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CHAPTER
ONE

THE GLASGOW HASKELL COMPILER LICENSE

Copyright 2002 - 2007, The University Court of the University of Glasgow. All rights reserved.

Redistribution and use in source and binary forms, with or without modification, are permitted
provided that the following conditions are met:

* Redistributions of source code must retain the above copyright notice, this list of condi-
tions and the following disclaimer.

* Redistributions in binary form must reproduce the above copyright notice, this list of
conditions and the following disclaimer in the documentation and/or other materials
provided with the distribution.

* Neither name of the University nor the names of its contributors may be used to endorse
or promote products derived from this software without specific prior written permis-
sion.

THIS SOFTWARE IS PROVIDED BY THE UNIVERSITY COURT OF THE UNIVERSITY OF
GLASGOW AND THE CONTRIBUTORS “AS IS” AND ANY EXPRESS OR IMPLIED WAR-
RANTIES, INCLUDING, BUT NOT LIMITED TO, THE IMPLIED WARRANTIES OF MER-
CHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE ARE DISCLAIMED. IN NO
EVENT SHALL THE UNIVERSITY COURT OF THE UNIVERSITY OF GLASGOW OR THE
CONTRIBUTORS BE LIABLE FOR ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL, EX-
EMPLARY, OR CONSEQUENTIAL DAMAGES (INCLUDING, BUT NOT LIMITED TO, PRO-
CUREMENT OF SUBSTITUTE GOODS OR SERVICES; LOSS OF USE, DATA, OR PROFITS;
OR BUSINESS INTERRUPTION) HOWEVER CAUSED AND ON ANY THEORY OF LIABIL-
ITY, WHETHER IN CONTRACT, STRICT LIABILITY, OR TORT (INCLUDING NEGLIGENCE
OR OTHERWISE) ARISING IN ANY WAY OUT OF THE USE OF THIS SOFTWARE, EVEN IF
ADVISED OF THE POSSIBILITY OF SUCH DAMAGE.
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CHAPTER
TWO

INTRODUCTION TO GHC

This is a guide to using the Glasgow Haskell Compiler (GHC): an interactive and batch com-
pilation system for the Haskell 2010 language.

GHC has two main components: an interactive Haskell interpreter (also known as GHCi),
described in Using GHCi (page 25), and a batch compiler, described throughout Using GHC
(page 71). In fact, GHC consists of a single program which is just run with different options
to provide either the interactive 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 developed.

GHC supports numerous language extensions, including concurrency, a foreign function in-
terface, exceptions, type system extensions such as multi-parameter type classes, local uni-
versal and existential quantification, functional dependencies, scoped type variables and ex-
plicit unboxed types. These are all described in GHC Language Features (page 227).

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 possible 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”: a way of seeing the profile of a Haskell
program in a call-graph like structure. See Profiling (page 197) for more details.

GHC comes with a number of libraries. These are described in separate documentation.

2.1 Obtaining GHC

Go to the GHC home page and follow the “download” link to download GHC for your platform.

Alternatively, if you want to build GHC yourself, head on over to the GHC Building Guide to
find out how to get the sources, and build it on your system. Note that GHC itself is written
in Haskell, so you will still need to install GHC in order to build it.

2.2 Meta-information: Web sites, mailing lists, etc.

On the World-Wide Web, there are several URLs of likely interest:
* GHC home page



http://www.haskell.org/
http://www.haskell.org/ghc/
https://ghc.haskell.org/trac/ghc/wiki/Building
http://www.haskell.org/ghc/
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* GHC Developers Home (developer documentation, wiki, and bug tracker)

We run the following mailing lists about GHC. We encourage you to join, as you feel is appro-
priate.

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 first.

Subscribers can post to the list by sending their message to glasgow-haskell-
users@haskell.org. Further information can be found on the Mailman page.

ghc-devs The GHC developers hang out here. If you are working with the GHC API or have
a question about GHC’s implementation, feel free to chime in.

Subscribers can post to the list by sending their message to ghc-devs@haskell.org. Fur-
ther information can be found on the Mailman page.

There are several other Haskell and GHC-related mailing lists served by www.haskell.org.
Go to http://www.haskell.org/mailman/listinfo/ for the full list.

2.3 Reporting bugs in GHC

Glasgow Haskell is a changing system so there are sure to be bugs in it. If you find one, please
see this wiki page for information on how to report it.

2.4 GHC version numbering policy

As of GHC version 6.8, we have adopted the following policy for numbering GHC versions:

Stable branches are numbered x.y, where (y) is even. Releases on the stable branch
x.y are numbered x.y.z, where (z) (>= 1) is the patchlevel number. Patchlevels are
bug-fix releases only, and never change the programmer interface to any system-
supplied code. However, if you install 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 Options affecting the C pre-processor
(page 178)) for a major release x.y.z is the integer (xyy) (if (y) is a single digit,
then a leading zero is added, so for example in version 6.8.2 of GHC we would have
_ GLASGOW _HASKELL ==608).

We may make snapshot releases of the current stable branch available for download,
and the latest sources are available from the git repositories.

Stable snapshot releases are named x.y.z.YYYYMMDD. where YYYYMMDD is the date
of the sources from which the snapshot was built, and x.y.z+1 is the next release
to be made on that branch. For example, 6.8.1.20040225 would be a snapshot of
the 6.8 branch during the development of 6.8.2.

We may make snapshot releases of the HEAD available for download, and the latest
sources are available from the git repositories.

Unstable snapshot releases are named x.y.YYYYMMDD. where YYYYMMDD is the date of
the sources from which the snapshot was built. For example, 6.7.20040225 would
be a snapshot of the HEAD before the creation of the 6.8 branch.

The value of  GLASGOW HASKELL for a snapshot release is the integer (xyy). You
should never write any conditional code which tests for this value, however: since
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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 pred-
icates which test whether = GLASGOW HASKELL is equal to, later than, or earlier
than a given major release.

The version number of your copy of GHC can be found by invoking ghc with the --version
flag (see Verbosity options (page 77)).

The compiler version can be tested within compiled code with the
MIN VERSION GLASGOW HASKELL CPP macro (defined only when -XCPP is used). See
Standard CPP macros (page 178) for details.

2.4. GHC version numbering policy 7
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CHAPTER
THREE

RELEASE NOTES FOR VERSION 8.2.1

The significant changes to the various parts of the compiler are listed in the following sections.
There have also been numerous bug fixes and performance improvements over the 8.0 branch.

3.1 Highlights

The highlights since the 8.0 release include:

* A new, more expressive Typeable mechanism, Type.Reflection

Colorful error messages with caret diagnostics

SCC annotations can now be used for declarations.

Heap overflow throws an exception in certain circumstances.

Improved code generation of join points

Deriving strategies

Compact regions support, allowing efficient garbage collection of large heaps

More reliable DWARF debug information

3.2 Full details

3.2.1 Package system

The long awaited Backpack module system is now fully usable. See the GHC Wiki for
details.

3.2.2 Language

Pattern synonym signatures can now be applied to multiple patterns, just like value-level
binding signatures. See Typing of pattern synonyms (page 298) for details.

It is now possible to explicitly pick a strategy to use when deriving a class instance us-
ing the -XDerivingStrategies (page 293) language extension (see Deriving strategies
(page 293)).

The new -XUnboxedSums (page 231) extension allows more efficient representation of
sum data. Some future GHC release will have support for worker/wrapper transforma-
tion of sum arguments and constructor unpacking.



https://ghc.haskell.org/trac/ghc/wiki/Backpack
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Support for overloaded record fields via a new HasField class and associated compiler
logic (see Record field selector polymorphism (page 274))

GHC now recognizes the COMPLETE language pragma, allowing the user to specify sets of
patterns (including pattern synonyms) which constitute a complete pattern match. See
COMPLETE pragmas (page 418) for details.

3.2.3 Compiler

GHC will now use 1d.gold or 1d.11ld instead of the system’s default ld, if available.
Linker availability will be evaluated at configure time. The user can manually override
which linker to use by passing the LD variable to configure. You can revert to the old
behavior of using the system’s default 1d by passing the - -disable-1d-override flag to
configure.

GHC now uses section splitting (i.e. -split-sections (page 183)) instead of object
splitting (i.e. -split-objs (page 183)) as the default mechanism for linker-based dead
code removal. While the effect is the same, split sections tends to produce significantly
smaller objects than split objects and more closely mirrors the approach used by other
compilers. Split objects will be deprecated and eventually removed in a future GHC
release.

Note that some versions of the ubiquitous BFD linker exhibit performance trouble with
large libraries with section splitting enabled (see Trac #13739). It is recommended that
you use either the gold or 11d linker if you observe this. This will require that you install
one of these compilers, rerun configure, and reinstall GHC.

Split sections is enabled by default in the official binary distributions for platforms that
support it.

Old profiling flags -auto-all, -auto, and -caf-all are deprecated and their usage pro-
vokes a compile-time warning.

Support for adding cost centres to declarations is added. The same SCC syntax can be
used, in addition to a new form for specifying the cost centre name. See Inserting cost
centres by hand (page 199) for examples.

GHC is now much more particular about -XDefaultSignatures (page 302). The type sig-
nature for a default method of a type class must now be the same as the corresponding
main method’s type signature modulo differences in the signatures’ contexts. Other-
wise, the typechecker will reject that class’s definition. See Default method signatures
(page 302) for further details.

-XDeriveAnyClass (page 291) is no longer limited to type classes whose argument is of
kind * or * -> *,

The means by which -XDeriveAnyClass (page 291) infers instance contexts has been
completely overhauled. The instance context is now inferred using the type signa-
tures (and default type signatures) of the derived class’s methods instead of using the
datatype’s definition, which often led to over-constrained instances or instances that
didn’t typecheck (or worse, triggered GHC panics). See the section on DeriveAnyClass
(page 291) for more details.

GHC now allows standalone deriving using -XDeriveAnyClass (page 291) on any data
type, even if its data constructors are not in scope. This is consistent with the fact that
this code (in the presence of -XDeriveAnyClass (page 291)):

10
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’deriving instance C T ‘

is exactly equivalent to:

’instance CT ‘

and the latter code has no restrictions about whether the data constructors of T are in
scope.

* -XGeneralizedNewtypeDeriving (page 286) now supports deriving type classes with as-
sociated type families. See the section on GeneralizedNewtypeDeriving and associated
type families (page 288).

* -XGeneralizedNewtypeDeriving (page 286) will no longer infer constraints when deriv-
ing a class with no methods. That is, this code:

class Throws e
newtype Id a = MkId a
deriving Throws

will now generate this instance:

’instance Throws (Id a) ‘

instead of this instance:

’instance Throws a => Throws (Id a) ‘

This change was motivated by the fact that the latter code has a strictly re-
dundant Throws a constraint, so it would emit a warning when compiled with
-Wredundant-constraints (page 87). The latter instance could still be derived if so
desired using -XStandaloneDeriving (page 277):

deriving instance Throws a => Throws (Id a)

* Add warning flag -Wcpp-undef (page 94) which passes -Wundef to the C pre-processor
causing the pre-processor to warn on uses of the #if directive on undefined identifiers.

* GHC will no longer automatically infer the kind of higher-rank type synonyms; you must
explicitly explicitly annotate the synonym with a kind signature. For example, given:

’data T :: (forall k. k -> Type) -> Type ‘

to define a synonym of T, you must write:

’type TSyn = (T :: (forall k. k -> Type) -> Type) ‘

* The Mingw-w64 toolchain for the Windows version of GHC has been updated. GHC now
uses GCC 6.2.0 and binutils 2.27.

* Previously, -Wmissing-methods (page 89) would not warn whenever a type class method
beginning with an underscore was not implemented in an instance. For instance, this
code would compile without any warnings:

class Foo a where
~Bar :: a -> Int

instance Foo Int

3.2. Full details 11
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-Wmissing-methods (page 89) will now warn that Bar is not implemented in the Foo
Int instance.

A new flag -ddump-json (page 192) has been added. This flag dumps compiler output
as JSON documents. It is experimental and will be refined depending on feedback from
tooling authors for the next release.

GHC is now able to better optimize polymorphic expressions by using known superclass
dictionaries where possible. Some examples:

-- uses of ‘Monad I0" or ‘Applicative I0" here are improved
foo :: MonadBaseControl IO m => ...

-- uses of 'Monoid MyMonoid™ here are improved
bar :: MonadWriter MyMonoid m => ...

GHC now derives the definition of <$ when using -XDeriveFunctor (page 278) rather
than using the default definition. This prevents unnecessary allocation and a potential
space leak when deriving Functor for a recursive type.

The -XExtendedDefaultRules (page 38) extension now defaults multi-parameter type-
classes. See Trac #12923.

GHC now ignores RULES for data constructors (Trac #13290). Previously, it accepted:

’{—# RULES "NotAllowed" forall x. Just x = e #-}

|

That rule will no longer take effect, and a warning will be issued. RULES may still mention
data constructors, but not in the outermost position:

’{-# RULES "StillWorks" forall x. f (Just x) = e #-}

* Type synonyms can no longer appear in the class position of an instance. This means

something like this is no longer allowed:

type ReadShow a = (Read a, Show a)
instance Read Foo

instance Show Foo

instance ReadShow Foo -- illegal

See Trac #13267.

» Validity checking for associated type family instances has tightened somewhat. Before,

this would be accepted:

class Foo a where
type Bar a

instance Foo (Either a b) where
type Bar (Either c d) =d -> ¢

This is now disallowed, as the type variables used in the Bar instance do not match those
in the instance head. This instance can be fixed by changing it to:

instance Foo (Either a b) where
type Bar (Either a b) = b -> a

See the section on associated type family instances (page 330) for more information.

12
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A bug involving the interaction between -XMonoLocalBinds (page 361) and -XPolyKinds
(page 340) has been fixed. This can cause some programs to fail to typecheck in case
explicit kind signatures are not provided. See Kind generalisation (page 362) for an
example.

3.2.4 GHCi

Added -flocal-ghci-history (page 51) which uses current directory for .ghci-history.

Added support for -XStaticPointers (page 406) in interpreted modules. Note, however,
that static expressions are still not allowed in expressions evaluated in the REPL.

Added support for : type +d (page 62) and :type +v (page 61). (Trac #11975)

3.2.5 Template Haskell

Reifying types that contain unboxed tuples now works correctly. (Previously, Template
Haskell reified unboxed tuples as boxed tuples with twice their appropriate arity.)

Splicing singleton unboxed tuple types (e.g., (# Int #)) now works correctly. Previ-
ously, Template Haskell would implicitly remove the parentheses when splicing, which
would turn (# Int #) into Int.

Add support for type signatures in patterns. (Trac #12164)
Make quoting and reification return the same types. (Trac #11629)

More kind annotations appear in the left-hand sides of reified closed type family equa-
tions, in order to disambiguate types that would otherwise be ambiguous in the presence
of -XPolyKinds (page 340). (Trac #12646)

Quoted type signatures are more accurate with respect to implicitly quantified type vari-
ables. Before, if you quoted this:

[d| id :: a -> a
id x = x

|1

then the code that Template Haskell would give back to you would actually be this in-
stead:

id :: forall a. a -> a
id x = x

That is, quoting would explicitly quantify all type variables, even ones that were implicitly
quantified in the source. This could be especially harmful if a kind variable was implicitly
quantified. For example, if you took this quoted declaration:

[d| idProxy :: forall proxy (b :: k). proxy b -> proxy b
idProxy x = X

I1

and tried to splice it back in, you’d get this instead:

idProxy :: forall k proxy (b :: k). proxy b -> proxy b
idProxy x = X

3.2.

Full details 13
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Now k is explicitly quantified, and that requires turning on -XTypeInType (page 340),
whereas the original declaration did not!

Template Haskell quoting now respects implicit quantification in type signatures, so the
quoted declarations above now correctly leave the type variables a and k as implicitly
quantified. (Trac #13018 and Trac #13123)

Looking up type constructors with symbol names (e.g., +) now works as expected (Trac
#11046)

3.2.6 Runtime system

Heap overflow throws a catchable exception, provided that it was detected by the RTS
during a GC cycle due to the program exceeding a limit set by +RTS -M (see -M (size)
(page 134)), and not due to an allocation being refused by the operating system. This
exception is thrown to the same thread that receives UserInterrupt exceptions, and
may be caught by user programs.

Added support for Compact Regions, which offer a way to manually move long-lived
data outside of the heap so that the garbage collector does not have to trace it repeat-
edly. Compacted data can also be serialized, stored, and deserialized again later by the
same program. For more details see the :ghc-compact-ref:"GHC.Compact <GHC-
Compact.html>‘ module. Moreover, see the compact library on Hackage for a high-
level interface.

There is new support for improving performance on machines with a Non-Uniform Mem-
ory Architecture (NUMA). See --numa (page 134). This is supported on Linux and Win-
dows systems.

The garbage collector can be told to use fewer threads than the global number of capa-
bilities set by -N (x) (page 107). By default, the garbage collector will use a number of
threads equal to the lesser of the global number of capabilities or the number of physical
cores. See -gn (x) (page 132), and a blog post that describes this.

The heap profiler (page 205) can now emit heap census data to the GHC event log,
allowing heap profiles to be correlated with other tracing events (see Trac #11094).

Some bugs have been fixed in the stack-trace implementation in the profiler that some-
times resulted in incorrect stack traces and costs attributed to the wrong cost centre
stack (see Trac #5654).

Added processor group support for Windows. This allows the runtime to allocate threads
to all cores in systems which have multiple processor groups. (e.g. > 64 cores, see Trac
#11054)

Output of Event log (page 138) data can now be configured, enabling external tools to
collect and analyze the event log data while the application is still running.

advapi32, shell32 and user32 are now automatically loaded in GHCi. 1ibGCC is also
loaded when a dependency requires it. See Trac #13189.

3.2.7 hsc2hs

Version number 0.68.2

14
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3.3 Libraries

3.3.1 array

Version number 0.5.2.0 (was 0.5.0.0)

3.3.2 base

See changelog.md in the base package for full release notes.

Version number 4.10.0.0 (was 4.9.0.0)
Data.Either now provides fromLeft and fromRight

Data.Type.Coercion now provides gcoerceWith, which is analogous to gcastWith from
Data.Type.Equality.

The Readl and Read2 classes in Data.Functor.Classes have new methods,
liftReadlList(2) and liftReadListPrec(2), that are defined in terms of ReadPrec in-
stead of ReadS. This matches the interface provided in GHC’s version of the Read class,
and allows users to write more efficient Readl and Read?2 instances.

Add type family AppendSymbol (m :: Symbol) (n :: Symbol) :: Symbol to GHC.
TypelLits

Add GHC.TypeNats module with Natural-based KnownNat. The Nat operations in GHC.
TypelLits are a thin compatibility layer on top. Note: the KnownNat evidence is changed
from an Integer to a Natural.

1iftA2 is now a method of the Applicative class. Traversable deriving has been mod-
ified to use LiftA2 for the first two elements traversed in each constructor. 1iftA2 is
not yet in the Prelude, and must currently be imported from Control.Applicative. It
is likely to be added to the Prelude in the future.

3.3.3 binary

Version number 0.8.5.1 (was 0.7.1.0)

3.3.4 bytestring

Version number 0.10.8.2 (was 0.10.4.0)

3.3.5 Cabal

Version number 2.0.0.0 (was 1.24.2.0)

3.3.6 containers

Version number 0.5.10.2 (was 0.5.4.0)

3.3.
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3.3.7 deepseq

e Version number 1.4.3.0 (was 1.3.0.2)

3.3.8 directory

e Version number 1.3.0.2 (was 1.2.0.2)

3.3.9 filepath

e Version number 1.4.1.2 (was 1.3.0.2)

3.3.10 ghc

e Version number 8.2.1

3.3.11 ghc-boot

* This is an internal package. Use with caution.

3.3.12 ghc-compact
The ghc-compact library provides an experimental API for placing immutable data structures

into a contiguous memory region. Data in these regions is not traced during garbage collec-
tion and can be serialized to disk or over the network.

* Version number 0.1.0.0 (newly added)
3.3.13 ghc-prim

e Version number 0.5.1.0 (was 0.3.1.0)
* Added new isByteArrayPinned# and isMutableByteArrayPinned# operation.

* New function noinline in GHC.Magic lets you mark that a function should not be inlined.
It is optimized away after the simplifier runs.

3.3.14 hoopl

e Version number 3.10.2.2 (was 3.10.2.1)

3.3.15 hpc

e Version number 0.6.0.3 (was 0.6.0.2)

3.3.16 integer-gmp

e Version number 1.0.0.1 (was 1.0.0.1)
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3.3.17 process

e Version number 1.6.1.0 (was 1.4.3.0)

3.3.18 template-haskell

e Version 2.12.0.0 (was 2.11.1.0)
Added support for unboxed sums Trac #12478.

Added support for visible type applications Trac #12530.

3.3.19 time

e Version number 1.8.0.1 (was 1.6.0.1)

3.3.20 unix

Version number 2.7.2.2 (was 2.7.2.1)

3.3.21 Win32

Version number 2.5.4.1 (was 2.3.1.1)

3.4 Known bugs

* At least one known program regresses in compile time significantly over 8.0. See Trac
#13535.

* Some uses of type applications may cause GHC to panic. See Trac #13819.

* The compiler may loop during typechecking on some modules using
-XUndecidableInstances (page 310). See Trac #13943.

3.4. Known bugs 17


https://ghc.haskell.org/trac/ghc/ticket/12478
https://ghc.haskell.org/trac/ghc/ticket/12530
https://ghc.haskell.org/trac/ghc/ticket/13535
https://ghc.haskell.org/trac/ghc/ticket/13535
https://ghc.haskell.org/trac/ghc/ticket/13819
https://ghc.haskell.org/trac/ghc/ticket/13943

GHC User’s Guide Documentation, Release 8.2.2

18 Chapter 3. Release notes for version 8.2.1



CHAPTER
FOUR

RELEASE NOTES FOR VERSION 8.2.2

The significant changes to the various parts of the compiler are listed in the following sections.
This is a patch-level release which contains numerous bug-fixes over 8.2.1.

4.1 Highlights

The highlights since the 8.0 release include:

» Several important correctness issues fixing potential runtime crashes (Trac #13707,
Trac #14346)

* A correctness issue leading to undefined behavior in some programs making use of STM
(Trac #14717)

* A runtime system bug which may have manifested as a segmentation fault under low-
memory conditions (Trac #14329)

* ghc-pkg now works correctly ihn environments with misconfigured NFS mounts (Trac
#13945)

* GHC can now produce position-independent executables (Trac #13702)

* Significantly improved type errors (Trac #11198, Trac #12373, Trac #13530, Trac
#13610)

4.2 Full details

4.2.1 Package system

* Various Backpack fixes (Trac #14304)

4.2.2 Language

* Sum patterns are now considered to be non-irrefutable (Trac #14228).

* -XApplicativeDo (page 239) is now able to more robustly deal with do blocks containing
strict patterns (Trac #14163).
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4.2.3 Compiler

An implementation inconsistency leading to subtly typechecker panics with -j
(n) has been fixed.

We now always link with 1ibm. This fixes 1d.gold on some platforms (e.g. NixOS) which
demand that we declare all link dependencies.

We now link against libpthread instead of libthr on FreeBSD

Fix renamer bug triggered by typechecking hs-boot files containing orphan instances
(Trac #14128)

The cost-center profiler’s event-log support now also supports breakdown by closure
type (-hT (page 138), Trac #14096)

A bug resulting in Core Lint failures for some programs using -XStaticPointers
(page 406) in GHCIi has been fixed (Trac #13481)

The compiler now robustly handles constraint wildcards which expand to large tuple
constraints (i.e. wider than 63 constraints)

We now catch more inappropriate levity polymorphism (Trac #13929)

A bug leading to data constructor fields having incorrect strictness signatures has been
fixed (Trac #14290)

An incorrect strictness signature for retry# which may result in undefined behavior at
runtime has been fixed (Trac #14171)

A bug in the short-cut solver leading to an infinite in typechecking has been fixed (:ghc-
tickets:'13943)

The compiler no longer panics when faced with ByteArray# arguments in a foreign
import

Over-zealous optimization of Foreign.Marshal.Alloc.allocBytes[Aligned] resulting
in undefined behavior has been worked around (Trac #14346)

4.2.4 GHCi

GHCi now behaves correctly when Ctrl-C is pressed on Windows (Trac #14150)

GHCi now takes a -show-mods-loaded flag to reenable showing of names of modules
loaded by : load (page 57) (Trac #14427)

4.2.5 Build system

configure now probes 1d.gold even if 1d.1ld is found yet determined to be unus-
able (Trac #14280)

4.2.6 Runtime system

Compact regions now support small pointer arrays (Trac #13860)

The RTS can now load DLLs with with an empty import table on 32-bit Windows (Trac
#14081)

The -po flag now works; previously it existed but had no function.

20
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4.2.7 hsc2hs

e Version number 0.68.2

4.3 Libraries

4.3.1 array

e Version number 0.5.2.0 (was 0.5.2.0)

4.3.2 base

See changelog.md in the base package for full release notes.
e Version number 4.10.1.0 (was 4.10.0.0)
e clearBit :: Natural -> Natural no longer bottoms (Trac #13203)

» The file locking primitives provided by GHC. I0.Handle now use Linux open file descriptor
locking if available.

4

3.3 binary

e Version number 0.8.5.1 (was 0.8.5.1)

4.3.4 bytestring

e Version number 0.10.8.2 (was 0.10.8.2)

4.3.5 Cabal

e Version number 2.0.1.0 (was 2.0.0.2)

4.3.6 containers

e Version number 0.5.10.2 (was 0.5.10.2)

4.3.7 deepseq

e Version number 1.4.3.0 (was 1.4.3.0)

4.3.8 directory

e Version number 1.3.0.2 (was 1.3.0.0)

4.3. Libraries 21
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4.3.9 filepath

e Version number 1.4.1.2 (was 1.4.1.2)

4.3.10 ghc

e Version number 8.2.2

4.3.11 ghc-boot

» This is an internal package. Use with caution.

4.3.12 ghc-compact

The ghc-compact library provides an experimental API for placing immutable data structures
into a contiguous memory region. Data in these regions is not traced during garbage collec-
tion and can be serialized to disk or over the network.

e Version number 0.1.0.0 (was 0.1.0.0)

4.3.13 ghc-prim

e Version number 0.5.1.0 (was 0.5.1.0)

4.3.14 hoopl

e Version number 3.10.2.2 (was 3.10.2.2)

4.3.15 hpc

e Version number 0.6.0.3 (was 0.6.0.3)

4.3.16 integer-gmp

e Version number 1.0.1.0 (was 1.0.0.1)

4.3.17 process

e Version number 1.6.1.0 (was 1.6.1.0)

4.3.18 template-haskell

e Version 2.12.0.0 (was 2.12.0.0)
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4.3.19 time

e Version number 1.8.0.2 (was 1.8.0.2)

4.3.20 unix

e Version number 2.7.2.2 (was 2.7.2.2)

4.3.21 Win32

e Version number 2.5.4.1 (was 2.5.4.1)

4.4 Known bugs

None, happily.

4.4. Known bugs
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CHAPTER
FIVE

USING GHCI

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, then you’ll be right
at home with GHCi. However, GHCi also has support for interactively loading compiled code,
as well as supporting all’ the language extensions that GHC provides. GHCi also includes an
interactive debugger (see The GHCi Debugger (page 41)).

5.1 Introduction to GHCi

Let’s start with an example GHCIi session. You can fire up GHCi with the command ghci:

$ ghci
GHCi, version 8.y.z: http://www.haskell.org/ghc/ :? for help
Prelude>

There may be a short pause while GHCi loads the prelude and standard libraries, after which
the promptis shown. As the banner says, you can type : 7 (page 56) to see the list of commands
available, and a halfline description of each of them. We’ll explain most of these commands as
we go along, and there is complete documentation for all the commands in GHCi commands
(page 52).

Haskell expressions can be typed at the prompt:

Prelude> 1+2

3

Prelude> let x = 42 in x / 9
4.666666666666667

Prelude>

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

In Haskell, a let expression is followed by in. However, in GHCIi, since the expression can
also be interpreted in the I0 monad, a let binding with no accompanying in statement can
be signalled by an empty line, as in the above example.

Since GHC 8.0.1, you can bind values and functions to names without let statement:

Prelude> x = 42
Prelude> x

1 The “i” stands for “Interactive”
2 except foreign export, at the moment

25



http://www.haskell.org/hugs/

GHC User’s Guide Documentation, Release 8.2.2

42
Prelude>

5.2 Loading source files

Suppose we have the following Haskell source code, which we place in a file Main.hs:

main = print (fac 20)

fac 0
fac n

1
n * fac (n-1)

You can save Main.hs anywhere you like, but if you save it somewhere other than the current
directory® then we will need to change to the right directory in GHCi:

Prelude> :cd dir

where (dir) is the directory (or folder) in which you saved Main.hs.

To load a Haskell source file into GHCi, use the : load (page 57) command:

Prelude> :load Main

Compiling Main ( Main.hs, interpreted )
0k, modules loaded: Main.

*Main>

GHCi has loaded the Main module, and the prompt has changed to *Main> to indicate that the
current context for expressions typed at the prompt is the Main module we just loaded (we’ll
explain what the * means later in What’s really in scope at the prompt? (page 34)). So we
can now type expressions involving the functions from Main.hs:

*Main> fac 17
355687428096000

Loading a multi-module program is just as straightforward; just give the name of the “top-
most” module to the : load (page 57) command (hint: : load (page 57) can be abbreviated to
:1). The topmost module will normally be Main, 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.

5.2.1 Modules vs. filenames

Question: How does GHC find the filename which contains module (M)? Answer: it looks for
the file M. hs, or M. lhs. 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 : load (page 57),
or specify it when you invoke ghci, you can give a filename rather than a module name. This
filename is loaded if it exists, and it may contain any module you like. This is particularly

3 If 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:\Documents and Settings\user name.
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convenient if you have several Main modules in the same directory and you can’t call them all
Main.hs.

The search path for finding source files is specified with the - i (page 143) option on the GHCi
command line, like so:

or it can be set using the :set (page 59) command from within GHCi (see Setting GHC
command-line options in GHCi (page 63))*

One consequence of the way that GHCi follows dependencies to find modules to load is that
every module must have a source file. The only exception to the rule is modules that come
from a package, including the Prelude and standard libraries such as I0 and Complex. 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.

5.2.2 Making changes and recompilation

If you make some changes to the source code and want GHCi to recompile the program, give
the :reload (page 58) 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 mechanism we use to avoid re-compiling modules in the batch
compilation setting (see The recompilation checker (page 147)).

5.3 Loading compiled code

When you load a Haskell source module into GHC], it is normally converted to byte-code and
run using the interpreter. However, interpreted code can also run alongside compiled code in
GHCi; indeed, normally when GHCIi starts, it loads up a compiled copy of the base package,
which contains the Prelude.

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 modules with : load (page 57), GHCi normally looks for any corre-
sponding 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 imports both B and C:

A
/\
B C
\/

D

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

4 Note that in GHCi, and - -make (page 74) mode, the -i (page 143) option is used to specify the search path for
source files, whereas in standard batch-compilation mode the -1 (page 143) option is used to specify the search path
for interface files, see The search path (page 143).
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Prelude> :! ghc -c -dynamic D.hs
Prelude> :load A

Compiling B ( B.hs, interpreted )
Compiling C ( C.hs, interpreted )
Compiling A ( A.hs, interpreted )
Ok, modules loaded: A, B, C, D (D.o).

*Main>

In the messages from the compiler, we see that there is no line for D. This is because it isn’t
necessary to compile D, because the source and everything it depends on is unchanged since
the last compilation.

Note the -dynamic (page 183) flag to GHC: GHCIi uses dynamically-linked object code (if you
are on a platform that supports it), and so in order to use compiled code with GHCi it must
be compiled for dynamic linking.

At any time you can use the command : show modules (page 60) to get a list of the modules
currently loaded into GHCi:

*Main> :show modules

D ( D.hs, D.o )

C ( C.hs, interpreted )
B ( B.hs, interpreted )
A ( A.hs, interpreted )
*Main>

If we now modify the source of D (or pretend to: using the Unix command touch 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:

*Main> :! touch D.hs

*Main> :reload

Compiling D ( D.hs, interpreted )
Ok, modules loaded: A, B, C, D.

*Main>

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

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

*Main> :! ghc -c C.hs
*Main> :load A

Compiling D

Compiling B

Compiling C

Compiling A

Ok, modules loaded: A, B, C

s, interpreted )
s, interpreted )
s, interpreted )
s, interpreted )

~ o~
OrXrnwo
>SS oD

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, so GHCi also rejected C’s object file. Ok, so let’s also compile D:

*Main> :! ghc -c D.hs
*Main> :reload
0Ok, modules loaded: A, B, C, D.
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Nothing happened! Here’s another lesson: newly compiled modules aren’t picked up by
:reload (page 58), only : load (page 57):

*Main> :load A

Compiling B ( B.hs, interpreted )
Compiling A ( A.hs, interpreted )
0Ok, modules loaded: A, B, C (C.o), D (D.o).

The automatic loading of object files can sometimes lead to confusion, because non-exported
top-level definitions of a module are only available for use in expressions at the prompt when
the module is interpreted (see What’s really in scope at the prompt? (page 34)). For this
reason, you might sometimes want to force GHCi to load a module using the interpreter. This
can be done by prefixing a * to the module name or filename when using : load (page 57), for
example

Prelude> :load *A
Compiling A ( A.hs, interpreted )
*A>

When the * is used, GHCi ignores any pre-compiled object code and interprets the module.
If you have already loaded a number of modules as object code and decide that you wanted
to interpret one of them, instead of re-loading the whole set you can use :add *M to specify
that you want M to be interpreted (note that this might cause other modules to be interpreted
too, because compiled modules cannot depend on interpreted ones).

To always compile everything to object code and never use the interpreter, use the
-fobject-code (page 181) option (see Compiling to object code inside GHCi (page 66)).

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 occasionally
run ghc --make to compile the whole project (say before you go for lunch :-), then continue
working in the interpreter. As you modify code, the changed modules will be interpreted, but
the rest of the project will remain compiled.

5.4 Interactive evaluation at the prompt

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

Prelude> reverse "hello"
"olleh"

Prelude> 5+5

10

5.4.1 1I/O actions at the prompt

GHCi does more than simple expression evaluation at the prompt. If you enter an expression
of type I0 a for some a, then GHCi executes it as an I0-computation.

Prelude> "hello"

"hello"

Prelude> putStrLn "hello"
hello
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This works even if the type of the expression is more general, provided it can be instantiated
to I0 a. For example

Prelude> return True
True

Furthermore, GHCi will print the result of the I/O action if (and only if):
* The result type is an instance of Show.

* The result type is not ().

For example, remembering that putStrLn :: String -> I0 ():
Prelude> putStrLn "hello"

hello

Prelude> do { putStrLn "hello"; return "yes" }

hello

Ilyesll

5.4.2 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 I0 monad.

Prelude> x <- return 42
Prelude> print x

42

Prelude>

The statement x <- return 42 means “execute return 42 in the I0 monad, and bind the
result to x”. We can then use x in future statements, for example to print it as we did above.

-fprint-bind-result
If -fprint-bind-result (page 30) is set then GHCi will print the result of a statement
if and only if:

* The statement is not a binding, or it is a monadic binding (p <- e) that binds exactly
one variable.

* The variable’s type is not polymorphic, is not (), and is an instance of Show.

Of course, you can also bind normal non-IO expressions using the let-statement:

Prelude> let x = 42
Prelude> x

42

Prelude>

Another important difference between the two types of binding is that the monadic bind (p
<- e) is strict (it evaluates e), whereas with the let form, the expression isn’t evaluated
immediately:
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Prelude> let x = error "help!"
Prelude> print x

*** Exception: help!

Prelude>

Note that let bindings do not automatically print the value bound, unlike monadic bindings.

You can also define functions at the prompt:

Prelude> add a b =a + b
Prelude> add 1 2

3

Prelude>

However, this quickly gets tedious when defining functions with multiple clauses, or groups
of mutually recursive functions, because the complete definition has to be given on a single
line, using explicit semicolons instead of layout:

Prelude> f op n [1 =n ; fopn (h:it) =h "op” fopnt
Prelude> f (+) 0 [1..3]

6

Prelude>

:{

:}

Begin or end a multi-line GHCi command block.

To alleviate this issue, GHCi commands can be split over multiple lines, by wrapping them in
:{ and :} (each on a single line of its own):

Prelude> :{

Prelude| g op n []1 =n

Prelude| g op n (h:t) = h "op  gopnt
Prelude| :}

Prelude> g (*) 1 [1..3]

6

Such multiline commands can be used with any GHCi command, and note that the layout rule
is in effect. The main purpose of multiline commands is not to replace module loading but
to make definitions in .ghci-files (see The .ghci and .haskeline files (page 65)) more readable
and maintainable.

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 Control.Exception in the libraries documentation).

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

Warning: Temporary bindings introduced at the prompt only last until the next : load
(page 57) or : reload (page 58) command, at which time they will be simply lost. However,
they do survive a change of context with :module (page 58): the temporary bindings just
move to the new location.

Hint: To get a list of the bindings currently in scope, use the :show bindings (page 60)
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command:

Prelude> :show bindings
x :: Int
Prelude>

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

Prelude> :set +t

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

xs :: [Integer]

5.4.3 Multiline input

Apart from the :{ ... :} syntax for multi-line input mentioned above, GHCi also has a mul-
tiline mode, enabled by :set +m, :set +m in which GHCi detects automatically when the
current statement is unfinished and allows further lines to be added. A multi-line input is
terminated with an empty line. For example:

Prelude> :set +m
Prelude> let x = 42
Prelude|

Further bindings can be added to this let statement, so GHCi indicates that the next line
continues the previous one by changing the prompt. Note that layout is in effect, so to add
more bindings to this let we have to line them up:

Prelude> :set +m

Prelude> let x = 42
Prelude| y =3
Prelude|
Prelude>

Explicit braces and semicolons can be used instead of layout:

Prelude> do {

Prelude| putStrLn "hello"
Prelude| ;putStrLn "world"
Prelude| }

hello

world

Prelude>

Note that after the closing brace, GHCi knows that the current statement is finished, so no
empty line is required.

Multiline mode is useful when entering monadic do statements:

Control.Monad.State> flip evalStateT 0 $ do
Control.Monad.State| i <- get
Control.Monad.State| 1ift $ do
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Control.Monad.State| putStrLn "Hello World!"
Control.Monad.State| print i
Control.Monad.State|

"Hello World!"

0

Control.Monad.State>

During a multiline interaction, the user can interrupt and return to the top-level prompt.

Prelude> do

Prelude| putStrLn "Hello, World!"
Prelude| ~C

Prelude>

5.4.4 Type, class and other declarations

At the GHCi prompt you can also enter any top-level Haskell declaration, including data,
type, newtype, class, instance, deriving, and foreign declarations. For example:

Prelude> data T = A | B | C deriving (Eq, Ord, Show, Enum)
Prelude> [A ..]

[A,B,C]

Prelude> :i T

data T=A | B | C -- Defined at <interactive>:2:6
instance Enum T -- Defined at <interactive>:2:45
instance Eq T -- Defined at <interactive>:2:30

instance Ord T -- Defined at <interactive>:2:34
instance Show T -- Defined at <interactive>:2:39

As with ordinary variable bindings, later definitions shadow earlier ones, so you can re-enter
a declaration to fix a problem with it or extend it. But there’s a gotcha: when a new type
declaration shadows an older one, there might be other declarations that refer to the old
type. The thing to remember is that the old type still exists, and these other declarations still
refer to the old type. However, while the old and the new type have the same name, GHCi
will treat them as distinct. For example:

Prelude> data T = A | B

Prelude> let f A = True; f B = False
Prelude> data T=A | B | C

Prelude> f A

<interactive>:2:3:
Couldn't match expected type “main::Interactive.T'
with actual type 'T'
In the first argument of “f', namely "A'
In the expression: f A
In an equation for “it': it = f A
Prelude>

The old, shadowed, version of T is displayed as main: :Interactive.T by GHCIi in an attempt
to distinguish it from the new T, which is displayed as simply T.

Class and type-family instance declarations are simply added to the list of available instances,
with one exception. Since you might want to re-define one, a class instance replaces any
earlier instance with an identical head. You aren’t allowed to re-define a type family instance,
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