/platforn

shar e/

htm /

2.1.2.1. Installing

the raw material from which the Makefil e will be made (Section 2.1.2.1,
“Installing”).

the configuration script (Section 2.1.2.1, “Installing”).
Containsthisfile summary.

Contains this description of how to install the bundle.
The announcement message for the bundle.

release notes for the bundle—a longer version of ANNOUNCE. For GHC, the re-
|ease notes are contained in the User Guide and thisfileisn't present.

contains platform-specific executable files to be invoked directly by the user.
These are the files that must end up in your path.

contains platform-specific support files for the installation. Typically there is a
subdirectory for each f pt ool s project, whose name is the name of the project
with its version number. For example, for GHC there would be a sub-directory
ghc- x. xx/ wherex. xx isthe version number of GHC in the bundle.

These sub-directories have the following general structure:

| i bHSst d. a etc:  supporting library archives.

ghc-iface. prl  support scripts.

etc:
i mport/ (. hi ) for the prelude.
i ncl ude/ A few C#i ncl ude files.

contains platform-independent support files for the installation. Again, there is a
sub-directory for each f pt ool s project.

contains HTML documentation files (one sub-directory per project).

OK, so let's assume that you have unpacked your chosen bundles. What next? Well, you will at least
need to run the conf i gur e script by changing directory into the top-level directory for the bundle and
typing . / conf i gur e. That should convert Makefi | e. i ntoMakefil e.

You can now either start using the tools in-situ without going through any installation process, just type
nmake i n-pl ace to set the tools up for this. You'll also want to add the path which make will now
echo to your PATH environment variable. This option is useful if you simply want to try out the package
and/or you don't have the necessary privileges (or inclination) to properly install the tools locally. Note
that if you do decide to install the package “properly’ at alater date, you have to go through the installa-

tion steps that follow.
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Toinstall apackage, you'll have to do the following:

1. Editthe Makef i | e and check the settings of the following variables:
pl at f orm the platform you are going to install for.
bi ndi r the directory in which to install user-invokable binaries.
libdir the directory in which to install platform-dependent support files.
dat adi r the directory in which to install platform-independent support files.
i nfodir the directory in which to install Emacsinfo files.
htm dir the directory in which to install HTML documentation.
dvidir the directory in which to install DVI documentation.
The values for these variables can be set through invocation of the configur e script that comes with
the distribution, but doing an optical diff to see if the values match your expectations is always a

Good Idea.

Instead of running configure, it is perfectly OK to copy Makefi |l e. i nto Makefi | e and set all
these variables directly yourself. But do it right!

2. Runnmake install . Thisshould work with ordinary Unix make—no need for fancy stuff like
GNU nake.

3. rehash (t?csh or zsh users), so your shell will see the new stuff in your bin directory.

4. Once done, test your “installation” as suggested in Section 2.1.2.3, “Testing that GHC seems to be
working . Be sure to use a - v option, so you can see exactly what pathnames it's using. If things
don't work as expected, check the list of known pitfallsin the building guide.

When installing the user-invokable binaries, this installation procedure will install GHC as ghc- x. xx
where x. xx isthe version number of GHC. It will also make alink (in the binary installation directory)
from ghc to ghc- x. xx. If you install multiple versions of GHC then the last one “wins’, and “ghc”
will invoke the last oneinstalled. Y ou can change this manually if you want. But regardless, ghc- x. XX
should alwaysinvoke GHC version x. XX.

2.1.2.2. What bundles there are

There ae plenty of “non-basic’ GHC bundles. The files for them are caled
ghc- x. xx- bundl e-pl at form t ar. gz, where the pl at f or mis as above, and bundl e is one
of these:

prof: Profiling with cost-centres. Y ou probably want this.
par : Parallel Haskell features (sits on top of PVM). You'll want thisif you're into that kind of thing.

gran: The"GranSim” parallel-Haskell simulator (hmm... mainly for implementors).
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“Ticky-ticky” profiling; very detailed information about “what happened when | ran this pro-
gram”—really for implementors.

One likely scenario is that you will grab two binary bundles—basic, and profiling. We don't usually
make the rest, although you can build them yourself from a source distribution.
The various GHC bundles are designed to be unpacked into the same directory; then installing as per the

directions above will install the whole lot in one go. Note: you must at least have the basic GHC binary
distribution bundle, these extra bundles won't install on their own.

2.1.2.3. Testing that GHC seems to be working

Theway to do thisis, of course, to compile and run this program (in afile Mai n. hs):

main = putStr "Hello, world!\n"

Compile the program, using the - v (verbose) flag to verify that libraries, etc., are being found properly:
% ghc -v -0 hell o Min.hs

Now run it:

% ./hello
Hel | o, worl d!

Some simple-but-profitable tests are to compile and run the notorious nf i b program, using different
numeric types. Start withnfib :: Int -> Int,andthentry | nt eger, Fl oat, Doubl e, Ra-
tional and perhaps the overloaded version. Code for this is distributed in ghc/
m sc/ exanpl es/ nfi b/ inasource distribution.

For more information on how to “drive” GHC, read on...

2.2. Installing on Windows

Getting the Glasgow Haskell Compiler (post 5.02) to run on Windows platforms is a snap: the Install-
shield does everything you need.

2.2.1. Installing GHC on Windows

Toinstall GHC, use the following steps:

 Download the Ingtalshield setup.exe from the GHC download page haskell.org
[http:/iwww.haskell.org/ghc].

* Runsetup. exe. On Windows, all of GHC's files are installed in a single directory. If you choose
““Custom” from the list of install options, you will be given a choice about where this directory is;
otherwise it will be installed in c: / ghc/ ghc- ver si on. The executable binary for GHC will be
installed in the bi n/ sub-directory of the installation directory you choose.
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2.2.2.

(If you have aready installed the same version of GHC, Installshield will offer to "modify", or "re-
move" GHC. Choose "remove”; then run set up. exe asecond time. Thistime it should offer to in-
stall.)

When installation is complete, you should find GHCi and the GHC documentation are available in
your Start menu under " Start/Programs/Glasgow Haskell Compiler”.

The final dialogue box from the install process reminds you where the GHC binary has been in-
stalled (usualy c: / ghc/ ghc-versi on/ bi n/ . If you want to invoke GHC from a command
line, add this to your PATH environment variable.

GHC needs a directory in which to create, and later delete, temporary files. It uses the standard Win-
dows procedure Get TenpPat h() to find a suitable directory. This procedure returns:

e The path in environment variable TMP, if TMPis set.
e Otherwise, the path in environment variable TEMP, if TEMP is set.

e Otherwisg, there is a per-user default which varies between versions of Windows. On NT and
XP-ish versions, it might be: c:\ Docunents and Settings\<usernane>\Local
Settings\ Tenp

The main point isthat if you don't do anything GHC will work fine; but if you want to control where

the directory is, you can do so by setting TMP or TEMP.

To test the fruits of your labour, try now to compile asimple Haskell program:
bash$ cat main. hs
nodul e Mai n(mai n) where

main = putStrbn "Hello, world!"
bash$ ghc -o main nain. hs

bésh$ ./ main
Hel |l o, worl d!
bash$

Y ou do not need the Cygwin toolchain, or anything else, to install and run GHC.

An installation of GHC requires about 140M of disk space. To run GHC comfortably, your machine
should have at least 64M of memory.

Moving GHC around

At the moment, GHC installs in a fixed place (c: / ghc/ ghc- x. yy, but once it is installed, you can
freely move the entire GHC tree just by copying the ghc- x. yy directory. (You may need to fix up the
links in " Start/Programs/Glasgow Haskell Compiler" if you do this.)

It is OK to put GHC tree in a directory whose path involves spaces. However, don't do this if you use
want to use GHC with the Cygwin tools, because Cygwin can get confused when this happens. We
havn't quite got to the bottom of this, but so far as we know it's not a problem with GHC itself. Never-
theless, just to keep life simple we usually put GHC in a place with a space-free path.

2.2.3. Installing ghc-win32 FAQ
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I'm having trouble with symlinks. Symlinks only work under Cygwin (Section 2.1.2.1, “Installing”),
so binaries not linked to the Cygwin DLL, in particular those built
for Mingwin, will not work with symlinks.

I'm getting “permission denied” This can have various causes: trying to rename a directory when

messages from the rm or mv. an Explorer window is open on it tends to fail. Closing the win-
dow generally cures the problem, but sometimes its cause is more
mysterious, and logging off and back on or rebooting may be the
quickest cure.

2.3. The layout of installed files

2.3.1.

2.3.2.

This section describes what files get installed where. You don't need to know it if you are simply in-
stalling GHC, but it isvital information if you are changing the implementation.

GHCisingtalled in two directory trees:

Library directory, known as $(1i bdi r), holds al the support files needed to run GHC. On
Unix, this  directory is  usudly something like /
usr/li b/ ghc/ ghc-5.02.

Binary directory known as $( bi ndi r) , holds executables that the user is expected to in-
voke. Notably, it contains ghc and ghci . On Unix, this directory can be
anywhere, but is typically something like / usr/ 1 ocal / bi n. On Win-
dows, however, thisdirectory must be $( 1 i bdi r)/ bi n.

When GHC runs, it must know where its library directory is. It finds this out in one of two ways:

* $(libdir) ispassed to GHC using the - B flag. On Unix (but not Windows), the installed ghc is
just a one-line shell script that invokes the real GHC, passing a suitable - B flag. [All the user-
supplied flags follow, and alater - B flag overrides an earlier one, so a user-supplied one wins.]

e On Windows (but not Unix), if no - B flag is given, GHC uses a system call to find the directory in
which the running GHC executable lives, and derives $( 1 i bdi r) from that. [Unix lacks such a
system call.] That iswhy $( bi ndi r) mustbe$(!li bdir)/bin.

The binary directory

The binary directory, $(bi ndi r) contains user-visible executables, notably ghc and ghci . You
should add it to your $PATH

On Unix, the user-invokable ghc invokes $( | i bdi r)/ ghc- ver si on, passing a suitable - B flag to
tell ghc- ver si on where$(1i bdi r) is. Similarly ghci , except the extraflag--i nt eracti ve is
passed.

On Win32, the user-invokable ghc binary isthe Real Thing (no intervening shell scriptsor . bat files).
Reason: we sometimes invoke GHC with very long command lines, and cnd. exe (which executes
. bat files) truncates them. Similarly ghci is a C wrapper program that invokes ghc -
-interacti ve (passing on al other arguments), not a. bat file.

The library directory
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The layout of the library directory, $( | i bdi r) isamost identical on Windows and Unix, as follows.
Differences between Windows and Unix are noted thus[ W n32 onl y] and are commented below.

$(libdir)/

package. conf GHC package configuration
ghc- usage. t xt Message di spl ayed by ghc —hel p
bi n/ [Wn32 only] User-visible binaries

ghc. exe

ghci . exe
unlit Renove literate markup
t ouchy. exe [ Wn32 only]
perl . exe [ Wn32 only]
gcc. exe [Wn32 only]
ghc- x. xx GHC executabl e [ Uni x only]
ghc-split Asm code splitter
ghc-asm Asm code mangl er
gcec-1ib/ [Wn32 only] Support files for gcc

specs gcc configuration

cppO. exe gcc support binaries

as. exe

I d. exe

crt0.0 St andard

..etc.. bi nari es
i bm ngw32. a St andard
..etc.. libraries

*.h I nclude files
i mports/ GHC interface files

std/*. hi "std'" library

I ang/ *. hi "lang' library

..etc..
i ncl ude/ C header files

St gMacros. h GHC-specific

..etc... header files

m ngw *. h [Wn32 only] Mngwin header files
libHSrts. a GHC li brary archives
l'i bHSstd. a
i bHSI ang. a

..etc..
HSstdl. o GHC library |inkabl es
HSst d2. o (used by ghci, which does
HSI ang. o not grok .a files yet)
Note that:

* $(libdir) asocontains support binaries. These are not expected to be on the user's PATH, but
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and are invoked directly by GHC. In the Makefile system, this directory is aso called
$(1 i bexecdi r), but you are not freeto changeit. It must bethesameas$( i bdir).

We distribute gcc with the Win32 distribution of GHC, so that users don't need to install gcc, nor
need to care about which versionitis. All gcc'ssupport filesarekeptin$(1i bdir)/gcc-1ib/.

Similarly, we distribute per | and at ouch replacement (t ouchy. exe) with the Win32 distribu-
tion of GHC.

The support programs ghc-split and ghc-asm are Perl scripts. The first line says
#!/ bi n/ per | ; on Unix, the script isindeed invoked as a shell script, which invokes Perl; on Win-
dows, GHC invokes $( | i bdi r)/ per| . exe directly, which treats the #! / bi n/ per| asacom-
ment. Reason: on Windows we want to invoke the Perl distributed with GHC, rather than assume
some installed one.
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GHCi' is GHC's interactive environment, in which Haskell expressions can be interactively evaluated
and programs can be interpreted. If you're familiar with Hugs [ http://www.haskell.org/hugs/], then you'll
be right at home with GHCI However, GHCi also has support for interactively loading compiled code,
aswell as supporting al? the language extensions that GHC provides.

3.1. Introduction to GHCi

Let's start with an example GHCi session. Y ou can fire up GHCi with the command ghci :

$ ghc
I\ N N (D)
YAV Y B B Y GHC Interactive, version 6.6, for Haskell 98.
NV Y B R http://ww. haskel | . or g/ ghc/
\_ NI T Type :? for help.
Loadi ng package base ... linking ... done.

Pr el ude>

There may be a short pause while GHCi loads the prelude and standard libraries, after which the prompt
is shown. If we follow the instructions and type : ? for help, we get:

Commands avail able fromthe pronpt:

eval uate/run <stnt>

add nodul e(s) to the current target set
di spl ay the nanes defi ned by <nodul e>
change directory to <dir>

define a comuand : <cnd>

<stnt>

;add <filenanme> ...
:browse [*]<nodul e>
ccd <dir>

. def <cmd> <expr>

redit <file> edit file

redit edit last nodul e

“help, :? di splay this list of conmands

cinfo [<name> ...] di splay informati on about the given nanes
:load <filenane> ... | oad nodul e(s) and their dependents

:module [+/-]1 [*]<noDd> ...

set the context for expression eval uation

main [ <argunments> ...] run the main function with the given argunents
: rel oad rel oad the current nodul e set

.set <option> ... set options

.set args <arg> ... set the argunments returned by System get Args

:set prog <prognhane> set the value returned by System get ProgName
:set pronpt <pronpt> set the pronpt used in GHC
:set editor <cnd> set the command used for :edit

: show nodul es
: show bi ndi ngs

: ctag
- et ag

s [<file>]
s [<file>]

The*i’ stands for “Interactive’

2except f or ei gn export

, at the moment

show the currently | oaded nodul es
show the current bindings made at the pronpt

"tags")

create tags file
"TAGS")

create tags file fo

for Vi (default:
Emacs (defauilt:
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:type <expr> show the type of <expr>

tkind <type> show t he kind of <type>

:undef <cnd> undefine user-defined command : <cnd>
;unset <option> ... unset options

cquit exit CHG

: '<command> run the shell conmand <conmand>

Options for ':set' and ':unset':

+r revert top-1level expressions after each eval uation
+s print timng/nmenory stats after each eval uation

+t print type after evaluation

-<fl ags> nost GHC command line flags can al so be set here

(eg. -v2, -fglasgowexts, etc.)
WEe'll explain most of these commands as we go along. For Hugs users: many things work the same asin
Hugs, so you should be able to get going straight away.

Haskell expressions can be typed at the prompt:

Pr el ude> 1+2
3
Prelude> let x =42 in x / 9

4. 666666666666667
Pr el ude>

GHCi interprets the whole line as an expression to evaluate. The expression may not span severa lines -
as soon as you press enter, GHCi will attempt to evauate it.

3.2. Loading source files

Suppose we have the following Haskell source code, which we placein afile Mai n. hs:

main = print (fac 20)

fac 0
fac n

1
n* fac (n-1)

You can save Mai n. hs anywhere you like, but if you save it somewhere other than the current direct-
ory3 then we will need to change to theright directory in GHCi:

Prel ude> :cd dir

wheredi r isthe directory (or folder) in which you saved Mai n. hs.

To load aHaskell sourcefileinto GHCI, usethe: | oad command:

Prel ude> :1oad Min
Conpi ling Main ( Main.hs, interpreted )

31 you started up GHCi from the command line then GHCi's current directory is the same as the current directory of the shell from which it was
started. If you started GHCi from the “Start” menu in Windows, then the current directory is probably something like C: \ Docunment s and
Set tings\user nane.
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Gk, nodul es | oaded: WMain.
*Mai n>

GHCi has loaded the Mai n module, and the prompt has changed to “* Mai n>" to indicate that the cur-
rent context for expressions typed at the prompt is the Mai n module we just loaded (we'll explain what
the* means later in Section 3.4.3, “What's really in scope at the prompt?’). So we can how type expres-
sions involving the functions from Mai n. hs:

*Mai n> fac 17
355687428096000

Loading a multi-module program is just as straightforward; just give the name of the “topmost” module
tothe: | oad command (hint: : | oad can be abbreviated to : | ). The topmost module will normally be
Mai n, but it doesn't have to be. GHCi will discover which modules are required, directly or indirectly,
by the topmost module, and load them all in dependency order.

3.2.1. Modules vs. filenames

Question: How does GHC find the filename which contains module M? Answer: it looks for the file
M hs, or M | hs. This means that for most modules, the module name must match the filename. If it
doesn't, GHCi won't be able to find it.

There is one exception to this general rule: when you load a program with : | oad, or specify it when
you invoke ghci , you can give afilename rather than a module name. This filename is loaded if it ex-
ists, and it may contain any module you like. This is particularly convenient if you have several Mai n
modules in the same directory and you can't call them all Mai n. hs.

The search path for finding source filesis specified with the - i option on the GHCi command line, like
so:

or it can be set using the : set command from within GHCi (see Section 3.7.2, “ Setting GHC com-
mand-line optionsin GHCi”)*

One consequence of the way that GHCi follows dependencies to find modules to load is that every mod-
ule must have a source file. The only exception to the rule is modules that come from a package, includ-
ing the Pr el ude and standard libraries such as 1 Oand Conpl ex. If you attempt to load a module for
which GHCi can't find a source file, even if there are object and interface files for the module, you'll get
an error message.

3.2.2. Making changes and recompilation

If you make some changes to the source code and want GHCi to recompile the program, give the
: r el oad command. The program will be recompiled as necessary, with GHCi doing its best to avoid
actually recompiling modules if their external dependencies haven't changed. This is the same mechan-
ism we use to avoid re-compiling modules in the batch compilation setting (see Section 4.6.8, “The re-
compilation checker”).

“Note that in GHCi, and —make mode, the - i option is used to specify the search path for source files, whereas in standard batch-compilation
modethe- i option isused to specify the search path for interface files, see Section 4.6.3, “The search path”.
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3.3. Loading compiled code

When you load a Haskell source module into GHCI, it is normally converted to byte-code and run using
the interpreter. However, interpreted code can also run alongside compiled code in GHCi; indeed, nor-
mally when GHCi starts, it loads up a compiled copy of the base package, which contains the Pr e-
| ude.

Why should we want to run compiled code? Well, compiled code is roughly 10x faster than interpreted
code, but takes about 2x longer to produce (perhaps longer if optimisation is on). So it pays to compile
the parts of a program that aren't changing very often, and use the interpreter for the code being actively
developed.

When loading up source fileswith : | oad, GHCi looks for any corresponding compiled object files, and
will use one in preference to interpreting the source if possible. For example, suppose we have a
4-module program consisting of modules A, B, C, and D. Modules B and C both import D only, and A
importsboth B & C:

A
/\
B C
\
D

We can compile D, then load the whole program, like this:

Prel ude> :! ghc -c D. hs
Prel ude> :load A

Ski pping D ( Dhs, D.o
Compiling C ( Chs, interpreted )
Conpiling B ( B.hs, interpreted )
Conpiling A ( A hs, interpreted )
Ok, nodul es |oaded: A B, C D

*Mai n>

In the messages from the compiler, we see that it skipped D, and used the object file D. 0. The message
Ski ppi ng nodul e indicates that compilation for nodul e isn't necessary, because the source and
everything it depends on is unchanged since the last compilation.

At any time you can use the command : show nodul es to get alist of the modules currently loaded
into GHCi:

*NMai n> : show nodul es

D D.hs, D.o)

C ( Chs, interpreted )
B ( B.hs, interpreted )
A ( A hs, interpreted )
*Mai n>

If we now modify the source of D (or pretend to: using Unix command t ouch on the source file is
handy for this), the compiler will no longer be able to use the object file, because it might be out of date:

*Mai n> :! touch D. hs
*Mai n> :rel oad
Conpiling D ( D.hs, interpreted )
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Ski pping C ( Chs, interpreted )
Skipping B ( B.hs, interpreted )
Ski pping A ( Ahs, interpreted )
Ok, nmodul es |oaded: A B, C D

*Mai n>

Note that module D was compiled, but in this instance because its source hadn't really changed, its inter-
face remained the same, and the recompilation checker determined that A, B and C didn't need to be re-
compiled.

So let's try compiling one of the other modules:

*Main> :! ghc -c C hs

*Main> :load A

Conpiling D ( D.hs, interpreted )
Compiling C ( Chs, interpreted )
Conpiling B ( B.hs, interpreted )
Compiling A ( Ahs, interpreted )
&, nodules |oaded: A B, C D

We didn't get the compiled version of C! What happened? Well, in GHCi a compiled module may only
depend on other compiled modules, and in this case C depends on D, which doesn't have an object file,
s0 GHCi also rejected C's object file. Ok, so let's also compile D:

*Main> :! ghc -c D hs
*NMai n> :rel oad
Gk, nodul es | oaded: A, B, C, D.

Nothing happened! Here's another lesson: newly compiled modules aren't picked up by : r el oad, only
.| oad:

*Mai n> : |l oad A

Ski pping D ( D.hs, D.o)

Ski pping C ( Chs, Co)
Conpiling B ( B.hs, interpreted )
Conpiling A ( A hs, interpreted )
Ok, modul es | oaded: A B, C D

HINT: since GHCi will only use a compiled object file if it can be sure that the compiled version is up-
to-date, a good technique when working on a large program is to occasionaly run ghc ——nmake to
compile the whole project (say before you go for lunch :-), then continue working in the interpreter. As
you modify code, the new modules will be interpreted, but the rest of the project will remain compiled.

3.4. Interactive evaluation at the prompt

When you type an expression at the prompt, GHCi immediately evaluates and prints the result:

Pr el ude> reverse "hell 0"

"ol | en"
Pr el ude> 5+5
10
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3.4.1.

3.4.2.

I/O actions at the prompt

GHCi does more than simple expression evaluation at the prompt. If you type something of typel O a
for some a, then GHCi executes it as an |O-computation.

Pr el ude> "hel | o"

"hel | 0"

Prel ude> putStrLn "hell 0"
hell o

Furthermore, GHCi will print the result of the I/O action if (and only if):

* Theresult typeisan instance of Show.
» Theresulttypeisnot ().

For example, remembering that put StrLn :: String -> 10 ():

Prel ude> putStrLn "hell 0"

hel |l o

Prelude> do { putStrLn "hello"; return "yes" }
hel |l o

"yes"

Using do- notation at the prompt

GHCi actually accepts statements rather than just expressions at the prompt. This means you can bind
values and functions to names, and use them in future expressions or statements.

The syntax of a statement accepted at the GHCi prompt is exactly the same as the syntax of a statement
in a Haskell do expression. However, there's no monad overloading here: statements typed at the
prompt must be in the I O monad.

Prelude> x <- return 42
42

Prel ude> print x

42

Pr el ude>

The statement x <- return 42 means“executer et urn 42 inthel Omonad, and bind the result
to x”. We can then use x in future statements, for example to print it aswe did above.

GHCi will print the result of a statement if and only if:

* Thestatement isnot abinding, or itisamonadic binding (p <- e) that binds exactly one variable.

e Thevariable'stypeisnot polymorphic, isnot () , and is an instance of Show

The automatic printing of binding results can be supressed with: set -f no- print-bi nd-result
(this does not supress printing the result of non-binding statements). . Y ou might want to do this to pre-
vent the result of binding statements from being fully evaluated by the act of printing them, for example.

Of course, you can also bind normal non-10 expressions using the | et -statement:
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3.4.3.

Prelude> let x = 42
Pr el ude> x

42

Pr el ude>

Another important difference between the two types of binding is that the monadic bind (p <- e) is
strict (it evaluates ), whereas with thel et form, the expression isn't evaluated immediately:

Prelude> let x = error "help!"
Prel ude> print x

*** Exception: help!

Prel ude>

Notethat | et bindings do not automatically print the value bound, unlike monadic bindings.

Any exceptions raised during the evaluation or execution of the statement are caught and printed by the
GHCi command line interface (for more information on exceptions, see the module Con-
trol . Excepti on inthelibraries documentation).

Every new binding shadows any existing bindings of the same name, including entities that are in scope
in the current modul e context.

WARNING: temporary bindings introduced at the prompt only last until the next : | oad or : r el oad
command, at which time they will be simply lost. However, they do survive a change of context with
: modul e: the temporary bindings just move to the new location.

HINT: To get alist of the bindings currently in scope, usethe: show bi ndi ngs command:

Pr el ude> : show bi ndi ngs
X o Int
Prel ude>

HINT: if you turn on the +t option, GHCi will show the type of each variable bound by a statement. For
example:

Prel ude> :set +t

Prelude> let (x:xs) =[1..]
X :: Integer

Xs :: [Integer]

What's really in scope at the prompt?

When you type an expression at the prompt, what identifiers and types are in scope? GHCi provides a
flexible way to control exactly how the context for an expression is constructed. Let's start with the
simple cases; when you start GHCi the prompt looks like this:

Pr el ude>

Which indicates that everything from the module Pr el ude is currently in scope. If we now load afile
into GHCIi, the prompt will change:
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Prel ude> :1oad Main. hs
Conpi li ng Main ( Main.hs, interpreted )
*Mal n>

The new prompt is* Mai n, which indicates that we are typing expressions in the context of the top-level
of the Mai n module. Everything that is in scope at the top-level in the module Mai n we just loaded is
also in scope at the prompt (probably including Pr el ude, aslong as Mai n doesn't explicitly hide it).

The syntax * nodul e indicates that it is the full top-level scope of nodul e that is contributing to the
scope for expressions typed at the prompt. Without the * , just the exports of the module are visible.

We're not limited to a single module: GHCi can combine scopes from multiple modules, in any mixture
of * and non-* forms. GHCi combines the scopes from all of these modules to form the scope that isin
effect at the prompt. For technical reasons, GHCi can only support the * -form for modules which are in-
terpreted, so compiled modules and package modules can only contribute their exports to the current
scope.

The scope is manipulated using the : nodul e command. For example, if the current scope is
Pr el ude, then we can bring into scope the exports from the module | Olike so:

Prel ude> : nmodul e +l O

Prelude 1G> hPut StrLn stdout "hello\n"
hell o

Prel ude 1 &>

(Note: : nodul e can be shortened to : m). The full syntax of the: nrodul e command is:
rmodule [+ -] [*]mod, ... [*]nod,

Using the + form of the nodul e commands adds modules to the current scope, and - removes them.
Without either + or -, the current scope is replaced by the set of modules specified. Note that if you use
thisform and leave out Pr el ude, GHCi will assume that you really wanted the Pr el ude and add it in
for you (if you don't want the Pr el ude, then ask to removeit with: m - Pr el ude).

The scope is automatically set after a: | oad command, to the most recently loaded "target” module, in
a* -formif possible. For example, if yousay : | oad f 0o. hs bar. hs and bar . hs contains module
Bar , then the scope will be set to * Bar if Bar is interpreted, or if Bar is compiled it will be set to
Prel ude Bar (GHCi automatically adds Pr el ude if it isn't present and there aren't any *-form
modules).

With multiple modules in scope, especially multiple * -form modules, it is likely that name clashes will
occur. Haskell specifies that name clashes are only reported when an ambiguous identifier is used, and
GHCi behaves in the same way for expressions typed at the prompt.

Hint: GHCi will tab-complete names that are in scope; for example, if you run GHCi and type J<t ab>
then GHCi will expand it to Just

3.4.3.1. Qualified names

To make life dightly easier, the GHCi prompt also behaves as if thereisan impliciti mport qual i -
f i ed declaration for every module in every package, and every module currently loaded into GHCi.

3.4.3.2. The : mai n command
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3.4.4.

When a program is compiled and executed, it can use the get Ar gs function to access the command-
line arguments. However, we cannot simply pass the arguments to the mai n function while we are test-
ing in ghci, asthe mai n function doesn't take its directly.

Instead, we can use the : mai n command. This runs whatever mai n isin scope, with any arguments be-
ing treated the same as command-line arguments, e.g.:

Prel ude> l et nain = System Environnent. get Args >>= print
Prel ude> : main foo bar
[ Ilf OOII , n bar II]

The it variable

Whenever an expression (or a non-binding statement, to be precise) is typed at the prompt, GHCi impli-
citly bindsitsvalueto the variablei t . For example:

Prel ude> 142
3

Prelude> it * 2
6

What actually happensis that GHCi typechecks the expression, and if it doesn't have an | Otype, then it
transformsit as follows: an expression e turns into

let it = e
print it

which isthen run as an | O-action.

Hence, the original expression must have a type which is an instance of the Show class, or GHCi will
complain;

Prel ude> id

<interactive>:1:0:
No i nstance for (Show (a -> a))
arising fromuse of “print' at <interactive>: 1:0-1
Possi bl e fix: add an instance declaration for (Show (a -> a))
In the expression: print it
In a 'do' expression: print it

The error message contains some clues as to the transformation happening internally.
If the expression was instead of type | O a for some a, then i t will be bound to the result of the | O

computation, which is of type a. eg.:

Prel ude> Ti me. get d ockTi e
Wed Mar 14 12:23:13 GVII 2001
Prel ude> print it

Wed Mar 14 12:23:13 GVII 2001

The corresponding translation for an 1O-typed e is
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it <- e

Note that i t is shadowed by the new value each time you evaluate a new expression, and the old value
ofi t islost.

Type defaulting in GHCi

Consider this GHCi session:

ghci > reverse []

What should GHCi do? Strictly speaking, the program is ambiguous. show (reverse []) (whichis
what GHCi computes here) has type Show a => a and how that displays depends on the type a. For
example:

ghci > (reverse []) :: String

ghci > (reverse []) :: [Int]

[]

However, it is tiresome for the user to have to specify the type, so GHCi extends Haskell's type-
defaulting rules (Section 4.3.4 of the Haskell 98 Report (Revised)) as follows. The standard rules take
each group of constraints (CL a, C2 a, ..., Cn a) for each type variable a, and defaults the
type variable if

» Thetypevariable a appearsin no other constraints

* AlltheclassesG are standard.

» Atleast one of the classesCi is numeric.

At the GHCi prompt, the second and third rules are relaxed as follows (differences italicised):

e All of theclassesCi are single-parameter type classes.
» Atleast one of theclassesCi isnumeric, or is Show, Eq, or O d.

The same type-default behaviour can be enabled in an ordinary Haskell module, using the flag -
f ext ended- def aul t -rul es.

3.5. Invoking GHCi

GHCi is invoked with the command ghci or ghc —i nt eracti ve. One or more modules or file-
names can also be specified on the command lineg; this instructs GHCi to load the specified modules or
filenames (and all the modules they depend on), just asif you had said : | oad nodul es at the GHCi
prompt (see Section 3.6, “GHCi commands’). For example, to start GHCi and load the program whose
topmost moduleisin the file Mai n. hs, we could say:

$ ghci Main. hs

Most of the command-line options accepted by GHC (see Chapter 4, Using GHC) also make sensein in-
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3.5.2.

teractive mode. The ones that don't make sense are mostly obvious; for example, GHCi doesn't generate
interface files, so options related to interface file generation won't have any effect.

Packages

Most packages (see Section 4.8.1, “Using Packages ") are available without needing to specify any extra
flags at all: they will be automatically loaded the first time they are needed.

For non-auto packages, however, you need to request the package be loaded by using the - package
flag:

$ ghci -package readline

[N I N (D)
VRV Y R GHC Interactive, version 6.6, for Haskell 98.
[ AN\ | http://ww. haskel | . org/ ghc/
(N AYAY AN A A Type :? for help.
Loadi ng package base ... linking ... done.
Loadi ng package readline-1.0 ... linking ... done.
Prel ude>

The following command works to load new packages into a running GHCi:
Prel ude> :set -package nane

But note that doing this will cause all currently loaded modules to be unloaded, and you'll be dumped
back into the Pr el ude.

Extra libraries

Extra libraries may be specified on the command line using the normal - | | i b option. (Theterm library
here refers to libraries of foreign object code; for using libraries of Haskell source code, see Sec-
tion 3.2.1, “Modules vs. filenames™.) For example, to load the “m” library:

$ ghci -Im

On systems with . so-style shared libraries, the actua library loaded will the |'i bl i b. so. GHCi

searches the following places for libraries, in this order:

» Paths specified using the - Lpat h command-line option,

» the standard library search path for your system, which on some systems may be overridden by set-
tingthe LD_LI BRARY_PATH environment variable.

On systems with . dl | -style shared libraries, the actual library loaded will bel i b. dl | . Again, GHCi

will signal an error if it can't find the library.

GHCi can aso load plain object files (. 0 or . obj depending on your platform) from the command-
line. Just add the name the object file to the command line.

Ordering of - | options matters: a library should be mentioned before the libraries it depends on (see
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Section 4.10.7, “ Options affecting linking”).

3.6. GHCi commands

GHCi commands all begin with *:’ and consist of a single command name followed by zero or more
parameters. The command name may be abbreviated, with ambiguities being resolved in favour of the
more commonly used commands.

:add nodul e Add nodul e(s) to the current target set, and perform areload.

: br owse Displays the identifiers defined by the module nodul e, which must be either

[*]modul e ... loaded into GHCi or be a member of a package. If the* symbol is placed before the
module name, then all the identifiers defined in nodul e are shown; otherwise the
list is limited to the exports of nodul e. The * -form is only available for modules
which are interpreted; for compiled modules (including modules from packages)
only the non-* form of : br owse isavailable.

ccddir Changes the current working directory to di r. A ‘™’ symbol at the beginning of
di r will be replaced by the contents of the environment variable HOVE.

NOTE: changing directories causes al currently loaded modules to be unloaded.
This is because the search path is usually expressed using relative directories, and
changing the search path in the middle of a session is not supported.

. def nane ex- The command : def name expr defines a new GHCi command : nane, imple-

pr mented by the Haskell expression expr , which must havetype String -> 10
String. When : nane ar gs is typed at the prompt, GHCi will run the expres-
sion (nane args), takethe resulting St ri ng, and feed it back into GHCi as a
new sequence of commands. Separate commands in the result must be separated by
‘\'n".

That's al a little confusing, so here's a few examples. To start with, here's a new
GHCi command which doesn't take any arguments or produce any results, it just
outputs the current date & time:

Prelude> let date _ = Tinme.getd ockTinme >>= print >> return ""
Prel ude> :def date date
Prel ude> :date

Fri Mar 23 15:16:40 GVII 2001

Here's an example of a command that takes an argument. It's a re-implementation of
:cd:

Prelude> let nycd d = Directory.setCurrentDirectory d >> return ""
Prel ude> : def mycd mycd
Prel ude> :nycd ..

Or | could define asimple way to invoke “ghc —make Mai n” in the current dir-
ectory:

Prel ude> :def make (\_ -> return ":! ghc —nake Main")

We can define a command that reads GHCi input from afile. This might be useful
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cedit [file]

chelp,:?

;i nfoname ..

;| oad nodul e

D mai n arg,
arg,

> nodul e
[+ -]
[*]rod1 ...
[ glibd

for creating a set of bindings that we want to repeatedly load into the GHCi session:

Prelude> :def . readFile
Prel ude> :. cnds. ghci

Notice that we named the command : . , by analogy with the ‘. * Unix shell com-
mand that does the same thing.

Opens an editor to edit thefilefi | e, or the most recently loaded module if fi | e
is omitted. The editor to invoke is taken from the EDI TOR environment variable, or
adefault editor on your system if EDI TOR is not set. You can change the editor us-
ing: set editor.

Displaysalist of the available commands.

Displays information about the given name(s). For example, if name isaclass, then
the class methods and their types will be printed; if nane is atype constructor, then
its definition will be printed; if nane is a function, then its type will be printed. If
name has been loaded from a source file, then GHCi will aso display the location
of its definition in the source.

Recursively loads the specified nodul es, and al the modules they depend on.
Here, each nodul e must be a module name or filename, but may not be the name
of amodulein a package.

All previously loaded modules, except package modules, are forgotten. The new set
of modulesis known as the target set. Note that : | oad can be used without any ar-
guments to unload all the currently loaded modules and bindings.

After a: | oad command, the current context is set to:
e nodul e, if it wasloaded successfully, or

« the most recently successfully loaded module, if any other modules were |oaded
asaresult of the current : | oad, or

¢  Prel ude otherwise.

When a program is compiled and executed, it can use the get Ar gs function to ac-
cess the command-line arguments. However, we cannot simply pass the arguments
tothe mai n function while we are testing in ghci, asthe mai n function doesn't take
its directly.

Instead, we can use the : mai n command. This runs whatever mai n is in scope,
with any arguments being treated the same as command-line arguments, e.g.:

Prelude> l et main = System Environnent. get Args >>= print
Prel ude> :main foo bar
[ Ilf OOII , n bar II]

Sets or modifies the current context for statements typed at the prompt. See Sec-
tion 3.4.3, “What'sreally in scope at the prompt?’ for more details.

Quits GHCi. You can aso quit by typing a control-D at the prompt.

37



Using GHCi

:rel oad

: set
[option..]

:set args arg

:set editor
cnmd

. set prog
prog

:set pronpt
pr onpt

: show bi nd-
i ngs

: show nod-
ul es
.ctags|[file-
nane] : et ags
[fil ename]

:type ex-
pressi on

ckindtype

:undef nane

;unset op-
tion..

;! command...

Attempts to reload the current target set (see : | oad) if any of the modules in the
set, or any dependent module, has changed. Note that this may entail loading new
modules, or dropping modules which are no longer indirectly required by the target.

Sets various options. See Section 3.7, “The : set command” for alist of available
options. The: set command by itself shows which options are currently set.

Sets the list of arguments which are returned when the program calls Sys-
tem get Args.

Setsthe command used by : edi t tocnd.
Sets the string to be returned when the program calls Syst em get Pr ogNane.

Sets the string to be used as the prompt in GHCi. Inside pr onpt , the sequence %
is replaced by the names of the modules currently in scope, and %®%is replaced by %

Show the bindings made at the prompt and their types.

Show the list of modules currently load.

Generates a “tags’ file for Vi-style editors (: ct ags) or Emacs-style editors
(et ags). If no filename is specified, the defaulit t ags or TAGS is used, respect-
ively. Tags for al the functions, constructors and types in the currently loaded mod-
ules are created. All modules must be interpreted for these commands to work.

See also Section 10.1, “Ctags and Etags for Haskell: hasktags'.

Infers and prints the type of expr essi on, including explicit forall quantifiers for
polymorphic types. The monomorphism restriction is not applied to the expression
during type inference.

Infers and prints the kind of t ype. The latter can be an arbitrary type expression,
including a partia application of atype constructor, suchasEi t her Int.

Undefines the user-defined command nane (see: def above).

Unsets certain options. See Section 3.7, “The : set command” for alist of avail-
able options.

Executes the shell command conmmand.

3.7. The: set command

3.7.1.

The : set

command sets two types of options. GHCi options, which begin with ‘+” and

“command-line” options, which begin with *-'.

NOTE: at the moment, the : set command doesn't support any kind of quoting in its arguments: quotes

will not be removed and cannot be used to group words together. For example, : set

- DFOO=' BAR

BAZ' will not do what you expect.

GHCi options

GHCi options may be set using : set and unset using : unset .

The available GHCi options are:
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+r Normally, any evaluation of top-level expressions (otherwise known as CAFs or
Constant Applicative Forms) in loaded modules is retained between evaluations.
Turning on +r causes all evaluation of top-level expressions to be discarded after
each evaluation (they are still retained during a single evaluation).

This option may help if the evaluated top-level expressions are consuming large
amounts of space, or if you need repeatabl e performance measurements.

+s Display some stats after evaluating each expression, including the elapsed time
and number of bytes allocated. NOTE: the allocation figure is only accurate to the
size of the storage manager's allocation area, because it is calculated at every GC.
Hence, you might see values of zero if no GC has occurred.

+t Display the type of each variable bound after a statement is entered at the prompt.
If the statement is a single expression, then the only variable binding will be for
thevariable‘i t ’.

Setting GHC command-line options in GHCi

Normal GHC command-line options may also be set using : set. For example, to turn on -
f gl asgow ext s, you would say:

Prel ude> :set -fglasgow exts

Any GHC command-line option that is designated as dynamic (see the table in Section 4.17, “Flag refer-
ence’), may be set using : set . To unset an option, you can set the reverse option:

Prel ude> :set -fno-gl asgow exts
Section 4.17, “Flag reference” lists the reverse for each option where applicable.

Certain static options (- package, - | ,-i,and -1 in particular) will also work, but some may not take
effect until the next reload.

3.8. The . ghci file

When it starts, GHCi always reads and executes commands from $HOVE/ . ghci, followed by
./ .ghci.

The. ghci inyour home directory is most useful for turning on favourite options (eg. : set +s), and
defining useful macros. Placing a. ghci filein adirectory with a Haskell project is a useful way to set
certain project-wide options so you don't have to type them everytime you start GHCi: eg. if your
project uses GHC extensions and CPP, and has source filesin three subdirectories A B and C, you might
put the following linesin . ghci :

| asgow exts -cpp

.set -fg
-iA'B: C

:set

(Note that strictly speaking the - i flag isastatic one, but in fact it worksto set it using : set like this.
The changes won't take effect until the next : | oad, though.)
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Two command-line options control whether the. ghci files are read:

-ig- Don't read either . /. ghci or $HOVE/ . ghci when starting up.

nor e-

dot - ghci Read .ghci and $HOVE/ . ghci. This is normaly the default, but the -
r ead- read-dot-ghci option may be used to overide a previous -igQg-

dot - ghci nor e- dot - ghci option.

3.9. FAQ and Things To Watch Out For

The interpreter can't load modules
with foreign export declarations!

- Odoesn't work with GHCi!

Unboxed tuples don't work with
GHCi

Concurrent threads don't carry on
running when GHCi is waiting for
input.

After using get Cont ent s, | can't
usest di nagainuntil | do: | oad
or:rel oad.

Unfortunately not. We haven't implemented it yet. Please compile
any offending modules by hand before loading them into GHCi.

For technical reasons, the bytecode compiler doesn't interact well
with one of the optimisation passes, so we have disabled optim-
isation when using the interpreter. Thisisn't agreat loss. you'll get
amuch bigger win by compiling the bits of your code that need to
go fast, rather than interpreting them with optimisation turned on.

That's right. Y ou can always compile a module that uses unboxed
tuples and load it into GHCi, however. (Incidentally the previous
point, namely that - Ois incompatible with GHCI, is because the
bytecode compiler can't deal with unboxed tuples).

No, they don't. This is because the Haskell binding to the GNU
readline library doesn't support reading from the terminal in a
non-blocking way, which is required to work properly with
GHC's concurrency model.

This is the defined behaviour of get Cont ent s: it puts the stdin
Handle in a state known as semi-closed, wherein any further 1/0
operations on it are forbidden. Because 1/O state is retained
between computations, the semi-closed state persists until the next
>l oad or: r el oad command.

You can make st di n reset itself after every evaluation by giving
GHCi the command : set +r. This works because st di n is
just atop-level expression that can be reverted to its unevaluated
state in the same way as any other top-level expression (CAF).
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4.1. Options overview

4.1.1.

4.1.2.

4.1.3.

GHC's behaviour is controlled by options, which for historical reasons are also sometimes referred to as
command-line flags or arguments. Options can be specified in three ways:

command-line arguments

An invocation of GHC takes the following form:
ghc [argunent...]

command-line arguments are either options or file names.

command-line options begin with - . They may not be grouped: - vOis different from - v - Q. Options
need not precede filenames: e.g., ghc *. 0 -0 foo. All options are processed and then applied to al
files; you cannot, for example, invoke ghc -¢ -OL Foo. hs - Q2 Bar. hs to apply different op-
timisation levelsto thefilesFoo. hs and Bar . hs.

command line options in source files

Sometimes it is useful to make the connection between a source file and the command-line options it re-
quires quite tight. For instance, if a Haskell source file uses GHC extensions, it will always need to be
compiled with the - f gl asgow ext s option. Rather than maintaining the list of per-file optionsin a
Makef i | e, itispossibleto do this directly in the source file using the OPTI ONS_GHC pragma.:

{-# OPTIONS_GHC - fgl asgow exts #-}
nodul e X where

OPTI ONS_CGHC pragmas are only looked for at the top of your source files, upto the first
(non-literate,non-empty) line not containing OPTI ONS_GHC. Multiple OPTI ONS_GHC pragmas are re-
cognised. Do not put comments before, or on the same line as, the OPTI ONS_ GHC pragma.

Note that your command shell does not get to the source file options, they are just included literally in
the array of command-line arguments the compiler maintains internally, so you'll be desperately disap-
pointed if you try to glob etc. inside OPTI ONS_GHC.

NOTE: the contents of OPTIONS_GHC are prepended to the command-line options, so you do have the
ability to override OPTIONS GHC settings via the command line.

It is not recommended to move all the contents of your Makefiles into your source files, but in some cir-

cumstances, the OPTI ONS_GHC pragma is the Right Thing. (If you use - keep-hc-fil e-t 00 and
have OPTION flagsin your module, the OPTIONS _GHC will get put into the generated .hc file).

Setting options in GHCi

Options may also be modified from within GHCIi, using the : set command. See Section 3.7, “The
: set command” for more details.
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4.2. Static, Dynamic, and Mode options

Each of GHC's command line optionsis classified as either static or dynamic or mode:

Mode flags

Dynamic Flags

Static Flags

For example, - - make or - E. There may be only a single mode flag on the com-
mand line. The available modes are listed in Section 4.4, “Modes of operation”.

Most non-mode flags fall into this category. A dynamic flag may be used on the
command line, in a GHC_OPTI ONS pragma in a source file, or set using : set in
GHCi.

A few flags are "static", which means they can only be used on the command-line,
and remain in force over the entire GHC/GHCi run.

The flag reference tables (Section 4.17, “Flag reference”) lists the status of each flag.

4.3. Meaningful file suffixes

File names with “meaningful” suffixes (e.g., . | hs or . 0) cause the “right thing” to happen to those

files.

. hs
.I'hs
. hi
. hc

A Haskell module.

A “literate Haskell” module.

A Haskell interface file, probably compiler-generated.

Intermediate C file produced by the Haskell compiler.

A Cfile not produced by the Haskell compiler.

An assembly-language source file, usually produced by the compiler.

An object file, produced by an assembler.

Files with other suffixes (or without suffixes) are passed straight to the linker.

4.4. Modes of operation

GHC's behaviour is firstly controlled by a mode flag. Only one of these flags may be given, but it does
not necessarily need to be the first option on the command-line. The available modes are:

ghc
—interactive

ghc —make

ghc —eexpr

Interactive mode, which is also available as ghci. Interactive mode is described in
more detail in Chapter 3, Using GHCi.

In this mode, GHC will build a multi-module Haskell program automatically, figur-
ing out dependencies for itself. If you have a straightforward Haskell program, thisis
likely to be much easier, and faster, than using make. Make mode is described in
Section 4.4.1, “Using ghc —make”.

Expression-evaluation mode. This is very similar to interactive mode, except that
there is a single expression to evaluate (expr ) which is given on the command line.
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4.4.1.

See Section 4.4.2, “Expression evaluation mode” for more details.

ghc [[-E] |[-C] Thisis the traditional batch-compiler mode, in which GHC can compile source files

[[-S] | [-c]] one at atime, or link objects together into an executable. This mode also applies if
there is no other mode flag specified on the command line, in which case it means
that the specified files should be compiled and then linked to form a program. See
Section 4.4.3, “Batch compiler mode”.

ghc -M Dependency-generation mode. In this mode, GHC can be used to generate depend-
ency information suitable for usein aMakef i | e. See Section 4.6.11, “ Dependency
generation”.

ghc —mk-dil DLL-creation mode (Windows only). See Section 11.5.1, “CreatingaDLL".

Using ghc —make

When given the —nake option, GHC will build a multi-module Haskell program by following depend-
encies from a single root module (usually Mai n). For example, if your Mai n moduleisin afile called
Mai n. hs, you could compile and link the program like this:

ghc ——make Mai n. hs

The command line may contain any number of source file names or module names; GHC will figure out
all the modules in the program by following the imports from these initial modules. It will then attempt
to compile each module which is out of date, and finally if there is a Mai n module, the program will
also be linked into an executable.

The main advantagesto using ghc ——make over traditional Makef i | esare:

* GHC doesn't have to be restarted for each compilation, which means it can cache information
between compilations. Compiling a multi-module program with ghc ——make can be up to twice as
fast as running ghc individually on each sourcefile.

* Youdon't havetowriteaMakef il e.

* GHC re-calculates the dependencies each time it is invoked, so the dependencies never get out of
sync with the source.

Any of the command-line options described in the rest of this chapter can be used with ——nake, but
note that any options you give on the command line will apply to all the source files compiled, so if you
want any options to apply to asingle source file only, you'll need to use an OPTI ONS_GHC pragma (see
Section 4.1.2, “command line options in source files”).

If the program needs to be linked with additional objects (say, some auxiliary C code), then the object
files can be given on the command line and GHC will include them when linking the executable.

Note that GHC can only follow dependencies if it has the source file available, so if your program in-
cludes amodule for which there is no source file, even if you have an object and an interface file for the
module, then GHC will complain. The exception to thisruleis for package modules, which may or may
not have source files.

The source files for the program don't all need to be in the same directory; the- i option can be used to
add directories to the search path (see Section 4.6.3, “ The search path”).
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4.4.2.

4.4.3.

Expression evaluation mode

This mode is very similar to interactive mode, except that there is a single expression to evaluate which
is specified on the command line as an argument to the - e option:

ghc -e expr

Haskell source files may be named on the command line, and they will be loaded exactly as in interact-
ive mode. The expression is evaluated in the context of the loaded modules.

For example, to load and run a Haskell program containing a module Mai n, we might say
ghc -e Main.main Min. hs
or we can just use this mode to evaluate expressions in the context of the Pr el ude:

$ ghc -e "interact
hell o
ol I eh

(unlines.map reverse.lines)"

Batch compiler mode

In batch mode, GHC will compile one or more source files given on the command line.

The first phase to run is determined by each input-file suffix, and the last phase is determined by aflag.
If no relevant flag is present, then go all the way through linking. This table summarises:

Phase of the compilation
system

Suffix saying “ start here’

Flag saying “ stop after”

(suffix of) output file

literate pre-processor .I'hs - . hs

C pre-processor (opt.) . hs (with - cpp) -E . hspp
Haskell compiler . hs -C-S .he,.s
C compiler (opt.) .hcor.c -S

assembler .S -C .0
linker ot her - a. out

Thus, acommon invocation would be:

ghc -c Foo. hs

to compile the Haskell sourcefile Foo. hs to an object file Foo. o.

Note: What the Haskell compiler proper produces depends on whether a native-code generator is used
(producing assembly language) or not (producing C). See Section 4.10.6, “ Options affecting code gener-
ation” for more details.

Note: C pre-processing is optional, the - cpp flag turnsit on. See Section 4.10.3, “Options affecting the
C pre-processor” for more details.
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Note: The option - E runs just the pre-processing passes of the compiler, dumping the result in a file.
Note that this differs from the previous behaviour of dumping the file to standard output.

4.4.3.1. Overriding the default behaviour for a file

As described above, the way in which afile is processed by GHC depends on its suffix. This behaviour
can be overriden using the - x option:

- X Causes al files following this option on the command line to be processed as if they had the suffix
su suf fix. For example, to compile a Haskell module in the file M ny- hs, useghc -¢ -x hs

ff Mny-hs.
i X

4.5. Help and verbosity options

—help,-?

-Nn

-vn

-V,—version

—nuneri c-ver
si on
——print-libdi
r

Cause GHC to spew along usage message to standard output and then exit.

Does adry-run, i.e. GHC goes through all the motions of compiling as normal, but
does not actually run any external commands.

The - v option makes GHC verbose: it reports its version number and shows (on
stderr) exactly how it invokes each phase of the compilation system. Moreover, it
passes the - v flag to most phases; each reports its version number (and possibly
some other information).

Please, oh please, use the - v option when reporting bugs! Knowing that you ran
the right bitsin the right order is always the first thing we want to verify.

To provide more control over the compiler's verbosity, the - v flag takes an op-
tional numeric argument. Specifying - v on its own is equivalent to - v3, and the
other levels have the following meanings:

-v0 Disable all non-essential messages (thisis the default).

-v1l Minimal verbosity: print one line per compilation (this is the default when
—nmake or —i nt eracti ve ison).

-v2 Print the name of each compilation phase as it is executed. (equivaent to -
dshow passes).

-v3 Thesameas- v2, except that in addition the full command line (if appro-
priate) for each compilation phaseis also printed.

-v4 The same as - v3 except that the intermediate program representation after
each compilation phase is also printed (excluding preprocessed and C/
assembly files).

Print a one-line string including GHC's version number.

Print GHC's numeric version number only.

Print the path to GHC's library directory. This is the top of the directory tree con-
taining GHC's libraries, interfaces, and include files (usually something like /

usr/l ocal /1i b/ ghc-5. 04 on Unix). This is the value of $I i bdi rin the
package configuration file (see Section 4.8, “ Packages™).
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-ferror-spans Causes GHC to emit the full source span of the syntactic entity relating to an error
message. Normally, GHC emits the source location of the start of the syntactic en-
tity only.

For example:

test.hs:3:6: parse error on input ~where'

becomes:

test 296. hs: 3: 6-10: parse error on input " where'

And multi-line spans are possibl e too:

test.hs:(5,4)-(6,7):
Conflicting definitions for "a
Bound at: test.hs:5:4
test.hs:6:7
In the binding group for: a, b, a

Note that line numbers start counting at one, but column numbers start at zero.
This choice was made to follow existing convention (i.e. this is how Emacs does

it).

- Hsi ze Set the minimum size of the heap to si ze. This option is equivalent to
+RTS - Hsi ze, see Section 4.14.3, “RTS options to control the garbage collect-
or'.

-Rghc-timng  Prints a one-line summary of timing statistics for the GHC run. This option is
equivalent to +RTS -t st derr, see Section 4.14.3, “RTS options to control the
garbage collector”.

4.6. Filenames and separate compilation

4.6.1.

This section describes what files GHC expects to find, what files it creates, where these files are stored,
and what options affect this behaviour.

Note that this section is written with hierarchical modules in mind (see Section 7.3.1, “Hierarchical
Modules’); hierarchical modules are an extension to Haskell 98 which extends the lexical syntax of
module namesto include adot ‘.. Non-hierarchical modules are thus a special case in which none of the
module names contain dots.

Pathname conventions vary from system to system. In particular, the directory separator is‘/ ' on Unix
systems and ‘\ ' on Windows systems. In the sections that follow, we shall consistently use ‘/ ' as the
directory separator; substitute this for the appropriate character for your system.

Haskell source files

Each Haskell source module should be placed in afile on its own.

Usually, the file should be named after the module name, replacing dots in the module name by direct-
ory separators. For example, on a Unix system, the module A. B. C should be placed in the file A/
B/ C. hs, relative to some base directory. If the module is not going to be imported by another module
(Mai n, for example), then you are free to use any filename for it.
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4.6.2.

GHC assumes that source files are ASCII or UTF-8 only, other encodings are not recognised. However,
invalid UTF-8 sequences will be ignored in comments, so it is possible to use other encodings such as
Latin-1, aslong as the non-comment source code is ASCII only.

Output files

When asked to compile a source file, GHC normally generates two files: an object file, and an interface
file.

The object file, which normally endsin a. o suffix, contains the compiled code for the module.

The interface file, which normally endsin a. hi suffix, contains the information that GHC needs in or-
der to compile further modules that depend on this module. It contains things like the types of exported
functions, definitions of data types, and so on. It is stored in a binary format, so don't try to read one; use
the- - show i f ace option instead (see Section 4.6.7, “ Other options related to interface files’).

Y ou should think of the object file and the interface file as a pair, since the interface file isin a sense a
compiler-readable description of the contents of the object file. If the interface file and object file get out
of sync for any reason, then the compiler may end up making assumptions about the object file that
aren't true; trouble will almost certainly follow. For this reason, we recommend keeping object files and
interface files in the same place (GHC does this by default, but it is possible to override the defaults as
we'll explain shortly).

Every module has a module name defined in its source code (nodul e A. B. C where ...).

The name of the object file generated by GHC is derived according to the following rules, where osuf
is the object-file suffix (this can be changed with the - osuf option).

» If thereisno - odi r option (the default), then the object filename is derived from the source file-
name (ignoring the module name) by replacing the suffix with osuf .

e If -odir dir has been specified, then the object filename is di r /nrod.osuf , where nod is the
module name with dots replaced by slashes.

The name of the interface file is derived using the same rules, except that the suffix is hi suf (. hi by
default) instead of osuf , and the relevant options are - hi di r and - hi suf instead of - odi r and -
osuf respectively.

For example, if GHC compiles the module A. B. Cin the filesrc/ A/ B/ C. hs, withno - odi r or -
hi di r flags, theinterface filewill beputinsrc/ A/ B/ C. hi and the object fileinsrc/ A/ B/ C. o.

For any module that is imported, GHC requires that the name of the module in the import statement ex-
actly matches the name of the module in the interface file (or source file) found using the strategy spe-
cified in Section 4.6.3, “The search path’. This means that for most modules, the source file name
should match the module name.

However, note that it is reasonable to have amodule Mai n in afilenamed f 0o. hs, but this only works
because GHC never needs to search for the interface for module Mai n (because it is never imported). It
is therefore possible to have several Mai n modules in separate source files in the same directory, and
GHC will not get confused.

In batch compilation mode, the name of the object file can also be overridden using the - o option, and
the name of the interface file can be specified directly using the - ohi option.

4.6.3. The search path
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4.6.4.

In your program, you import amodule Foo by sayingi nport Foo. In- - nmake mode or GHCi, GHC
will look for a source file for Foo and arrange to compile it first. Without - - make, GHC will look for
the interface file for Foo, which should have been created by an earlier compilation of Foo. GHC uses
the same strategy in each of these cases for finding the appropriate file.

This strategy is as follows: GHC keeps alist of directories called the search path. For each of these dir-
ectories, it tries appending basenane. ext ensi on to the directory, and checks whether the file ex-
ists. The value of basenane is the module name with dots replaced by the directory separator (*/' or '\,
depending on the system), and ext ensi on isasource extension (hs, | hs) if wearein - - make mode
and GHCi, or hi suf otherwise.

For example, suppose the search path contains directoriesd1, d2, and d3, and we are in - - make mode
looking for the source file for a module A. B. C. GHC will look ind1/ A/ B/ C. hs, d1/ A/ B/ C. | hs,
d2/ A/ B/ C. hs, and so on.

The search path by default contains a single directory: “.” (i.e. the current directory). The following op-
tions can be used to add to or change the contents of the search path:

-idirs Thisflag appendsacolon-separated list of di r s to the search path.

- resets the search path back to nothing.

This isn't the whole story: GHC also looks for modules in pre-compiled libraries, known as packages.
See the section on packages (Section 4.8, “ Packages”), for details.

Redirecting the compilation output(s)

-ofile GHC's compiled output normally goesinto a. hc, . o, etc,, file, depending on the
last-run compilation phase. Theoption- o fi | e re-directs the output of that last-
run phasetofil e.

Note: this “feature” can be counterintuitive: ghc -C -0 foo.o foo.hs will put the in-
termediate C codein thefilef 00. 0, name notwithstanding!

This option is most often used when creating an executable file, to set the filename
of the executable. For example:

ghc -0 prog --nake Main

will compile the program starting with module Mai n and put the executable in the
filepr og.

Note: on Windows, if the result is an executable file, the extension ". exe" is ad-
ded if the specified filename does not already have an extension. Thus

ghc -o foo Main. hs

will compile and link the module Mai n. hs, and put the resulting executable in
f 00. exe (not f 00).

If you use ghc --make and you don't use the - o, the name GHC will choose for
the executable will be based on the name of the file containing the module Mai n.
Note that with GHC the Mai n module doesn't have to be put in file Mai n. hs.
Thus both
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ghc --make Prog

and

ghc --nmake Prog. hs
will produce Pr og (or Pr og. exe if you are on Windows).

-odirdir Redirects object filesto directory di r . For example:

$ ghc -c parse/ Foo. hs parse/Bar.hs gurgle/Bunble.hs -odir “arch’

The object files, Foo. o, Bar . 0, and Bunbl e. o would be put into a subdirect-
ory named after the architecture of the executing machine (x86, mi ps, €tc).

Note that the - odi r option does not affect where the interface files are put; use
the - hi di r option for that. In the above example, they would still be put in
par se/ Foo. hi ,parse/ Bar. hi ,andgur gl e/ Bunbl e. hi .

-ohi file The interface output may be directed to another file bar 2/ Wir bl e. i f ace with
the option - ohi  bar 2/ Wir bl e. i f ace (not recommended).

WARNING: if you redirect the interface file somewhere that GHC can't find it,
then the recompilation checker may get confused (at the least, you won't get any
recompilation avoidance). We recommend using a combination of - hi di r and -
hi suf optionsinstead, if possible.

To avoid generating an interface at al, you could use this option to redirect the in-
terface into the bit bucket: - ohi / dev/ nul I , for example.

-hidirdir Redirects all generated interface filesinto di r, instead of the default.

-stubdir dir Redirects all generated FFI stub filesinto di r . Stub files are generated when the
Haskell source contains a foreign export or foreign inport
" & apper " declaration (see Section 8.2.1, “Using f or ei gn export and
foreign inmport ccall "wapper"” withGHC"). The- st ubdi r option
behaves in exactly the sasmeway as- odi r and - hi di r with respect to hierarch-
ical modules.

-osuf suffix, The-osuf suffix will change the . o file suffix for object files to whatever
- hi suf suffix you specify. We use this when compiling libraries, so that objects for the profiling
, - hcsuf suf - versions of the libraries don't clobber the normal ones.
fix
Similarly, the - hi suf suffi x will change the . hi file suffix for non-system
interface files (see Section 4.6.7, “ Other options related to interface files’).

Finally, theoption - hcsuf suf fi x will changethe. hc file suffix for compiler-
generated intermediate C files.

The - hi suf /- osuf game is particularly useful if you want to compile a pro-
gram both with and without profiling, in the same directory. Y ou can say:

ghc ...
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to get the ordinary version, and

ghc ... -osuf prof.o -hisuf prof.hi -prof

to get the profiled version.

4.6.5. Keeping Intermediate Files

4.6.6.

4.6.7.

The following options are useful for keeping certain intermediate files around, when normally GHC
would throw these away after compilation:

keep-hc-files
-keep-s-files

keep-
raw-s-fil es

keep-
tnp-files

Keep intermediate . hc files when doing . hs-to-. 0 compilations via C (NOTE:
. hc files aren't generated when using the native code generator, you may need to
use- f vi a- Cto force them to be produced).

Keep intermediate . s files.

Keep intermediate . r aw- s files. These are the direct output from the C compiler,
before GHC does “assembly mangling” to produce the . s file. Again, these are
not produced when using the native code generator.

Instructs the GHC driver not to delete any of its temporary files, which it normally
keepsin/t mp (or possibly elsewhere; see Section 4.6.6, “ Redirecting temporary
files”). Running GHC with - v will show you what temporary files were generated
aong the way.

Redirecting temporary files

-tnpdir

If you have trouble because of running out of spacein/ t np (or wherever your in-
stallation thinks temporary files should go), you may usethe -t npdi r <dir>
option to specify an alternate directory. For example, -t mpdi r . says to put
temporary filesin the current working directory.

Alternatively, use your TMPDI R environment variable. Set it to the name of the
directory where temporary files should be put. GCC and other programs will hon-
our the TMPDI Rvariable aswell.

Even better idea: Set the DEFAULT_TMPDI R make variable when building GHC,
and never worry about TMPDI R again. (see the build documentation).

Other options related to interface files

- ddunp- hi

ddunp-
hi-diffs

Dumps the new interface to standard output.

The compiler does not overwrite an existing . hi interface file if the new one is
the same as the old one; this is friendly to make. When an interface does change,
it is often enlightening to be informed. The - ddunp- hi - di f fs option will
make GHC run diff onthe old and new . hi files.
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4.6.8.

4.6.9.

ddunp- m n- Dump to the file "M.imports" (where M is the module being compiled) a "minim-

i mal -inmports  a" set of import declarations. Y ou can safely replace all the import declarationsin
"M.hs" with those found in "M.imports’. Why would you want to do that? Be-
cause the "minimal” imports (a) import everything explicitly, by name, and (b) im-
port nothing that is not required. It can be quite painful to maintain this property
by hand, so thisflag isintended to reduce the labour.

--showiface Wherefil e isthe name of an interface file, dumps the contents of that interface
file in a human-readable (ish) format.

The recompilation checker

- Turn off recompilation checking (which is on by default). Recompilation checking
fforce-reconp normally stops compilation early, leaving an existing . o file in place, if it can be
determined that the module does not need to be recompiled.

In the olden days, GHC compared the newly-generated . hi file with the previous version; if they were
identical, it left the old one alone and didn't change its modification date. In consequence, importers of a
module with an unchanged output . hi file were not recompiled.

This doesn't work any more. Suppose module C imports module B, and B imports module A. So changes
to module A might require module C to be recompiled, and hence when A. hi changes we should check
whether C should be recompiled. However, the dependencies of C will only list B. hi , not A. hi , and
some changes to A (changing the definition of afunction that appearsin an inlining of a function expor-
ted by B, say) may conceivably not change B. hi onejot. So now...

GHC keeps a version number on each interface file, and on each type signature within the interface file.
It also keeps in every interface file alist of the version numbers of everything it used when it last com-
piled the file. If the source file's modification date is earlier than the . o file's date (i.e. the source hasn't
changed since the file was last compiled), and the recompilation checking is on, GHC will be clever. It
compares the version numbers on the things it needs this time with the version numbers on the things it
needed |ast time (gleaned from the interface file of the module being compiled); if they are al the same
it stops compiling rather early in the process saying “Compilation 1S NOT required”. What a beautiful
sight!

Patrick Sansom had a workshop paper about how all this is done (though the details have changed quite
ahit). Ask him [mailto:sansom@dcs.gla.ac.uk] if you want a copy.

How to compile mutually recursive modules

GHC supports the compilation of mutually recursive modules. This section explains how.

Every cycle in the module import graph must be broken by a hs- boot file. Suppose that modules
A. hs and B. hs are Haskell source files, thus:

nodul e A where
import B( TB(..) )
newt ype TA = MTA I nt

f :: TB->TA
f (MKTB x) = MKTA X

nodul e B where
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import {-# SOURCE #-} A( TA(..) )
data TB = MKTB !l nt

g:: TA->TB
g (MKTA x) = MKTB X

Here A imports B, but B imports A with a{-# SOURCE #-} pragma, which breaks the circular de-

pendency. For every module A. hs that is{-# SOURCE #-} -imported in this way there must exist a
soucefile A. hs- boot . Thisfile contains an abbreviated version of A. hs, thus:

nodul e A where
newt ype TA = MKTA I nt

To compile these three files, issue the following commands:

ghc -c A hs-boot -- Poduces A hi-boot, A o-boot

ghc -c B. hs -- Consunes A hi-boot, produces B.hi, B.o
ghc -c A hs -- Consunes B. hi, produces A hi, Ao
ghc -o foo Ao B.o -- Linking the program

There are several points to note here:

e Thefile A hs- boot is a programmer-written source file. It must live in the same directory as its
parent source file A. hs. Currently, if you use a literate source file A. | hs you must also use a liter-
ate boot file, A. | hs- boot ; and vice versa.

* Ahs-boot fileiscompiled by GHC, just likeahs file:

ghc -c¢ A hs-boot

When a hs-boot file A. hs- boot iscompiled, it is checked for scope and type errors. When its par-
ent module A. hs is compiled, the two are compared, and an error is reported if the two are incon-
sistent.

» Just as compiling A. hs produces an interface file A. hi , and an object file A. 0, so compiling
A. hs-boot produces aninterfacefile A. hi - boot , and an pseudo-object file A. 0- boot :

e The pseudo-object file A. 0- boot is empty (don't link it!), but it is very useful when using a
Makefile, to record when the A. hi - boot was last brought up to date (see Section 4.6.10,
“Using make”).

* Thehi - boot generated by compiling ahs- boot fileisin the same machine-generated binary
format as any other GHC-generated interface file (e.g. B. hi ). You can display its contents with
ghc --show-iface. If you specify a directory for interface files, the - ohi di r flag, then that af-
fectshi - boot filestoo.

» If hs-boot files are considered distinct from their parent source files, and if a{-# SOURCE #-}
import is considered to refer to the hs-boot file, then the module import graph must have no cycles.
The command ghc -M will report an error if acycleisfound.

* A module Mthat is{-# SOURCE #-} -imported in a program will usually also be ordinarily im-
ported elsewhere. If not, ghc --make automatically adds Mto the set of moudles it tries to compile
and link, to ensure that Ms implementation isincluded in the final program.

52



Using GHC

A hs-boot file need only contain the bare minimum of information needed to get the bootstrapping pro-

cess started. For example, it doesn't need to contain declarations for everything that module A exports,

only the things required by the module(s) that import A recursively.

A hs-boot file iswritten in a subset of Haskell:

e The module header (including the export list), and import statements, are exactly as in Haskell, and
so are the scoping rules. Hence, to mention a non-Prelude type or class, you must import it.

» There must be no value declarations, but there can be type signatures for values. For example:
double :: Int -> Int

» Fixity declarations are exactly asin Haskell.
e Type synonym declarations are exactly asin Haskell.
* A datatype declaration can either be given in full, exactly asin Haskell, or it can be given abstractly,
by omitting the '=" sign and everything that follows. For example:
data T a b
In a source program this would declare TA to have no constructors (a GHC extension: see Sec-
tion 7.4.1.1, “Data types with no constructors’), but in an hi-boot file it means "l don't know or care
what the constructors are”. Thisis the most common form of data type declaration, because it's easy
to get right. You can also write out the constructors but, if you do so, you must write it out precisely
asinitsreal definition.
If you do not write out the constructors, you may need to give a kind annotation (Section 7.4.7,
“Explicitly-kinded quantification”), to tell GHC the kind of the type variable, if it is not "*". (In
source files, this is worked out from the way the type variable is used in the constructors.) For ex-
ample:
data R(x :: * -> *) vy
You cannot useder i vi ng on adatatype declaration; writeini nst ance declaration instead.
» Classdeclarations is exactly asin Haskell, except that you may not put default method declarations.
Y ou can also omit all the superclasses and class methods entirely; but you must either omit them all
or put them all in.

* You caninclude instance declarations just asin Haskell; but omit the "where" part.

4.6.10. Using make

It is reasonably straightforward to set up a Makefi | e to use with GHC, assuming you name your
source files the same as your modules. Thus:

HC = ghc

HC OPTS = -cpp $(EXTRA HC OPTS)
SRCS = Main.l hs Foo.l hs Bar.lhs
OBJS = Main.o Foo. o Bar. o
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.SUFFIXES : .o .hs .hi .lhs .hc .s
cool _pgm: $(OBIS)

rm-f $

$(HC) -0 $@3B(HC OPTS) $(OBIS)
# Standard suffix rules
.0.hi:

@

.1 hs. o:
$(HO) -c $< $(HC_OPTS)

. hs. o:
$(HO) -c $< $(HC OPTS)

. 0- boot . hi - boot :
.1 hs-boot . o- boot :
$(HO) -c $< $(HC_OPTS)

. hs-boot . o- boot:
$(HO) -c $< $(HC_OPTS)

# I nter-nodul e dependenci es

Foo. o Foo. hc Foo.s : Baz. hi # Foo inports Baz
Main.o Main.hc Main.s : Foo. hi Baz. hi # Main inports Foo and Baz

(Sophisticated make variants may achieve some of the above more elegantly. Notably, gmake's pattern
rules let you write the more comprehensible:

%o : %Ilhs
$(HO) -c $< $(HC OPTS)
What we've shown should work with any make.)

Note the cheesy . 0. hi rule: It records the dependency of the interface (. hi ) file on the source. The
rulesaysa. hi file can be madefroma. o file by doing...nothing. Which istrue.

Note that the suffix rules are all repeated twice, once for normal Haskell source files, and once for hs-
boot files (see Section 4.6.9, “How to compile mutually recursive modules”).

Note also the inter-modul e dependencies at the end of the Makefile, which take the form

Foo. o Foo. hc Foo. s . Baz. hi # Foo inmports Baz

They tell make that if any of Foo. 0, Foo. hc or Foo. s have an earlier modification date than
Baz. hi , then the out-of-date file must be brought up to date. To bring it up to date, make looks for a
rule to do so; one of the preceding suffix rules does the job nicely. These dependencies can be generated
automatically by ghc; see Section 4.6.11, “ Dependency generation”

4.6.11. Dependency generation

Putting inter-dependencies of the form Foo. o : Bar. hi into your Makef i | e by hand is rather er-
ror-prone. Don't worry, GHC has support for automatically generating the required dependencies. Add
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the following to your Makef i | e:

depend :
ghc -M $(HC_OPTS) $(SRCS)

Now, before you start compiling, and any time you change thei npor t s inyour program, do make de-
pend before you do make cool_pgm. The command ghc -M will append the needed dependencies to
your Makefil e.

In general, ghc -M Foo does the following. For each module Min the set Foo plus al its imports
(transitively), it adds to the Makefile:

» A linerecording the dependence of the object file on the source file.

Mo : Mhs
(or M | hs if that is the filename you used).

e For each import declarationi nport Xin M aline recording the dependence of Mon X:
Mo : X hi

e For each import declarationi nport {-# SOURCE #-} XinM aline recording the dependence
of Mon X:

Mo : X hi-boot

(See Section 4.6.9, “How to compile mutually recursive modules’ for details of hi - boot stylein-
terfacefiles.)

If Mimports multiple modules, then there will be multiple lineswith M o asthe target.

There is no need to list al of the source files as arguments to the ghc -M command; ghc traces the de-
pendencies, just like ghc --make (anew featurein GHC 6.4).

Note that ghc - Mneeds to find a source file for each module in the dependency graph, so that it can
parse the import declarations and follow dependencies. Any pre-compiled modules without source files
must therefore belong to a packagel.

By default, ghc -M generates all the dependencies, and then concatenates them onto the end of make-
file(orMakefil eif makefil e doesn't exist) bracketed by thelines"# DO NOT DELETE: Be-
gi nning of Haskell dependencies" and"# DO NOT DELETE: End of Haskell
dependenci es". If these lines aready exist in the makef i | e, then the old dependencies are deleted
first.

Don't forget to use the same - package options on the ghc - Mcommand line as you would when
compiling; this enables the dependency generator to locate any imported modules that come from pack-
ages. The package modules won't be included in the dependencies generated, though (but see the
—i ncl ude- pkg- deps option below).

The dependency generation phase of GHC can take some additional options, which you may find useful.
For historical reasons, each option passed to the dependency generator from the GHC command line

Thisisachange in behaviour relativeto 6.2 and earlier.
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must be preceded by - opt dep. For example, to pass-f . depend to the dependency generator, you

say

ghc -M -optdep-f -optdep. depend ...

The options which affect dependency generation are:

-wW
-v2

-ffile
-s <suf>

——excl ude- nodul e=<fil e>

- X

——excl ude-directory=<dir
S>

—i ncl ude- nodul e=<fil e>

—i ncl ude- pkg- deps

Turn off warnings about interface file shadowing.

Print a full list of the module depenencies to stdout. (This is the
standard verbosity flag, so the list will also be displayed with - v3
and - v4; Section 4.5, “Help and verbosity options’.)

Use file as the makefile, rather than nakefile or
Makefile.If fil e doesn't exist, mkdependHS creates it. We
often use -f . depend to put the dependencies in . depend
and then include thefile. depend into Makef i | e.

Make extra dependencies that declare that files with suffix
. <suf > <osuf> depend on interface files with suffix
.<suf>_hi, or (for {-# SOURCE #-} imports) on
. hi -boot . Multiple - s flags are permitted. For example, - o
hc -s a -s b will make dependencies for . hc on . hi,
.a_hcon.a hi,and.b_hc on.b_hi. (Useful in conjunc-
tion with NoFib "ways".)

Regard <f i | e> as "stable"; i.e., exclude it from having depend-
enciesonit.

same as—excl ude- nodul e

Regard the colon-separated list of directories <di r s> as contain-
ing stable, don't generate any dependencies on modules therein.

Regard <f i | e> as not "stable”; i.e., generate dependencies on it
(if any). This option is normally used in conjunction with the
——excl ude-di rect ory option.

Regard modules imported from packages as unstable, i.e., gener-
ate dependencies on any imported package modules (including
Pr el ude, and all other standard Haskell libraries). Dependen-
cies are not traced recursively into packages; dependencies are
only generated for home-package modules on external-package
modules directly imported by the home package module. This op-
tion isnormally only used by the various system libraries.

4.6.12. Orphan modules and instance declarations

Haskell specifies that when compiling module M, any instance declaration in any module "below" M is
visible. (Module A is"below" M if A isimported directly by M, or if A is below a module that M im-
ports directly.) In principle, GHC must therefore read the interface files of every module below M, just
in case they contain an instance declaration that matters to M. This would be a disaster in practice, so

GHC triesto be clever.

In particular, if an instance declaration is in the same module as the definition of any type or class men-
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tioned in the head of the instance declaration, then GHC hasto visit that interface file anyway. Example:

nodul e A where
instance Ca => D (T a) where ...
data T a = ...

The instance declaration is only relevant if thetype T isin use, and if so, GHC will have visited A'sin-
terface fileto find T's definition.

The only problem comes when a module contains an instance declaration and GHC has no other reason
for visiting the module. Example:

nmodul e Orphan where
instance Ca => D (T a) where ...
class C a where ...

Here, neither D nor T is declared in module Orphan. We call such modules "~ orphan modules", defined
thus:

» Anorphan module contains at |east one orphan instance or at least one orphan rule.

e An instance declaration in a module M is an orphan instance if none of the type constructors or
classes mentioned in the instance head (the part after the "=>") are declared in M.

Only the instance head counts. In the example above, it is not good enough for C's declaration to be
in module A; it must be the declaration of D or T.

» A rewriterulein amodule M is an orphan rule if none of the variables, type constructors, or classes
that are free in the left hand side of the rule are declared in M.

GHC identifies orphan modules, and visits the interface file of every orphan module below the module
being compiled. Thisis usually wasted work, but there is no avoiding it. You should therefore do your
best to have as few orphan modules as possible.

Y ou can identify an orphan module by looking initsinterface file, M hi , using the - - show- i f ace. If
thereisa """ on thefirst line, GHC considersit an orphan module.

4.7. Warnings and sanity-checking

GHC has a number of options that select which types of non-fatal error messages, otherwise known as
warnings, can be generated during compilation. By default, you get a standard set of warnings which are
generaly likely to indicate bugs in your program. These are: - f war n- over | appi ng- patterns, -
fwar n- deprecati ons, - fwarn-dupl i cat e-exports, -fwarn-m ssing-fields, and -
fwar n- m ssi ng- net hods. The following flags are smple ways to select standard “packages’ of

warnings:

-W
Provides the standard warnings plus -fwarn-inconpl ete-patterns, -
f war n- unused- mat ches, - fwar n- unused-i nports, and -
f war n- unused- bi nds.

- W,

Turns off al warnings, including the standard ones.
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-Vl |l

Turns on all warning options.
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Makes any warning into a fatal error. Useful so that you don't miss warnings when doing
batch compilation.

The full set of warning options is described below. To turn off any warning, ssmply give the correspond-
ing - f no-war n-. .. option on the command line.

- fwar n- depr ecati ons:
Causes a warning to be emitted when a deprecated function or

type is used. Entities can be marked as deprecated using a
pragma, see Section 7.10.1, “DEPRECATED pragmad’.
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- fwar n- hi - shadow ng:

fwarn-i ncom
pl et e- patterns:

fwarn-i ncom
pl et e-record- updat es:

-fwarn-nissing-fields:

- fwar n- m ssi ng- net hods:

Have the compiler warn about duplicate entries in export lists.
This is useful information if you maintain large export lists, and
want to avoid the continued export of a definition after you've de-
leted (one) mention of it in the export list.

Thisoption is on by default.

Causes the compiler to emit awarning when amodule or interface
file in the current directory is shadowing one with the same mod-
ule namein alibrary or other directory.

Similarly for incomplete patterns, the function g below will fail
when applied to non-empty lists, so the compiler will emit a
warning about this when - f war n-i nconpl et e- patterns
is enabled.

gfl] =2

This option isn't enabled be default because it can be a bit noisy,
and it doesn't aways indicate a bug in the program. However, it's
generally considered good practice to cover al the cases in your
functions.

The function f below will fail when applied to Bar , so the com-
piler will emit a warning about this when -
fwar n-i nconpl et e-r ecor d- updat es isenabled.

data Foo = Foo { x :: Int }
| Bar
f :: Foo -> Foo

f foo =foo { x =6}

This option isn't enabled be default because it can be very noisy,
and it often doesn't indicate a bug in the program.

This option is on by default, and warns you whenever the con-
struction of alabelled field constructor isn't complete, missing ini-
tializers for one or more fields. While not an error (the missing
fields are initialised with bottoms), it is often an indication of a
programmer error.

This option is on by default, and warns you whenever an instance
declaration is missing one or more methods, and the correspond-
ing class declaration has no default declaration for them.

The warning is suppressed if the method name begins with an un-
derscore. Here's an example where thisis useful:

class C a where
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_simpleFn :: a -> String
complexFn :: a -> a -> String

complexFn x y = ... _sinmpleFn ...

Theideaisthat: (a) users of the class will only call conpl exFn;
never _si nmpl eFn; and (b) instance declarations can define
either conpl exFn or _si npl eFn.
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- f war n- nane- shadow ng:

- f war n- or phans:

fwar n- over | ap-
pi ng- patterns:

-fwarn-sinpl e-patterns:

If you would like GHC to check that every top-level function/
value has a type signature, use the -
fwar n- m ssi ng- si gnat ur es option. This option is off by
default.

This option causes a warning to be emitted whenever an inner-
scope value has the same name as an outer-scope value, i.e. the
inner value shadows the outer one. This can catch typographical
errors that turn into hard-to-find bugs, e.g., in the inadvertent cyc-
lic definitionlet x = ... x ... in.

Consequently, this option does will complain about cyclic recurs-
ive definitions.

This option causes a warning to be emitted whenever the module
contains an "orphan" instance declaration or rewrite rule. An in-
stance declartion is an orphan if it appears in a module in which
neither the class nor the type being instanced are declared in the
same module. A ruleis an orphan if it isarule for a function de-
clared in another module. A module containing any orphans is
called an orphan module.

The trouble with orphans is that GHC must pro-actively read the
interface files for al orphan modules, just in case their instances
or rules play a role, whether or not the modul€'s interface would
otherwise be of any use. Other things being equal, avoid orphan
modules.

By default, the compiler will warn you if a set of patterns are
overlapping, i.e.,

f :: String -> Int
f [l =0
f(_:xs) =1
f II2II = 2

where the last pattern match in f won't ever be reached, as the
second pattern overlaps it. More often than not, redundant pat-
terns is a programmer mistake/error, so this option is enabled by
default.

Causes the compiler to warn about lambda-bound patterns that
can fail, eg. \ (x: xs) ->. ... Normally, these aren't treated as
incomplete patterns by - f war n-i nconpl et e- patt erns.

““Lambda-bound patterns’ includes al places where there is a
single pattern, including list comprehensions and do-notation. In
these cases, a pattern-match failure is quite legitimate, and trig-
gersfiltering (list comprehensions) or the monad f ai | operation
(monads). For example:

f :: [Maybe a] -> [a]
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-fwarn-type-defaults:

- f war n- unused- bi nds:

- fwar n-unused-i nports:

- f war n- unused- nmat ches:

f xs = [y | Just y <- xs]

Switching on - f war n- si npl e- patt erns will eicit warn-
ings about these probably-innocent cases, which iswhy theflag is
off by default.

The deri vi ng( Read ) mechanism produces monadic code
with pattern matches, so you will also get misleading warnings
about the compiler-generated code. (Thisis arguably aBad Thing,
but it's awkward to fix.)

Have the compiler warn/inform you where in your source the
Haskell defaulting mechanism for numeric types kicks in. Thisis
useful information when converting code from a context that as-
sumed one default into one with another, e.g., the “default default’
for Haskell 1.4 caused the otherwise unconstrained value 1 to be
given the type | nt , whereas Haskell 98 defaults it to | nt eger .
This may lead to differences in performance and behaviour, hence
the usefulness of being non-silent about this.

Thiswarning is off by default.

Report any function definitions (and local bindings) which are un-
used. For top-level functions, the warning is only given if the
binding is not exported.

A definition is regarded as "used" if (@) it is exported, or (b) it is
mentioned in the right hand side of another definition that is used,
or (c) the function it defines begins with an underscore. The last
case provides a way to suppress unused-binding warnings select-
ively.

Notice that a variable is reported as unused even if it appears in
the right-hand side of another unused binding.

Report any modules that are explicitly imported but never used.
However, the form i nport M) is never reported as an unused
import, because it is a useful idiom for importing instance declar-
ations, which are anonymous in Haskell.

Report all unused variables which arise from pattern matches, in-
cluding patterns consisting of a single variable. For instance f X
y = [] would report x and y as unused. The warning is sup-
pressed if the variable name begins with an underscore, thus:

f x = True

If you're feeling really paranoid, the - dcor e- 1 i nt option is a good choice. It turns on heavyweight
intra-pass sanity-checking within GHC. (It checks GHC's sanity, not yours.)
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4.8.1.

Packages

A package is a library of Haskell modules known to the compiler. GHC comes with several packages:
see the accompanying library documentation [../libraries/index.html].

Using a package couldn't be simpler: if you're using - - make or GHCIi, then most of the installed pack-
ages will be automatically available to your program without any further options. The exceptions to this
rule are covered below in Section 4.8.1, “Using Packages”.

Building your own packages is aso quite straightforward: we provide the Caba
[http://www.haskell.org/cabal/] infrastructure which automates the process of configuring, building, in-
stalling and distributing a package. All you need to do iswrite a simple configuration file, put afew files
in the right places, and you have a package. See the Cabal documentation [../Cabal/index.html] for de-
tails, and aso the Cabal libraries (Distribution.Simple [../libraries/Cabal/Distribution-Simple.html], for
example).

Using Packages

To see which packages areinstalled, use the ghc- pkg command:

$ ghc-pkg |ist

/usr/lib/ghc-6. 4/ package. conf:
base- 1.0, haskell98-1.0, tenpl ate-haskell-1.0, ntl-1.0, unix-1.0,
Cabal -1.0, haskell-src-1.0, parsec-1.0, network-1.0,
Qui ckCheck-1.0, HUnit-1.1, fgl-1.0, X11-1.1, HG-3.1, OpenG.-2.0,
GLUT-2.0, stm1.0, readline-1.0, (lang-1.0), (concurrent-1.0),
(posix-1.0), (util-1.0), (data-1.0), (text-1.0), (net-1.0),
(hssource-1.0), rts-1.0

Packages are either exposed or hidden. Only modules from exposed packages may be imported by your
Haskell code; if you try to import a module from a hidden package, GHC will emit an error message.

Each package has an exposed flag, which says whether it is exposed by default or not. Packages hidden
by default are listed in parentheses (eg. (| ang- 1. 0) ) in the output from ghc- pkg | i st. To expose
a package which is hidden by default, use the - package flag (see below).

To see which modules are exposed by a package:

$ ghc-pkg field network exposed- nodul es
exposed- nodul es: Net wor k. BSD,

Net wor k. C3

Net wor k. Socket ,

Net wor k. URI ,

Net wor k

In general, packages containing hierarchical modules are usually exposed by default. However, it is pos-
sible for two packages to contain the same module: in this case, only one of the packages should be ex-
posed. It isan error to import a module that bel ongs to more than one exposed package.

The GHC command line options that control packages are:
- package P This option causes package P to be exposed. The package P can be spe-

cified in full with its version number (e.g. net wor k- 1. 0) or the version
number can be omitted if thereis only one version of the package installed.
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- hi de- al | - packages

- hi de- package P

-ignore-package P

If there are multiple versions of P installed, then all other versions will be-
come hidden.

The - package P option aso causes package P to be linked into the res-
ulting executable. In —make mode and GHCi, the compiler normally de-
termines which packages are required by the current Haskell modules, and
links only those. In batch mode however, the dependency information isn't
available, and explicit - package options must be given when linking.

For example, to link a program consisting of objects Foo. o and Mai n. o,
where we made use of the net wor k package, we need to give GHC the -
package flag thus:

$ ghc -0 nyprog Foo.o Min.o -package network

The same flag is necessary even if we compiled the modules from source,
because GHC still reckonsit'sin batch mode:

$ ghc -0 nyprog Foo. hs Main. hs -package network

In--make and - -i nt eract i ve modes (Section 4.4, “Modes of opera
tion”), however, GHC figures out the packages required for linking
without further assistance.

The one other time you might need to use - package to force linking a
package is when the package does not contain any Haskell modules (it
might contain a C library only, for example). In that case, GHC will never
discover a dependency on it, so it hasto be mentioned explicitly.

Ignore the exposed flag on installed packages, and hide them all by default.
If you use this flag, then any packages you require (including base) need
to be explicitly exposed using - package options.

Thisis a good way to insulate your program from differences in the glob-
aly exposed packages, and being explicit about package dependenciesis a
Good Thing. Cabal aways passes the - hi de- al | - packages flag to
GHC, for exactly this reason.

This option does the opposite of - package: it causes the specified pack-
age to be hidden, which means that none of its modules will be available
for import by Haskell i npor t directives.

Note that the package might still end up being linked into the fina pro-
gram, if it isa dependency (direct or indirect) of another exposed package.

Causes the compiler to behave as if package P, and any packages that de-
pend on P, are not installed at all.

Saying - i gnor e- package P isthe sameasgiving - hi de- package
flags for P and all the packages that depend on P. Sometimes we don't
know ahead of time which packages will be installed that depend on P,
whichiswhenthe - i gnor e- package flag can be useful.

Consequences of packages

It is possible that by using packages you might end up with a program that contains two modules with
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the same name: perhaps you used a package P that has a hidden module M, and there is a'so a module M
in your program. Or perhaps the dependencies of packages that you used contain some overlapping
modules. Perhaps the program even contains multiple versions of a certain package, due to dependencies
from other packages.

None of these scenarios gives rise to an error on its own?, but they may have some interesting con-
seguences. For instance, if you have atype M T from version 1 of package P, then this is not the same
asthetype M T from version 2 of package P, and GHC will report an error if you try to use one where
the other is expected.

Formally speaking, in Haskell 98, an entity (function, type or class) in a program is uniquely identified
by the pair of the module name in which it is defined and its name. In GHC, an entity is uniquely
defined by atriple: package, module, and name.

Package Databases

A package database is afile, normally called package. conf which contains descriptions of installed
packages. GHC usually knows about two package databases:

* Theglobal package database, which comes with your GHC installation.

e A package database private to each user. On Unix systems this will be
$HOVWE/ . ghc/ ar ch- os- ver si on/ package. conf, and on Windows it will be something
like C:\ Docunents And Settings\user\ghc. The ghc-pkg tool knows where this file
should be located, and will create it if it doesn't exist (see Section 4.8.5, “Package management (the
ghc- pkg command)”).

When GHC starts up, it reads the contents of these two package databases, and builds up a list of the
packages it knows about. Y ou can see GHC's package table by running GHC with the - v flag.

Package databases may overlap: for example, packages in the user database will override those of the
same name in the global database.

Y ou can control the loading of package databses using the following GHC options:

- package-conf file Read in the package configuration filef i | e in addition to the system
default file and the user's local file. Packages in additional files read
thisway will override those in the global and user databases.

- no- user - package- conf  Prevent loading of the user's local package database.

To create a new package database, just create a new file and put the string “[ ] ” in it. Packages can be

added to the file using the ghc- pkg tool, described in Section 4.8.5, “Package management (the ghc-
pkg command)”.

4.8.3.1. The GHC_PACKAGE_PATHenvironment variable

The GHC_PACKAGE_PATH environment variable may be set to a : -separated (; -separated on Win-
dows) list of files containing package databases. This list of package databasesis used by GHC and ghc-
pkg, with earlier databases in the list overriding later ones. This order was chosen to match the beha-
viour of the PATH environment variable; think of it asalist of package databases that are searched |eft-
to-right for packages.

2t used to in GHC 6.4, but not since 6.6
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If GHC_PACKAGE_PATH ends in a separator, then the default user and system package databases are
appended, in that order. e.g. to augment the usual set of packages with a database of your own, you
could say (on Unix):

$ export GHC PACKAGE PATH=$HOWE/ . ny- ghc- packages. conf:
(use; instead of : on Windows).

To check whether your GHC_PACKAGE_PATH setting is doing the right thing, ghc- pkg i st will
list all the databases in use, in the reverse order they are searched.

Building a package from Haskell source

We don't recommend building packages the hard way. Instead, use the Cabal [../Cabal/index.html] infra-
structure if possible. If your package is particularly complicated or requires a lot of configuration, then
you might have to fall back to the low-level mechanisms, so afew hints for those brave souls follow.

e You need to build an "installed package info" file for passing to ghc- pkg when installing your
package. The contents of this file are described in Section 4.8.6, “ | nst al | edPackagel nf o: a
package specification ”.

» The Haskell code in a package may be built into one or more archive libraries (e.g. | i bHSf 00. a),
or asingle DLL on Windows (e.g. HSf 0o. dl | ). Therestriction to asingle DLL on Windowsis be-
cause the package system is used to tell the compiler when it should make an inter-DLL call rather
than an intra-DLL call (inter-DLL calls require an extra indirection). Building packages as DLLs
doesn't work at the moment; see Section 11.5.1, “ Creating a DLL” for the gory details.

Building astatic library is done by using thear tool, like so:

ar cqs libHSfoo.a Ao B.o C.o ...

where A. 0, B. 0 and so on are the compiled Haskell modules, and | i bHSf 00. a isthe library you
wish to create. The syntax may differ dightly on your system, so check the documentation if you run
into difficulties.

Versions of the Haskell libraries for use with GHCi may also be included: GHCi cannot load . a
files directly, instead it will look for an object file called HSf 00. 0 and load that. On some systems,
the ghc- pkg tool can automatically build the GHCi version of each library, see Section 4.8.5,
“Package management (the ghc- pkg command)”. To build these libraries by hand from the . a
archive, itis possibleto use GNU Id asfollows:

Id -r —whol e-archive -o HSfoo.o |ibHSfoo. a

(replace —- - whol e- ar chi ve with—al | _| oad on MacOS X)
GHC does not maintain detailed cross-package dependency information. It does remember which

modules in other packages the current module depends on, but not which things within those impor-
ted things.

To compile amodule which isto be part of a new package, use the - package- namne option:

- package- name foo Thisoption isadded to the command line when compiling a module that is
destined to be part of package f 0o. If this flag is omitted then the default
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package mai n is assumed.

Note: the argument to - package- namne should be the full package identi-
fier for the package, that is it should include the version number. For ex-
ample: - package nypkg- 1. 2.

Failure to use the - package- nane option when compiling a package will probably result in disaster,
but you will only discover later when you attempt to import modules from the package. At this point
GHC will complain that the package name it was expecting the module to come from is not the same as
the package name stored in the . hi file.

It is worth noting that on Windows, when each package is built as a DLL, since a reference to a DLL
costs an extra indirection, intra-package references are cheaper than inter-package references. Of course,
this applies to the mai n package aswell.

Package management (the ghc- pkg command)

The ghc- pkg tool allows packages to be added or removed from a package database. By default, the
system-wide package database is modified, but alternatively the user's local package database or another
specified file can be used.

To see what package databases are in use, say ghc- pkg | i st. The stack of databases that ghc- pkg
knows about can be modified using the GH