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Chapter 1. Introduction

Previous versions of GHC (versions 5.02 and older) came with a set of libraries called the hsl i bs, also
known as the Hugs-GHC libraries. These libraries are being phased out in favour of the new hierarchical
libraries, but for the time being we still provide hsl i bs for backwards compatibility.

The status of each modulein hsl i bs can be considered to have three possible values:

Moved The module has moved to the hierarchical libraries, and its documentation (in this doc-
ument) will report its new location.

Not moved The module is waiting to be moved to the new hierarchical libraries, but it hasn't
moved yet. Please continue to use it from its current hsl i bs package for the time be-

ing. The documentation for the module (if it had any) is still in place in this document.

Deprecated The module is deprecated and should not be used. A deprecated module will be indic-
ated as such in its documentation, along with an suggested aternative API.

1.1. Usage

If you're using hdlibs with GHC]Ji], then you need to add - package p to the command line for each
package from which you're using a module. See the section on packages in the User's Guide
[../lusers_guide/packages.html] for an explanation of packages.



../users_guide/packages.html

Chapter 2. The concurrent package:
concurrency support

The concurrency libraries (and the associated documentation) have moved. See the module Con-
trol . Concurrent [./libraries/base/Control.Concurrent.html] in the hierarchical libraries.
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Chapter 3. The data package:
datatypes

3.1. Edison

Edison is a complete package of data structures for Haskell. Documentation is available online
[http://www.haskell .org/ghc/docs/edison/] .

3.2. The Fi ni t eMap type

This module has moved to Dat a. Fi ni t eMap [../libraries/base/Data.FiniteMap.html] in the hierarch-
ical libraries.

3.3. Set

This module has moved to Dat a. Set [../libraries/base/Data.Set.html] in the hierarchical libraries.
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Chapter 4. The |ang package:
language support

41.Bits

This module has moved to Dat a. Bi t s [../libraries/base/Data.Bits.html] in the hierarchical libraries.

4.2. CError

This module has moved to For ei gn. C. Er r or [../libraries/base/Foreign.C.Error.html] in the hierarch-
ical libraries.

4.3. CFor ei gn

This module has moved to For ei gn. C[../libraries/base/Foreign.C.html] in the hierarchical libraries.

4.4, CTypes

This module has moved to For ei gn. C. Types [../libraries/base/Foreign.C.Types.html] in the hier-
archical libraries.

4.5. CTypesl| SO

This module has been merged into For ei gn. C. Types [./libraries/base/Foreign.C.Types.html] in the
hierarchical libraries.

4.6.CString

This module has moved to For ei gn. C. Stri ng [./libraries/base/Foreign.C.String.html] in the hier-
archical libraries.

4.7.Diff Array

Thismodule hasmoved to Dat a. Array. Di ff [./libraries/base/Data.Array.Diff.html] in the hierarch-
ical libraries.

4.8. D rectoryExts

TheDi r ect or yExt s module follows the footstep of other 'Ext s' modules and provides functionality
that goes beyond what the Haskell 98 module Di r ect or y offers. That is, functionality that provides
access to file/directory operations in an OS-independent manner.

Di r ect or yExt s currently exports the following:

copyFile :: FilePath -> FilePath -> 10 ()
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Thel ang package: language support

Notes:

» copyFi | e letsyou copy afile to another non-existent file.

File copying is done external to Haskell, and is for natural reasons quicker as a result and, most im-
portantly, file copying handles the number of the OS-specific error conditions that might arise as a
result of trying to perform the file copy operation.

Should the file copying operation for some reason not succeed, the action copyFi | e raisesan 10
exception to signal the fact.

4.9. Dynam ¢

This module has moved to Dat a. Dynani ¢ [../libraries/base/Data.Dynamic.html] in the hierarchical
libraries.

4.10. Excepti on

This module has moved to Control . Excepti on [../libraries/base/Control .Exception.html] in the
hierarchical libraries.

4.11. Forei gn

This module has moved to For ei gn [../libraries/base/Foreign.html] in the hierarchical libraries.

4.12. Forei gnPtr

This module has moved to For ei gn. For ei gnPt r [../libraries/base/Foreign.ForeignPtr.html] in the
hierarchical libraries.

4.13. d aExt s

This module has moved to GHC. Ext s [../libraries/base/GHC.Exts.html] in the hierarchical libraries.

4.14. 1 Arr ay

This module has moved to Dat a. Array. | Array [./libraries/base/Data.Array.lArray.html] in the
hierarchical libraries.

4.15. | nt

This module has moved to Dat a. | nt [../libraries/base/Data.Int.html] in the hierarchical libraries.

4.16. 1 OExt s

Thislibrary is the home for miscellaneous 10-rel ated extensions.
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Thel ang package: language support

4.16.1. IO monad extensions

fixlIO:: (a->10a) ->
10 a

unsafePerform O :: 10 a
-> a

unsafelnterleavelO :: 10O
a->10a

fi xI Oallows recursive 10 operations to be defined. The first ar-
gument to f i xI O should be a function that takes its own output
as an argument (sometimes called "tying the knot").

Thisisthe "back door" into the | Omonad, allowing | O computa-
tion to be performed at any time. For this to be safe, the | O com-
putation should be free of side effects and independent of its en-
vironment.

If the 1/O computation wrapped in unsaf ePerf orm O per-
forms side effects, then the relative order in which those side ef-
fects take place (relative to the main 1/O trunk, or other calls to
unsaf ePer f or m O) isindeterminate.

However, it is less well known that unsaf ePer f or m Ois not
type safe. For example:

test :: IORef [a]
test = unsafePerform O $ new ORef []
main = do

witel ORef test [42]
bang <- readl ORef test
print (bang :: [Char])

This program will core dump. This problem with polymorphic
references is well known in the ML community, and does not
arise with normal monadic use of references. There is no easy
way to make it impossible once you use unsaf ePer f orn O
Indeed, it is possible to write coerce :: a -> b with the
help of unsaf ePer f or m O. So be careful!

unsaf el nt erl eavel Odlows | O computation to be deferred
lazily. When passed a value of type | O a, the | O will only be
performed when the value of the a is demanded. This is used to
implement lazy filereading, seel O. hGet Cont ent s.

4.16.2. Mutable Variables

dat a | ORef -- instance of: Eq
newl ORef o a->10 (1 0Ref a)
r eadl ORef 2 I1ORef a->10a
writel ORef ;o IORef a->a ->10 ()

nodi f yl ORef D1 ORef
mkWeak| ORef 1o | ORef

a->(a->a ->10/()
a->10() ->10 (Wak (IO0RrRef a))

-- deprecated, use nodifyl ORef

updat el ORef c 1 ORef

4.16.3. Mutable Arrays

a->(a->a) ->10()
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data | QArray -- instance of: Eq

newl QArray roIxix = (ix,ix) ->elt ->1
bounds| QArr ay D ix => |QArray ix elt -> (ix, ix
readl OArray => |OArray ix elt ->ix -
writel OArray => |OArray ix elt ->i
freezel QArray I

t hawl QArr ay s
unsaf eFreezel QArray ::
unsaf eThaw QAr r ay

X

X -> |
=> |QArray ix elt -> 10 (Array ix e
=> Array Ix elt -> 10 (lIQArray ix e
=> |QArray ix elt -> 10 (Array ix e
=> Array Ix elt -> 10 (lIQArray ix e

X X X X X X X

X X X X X X X

Note: unsaf eFr eezel QAr r ay and unsaf eThawl QAr r ay are not provided by Hugs.

4.16.4. Extended file modes

data | OvbdeEx
= Bi naryMode | Ovbde
| Text Mode | Ovbde
deriving (Eq, Read, Show)

openFi | eEx .. FilePath -> | OvwbdeEx -> | O Handl e
hSet Bi nar yMbde :: Handle -> Bool -> 10 Bool

GHC'simplementation of the 10 library distinguishes between binary- and text-mode files. This unfortu-
nate hack isimposed on us by the need to support Win32 platforms.

On Win32, files opened in text mode are subject to CR-LF translation. When reading a handle in text
mode, CR-LF sequences in the physical file are translated into lone LFs in the stream presented to the
Haskell program. Writes to atext mode handle are subject to the inverse transformation.

On Unix platforms there is no such transation. What you get is exactly the contents of the file, and vice
versa

Unfortunately this behaviour makes it difficult to correctly implement file-positioning operations in text
mode on Win32. If you want to use such operations, you must first place the handle in binary mode.
Failure to do so results in 10 exceptions being raised. This applies only to Win32, and not to any other
platforms. If your programs use seek operations and you want them to be portable between Unix and
Win32, you need to ensure the relevant handles are in binary mode.

You can get hold of a binary-mode file handle one of two ways. Either open the file with
openFi | eEx, which alows the mode to be specified. Or, if you aready have an open handle, use
hSet Bi nar yMbde to change its mode.

Also as aresult of this, note that on Win32 there are also several operations which, whist still alowed,
may give different results in text mode than their Unix counterparts. These are: changing buffering
modes of a handle (hSet Buf f eri ng), and writing to a read-write handle. In both cases, the read-
buffer associated with the handle needs to be flushed, and, due to the Win32 text mode translation, the
resulting physical file position following the flush may be wrong.

This issue of seeking in the presence of a non-identity transform between file and buffer contents will

need to be revisited when the library is re-done to properly support Unicode. The present arrangement is
the least-worst kludge we could come up with at present.

4.16.5. Bulk transfers

hGet Buf :: Handle -> Addr -> Int -> 10 Int
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hPut Buf . Handle -> Addr -> Int -> 10 ()

These functions read and write chunks of data to/from a handle. They will return only when either the
full buffer has been transfered, or the end of fileis reached (in the case of hGet Buf .

hGet Buf BA :: Handle -> Miutabl eByteArray Real Wrld a -> Int -> 10|
hPut Buf BA :: Handle -> Miutabl eByteArray Real Wrld a -> Int -> 10 (

These functions mirror the previous two functions, but operate on Mut abl eByt eAr r ays instead of
Addr s. This may be more convenient and/or faster, depending on the circumstances.

4.16.6. Terminal control

hl sTerm nal Device :: Handle -> | O Bool
hSet Echo ;. Handle -> Bool -> 10 ()
hGet Echo :: Handle -> | O Bool

4.16.7. Redirecting handles

w t hHandl eFor :: Handle -> Handle -> 10 a -> 10 a
wi t hSt dout :: Handle ->10a ->10 a
w thStdin :: Handle ->10a ->10 a
w t hStderr :: Handle ->10a ->10 a

4.16.8. Trace

trace :: String -> a -> a

When called, t r ace prints the string in its first argument to standard error, before returning the second
argument asitsresult. Thet r ace function is not referentially transparent, and should only be used for
debugging, or for monitoring execution. Some implementations of t r ace may decorate the string that's
output to indicate that you're tracing.

t r ace isimplemented using unsaf ePer f or m O

4.16.9. Extra |l Cerr or Predicates

The | Omodule provides several predicates over the | OEr r or type, such asi SECFErr or, i sDoes-
Not Exi st Err or, and so on. Here we define an extended set of these predicates, taking into account
more types of error:

i sHar dwar eFaul t 2 I CEBrror -> Bool

i sl nappropri ateType .. 1CError -> Bool

i slnterrupted :: I Cerror -> Bool
i sl nval i dAr gunment :: I Cerror -> Bool

i sOt herError . | CError -> Bool
i sProtocol Error . I CBrror -> Bool

i sResour ceVani shed . 1 CBrror -> Bool
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i sSyst entrror :: 1 CError -> Bool
i sSTi meExpired :: 1 Cerror -> Bool
i sUnsati sfiedConstraints :: |OError -> Bool
i sUnsupportedQOperation .. 1CError -> Bool
i sDynl CError i I CError -> Bool

4.16.10. Miscellany

4.17.

4.18.

4.19.

unsaf ePtr Eq ;. a->a -> Bool

slurpFile ;. FilePath -> 1O (Addr, Int)
hConnect To ;. Handle -> Handle -> 10 ()

per f or maC o 10 ()

freeHaskel | FunctionPtr :: Addr -> 10 ()

get Dynl OErr or :: 1 CError -> Maybe Dynami c. Dynani c

per f or maCtriggers an immediate garbage collection

unsaf ePt r EqQ compares two vaues for pointer equality without evaluating them. The results are not
referentially transparent and may vary significantly from one compiler to another or in the face of se-
mantics-preserving program changes. However, pointer equality is useful in creating a number of refer-
entially transparent constructs such as this simplified memoisation function:

> cache :: (a ->b) -> (a ->b)

> cache f = \x -> unsafePerform O (check x)
> where

> ref = unsafePerform O (new ORef (error "cache", error "cache"))
> check x = readl ORef ref >>=\ (x',a) ->
> if x “unsafePtrEq” x' then

> return a

> el se

> let a=f xin

> writel ORef ref (x, a) >>

> return a

get Dynl Oerror takes an | OErr or as argument. If it is a dynamic 10 error, it returns Just d,
where d is the dynamic value. Of (some) use by library providersto provide their own | OEr r or types.

LazyST

The contents of this module can now be found in Control.Mnad. ST. Lazy
[../libraries/base/Control.Monad.ST.Lazy.html], and Dat a. STRef . Lazy
[../libraries/base/Data. STRef .Lazy.html].

MAr r ay

This module has moved to Dat a. Arr ay. MArr ay [./libraries’lbase/Data.Array.MArray.html] in the
hierarchical libraries.

Mar shal Al | oc

This module has moved to For ei gn. Mar shal . Al | oc [../libraries/base/Foreign.Marshal.Alloc.html]
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4.20.

4.21.

4.22.

4.23.

in the hierarchical libraries.

Mar shal Arr ay

This module has moved to For ei gn. Marshal . Array
[../libraries/base/Foreign.Marshal . Array.html] in the hierarchical libraries.

Mar shal Err or

This module has moved to For ei gn. Mar shal . Er r or [../libraries/base/Foreign.Marshal.Error.html]
in the hierarchical libraries.

Marshal Uti | s

This module has moved to For ei gn. Mar shal . Ui | s [../libraries/base/Foreign.Marshal .Utils.html]
in the hierarchical libraries.

Nuntext s

The NunExt s interface collect together various numeric operations that have proven to be commonly
useful

-- oi ng between Doubl es and Fl oats:
doubl eToFl oat :: Double -> Fl oat
fl oat ToDouble :: Float -> Double

showHex ;. Integral a => a -> ShowS
showCct .. Integral a => a -> ShowS
showBi n :: Integral a => a -> ShowS
showl nt At Base :: Integral a
=> a -- base
->(a ->Char) -- digit to char
-> a -- nunber to show.
-> Shows
showLi stWth :: (a -> ShowS) -> [a] -> ShowS
Notes:

» If doubl eToFIl oat isapplied to a Doubl e that is within the representable range for Fl oat , the
result may be the next higher or lower representable FI oat value. If the Doubl e is out of range,
the result is undefined.

* Nolossof precision occursin the other direction with f | oat ToDoubl e, the floating value remains
unchanged.

 showCct, showHex and showBi n will prefix 0o, Ox and Ob, respectively. Like Numer -
i ¢c. show nt , these show functions work on positive numbers only.

* show nt At Base isthe more general function for converting a number at some base into a series
of characters. The above show* functions use it, for instance, here's how showHex could be
defined

10
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showHex :: Integral a => a -> ShowS
showHex n r =

showString "0x" $

showi nt At Base 16 (toChrHex) n r

wher e
toChrHex d
| d < 10 = chr (ord '0" + fronmintegral d)
| otherwise = chr (ord "a' + fromntegral (d - 10))

* showLi st Wt h isstrictly speaking not a'NunExt s' kind of function, but it's sometimes useful in
conjunction with the other show* functions that NunExt s exports. It is the non-overloaded version
of showli st , allowing you to supply the shows function to use per list element. For instance,

put StrLn (NunExts. showli stWth NunExts.showHex [0..16])

will print out the elementsof [ 0. . 16] in hexadecimal form.

4.24. PackedStri ng

This module has moved to Dat a. PackedSt ri ng [../libraries/base/Data.PackedString.html] in the
hierarchical libraries.

4.25. Ptr

This module has moved to For ei gn. Pt r [./libraries/base/Foreign.Ptr.html] in the hierarchical librar-
ies.

4.26. ShowFuncti ons

This module has moved to Text . Show. Funct i ons [../libraries/base/Text.Show.Functions.html] in
the hierarchical libraries.

4.27. ST

The contents of this module can now be found in Control.Mnad. ST
[../libraries/base/Control.Monad.ST.html], Dat a. STRef [../libraries/base/Data. STRef.html], and
Dat a. Array. ST [../libraries/base/Data. Array.ST.html] in the hierarchical libraries.

4.28. St abl eNane

This module has moved to System Mem St abl eNane
[../libraries/base/ System.Mem.StableName.html] in the hierarchical libraries.

4.29. St abl ePtr

This module has moved to For ei gn. St abl ePt r [../libraries/base/Foreign.StablePtr.html] in the
hierarchical libraries.

11
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4.30.

4.31.

4.32.

St or abl e

This module has moved to For ei gn. St or abl e [../libraries/base/Foreign.Storable.html] in the hier-
archical libraries.

St or abl eArray

This module has moved to Dat a. Array. St or abl e [../libraries/base/Data.Array.Storable.html] in
the hierarchical libraries.

Syst enext s

The Syst emExt s module contains functionality that goes beyond what the Haskell 98 module Sys-
t em provides. That is, functionality that provides access to the underlying OS' facilities in an OS-
independent manner.

Notice that Syst enExt s shares the goal of Syst em That is, it aims to provide functionality that's
supported by al platforms. So, if you're looking to do serious system programming for a particular
(family) of platforms, you really want to check out the libraries provided for the platform in question as
well. e.g., The Posi x library for POSI X. 1-conforming platforms, the W n32 library for Win32 plat-
forms.

Syst enExt s exports the following:

rawsSyst em ;. String -> |10 ExitCode

wi t hAr gs c: [String] ->10a->10a
wi t hPr ogNane :: String ->10a ->10a
getEnvironnent :: IO [(String, String)]
Notes:

* rawSyst emprovides the exact same behaviour as Syst em syst em except that the system com-
mand isn't invoked viaa shell / command interpreter.

Not involving your platform's shell / command interpreter is quicker if you don't need its functional-
ity, and it avoids running into limitations imposed by the shell / command interpreter. For instance,
Win32 command interpreters place a limit on the length of the command they can execute (~4Kk),
which sometimes gets in the way of what you want to do.

 Thewi t hAr gs action lets you change the value returned by Syst em get Ar gs while executing
an 10 action.

When the action has finished executing (or if it raises an exception), the argument vector of Sys-
t em get Ar gs isrestored.

« The wi t hProgNanme action lets you change the program name string returned by Sys-
t em get Pr ogNane while executing an 10 action.

Aswi t hAr gs, when the action has finished executing (or if it raises an exception), the program
name string Syst em get Ar gs isrestored.

e Theget Envi ronnment action returns all the environment values present in your process environ-
ment block.
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Thel ang package: language support

4.33. Weak

This module has moved to Syst em Mem Weak [../libraries/base/System.Mem.Weak.html] in the hier-
archical libraries.

4.34. Wr d

This module has moved to Dat a. Wor d [../libraries/base/Data. Word.html] in the hierarchical libraries.
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Chapter 5. The net package:
networking support

(Darren Moffat supplied the initial version of thislibrary.)

5.1. BSD: System database info

This module has moved to Net wor k. BSD [../libraries/network/Network.BSD.html] (package net -
wor k) in the hierarchical libraries.

5.2. Socket: The high-level networking inter-
face

This module has moved to Net wor k [../libraries/network/Network.html] (package net wor k) in the
hierarchical libraries.

5.3. Socket Pri m The low-level socket binding

This module has moved to Net wor k. Socket [../libraries/network/Network.Socket.html] (package
net wor k) in the hierarchical libraries.

5.4. URl

This module has moved to Net wor k. URI [../libraries/network/Network.URI.html] (package net -
wor k) in the hierarchical libraries.
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Chapter 6. The num package: numeric
operations

This category is currently empty.
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Chapter 7. The posi x package: POSIX
support

The Posi x interface gives you access to the set of OS services standardised by POSIX 1003.1b (or the
| EEE Portable Operating System Interface for Computing Environments - IEEE Std. 1003.1). The inter-
faceisaccessed by i nport Posi x and adding - package posi x onyour command-line.

The Posix package is not supported under Windows. We've looked into various ways of providing sup-
port, and other than using Cygwin, none is particularly attractive. If you want Posix support under Win-
dows, try building GHC for Cygwin; we don't currently do this, but it is mostly supported.

7.1. Posix data types

data ByteCount -- instances of : Eq Ord Num Real Integral |x Enum Show

A Byt eCount isaprimitive of type unsi gned. At a minimum, an conforming implementation must
support valuesintherange[ 0, Ul NT_MAX] .

data C ockTick -- instances of : EqQ Od Num Real Integral |x Enum Show

A O ockTi ck isaprimitive of type cl ock_t, which is used to measure intervals of time in fractions
of asecond. The resolution is determined by get SysVar C ockTi ck.

data DevicelD -- instances of : EqQq Od Num Real Integral |Ix Enum Show

A Devi cel Disaprimitive of typedev_t . It must be an arithmetic type.
data EpochTine -- instances of : Eqg Od Num Real Integral |x Enum Show
A EpochTi me isaprimitive of typet i me_t , which is used to measure seconds since the Epoch. At a

minimum, the implementation must support valuesintherange[ 0, | NT_NMAX] .

data FilelD -- instances of : EqQ Ord Num Real Integral |x Enum Show

A Fi | el Disaprimitive of typei no_t . It must be an arithmetic type.

data FileMbde -- instance of : Eq
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A Fi | eMbde isaprimitive of typenode_t . It must be an arithmetic type.

data FileOfset -- instances of : EqQ Ord Num Real Integral |x Enum Show

AFil eOfset isaprimitiveof typeof f _t . It must be an arithmetic type.

data GrouplD -- instances of : Eq Ord Num Real Integral |x Enum Show

A Groupl Disaprimitive of typegi d_t . It must be an arithmetic type.

data Linmt -- instances of : EqQ Ord Num Real Integral |x Enum Show

A Limt isaprimitive of type | ong. At a minimum, the implementation must support values in the
range[ LONG M N, LONG MAX] .

data LinkCount -- instances of : Eqg Od Num Real Integral |x Enum Show

A Li nkCount isaprimitive of typenl i nk_t . It must be an arithmetic type.

data ProcessID -- instances of : EqQ Od Num Real Integral |Ix Enum Show
type ProcessG oupl D = ProcessID

A Processl Disaprimitive of type pi d_t . It must be asigned arithmetic type.

data UserID -- instances of : EqQ Ord Num Real Integral |x Enum Show

A User | Disaprimitive of type ui d_t . It must be an arithmetic type.

data DirStream

A Di r St r eamisaprimitive of typeDI R *.

data Fil eSt at us

A Fi | eSt at us isaprimitiveof typest ruct st at.

data G oupEntry

A GroupEnt ry isaprimitive of typest ruct group.

17
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data ProcessTi nes

Pr ocessTi mes isaprimitive structure containingacl ock_t andastruct tns.

data Si gnal Set

An Si gnal Set isaprimitive of typesi gset _t.

data System D

A Syst eml Disaprimitive of typest ruct ut snane.

data Term nal Attri butes

Ter m nal Attri but es isaprimitiveof typestruct ternmni os.

data UserEntry

A User Ent ry isaprimitive of typest ruct passwd.

data BaudRate = BO | B50 | B75 | B110 | B134 | B150 | B200 | B300 | B600
| B1200 | B1800 | B2400 | B4800 | B9600 | B19200 | B38400
deriving (Eq, Show)

data Fd

i nstance Eq Fd
i nstance Show Fd

intToFd :: Int -> Fd -- use with care.
fdTolnt :: Fd -> Int -- ditto.

data FdOption = AppendOnWite
| C oseOnExec
| NonBl ocki ngRead

data Control Character = EndOFile
EndCf Li ne
Er ase

I nterrupt
Kill

Qi t
Suspend
Start

St op

type ErrorCode = Int

18
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type FileLock = (LockRequest, SeekMode, FileOfset, FileOfset)
-- whence start [ ength

data Fl owAction = SuspendQutput | RestartQutput | TransmitStop | TransnitStart
data Handl er = Default | Ignore | Catch (10 ())

data LockRequest = ReadLock | WitelLock | Unlock
deriving (Eq, Show)

data OpenMbde = ReadOnly | WiteOnly | ReadWite

data Pat hvVar = LinkLimt
| 1 nputLineLinmnit

| 1 nput QueueLimit

| FileNaneLimt

| Pat hNaneLi mit

| PipeBufferLimt

I Set Owner AndG oupl sRestri ct ed

Fi | eNanmesAr eNot Tr uncat ed

dat a QueueSel ector = | nput Queue | Cutput Queue | Bot hQueues
type Signal = Int
data SysVar = ArgumentLimit

Chi I dLi it

C ockTi ck

GroupLim t

QpenFil eLimt
Posi xVer si on
HasSaved| Ds

HasJobCont r ol

data Term nal Mode = I nterrupt OnBreak -- BRKINT
MapCRt oLF -- I CRN\L
| gnor eBr eak -- | G\NBRK
I gnor eCR -- | GNCR
I gnoreParityErrors -- | GNPAR
MapLFt oCR -- INLCR
CheckParity -- | NPCK
StripH ghBit -- I STRIP
St art St opl nput -- | XOFF
St art St opQut put -- | XON
Mar kPari tyErrors - - PARMRK
Pr ocessQut put -- OPCsT
Local Mbde -- CLOCAL
ReadEnabl e -- CREAD
TwoSt opBit's -- CSTOPB
HangupOnCl ose - - HUPCL
Enabl eParity - - PARENB
QddParity - - PARODD
Enabl eEcho -- ECHO
EchoEr ase -- ECHCE
EchoKi | | -- ECHOK
EcholLF - - ECHONL
Pr ocessl nput -- | CANON
Ext endedFuncti ons -- | EXTEN
Keyboardl nterrupts -- 1SIG
NoFl ushOnl nt er r upt -- NOFLSH
BackgroundWitelnterrupt -- TOSTOP

data Terminal State = I mredi ately | WenDrai ned | WenFl ushed
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data ProcessStatus = Exited ExitCode
| Term nated Signal
| Stopped Signal
deriving (Eq, Show)

7.2. Posix Process Primitives

forkProcess :: |10 (Maybe Processl D)

f or kProcess calsf ork, returning Just pi d to the parent, where pi d is the ProcessID of the
child, and returning Not hi ng to the child.

executeFile :: FilePath - - Command
-> Bool -- Search PATH?
-> [String] -- Argunents
-> Maybe [(String, String)] -- Environnent
-> 10 ()

executeFil e cnd args env calsone of the execv* family, depending on whether or not the
current PATH is to be searched for the command, and whether or not an environment is provided to su-
persede the process's current environment. The basename (leading directory names suppressed) of the
command is passed to execv* as ar g[ 0] ; the argument list passed to execut eFi | e therefore be-
ginswithar g[ 1] .

Search PATH? Super sede environ? Cal

Fal se Fal se execv
Fal se True execve
True Fal se execvp
True True execvpe*

Note that execvpe isnot provided by the POSIX standard, and must be written by hand. Care must be
taken to ensure that the search path is extracted from the original environment, and not from the environ-
ment to be passed on to the new image.

NOTE: In general, sharing open files between parent and child processes is potential bug farm, and
should be avoided unless you realy depend on this “feature' of POSIX' f or k() semantics. Using
Haskell, there's the extra complication that arguments to execut eFi | e might come from files that are
read lazily (using hGet Cont ent s, or some such.) If thisis the case, then for your own sanity, please
ensure that the arguments to execut eFi | e have been fully evaluated before calling f or kPr ocess
(followed by execut eFi | e.) Consider yourself warned :-)

A successful execut eFi | e overlays the current process image with a new one, so it only returns on

failure.
runProcess :: FilePath -- Conmmand
-> [String] -- Argunents
-> Maybe [(String, String)] -- Environnment (Nothing -> Inherited)
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-> Maybe Fil ePat h -- Working directory (Nothing -> inherit
-> Maybe Handl e -- stdin (Nothing -> inherited)

-> Maybe Handl e -- stdout (Nothing -> inherited)

-> I\/ay?)e Handl e -- stderr (Nothing -> inherited)

-> 10

runPr ocess isour candidate for the high-level OS-independent primitive.

runProcess cnd args env wd inhdl outhdl errhdl runscmd (searching the current
PATH) with arguments ar gs. If env isJust pai r s, the command is executed with the environment
specified by pai r s of variables and values; otherwise, the command is executed with the current envir-
onment. If wd is Just di r, the command is executed with working directory di r ; otherwise, the
command is executed in the current working directory. If {i n, out, err hdl} isJust handl e, the
command is executed with the Fd for st d{i n, out, err} attached to the specified handl e; other-
wise, the Fd for st d{i n, out, err} isleft unchanged.

get ProcessStatus :: Bool -- Bl ock?
-> Bool -- Stopped processes?
-> ProcesslID
-> |1 O (Maybe ProcesssSt at us)

get ProcessStatus bl k stopped pid cdls waitpid, returning Just tc, the Pro-
cessSt at us for process pi d if it is available, Not hi ng otherwise. If bl k is Fal se, then WNO-
HANG s set in the options for wai t pi d, otherwise not. If st opped is Tr ue, then WUNTRACED is set
in the options for wai t pi d, otherwise not.

get G oupProcessStatus :: Bool -- Bl ock?
-> Bool -- Stopped processes?
-> ProcessG oupl D
-> | O (Maybe (Processl D, ProcessStatus))

get &G oupProcessStatus bl k stopped pgid cals waitpid, returning Just (pid,
tc), the Processl D and ProcessSt at us for any process in group pgi d if one is available,
Not hi ng otherwise. If bl k is Fal se, then WNOHANG is set in the options for wai t pi d, otherwise
not. If st opped isTr ue, then WUNTRACED is set in the options for wai t pi d, otherwise not.

get AnyProcessStatus :: Bool -- Bl ock?
-> Bool -- Stopped processes?
-> | O (Maybe (Processl D, ProcessStatus))

get AnyProcessStatus bl k stopped cals wai t pi d, returning Just (pid, tc), the
Processl Dand ProcessSt at us for any child process if one is available, Not hi ng otherwise. If
bl k isFal se, then WNOHANG s set in the options for wai t pi d, otherwise not. If st opped isTr ue,
then WUNTRACED is set in the options for wai t pi d, otherwise not.

exitlmediately :: ExitCode -> 10 ()

exitlmedi ately status cdls_exit toterminate the process with the indicated exit st at us.
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The operation never returns.

getEnvironment :: 1O [(String, String)]

get Envi ronnent parses the environment variable mapping provided by environ, returning
(variabl e, val ue) pairs. The operation never fails.

setEnvironnent :: [(String, String)] -> 10 ()

set Envi r onment replaces the process environment with the provided mapping of (vari abl e,
val ue) pairs.

getEnvVvar :: String -> 10 String
get EnvVar var returns the value associated with variable var in the current environment (identical
functionality provided through standard Haskell library function Syst em get Env).

The operation may fail with:

NoSuchThi ng Thevariable has no mapping in the current environment.

setEnvVar :: String -> String -> 10 ()

set EnvVar var val setsthe value associated with variable var in the current environment to be
val . Any previous mapping is superseded.

renoveEnvVar :: String -> 10 ()

renoveEnvVar var removes any value associated with variable var in the current environment.
Deleting a variable for which there is no mapping does not generate an error.

nul | Signal :: Signal

null Signal =0

backgroundRead, sigTTIN ;. Signal
backgroundWite, sigTTQU .. Signal

conti nueProcess, si gCONT ;. Signal
fl oat i ngPoi nt Exception, sigFPE :: Signal

illegallnstruction, siglLL ;. Signal
i nt ernal Abort, sigABRT .. Signal
keyboar dSi gnal, siglNT ;1 Signal
keyboar dSt op, sigTSTP :: Signal
keyboardTerm nati on, sigQU T ;1 Signal
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kill Process, sigKILL ;1 Signal
| ost Connection, si gHUP :: Signal
openEndedPi pe, sigPl PE ;. Signal
processSt at usChanged, sigCHLD :: Signal

real Ti meAl arm si gALRM ;. Signal
segnent ationViol ation, sigSEGY :: Signal

sof t war eSt op, si gSTOP ;. Signal
sof twareTerm nation, sigTERM :: Signal
user Defi nedSi gnal 1, si gUSR1 ;. Signal
user Defi nedSi gnal 2, si gUSR2 .. Signal
signal Process :: Signal -> ProcessID -> 10 ()

si gnal Process int pidcalskill tosignal processpi d withinterrupt signal i nt .

raiseSignal :: Signal -> 10 ()

rai seSi gnal int callskill tosigna the current process with interrupt signa i nt .

si gnal ProcessGroup :: Signal -> ProcessGouplD -> 10 ()

si gnal ProcessGroup int pgidcalskill tosigna all processesin group pgi d with interrupt
signa i nt .

set St oppedChi | dFl ag :: Bool -> 10O Bool

set St oppedChi | dFl ag bool sets a flag which controls whether or not the NOCLDSTOP option
will be used the next time a signal handler is installed for SI GCHLD. If bool is Tr ue (the default),
NOCLDSTOPR will not be used; otherwise it will be. The operation never fails.

guer ySt oppedChi |l dFl ag :: 10O Bool

guer ySt oppedChi | dFl ag queries the flag which controls whether or not the NOCLDSTOP option
will be used the next time asignal handler isinstalled for SI GCHLD. If NOCLDSTOP will be used, it re-
turns Fal se; otherwise (the default) it returns Tr ue. The operation never fails.

enptySi gnal Set :: Signal Set

full Signal Set :: Signal Set

addSi gnal .. Signal -> Signal Set -> Signal Set

del et eSi gnal .. Signal -> Signal Set -> Signal Set

i nSi gnal Set .. Signal -> Signal Set -> Bool

i nstal |l Handl er :: Signal
-> Handl er
-> Maybe Si gnal Set -- other signals to bl ock
-> | O Handl er -- ol d handl er
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i nstall Handl er int handler iset calssigaction toinstal aninterrupt handler for sig-
nal i nt. If handl er isDef aul t, SI G DFL isinstaled; if handl er isl gnore, SI G | GNisin-
stalled; if handl er isCatch action, ahandler is installed which will invoke acti on in a new
thread when (or shortly after) the signal is received. See Chapter 2, The concur r ent package: con-
currency support for details on how to communicate between threads.

Ifi set isJust s,thenthesa_mnask of thesi gact i on structureisset to s; otherwiseit is cleared.
The previoudly installed signal handler for i nt isreturned.

get Si gnal Mask :: 10O Signal Set

get Si gnal Mask calls si gpr ocnask to determine the set of interrupts which are currently being
blocked.

set Si gnal Mask :: Signal Set -> 1O Si gnal Set

set Si gnal Mask mask calssi gpr ocmask with SI G_SETMASK to block al interrupts in mask.
The previous set of blocked interruptsis returned.

bl ockSignals :: Signal Set -> 10 Signal Set

set Si gnal Mask mask callssi gpr ocnmask with SI G_BLOCK to add all interrupts in mask to the
set of blocked interrupts. The previous set of blocked interruptsis returned.

unBl ockSignals :: Signal Set -> 10O Signal Set

set Si gnhal Mask nmask calssi gpr ocmask with SI G_UNBLOCK to remove al interruptsin mask
from the set of blocked interrupts. The previous set of blocked interruptsis returned.

get Pendi ngSignals :: 10 Signal Set

get Pendi ngSi gnal s calls si gpendi ng to obtain the set of interrupts which have been received
but are currently blocked.

awai t Signal :: Maybe Signal Set -> 10 ()

awai t Si gnal i set suspends execution until an interrupt isreceived. If i set isJust s,await-
Si gnal calssi gsuspend, installing s as the new signal mask before suspending execution; other-
wise, it calls pause. awai t Si gnal returns on receipt of a signa. If you have installed any signa
handlers with i nst al | Handl er, it may be wiseto call yi el d directly after awai t Si gnal to en-
sure that the signal handler runs as promptly.
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scheduleAlarm:: Int -> 10 Int

schedul eAl arm i callsal ar mto schedule areal timeaarm at leasti seconds in the future.

sleep :: Int -> 10 ()

sl eep i calssl eep to suspend execution of the program until at least i seconds have elapsed or a
signal is received.

7.3. Posix Process Environment

get ProcessID :: 10 Processl D

get Processl Dcallsget pi d to obtain the Pr ocess| Dfor the current process.

get Parent ProcessID :: 10O ProcesslD

get Processl Dcallsget ppi d to obtain the Pr ocess| Dfor the parent of the current process.

getReal UserID :: 10 UserlD

get Real User | Dcallsget ui d to obtain the real User | D associated with the current process.

getEffectiveUserID :: 10 UserlD

get Ef fecti veUser | Dcalls get eui d to obtain the effective User | D associated with the current
process.

setUserID :: UserlD -> 10 ()

set User| D ui d calls set ui d to set the real, effective, and saved set-user-id associated with the
current processto ui d.

getLoginNane :: 10 String

get Logi nNane callsget | ogi n to obtain the login name associated with the current process.
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get Real G oupl D :: 10 GouplD

get Real Gr oupl Dcalsget gi d to obtain the real G- oupl D associated with the current process.

getEffectiveGouplD :: 10 GouplD

get Ef fecti veG oupl D calls get egi d to obtain the effective Gr oupl D associated with the cur-
rent process.

setGouplD :: GouplD->10 ()

set G oupl D gi d callsset gi d to set the real, effective, and saved set-group-id associated with the
current processto gi d.

getGoups :: 10 [GouplD

get G oups callsget gr oups to obtain the list of supplementary G- oupl Ds associated with the cur-
rent process.

get Ef fecti veUserName :: 10O String

get Ef f ecti veUser Nane callscuser i d to obtain a name associated with the effective User | D of
the process.

get ProcessG oupl D :: 10 ProcessG oupl D

get ProcessG oupl Dcallsget pgr p to obtain the Pr ocess G oupl Dfor the current process.

createProcessGoup :: ProcessID -> 10 ProcessG oupl D

creat eProcessG oup pidcalsset pgi d to make processpi d anew process group leader.

j oi nProcessGoup :: ProcessGouplD -> 10 ProcessG oupl D

j oi nProcessGroup pgid callsset pgi d to set the Pr ocessG oupl D of the current process to
pgi d.
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set ProcessGroupl D :: ProcessID -> ProcessGouplD -> 10 ()

set ProcessG oupl D pid pgid calsset pgi d to set the Pr ocessG oupl D for process pi d
topgi d.

createSession :: 10 ProcessG oupl D

creat eSessi on calsset si d to create anew session with the current process as session leader.

systemNanme :: Systemi D -> String
nodeNanme :: System D -> String
release :: System D -> String
version :: System D -> String
machine :: System D -> String

get System D :: 10 System D

get Syst eml Dcalsunarne to obtain information about the current operating system.

> epochTine :: 10O EpochTi ne

epochTi ne calsti nme to obtain the number of seconds that have elapsed since the epoch (Jan 01
00:00:00 GMT 1970).

el apsedTi ne :: ProcessTimes -> C ockTick
user Ti e ;. ProcessTines -> O ockTick
systenili nme :: ProcessTinmes -> C ockTick
chi | dUser Ti e .. ProcessTinmes -> O ockTick
chil dSystenilinme :: ProcessTi nes -> O ockTick
get ProcessTines :: | O ProcessTi nes

get ProcessTi nmes callst i nes to obtain time-accounting information for the current process and its
children.

get Control lingTerm nal Name :: 10 Fil ePath

get Control I i ngTer m nal Nare callsct er mi d to obtain a name associated with the controlling
terminal for the process. If a controlling terminal exists, get Control | i ngTer mi nal Nare returns
the name of the controlling terminal.

The operation may fail with:
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NoSuchThi ng Thereisno controlling terminal, or its name cannot be determined.

Syst enError Variousother causes.

getTerminal Nane :: Fd -> IO FilePath
get Ter mi nal Nanme fd calsttynane to obtain a name associated with the terminal for Fd f d. If
f d isassociated with aterminal, get Ter m nal Nane returns the name of the terminal.

The operation may fail with:

| nappropri at eType Thechannel isnot associated with aterminal.

NoSuchThi ng The channel is associated with aterminal, but it has no name.
Syst enError Various other causes.
queryTerminal :: Fd -> 10O Bool

qgueryTerm nal fdcalsisatty todeterminewhether or not Fd f d is associated with aterminal.

get SysVar :: SysVar -> 10O Limt

get SysVar var calssysconf to obtain the dynamic value of the requested configurable system
limit or option. For defined system limits, get SysVar returns the associated value. For defined system
options, the result of get SysVar isundefined, but not failure.

The operation may fail with:

NoSuchThi ng Therequested system limit or option is undefined.

7.4. Posix operations on files and directories

openDirStream:: FilePath -> 1O DirStream

openDi r Stream di r callsopendi r to obtain adirectory stream for di r .

readDirStream:: DirStream-> 1O String
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readDi r St ream dp calsr eaddi r to obtain the next directory entry (st ruct di rent) for the
open directory stream dp, and returnsthe d_nane member of that structure.

The operation may fail with:

ECF End of file has been reached.

SystenkError Variousother causes.

rewindDirStream:: DirStream-> 10 ()

rewi ndDi r St r eam dp calsrew nddi r to reposition the directory stream dp at the beginning of
the directory.

closeDirStream:: DirStream-> 10 ()

cl oseDir Stream dp calscl osedi r to closethe directory stream dp.

getWorkingDirectory :: 10 FilePath

get Wor ki ngDi rect ory calsget cwd to obtain the name of the current working directory.

changeWwrkingDirectory :: FilePath -> 10 ()

changeWr ki ngDi rectory dir calschdi r tochangethe current working directory todi r .

nul | Fi | eMbde .. Fil evbde fe eeeeeaao-
owner ReadMbde ;. Fil evbde R
owner Wit eMbde :: Fil eMode ce AW e mmee
owner Execut eMode :: Fil eMode S e Xemm -
gr oupReadMbde ;. Fil evbde e
groupWit eMode ;. Fil eMode - e - W -
gr oupExecut eMbde :: Fil eMode e X---
ot her ReadMbde ;. Fil eMvbde e e [--
ot her Wit eMbde ;. Fil evbde me - W
ot her Execut eMbde .. Fil evbde me e X
set User | Divbde .. Fil evbde .
set G oupl DMode ;. Fil evbde ae e S --
st dFi | eMode .. FileMode - TW MWW
owner Modes .. Fil eMode - TWK------
gr oupModes :: Fil eMode .- oo -TWK---
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ot her Mbdes ;. Fil evbde . meee-- r WX
accessMdes ;. Fil eMvbde - = WX WXT WX

uni onFi | eModes .. FileMode -> Fil eMbde -> Fil eMbde
intersectFil eModes :: Fil eMbde -> Fil eMbde -> Fil eMode
stdlnput :: Fd

stdlnput = intToFd O

stdQutput :: Fd

stdQutput = intToFd 1

stdEBrror :: Fd

stdError = intToFd 2

data QpenFil eFl ags =
OpenFi | eFl ags {

append .. Bool,
exclusive :: Bool,
noctty .. Bool,
nonBl ock :: Bool,
trunc :: Bool
}
openFd :: FilePath
-> OpenMbde
-> Maybe FileMode -- Just x => O CREAT, Nothing => must exi st
-> OpenFi | eFl ags
-> O Fd

openFd path acc node (QpenFileFlags app excl noctty nonbl ock trunc)
calls open to obtain a Fd for the file pat h with accessmode acc. If node isJust m the O_CREAT
flag is set and the file's permissions will be based on mif it does not already exist; otherwise, the
O _CREAT flag is not set. The arguments app, excl , noct ty, nonbl ock, andt r unc control wheth-
er or not the flags O APPEND, O EXCL, O NOCTTY, O NONBLOCK, and O_TRUNC are set, respect-
ively.

createFile :: FilePath -> FileMde -> | 0O Fd

createFil e path node calscreat toobtainakFd for file pat h, which will be created with per-
missions based on node if it does not already exist.

setFil eCreationVask :: FileMbde -> 10O Fil eMbde

set Fi | eCreati onMask node cals umask to set the processss file creation mask to node. The
previous file creation mask is returned.

createLink :: FilePath -> FilePath -> 10 ()

createLi nk ol d newcdalsl i nk to create anew path, new, linked to an existing file, ol d.

createDirectory :: FilePath -> FileMde -> 10 ()
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createDirectory dir node cdls nkdir to create a new directory, di r, with permissions
based on node.

createNanedPipe :: FilePath -> FileMde -> 10 ()

creat eNamedPi pe fifo node calls nkfifo to create a new named pipe, fi f o, with permis-
sions based on node.

renovelLink :: FilePath -> 10 ()

renoveli nk pat h calsunl i nk to removethe link named pat h.

renoveDirectory :: FilePath -> 10 ()

renoveDirectory dir calsrndir toremovethedirectory nameddir .

rename :: FilePath -> FilePath -> 10 ()

rename ol d newcalsr enane to rename afile or directory from ol d to new.

fileMde Fil eStatus -> Fil eMbde
filelD FileStatus -> FilelD
devi cel D FileStatus -> DevicelD

| i nkCount Fil eStatus -> Li nkCount
fil eOwner FileStatus -> UserlD
fileGoup FileStatus -> GrouplD
fileSize FileStatus -> Fil e f set
accessTi me Fil eStatus -> EpochTi me

nodi ficati onTi me
st at usChangeTi ne

Fil eStatus -> EpochTi me
Fil eStatus -> EpochTi nme

Fil eStatus -> Bool
Fil eStat us -> Bool
Fil eStatus -> Bool
Fil eSt at us -> Bool
Fil eSt at us -> Bool

isDirectory D
i sChar act er Devi ce ::
i sBl ockDevi ce

i sRegul arFile

i sNarmredPi pe

get Fi |l eSt at us FilePath -> IO Fil eStatus

get Fil eStatus pathcalsstat togettheFi | eSt at us information for thefile pat h.
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getFdStatus :: Fd -> IO FileStatus

get FdSt atus fd calsfstat togettheFi | eSt at us information for the file associated with Fd
fd.

qgueryAccess :: FilePath -> Bool -> Bool -> Bool -> IO Bool

gueryAccess path r w x callsaccess to test the access permissions for file pat h. The three
arguments, r, w, and x control whether or not access iscaled with R_OK, W OK, and X_CK respect-
ively.

queryFile :: FilePath -> 10O Bool

qgueryFi | e pat h calsaccess with F_OKto test for the existence for file pat h.

setFileModde :: FilePath -> FileMdde -> 10 ()

set Fi |l eMode path node cals chnod to set the permission bits associated with file pat h to
node.

set Omer AndG oup :: FilePath -> UserID -> GouplD -> 10 ()

set Omer AndG oup path uid gid calschown to set the User | D and G oupl D associated
with filepat h toui d and gi d, respectively.

setFileTines :: FilePath -> EpochTine -> EpochTine -> 10 ()

setFileTines path atine ntine calsuti ne to set the access and modification times associ-
ated with filepat h toat i nme and nt i e, respectively.

touchFile :: FilePath -> 10 ()

touchFi | e pat h calsuti ne to set the access and modification times associated with file pat h to
the current time,

getPathVar :: PathVar -> FilePath -> O Limt

get Pat hVar var pat h callspat hconf to obtain the dynamic value of the requested configurable
file limit or option associated with file or directory pat h. For defined file limits, get Pat hVar returns
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the associated value. For defined file options, the result of get Pat hVar is undefined, but not failure.
The operation may fail with:

NoSuchThi ng Therequested file limit or option is undefined.

Syst enError Various other causes.

getFdvar :: Pathvar -> Fd -> O Limt

get FdVar var fd callsf pat hconf to obtain the dynamic value of the requested configurable file
limit or option associated with the file or directory attached to the open channel f d. For defined file lim-
its, get FdVar returns the associated value. For defined file options, the result of get FdVar is un-
defined, but not failure.

The operation may fail with:

NoSuchThi ng Therequested file limit or option is undefined.

Syst enError Variousother causes.

7.5. Posix Input and Output Primitives

createPipe :: 10 (Fd, Fd)

cr eat ePi pe calspi pe to create a pipe and returns a pair of Fds, the first for reading and the second
for writing.

dup :: Fd -> 10 Fd

dup fd calsdup toduplicate Fd f d to another Fd.

dupTo :: Fd -> Fd -> 10 ()

dupTo src dst calsdup?2 toduplicate Fd sr c to Fd dst .

fdCose :: Fd -> 10 ()

fdd ose fdcalscl osetocloseFd f d.
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fdRead :: Fd -> ByteCount -> 10O (String, ByteCount)

fdRead fd nbytes calsread toread at most nbyt es bytesfrom Fd f d, and returns the result as
astring paired with the number of bytes actually read.

The operation may fail with:

ECF End of file has been reached.

Systenkrror Various other causes.

fdWite :: Fd -> String -> | O Byt eCount

fdWite fd s calswite towritethestring s to Fd f d as a contiguous sequence of bytes. It re-
turns the number of bytes successfully written.

qgueryFdOption :: FdOption -> Fd -> | O Bool

get FdOpti on opt fd callsfcntl to determine whether or not the flag associated with FdOp-
tionopt issetfor Fd f d.

set FdOption :: Fd -> FdOption -> Bool -> 10 ()

set FdOption fd opt val calsfcntl to settheflag associated with FdOpt i on opt onFd fd
toval .

getLock :: Fd -> FileLock -> 10O (Maybe (ProcesslD, FilelLock))

get Lock fd I ockcalsfcntl togetthefirst Fi | eLock for Fd f d which blocksthe Fi | eLock
I ock. If nosuch Fi | eLock exists, get Lock returns Not hi ng. Otherwise, it returns Just ( pi d,
bl ock) , wherebl ock istheblocking Fi | eLock and pi d isthe Pr ocess| D of the process holding
the blocking Fi | eLock.

setLock :: Fd -> FileLock -> 10 ()

setLock fd | ockcalsfcntl with F_SETLK to set or clear alock segment for Fd f d as indic-
ated by the Fi | eLock | ock. set Lock does not block, but fails with Syst enEr r or if the request
cannot be satisfied immediately.
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wai t ToSet Lock :: Fd -> FileLock -> 10 ()

wai t ToSet Lock fd | ock calsfcntl with F_SETLKWto set or clear alock segment for Fd f d
as indicated by the Fi | eLock | ock. If the request cannot be satisfied immediately, wai t ToSet -
Lock blocks until the request can be satisfied.

fdSeek :: Fd -> SeekModde -> FileOfset -> 1O Fil eOf set

fdSeek fd whence offset cadlsl seek to position the Fd f d at the given of f set from the
starting location indicated by whence. It returns the resulting offset from the start of thefile in bytes.

7.6. Posix, Device- and Class-Specific Func-
tions

t er m nal Mode ;. Term nal Mode -> Term nal Attri butes -> Bool

wi t hWbde :: Term nal Attri butes -> Term nal Mode -> Termni nal Attri butes
wi t hout Mbde ;. Termnal Attributes -> Term nal Mode -> Terni nal Attri butes
bi t sPer Byt e :: Termnal Attributes -> Int

withBits :: Terminal Attributes -> Int -> Term nal Attri butes

cont r ol Char ;. Terminal Attributes -> Control Character -> Maybe Char

w t hCC ;. Term nal Attri butes

-> (Control Character, Char)
-> Term nal Attri butes
wi t hout CC ;. Term nal Attri butes
-> Control Char act er
-> Term nal Attri butes

i nput Ti ne :: Termnal Attributes -> Int

withTi me :: Termnal Attributes -> Int -> Termnal Attributes

m nl nput :: Terminal Attributes -> Int

wi t hM nl nput :: Terminal Attributes -> Int -> Terminal Attributes

i nput Speed :: Termnal Attributes -> BaudRate

wi thl nput Speed :: Terminal Attributes -> BaudRate -> Terminal Attri butes
out put Speed ;. Termnal Attri butes -> BaudRate

wi t hQut put Speed :: Terminal Attri butes -> BaudRate -> Term nal Attri butes

get Terminal Attributes :: Fd -> 10 Term nal Attri butes

get Terminal Attributes fdcalstcgetattr toobtainthe Terni nal Attri but es associ-
ated with Fd f d.

set Term nal Attri butes :: Fd
-> Term nal Attri butes
-> Term nal St ate
-> 10 ()
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setTerm nal Attributes fd attr tscalstcsetattr tochangethe Term nal Attri b-
ut es associated with Fd f d to at t r , when the terminal isin the stateindicated by t s.

sendBreak :: Fd -> Int -> 10 ()

sendBreak fd duration calstcsendbreak to transmit a continuous stream of zero-valued
bitson Fd f d for the specified implementation-dependent dur at i on.

drainQutput :: Fd -> 10 ()

drai nQut put fd calstcdrai ntoblock until all output written to Fd f d has been transmitted.

di scardData :: Fd -> QueueSelector -> 10 ()

di scardData fd queues calst cfl ush to discard pending input and/or output for Fd f d, asin-
dicated by the QueueSel ect or queues.

controlFlow :: Fd -> FlowAction -> 10 ()

control Flow fd actioncalst cfl owto control the flow of dataon Fd f d, asindicated by ac-
tion.

get Term nal ProcessGrouplD :: Fd -> 1O ProcessG oupl D

get Term nal ProcessG oupl D fd calstcget pgrp to obtain the Pr ocessG oupl D of the
foreground process group associated with the terminal attached to Fd f d.

set Term nal ProcessGouplD :: Fd -> ProcessGouplD -> 10 ()

set Term nal ProcessG oupl D fd pgid calstcset pgrp to set the ProcessG oupl D of
the foreground process group associated with the terminal attached to Fd f d to pgi d.

7.7. Posix System Databases

gr oupNane i GoupEntry -> String
groupl D ;. GroupEntry -> GouplD
groupMenbers :: GoupEntry -> [String]
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get G oupEntryForID :: GouplD -> 10 GoupEntry
get G oupEntryFor| D gi d calsget grgi d to obtain the G- oupEnt ry information associated
with Groupl Dgi d.

The operation may fail with:

NoSuchThi ng Thereisno group entry for the GrouplD.

get G oupEntryForNanme :: String -> |10 GoupEntry

get G oupEnt r yFor Nanme nane calls get gr namto obtain the G oupEnt r y information associ-
ated with the group called nane.

The operation may fail with:

NoSuchThi ng Thereisno group entry for the name.

user Name :: UserEntry -> String
user| D :: UserEntry -> UserlD
userGouplD :: UserEntry -> GouplD
hormeDi rectory :: UserEntry -> String
user Shel | i UserEntry -> String

getUserEntryForID :: UserlD -> 10 UserEntry

get User EntryFor |1 D gi d callsget pwui d to obtain the User Ent r y information associated with
User | Dui d. The operation may fail with:

NoSuchThi ng Thereisno user entry for the UserID.

get UserEntryForNane :: String -> 10 UserEntry

get User Ent r yFor Nane nane cals get pwnamto obtain the User Ent r y information associated
with the user login narre.

The operation may fail with:

NoSuchThi ng Thereisno user entry for the name.
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7.8. POSIX Errors

getErrorCode :: |10 ErrorCode

get Er r or Code returns the current value of the external variable er r no. It never fails.

setErrorCode :: ErrorCode -> 10 ()

set Err or Code err setstheexterna variableer r no toer r . It never fails.

noErr or Er r or Code

noError = 0

argument Li st TooLong, e2BI G Er r or Code
badFd, eBADF Er r or Code
br okenPi pe, ePl PE Er r or Code
di rect oryNot Enpty, eNOTEMPTY Er r or Code
execFormat Error, eNCEXEC Er r or Code
fileAl readyExi sts, eEXI ST Er r or Code
fileTooLarge, eFBIG Er r or Code
fil enaneTooLong, eNAMETOOLONG Er r or Code
i mpr oper Li nk, eXDEV . ErrorCode
i nappropri atel OCont rol Operati on, eNOITY :: ErrorCode
i nput Qut putError, elO .. ErrorCode
i nterruptedQOperation, el NTR Er r or Code
i nval i dArgunent, el NVAL Er r or Code
i nval i dSeek, eSPI PE Er r or Code
i sADirectory, el SDIR Er r or Code
noChi | dProcess, eCHI LD Er r or Code
noLocksAvai |l abl e, eNOLCK Er r or Code
noSpacelLeft OnDevi ce, eNOSPC Er r or Code
noSuchQper ati onOnDevi ce, eNCDEV Er r or Code
noSuchDevi ceOr Addr ess, eNXl O Er r or Code
noSuchFi | eOr Di rectory, eNCENT Er r or Code
noSuchProcess, eSRCH Er r or Code
not ADi rectory, eNOIDI R Er r or Code
not EnoughMenory, eNOVEM Er r or Code
oper ati onNot | npl enent ed, eNOSYS Er r or Code
operationNot Pernitted, ePERM Err or Code
per m ssi onDeni ed, eACCES Er r or Code
readOnl yFi | eSystem eROFS Er r or Code
resour ceBusy, eBUSY Er r or Code
resour ceDeadl ockAvoi ded, eDEADLK Er r or Code
resourceTenporaril yUnavai |l abl e, eAGAI N Er r or Code
t ooManyLi nks, eM.I NK Er r or Code
t ooManyQpenFi | es, eMFI LE Er r or Code
t ooManyQpenFi | esl nSystem eNFI LE Er r or Code

7.9. POpen

POpen provides a convenient way of sending string input to a subprocess and reading output from it
lazily.
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popen :: FilePath - - Command
-> [String] -- Argunents
-> Maybe String -- | nput
-> 10 (String, String, ProcesslD) -- (stdout, stderr, pid)

popen cnd args i np executescnd with ar gs inaforked process. If i np isJust str thenstr
in sent in a pipe to the standard input of the process. The output and error streams from the process are
returned, together with the processid.

popenEnvDir :: FilePath -- Conmmand
-> [String] -- Argunents
-> Maybe String -- | nput
-> Maybe [(String, String)] -- Envi ronment
-> Maybe Fil ePat h -- Working directory
-> 10 (String, String, ProcesslD) -- (stdout, stderr, pid)

popenEnvDir cnd args inp env dir likepopen executes crd with ar gs in aforked pro-
cess. If i npisJust str then strin sent in a pipe to the standard input of the process. If env isJust
pai r s, the command in executed in the environment specified by pai r s, instead of the current one. If
di r isJust d thecommand is executed in directory d instead of the current directory. The output and
error streams from the process are returned, together with the processid.
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manipulation

8.1. Mat chPS: The Perl-like matching interface

The MatchPS library is no longer  available, please use  Text.Regex
[../libraries/base/ Text.Regex.html] instead.

8.2. Par sec: Parsing combinators

The Parsec library has been moved to the hierarchica libraries; it can be found in
Text . Par ser Conbi nat or s. Par sec [../libraries/parsec/Text.ParserCombinators.Parsec.html] in
the par sec package.

8.3. Pretty: Pretty printing combimators

The Pretty library has been moved to the hierarchica libraries; it can be found in
Text . PrettyPrint. HughesPJ [./libraries/base/Text.PrettyPrint.HughesPJ.html] in the base
package.

8.4. Regex: The low-level regex matching inter-
face

The Regex library has been removed. Please use Text . Regex [../libraries/base/Text.Regex.html] in
thebase package.

8.5. RegexString: Regex matching made
simple

The RegexString library has been moved to the hierarchical libraries; it can be found in
Text . Regex [../libraries/base/Text.Regex.html] in the base package.
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Chapter 9. The util package:
miscellaneous utilities

9.1. Get Opt : Command line parsing

The Get Opt library has been moved to the hierarchical libraries; it can be found in Sys-
t em Consol e. Get Opt [../libraries/base/System.Console.GetOpt.html] in the base package.

9.2. Meno: Fast memo functions

The Meno library provides fast polymorphic memo functions using hash tables. The interface is:

nmeno :: (a->b) ->a->b

So, for example, meno f isaversion of f that caches the results of previous calls.

The searching is very fast, being based on pointer equality. One consequence of thisis that the caching
will only be effective if exactly the same argument is passed again to the memoised function. This
means not just a copy of a previous argument, but the same instance. It's not useful to memoise integer
functions using this interface, because integers are generally copied a lot and two instances of '27' are
unlikely to refer to the same object.

This memoisation library works well when the keys are large (or even infinite).

The memo table implementation uses weak pointers and stable names (see the GHC/Hugs library docu-
ment) to avoid space leaks and allow hashing for arbitrary Haskell objects. NOTE: while individual
memo table entries will be garbage collected if the associated key becomes garbage, the memo table it-
self will not be collected if the function becomes garbage. We plan to fix thisin afuture version.

There's another version of meno if you want to explicitly give a size for the hash table (the default size
is 1001 buckets):

menoSized :: Int -> (a->b) ->a ->b

9.3. Qui ckCheck

The Qui ckCheck library has been moved to the hierarchical libraries; it can be found in
Test . Qui ckCheck [../libraries/QuickCheck/Test.QuickCheck.html] in the Qui ckCheck package.

9.4. Readl I ne: Command line editing

(Darren Moffat supplied the initial version of the Readl i ne module.)

The Readl i ne module is a straightforward interface to the GNU Readline library. As such, you will
need to look at the GNU documentation (and have al i br eadl i ne. a file around somewhere...)
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The main function you'll useis:
readline :: String{-the pronpt-} -> 10 (Maybe String)

If you want to mess around with Full Readline G(l)ory, we aso provide:

type KeyCode = Char

type Cal | backFunction =

(Int -> Nuneric Argunent
KeyCode -> -- KeyCode of pressed Key
1O Int) -- What's this?

initialize 10 ()

addHi story String -> 10 ()

bi ndKey KeyCode -> Cal | backFunction -> 10 ()

addDef un String -> Call backFunction -> Maybe KeyCode -> 10 ()

get Readl ineNane :: 10 String

set ReadlineNanme :: String -> 10 ()

get Li neBuffer . 10 String

set Li neBuf f er String -> 10 ()

get Poi nt IO Int

set Poi nt Int -> 10 ()

get End IO Int

set End Int -> 10 ()

get Mar k IO Int

set Mar k Int -> 10 ()

set Done Bool -> 10 ()

set Pendi ngl nput KeyCode -> 10 ()

get Pr onmpt ;. 10 String

getTermnal Nane :: 10O String

i NSt ream Handl e

out Stream Handl e

(All those names are just Haskellised versions of what you will seein the GNU readline documentation.)

9.5. Sel ect : Synchronous I/O multiplexing

The Sel ect interface provides a Haskell wrapper for the sel ect () OS call supplied by many mod-

ern UNIX variants. Sel ect exports the following:

type TimeQut = Maybe Int
-- Nothing => wait indefinitely.
-- Just x| x>0 => bl ock wai
-- | otherwi se => bl ock wai

[ Handl €]
-> [ Handl €]
-> [ Handl €]
-> Ti neCQut
-> | O Sel ect Resul t

ting for
ting for

hSel ect

type Sel ect Result
= ( [Handl e] -- input handles ready
, [Handle] -- output handl es ready
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9.5.1.

[ Handl e] -- exc. handl es ready

Here's an example of how it could be used:

nmodul e Mai n(rmai n) where

i mport Sel ect

i mport 10
main :: 10 ()
main = do

hSet Buf feri ng stdi n NoBuffering

putStrLn "waiting for input to appear"
hSel ect [stdin] [] [] Nothing

putStrLn "input ready, let's try readi ng"
X <- get Char

print Xx

where the call to hSel ect makes the process go to sleep until there's input available on st di n.

Using hSel ect with Concurrent Haskell

In brief: don't. For two reasons;

* hSel ect will cause al your Haskell threads to block until the hSel ect returns, much like any
call to aforeign function.

* You don't need to. Concurrent Haskell will let you do 1/0 on multiple file handles concurrently by
forking threads, and if you need to assign a timeout, then this can be done using a combination of
t hr eadDel ay and asynchronous exceptions.
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Chapter 10. The Win32 package

The win32 package is a thin and incomplete veneer over the Win32 API. Look at the source code to see
what is available; the usage should be obvious from the Microsoft's C APl documentation.
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