
Building the Glasgo w Functional
Programming Tools Suite

The GHC Team

This guideis intendedfor peoplewho wantto build or modify programsfrom the
Glasgow fptools suite(asdistinctfrom thosewho merelywantto run them).
Installationinstructionsarenow providedin theuserguide.

Thebulk of thisguideappliesto building on Unix systems;seeSection9 for
Windowsnotes.

1. Getting the Glasgo w fptools suite
Building theGlasgow toolscanbecomplicated,mostlybecausetherearesomany permutationsof
what/why/how, e.g.,“Build Happy with HBC, everythingelsewith GHC,leaveout profiling, and
testit all on the‘real’ NoFibprograms.” Yeeps!

Happily, suchcomplicationsdon’t applyto mostpeople.A few common“strategies”servemost
purposes.Pickoneandproceedassuggested:

Binary distribution.

If youronly purposeis to install someof thefptools suitethentheeasiestthing to do is to get
a binarydistribution. In thebinarydistributioneverythingis pre-compiledfor yourparticular
machinearchitectureandoperatingsystem,soall you shouldhaveto do is install thebinaries
andlibrariesin suitableplaces.Theuserguidedescribeshow to do this.

A binarydistributionmaynotwork for you for two reasons.First,we maynot havebuilt the
suitefor theparticulararchitecture/OSplatformyouwant.Thatmaybedueto lackof timeand
energy (in which caseyoucangeta sourcedistributionandbuild from it; seebelow).
Alternatively, it maybebecausewe haven’t yet portedthesuiteto yourarchitecture,in which
caseyouareconsiderablyworseoff.

Thesecondreasona binarydistributionmaynot bewhatyou wantis if you wantto reador
modify thesoucecode.

Sourcedistribution.

You havea supportedplatform,but (a) you like thewarmfuzzy feelingof compilingthings
yourself;(b) youwantto build something“extra”—e.g.,a setof librarieswith
strictness-analysisturnedoff; or (c) you wantto hackon GHCyourself.
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A sourcedistributioncontainscompletesourcesfor oneor moreprojectsin thefptools suite.
Not only that,but themoreawkwardmachine-independentstepsaredonefor you.For example,
if youdon’t haveflex you’ll find it convenientthatthesourcedistributioncontainstheresultof
runningflex on thelexical analyserspecification.If youdon’t wantto alterthelexical analyser
thenthis savesyou having to find andinstallflex. You will still needaworking versionof GHC
on yourmachinein orderto compile(mostof) thesources,however.

We makesourcedistributionsmorefrequentlythanbinarydistributions;a releasethatcomes
with pre-compiledbinariesis considereda majorrelease,i.e.,a releasethatwe havesome
confidencewill work well by having testedit (more)thoroughly.

Source-onlydistributionsareeitherbugfix releasesor snapshotsof currentstateof
development.Thereleasehasundergonesometesting.Sourcereleasesof GHC4.xx canbe
compiledup usingGHC2.10or later.

Build GHCfrom intermediateC .hc files:

You needa working GHCto usea sourcedistribution.Whatif you don’t haveaworking GHC?
Thenyouhavenochoicebut to “bootstrap”up from theintermediateC (.hc) files thatwe
provide.Building GHConanunsupportedplatformfalls into this category. PleaseseeSection
7.

Onceyou havebuilt GHC,you canbuild theotherGlasgow toolswith it.

In theory, you can(could?)build GHCwith anotherHaskell compiler(e.g.,HBC). We haven’t
tried to do this for agesandit almostcertainlydoesn’t work any more(for tediousreasons).

TheCVSrepository.

We makesourcedistributionsslightly moreoftenthanbinarydistributions;but still
infrequently. If you wantmoreup-to-theminute(but lesstested)sourcecodethenyouneedto
getaccessto ourCVSrepository.

All thefptools sourcecodeis heldin a CVSrepository. CVS is a prettygoodsource-code
controlsystem,andbestof all it worksover thenetwork.

Therepositoryholdssourcecodeonly. It holdsno mechanicallygeneratedfilesat all. Soif you
checkout asourcetreefrom CVSyouwill needto install everyutility sothatyoucanbuild all
thederivedfiles from scratch.

More informationaboutourCVS repositoryis availablein theFPToolsCVSCheatSheet
(http://www.haskell.org/ghc/cvs-cheat-sheet.html).

If you aregoingto do any building from sources(eitherfrom a sourcedistributionor theCVS
repository)thenyouneedto readall of this manualin detail.
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2. Things to check before you star t typing
Here’sa list of thingsto checkbeforeyougetstarted.

1. Disk spaceneeded:About40MB (onetenthof onehamburger’sworth)of diskspacefor the
mostbasicbinarydistributionof GHC;morefor someplatforms,e.g.,Alphas.An extra
“bundle” (e.g.,concurrentHaskell libraries)might takeyou to up to onefifth of ahamburger.
You’ll needover100MB(say, onefifth a hamburger’sworth) if you needto build thebasicstuff
from scratch.All of theaboveareestimatesof disk-spaceneeds.(Note:our benchmark
hamburgeris a standardDoubleWhopperwith Cheese,with anRRPof UKP2.99.)

2. Useanappropriatemachine,compilers,andthings.SPARC boxes,andPCsrunningLinux,
FreeBSD,NetBSD,or Solarisareall fully supported.Win32andHP boxesarein prettygood
shape.DECAlphasrunningOSF/1,Linux or someBSDvariant,MIPSandAIX boxeswill need
someminimalportingeffort beforethey work (asof 4.06).Section3 givesthefull run-down on
portsor lack thereof.

3. Besurethatthe“pre-supposed”utilities areinstalled.Section4 elaborates.

4. If youhaveany problemwhenbuilding or installingtheGlasgow tools,pleasecheckthe
“known pitfalls” (Section8). Also checktheFAQ for theversionyou’rebuilding, whichshould
beavailablefrom therelevantdownloadpageon theGHCwebsite
(http://www.haskell.org/ghc/). If you feel thereis still someshortcomingin ourprocedureor
instructions,pleasereportit. For GHC,pleaseseethebug-reportingsectionof theGHCUsers’
Guide(separatedocument),to maximisetheusefulnessof your report. If in doubt,pleasesenda
messageto <glasgow-haskell-bugs@haskell.org>.

3. What machines the Glasgo w tools run on
Themainquestionis whetheror not theHaskell compiler(GHC) runson yourplatform.

A “platform” is a architecture/manufacturer/operating-systemcombination,suchas
sparc-sun-solaris2. Othercommononesarealpha-dec-osf2, hppa1.1-hp-hpux9,
i386-unknown-linux, i386-unknown-solaris2, i386-unknown-freebsd,
i386-unknown-cygwin32, m68k-sun-sunos4, mips-sgi-irix5, sparc-sun-sunos4,
sparc-sun-solaris2, powerpc-ibm-aix.

Bearin mind thatcertain“bundles”,e.g.parallelHaskell, maynot work on all machinesfor which
basicHaskell compilingis supported.

Somelibrariesmayonly work ona limited numberof platforms;for example,a socketslibrary is of
no useunlesstheoperatingsystemsupportstheunderlyingBSDisms.
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3.1. What platf orms the Haskell compiler (GHC) runs on
TheGHChierarchyof PortingGoodness:(a)Bestis anative-codegenerator;(b) next bestis a
“registerised”port; (c) thebareminimumis an“unregisterised”port. (“Unregisterised”is soterrible
thatwewon’t saymoreaboutit).

Thenativecodegeneratoris currentlynon-functional(asof GHCversion4.06),but we’reactively
working on gettingit goingagain.

We useSparcsrunningSolaris2.7andx86boxesrunningFreeBSDandLinux, sothosearethebest
supportedplatforms,unsurprisingly.

Here’severythingthat’s known aboutGHCports.We identify platformsby their “canonical”
CPU/Manufacturer/OStriple.

alpha-dec-{osf,linux,freebsd,openbsd,netbsd}:

Currentlynon-working.Thelastworkingversion(osf[1-3]) is GHC3.02.A smallamountof
portingeffort will berequiredto getAlpha supportinto GHC4.xx, but we don’t haveeasy
accessto machinesright now, andtherehasn’t beena massivedemandfor support,soAlphas
remainunsupportedfor thetimebeing.Pleasegetin touchif youeitherneedAlphasupport
and/orcanprovideaccessto boxes.

sparc-sun-sunos4:

Probablyworkswith minor tweaks,hasn’t beentestedfor awhile.

sparc-sun-solaris2:

Fully supported,includingnative-codegenerator.

hppa1.1-hp-hpux(HP-PA boxesrunningHPUX 9.x)

Worksregisterised.No native-codegenerator.

i386-unknown-linux (PCsrunningLinux—ELF binaryformat):

GHCworksregisterised.You musthaveGCC2.7.xor later. NOTE aboutglibc versions:GHC
binariesbuilt on a systemrunningglibc 2.0 won’t work on asystemrunningglibc 2.1,
andviceversion.In general,don’t expectcompatibilitybetweenglibc versions,evenif the
sharedlibrary versionhasn’t changed.

i386-unknown-{freebsd,netbsd,openbsd)(PCsrunningFreeBSD2.2or higher, NetBSD,and
possiblyOpenBSD):

GHCworksregisterised.Thesesystemsprovideready-built packagesof GHC,soif you just
needbinariesyou’rebetteroff just installingthepackage.

i386-unknown-cygwin32:

Fully supportedunderWin9x/NT, includinganativecodegenerator. Requiresthecygwin32
compatibilitylibrary andahealthycollectionof GNU tools(i.e.,gcc,GNU ld, bashetc.).
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mips-sgi-irix5:

Portcurrentlydoesn’t work, needssomeminimalportingeffort. As usual,we don’t haveaccess
to machinesandtherehasn’t beenanoverwhelmingdemandfor this port,but feel freeto getin
touch.

powerpc-ibm-aix:

Portcurrentlydoesn’t work, needssomeminimalportingeffort. As usual,wedon’t haveaccess
to machinesandtherehasn’t beenanoverwhelmingdemandfor this port,but feel freeto getin
touch.

VariousothersystemshavehadGHCportedto themin thedistantpast,includingvariousMotorola
68k boxes.The68k supportstill remains,but portingto oneof thesesystemswill certainlybea
non-trivial task.

3.2. What machines the other tools run on
Unlessyouhearotherwise,theothertoolswork if GHCworks.

4. Installing pre-supposed utilities
Herearethegorydetailsaboutsomeutility programsyoumayneed;perl, gccandhappy arethe
only importantones.(PVM is importantif you’regoingfor ParallelHaskell.) Theconfigurescript
will tell you if youaremissingsomething.

Perl:

You haveto havePerl to proceed!Perlis a languagequitegoodfor doingshell-scriptytasksthat
involve lots of text processing.It is prettyeasyto install.

Perl5 is required.For Win32 platforms,we stronglysuggestyoupick upa portof Perl5 for
cygwin32, asthecommonHip/ActiveWareport of Perlis Not CoolEnoughfor ourpurposes.

Perlshouldbeput somewheresothatit canbeinvokedby the#! script-invokingmechanism.(I
believe/usr/bin/perl is preferred;we use/usr/local/bin/perl atGlasgow.) Thefull
pathnameshouldmayneedto belessthan32characterslongon somesystems.

GNU C (gcc):

We recommendusingGCCversion2.95.2onall platforms.Failing that,version2.7.2is stable
on mostplatforms.Earlierversionsof GCCcanbeassumednot to work, andversionsin
between2.7.2and2.95.2(includingegcs) havevaryingdegreesof stability dependingon the
platform.
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If yourGCCdieswith “internalerror” on someGHCsourcefile, pleaselet usknow, sowe can
reportit andgetthingsimproved.(Exception:on iX86 boxes—youmayneedto fiddlewith
GHC’s-monly-N-regs option;seetheUser’sGuide)

Happy:

Happy is aparsergeneratortool for Haskell, andis usedto generateGHC’sparsers.Happy is
written in Haskell, andis aprojectin theCVSrepository(fptools/happy). It canbebuilt
from source,but bearin mind thatyou’ll needGHCinstalledin orderto build it. To avoid the
chicken/eggproblem,install a binarydistribtionof eitherHappy or GHCto getstarted.Happy
distributionsareavailablefrom Happy’sWebPage(http://www.haskell.org/happy/).

Autoconf:

GNU Autoconfis neededif you intendto build from theCVSsources,it is not neededif you
just intendto build a standardsourcedistribution.

Autoconfbuilds theconfigurescriptfrom configure.in andaclocal.m4. If youmodify
eitherof thesefiles,you’ll needAutoconfto rebuild configure.

sed

You needa working sedif youaregoingto build from sources.Thebuild-configurationstuff
needsit. GNU sedversion2.0.4is nogood!It hasabug in it thatis tickledby the
build-configuration.2.0.5is OK. OthersareprobablyOK too (assumingwe don’t createtoo
elaborateconfigurescripts.)

Onefptools projectis worth a quicknoteat this point,becauseit is usefulfor all theothers:
glafp-utils containsseveralutilities which aren’t particularlyGlasgow-ish,but Occasionally
Indispensable.Like lndir for creatingsymboliclink trees.

4.1. Tools for building parallel GHC (GPH)

PVM version3:

PVM is theParallelVirtual Machineonwhich ParallelHaskell programsrun.(You only need
this if youplanto runParallelHaskell. ConcurentHaskell, which runsconcurrentthreadson a
uniprocessordoesn’t needit.) UnderneathPVM, you canhave(for example)anetwork of
workstations(slow) or a multiprocessorbox (faster).

Thecurrentversionof PVM is 3.3.11;we use3.3.7.It is readilyavailableon thenet;I think I
got it from research.att.com, in netlib.

A PVM installationis slightly quirky, but easyto do.Justfollow theReadme instructions.
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bash:

Sadly, thegr2psscript,usedto convert “parallelismprofiles” to PostScript,is written in Bash
(GNU’sBourneAgainshell).This bugwill befixed(someday).

4.2. Tools for building the Documentation
Thefollowing additionaltoolsarerequiredif youwantto formatthedocumentationthatcomeswith
thefptools projects:

DocBook:

All our documentationis written in SGML, usingtheDocBookDTD. Instructionson installing
andconfiguringtheDocBooktoolsarein theinstallationguide(in theGHCuserguide).

TeX:

A decentTeX distribution is requiredif youwantto produceprintabledocumentation.We
recommentteTeX, which includesjust abouteverythingyou need.

4.3. Other useful tools

Flex:

This is aquite-a-bit-better-than-Lex lexer. Usedto build a coupleof utilities in glafp-utils.
Dependingon youroperatingsystem,thesuppliedlex mayor maynot work; youshouldgetthe
GNU version.

5. Building from sour ce
You’vebeenrashenoughto wantto build someof theGlasgow FunctionalProgrammingtools
(GHC,Happy, nofib,etc.)from source.You’veslurpedthesource,from theCVSrepositoryor from
a sourcedistribution,andnow you’resitting lookingat a hugemoundof bits,wonderingwhatto do
next.

Gingerly, you typemake. Wrongalready!

This restof this guideis intendedfor dufferslike me,whoaren’t really interestedin Makefilesand
systemsconfigurations,but whoneeda mentalmodelof theinterlockingpiecessothatthey can
make themwork, extendthemconsistentlywhenaddingnew software,andlay handson themgently
whenthey don’t work.
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5.1. Your sour ce tree
Thesourcecodeis heldin yoursourcetree. Therootdirectoryof yoursourcetreemustcontainthe
following directoriesandfiles:

• Makefile: therootMakefile.

• mk/: thedirectorythatcontainsthemainMakefilecode,sharedby all thefptools software.

• configure.in, config.sub, config.guess: thesefilessupporttheconfigurationprocess.

• install-sh.

All theotherdirectoriesareindividualprojectsof thefptools system—forexample,theGlasgow
Haskell Compiler(ghc), theHappy parsergenerator(happy), thenofib benchmarksuite,andso
on.Youcanhavezeroor moreof these.Needlessto say, someof themareneededto build others.

Theimportantthing to rememberis thatevenif youwantonly oneproject(happy, say),youmust
haveasourcetreewhoserootdirectorycontainsMakefile, mk/, configure.in, andtheproject(s)
you want(happy/ in thiscase).You cannotgetby with just thehappy/ directory.

5.2. Build trees
While youcanbuild a systemin thesourcetree,we don’t recommendit. We oftenwantto build
multiple versionsof oursoftwarefor differentarchitectures,or with differentoptions(e.g.profiling).
It’s verydesirableto sharea singlecopy of thesourcecodeamongall thesebuilds.

Sofor everysourcetreewehavezeroor morebuild trees. Eachbuild treeis initially anexactcopy of
thesourcetree,exceptthateachfile is a symboliclink to thesourcefile, ratherthanbeingacopy of
thesourcefile. Thereare“standard”Unix utilities thatmakesuchcopies,sostandardthatthey go by
differentnames:lndir , mkshadowdir aretwo (If youdon’t haveeither, thesourcedistribution
includessourcesfor theX11 lndir —checkoutfptools/glafp-utils/lndir). SeeSection5.4
for a typical invocation.

Thebuild treedoesnot needto beanywherenearthesourcetreein thefile system.Indeed,one
advantageof separatingthebuild treefrom thesourceis thatthebuild treecanbeplacedin a
non-backed-uppartition,saving yoursystemssupportpeoplefrom backingup untoldmegabytesof
easily-regenerated,andrapidly-changing,gubbins.Thegoldenrule is that(with asingle
exception—Section5.3)absolutelyeverythingin thebuild treeis eithera symboliclink to thesource
tree, or elseis mechanicallygenerated. It shouldbeperfectlyOK for yourbuild treeto vanish
overnight;anhouror two compilingandyou’reon theroadagain.

You needto beabit careful,though,thatany new filesyoucreate(if youdo any developmentwork)
arein thesourcetree,not a build tree!

Remember, thatthesourcefiles in thebuild treearesymboliclinks to thefiles in thesourcetree.(The
build treesoonaccumulateslots of built files likeFoo.o, aswell.) You candeleteasourcefile from
thebuild treewithout affectingthesourcetree(thoughit’sanoddthing to do).On theotherhand,if
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you edit a sourcefile from thebuild tree,you’ll edit thesource-treefile directly. (Youcansetup
Emacssothatif youedit a sourcefile from thebuild tree,Emacswill silently createaneditedcopy
of thesourcefile in thebuild tree,leaving thesourcefile unchanged;but thedangeris thatyou think
you’veeditedthesourcefile whereasactuallyall you’vedoneis edit thebuild-treecopy. More
commonlyyoudo wantto edit thesourcefile.)

Like thesourcetree,thetop level of yourbuild treemustbe(a linkedcopy of) therootdirectoryof
thefptools suite.InsideMakefiles,theroot of yourbuild treeis called$(FPTOOLS_TOP). In the
restof this documentpathnamesarerelative to $(FPTOOLS_TOP) unlessotherwisestated.For
example,thefile ghc/mk/target.mk is actually$(FPTOOLS_TOP)/ghc/mk/target.mk.

5.3. Getting the build you want
Whenyou build fptools youwill becompilingcodeon a particularhostplatform, to runon a
particulartargetplatform(usuallythesameasthehostplatform).Thedifficulty is thatthereare
minordifferencesbetweendifferentplatforms;minor, but enoughthatthecodeneedsto bea bit
differentfor each.Therearesomebig differencestoo: for a differentarchitecturewe needto build
GHCwith adifferentnative-codegenerator.

Therearealsoknobsyou canturn to controlhow thefptools softwareis built. For example,you
might wantto build GHCoptimised(sothatit runsfast)or unoptimised(sothatyoucancompileit
fastafteryou’vemodifiedit. Or, you mightwantto compileit with debuggingon (sothatextra
consistency-checkingcodegetsincluded)or off. And soon.

All of this stuff is calledtheconfigurationof yourbuild. You settheconfigurationusinga three-step
process.

Step1: getreadyfor configuration.

Changedirectoryto $(FPTOOLS_TOP) andissuethecommandautoconf (with noarguments).
This GNU programconverts$(FPTOOLS_TOP)/configure.in to ashellscriptcalled
$(FPTOOLS_TOP)/configure.

Someprojects,includingGHC,havetheir own configurescript.If there’san
$(FPTOOLS_TOP)/<project>/configure.in, thenyou needto run autoconf in that
directorytoo.

Both thesestepsarecompletelyplatform-independent;they just meanthatthehuman-written
file (configure.in) canbeshort,althoughtheresultingshellscript,configure, and
mk/config.h.in, arelong.

In caseyoudon’t haveautoconfwe distributetheresults,configure, andmk/config.h.in,
with thesourcedistribution.They aren’t keptin therepository, though.

Step2: systemconfiguration.

Runsthenewly-createdconfigurescript,thus:

./configure
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configure’smissionis to scurryroundyourcomputerworkingout whatarchitectureit has,what
operatingsystem,whetherit hasthevfork systemcall, whereyacc is kept,whethergcc is
available,wherevariousobscure#include filesare,whetherit’sa leapyear, andwhatthe
systemsmanagerhadfor lunch.It communicatesthesesnippetsof informationin two ways:

• It translatesmk/config.mk.in to mk/config.mk, substitutingfor thingsbetween“@”
brackets.So,“@HaveGcc@” will bereplacedby “YES” or “NO” dependingon whatconfigure
finds.mk/config.mk is includedby everyMakefile (directlyor indirectly),sothe
configurationinformationis therebycommunicatedto all Makefiles.

• It translatesmk/config.h.in to mk/config.h. Thelatteris #included by variousC
programs,which cantherebymakeuseof configurationinformation.

configurecachestheresultsof its run in config.cache. Quiteoftenyou don’t wantthat;
you’re runningconfigurea secondtimebecausesomethinghaschanged.In thatcase,simply
deleteconfig.cache.

Step3: build configuration.

Next, yousayhow this build of fptools is to differ from thestandarddefaultsby creatinga
new file mk/build.mk in thebuild tree. Thisfile is theoneandonly file youedit in thebuild
tree,preciselybecauseit sayshow thisbuild differsfrom thesource.(Justin caseyourbuild tree
doesdie,youmight wantto keepa privatedirectoryof build.mk files,anduseasymboliclink
in eachbuild treeto point to theappropriateone.)Somk/build.mk neverexistsin thesource
tree—youcreateonein eachbuild treefrom thetemplate.We’ll discusswhatto put in it shortly.

And that’s it for configuration.Simple,eh?

Whatdo youput in yourbuild-specificconfigurationfile mk/build.mk?For almostall purposesall
youwill do is put makevariabledefinitionsthatoverridethosein mk/config.mk.in. Thewhole
point of mk/config.mk.in—andits derivedcounterpartmk/config.mk—is to definethebuild
configuration.It is heavily commented,asyou will seeif you look at it. Sogenerally, whatyoudo is
look atmk/config.mk.in, andadddefinitionsin mk/build.mk thatoverrideany of the
config.mk definitionsthatyouwantto change.(Theoverrideoccursbecausethemainboilerplate
file, mk/boilerplate.mk, includesbuild.mk afterconfig.mk.)

For example,config.mk.in containsthedefinition:

ProjectsToBuild = glafp-utils ghc hslibs

Theaccompanying commentexplainsthatthis is thelist of enabledprojects;thatis, if (after
configuring)you typegmake all in FPTOOLS_TOP threespecifiedprojectswill bemade.If youwant
to addgreen-card, youcanaddthis line to build.mk:

ProjectsToBuild += green-card

or, if youprefer,
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ProjectsToBuild = glafp-utils ghc green-card

(GNU make allowsexistingdefinitionsto havenew text appendedusingthe“+=” operator, which is
quitea convenientfeature.)

Whenreadingconfig.mk.in, rememberthatanythingbetween“@...@” signsis goingto be
substitutedby configure later. You canoverridetheresultingdefinitionif youwant,but youneedto
bea bit surerwhatyou aredoing.For example,there’sa line thatsays:

YACC = @YaccCmd@

This definestheMakevariablesYACC to thepathnamefor ayacc thatconfigurefindssomewhere.If
you haveyourown petyaccyou wantto useinstead,that’sfine.Justaddthis line to mk/build.mk:

YACC = myyacc

You do nothaveto haveamk/build.mk file at all; if you don’t, you’ll getall thedefault settings
from mk/config.mk.in.

You canalsousebuild.mk to overrideanything thatconfiguregot wrong.Oneplacewherethis
happensoftenis with thedefinitionof FPTOOLS_TOP_ABS: this variableis supposedto bethe
canonicalpathto thetop of yoursourcetree,but if yoursystemusesanautomounterthenthecorrect
directoryis hardto find automatically. If youfind thatconfigurehasgot it wrong,just put thecorrect
definitionin build.mk.

5.4. The stor y so far
Let’ssummarisethestepsyouneedto carryto getyourselfa fully-configuredbuild treefrom scratch.

1. Getyoursourcetreefrom somewhere(CVSrepositoryor sourcedistribution).Sayyoucall the
rootdirectorymyfptools (it doesnot have to becalledfptools). Makesurethatyouhave the
essentialfiles (seeSection5.1).

2. Uselndir or mkshadowdir to createabuild tree.

cd myfptools
mkshadowdir . /scratch/joe-bloggs/myfptools-sun4

(N.B. mkshadowdir ’s first argumentis takenrelative to its second.)You probablywantto give the
build treeanamethatsuggestsits maindefiningcharacteristic(in yourmind at least),in case
you lateraddothers.

3. Changedirectoryto thebuild tree.Everythingis goingto happentherenow.

cd /scratch/joe-bloggs/myfptools-sun4

4. Preparefor systemconfiguration:
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autoconf

(Youcanskip thisstepif you arestartingfrom asourcedistribution,andyoualreadyhave
configure andmk/config.h.in.)

5. Do systemconfiguration:

./configure

6. Createthefile mk/build.mk, addingdefinitionsfor yourdesiredconfigurationoptions.

emacs mk/build.mk

You canmakesubsequentchangesto mk/build.mk asoftenasyou like.You do not haveto runany
furtherconfigurationprogramsto makethesechangestakeeffect. In theoryyoushould,however, say
gmakeclean, gmakeall, becauseconfigurationoptionchangescouldaffectanything—but in
practiceyouarelikely to know what’saffected.

5.5. Making things
At this point youhavemadeyourselfa fully-configuredbuild tree,soyouarereadyto startbuilding
realthings.

Thefirst thingyouneedto know is thatyoumustuseGNUmake, usuallycalledgmake, notstandard
Unix make. If youusestandardUnix make youwill getall sortsof errormessages(but no damage)
becausethefptools MakefilesuseGNU make’s facilitiesextensively.

5.6. Standar d Targets
In any directoryyoushouldbeableto make thefollowing:

boot:

doestheone-off preparationrequiredto getreadyfor therealwork. Notably, it doesgmake
dependin all directoriesthatcontainprograms.It alsobuilds thenecessarytoolsfor
compilationto proceed.

You shouldsaygmake boot right afterconfiguringyourbuild tree,but notethatthis is a
one-off, i.e., there’sno needto re-dogmakeboot if youshouldre-configureyourbuild treeata
laterstage(noharmcausedif youdo though).Notably, you shouldsaygmakeboot beforeyou
saygmakeclean.

all:

makesall thefinal target(s)for this Makefile.Dependingon whichdirectoryyouarein a “final
target” maybeanexecutableprogram,a library archive,ashellscript,or aPostscriptfile.
Typinggmakealoneis generallythesameastypinggmakeall.
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install:

installsthethingsbuilt by all. Wheredoesit install them?Thatis specifiedby
mk/config.mk.in; youcanoverrideit in mk/build.mk, or by runningconfigurewith
command-lineargumentslike-bindir=/home/simonpj/bin; see./configure -help for
thefull details.

uninstall:

reversestheeffectof install.

clean:

Deleteall files from thecurrentdirectorythatarenormallycreatedby building theprogram.
Don’t deletethefiles thatrecordtheconfiguration,or filesgeneratedby gmake boot. Also
preservefiles thatcouldbemadeby building, but normallyaren’t becausethedistribution
comeswith them.

distclean:

Deleteall files from thecurrentdirectorythatarecreatedby configuringor building the
program.If youhaveunpackedthesourceandbuilt theprogramwithoutcreatingany other
files,make distclean shouldleaveonly thefiles thatwerein thedistribution.

mostlyclean:

Likeclean, but mayrefrainfrom deletinga few files thatpeoplenormallydon’t wantto
recompile.

maintainer-clean:

Deleteeverythingfrom thecurrentdirectorythatcanbereconstructedwith thisMakefile.This
typically includeseverythingdeletedby distclean, plusmore:C sourcefilesproducedby
Bison,tagstables,Info files,andsoon.

Oneexception,however:make maintainer-clean shouldnot deleteconfigure evenif
configure canberemadeusinga rule in theMakefile. Moregenerally, make
maintainer-clean shouldnotdeleteanything thatneedsto exist in orderto runconfigure
andthenbegin to build theprogram.

check:

run thetestsuite.

All of thesestandardtargetsautomaticallyrecurseinto sub-directories.Certainotherstandardtargets
do not:

configure:

is only availablein theroot directory$(FPTOOLS_TOP); it hasbeendiscussedin Section5.3.
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depend:

makea.depend file in eachdirectorythatneedsit. This.depend file contains
mechanically-generateddependency information;for example,supposea directorycontainsa
Haskell sourcemoduleFoo.lhs which importsanothermoduleBaz. Thenthegenerated
.depend file will containthedependency:

Foo.o : Baz.hi

which saysthattheobjectfile Foo.o dependson theinterfacefile Baz.hi generatedby
compilingmoduleBaz. The.depend file is automaticallyincludedby everyMakefile.

binary-dist:

makea binarydistribution.This is thetargetwe useto build thebinarydistributionsof GHC
andHappy.

dist:

makea sourcedistribution.Youmustbein a linkedbuild treeto makethis target.

MostMakefileshave targetsotherthanthese.Youcandiscover themby looking in theMakefile
itself.

5.7. Using a project from the build tree
If you wantto build GHC(say)andjust useit directfrom thebuild treewithoutdoingmake
install first, youcanrun thein-placedriverscript:ghc/driver/ghc-inplace.

Do NOT useghc/driver/ghc, or ghc/driver/ghc-4.xx, asthesearethescriptsintendedfor
installation,andcontainhard-wiredpathsto theinstalledlibraries,ratherthanthelibrariesin the
build tree.

Happy cansimilarly berun from thebuild tree,usinghappy/src/happy-inplace.

5.8. Fast Making
Sometimesthedependenciesgetin theway: if you’vemadea smallchangeto onefile, andyou’re
absolutelysurethatit won’t affectanythingelse,but you know thatmake is goingto rebuild
everythinganyway, thefollowing hackmaybeuseful:

gmake FAST=YES

This tells themakesystemto ignoredependenciesandjust build whatyou tell it to. In otherwords,
it’s equivalentto temporarilyremoving the.depend file in thecurrentdirectory(where
mkdependHSandfriendsstoretheirdependency information).
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A bit of history:GHCusedto comewith a fastmakescriptthatdid theabovejob, but GNU make
providesthefeatureswe needto do it without resortingto a script.Also, we’ve foundthat
fastmakingis lessusefulsincetheadventof GHC’s recompilationchecker (seetheUser’sGuide
sectionon "SeparateCompilation").

6. The Makefile architecture
make is greatif everythingworks—youtypegmake install andlo! theright thingsgetcompiledand
installedin theright places.Our goalis to makethis happenoften,but somehow it oftendoesn’t;
insteadsomeweird errormessageeventuallyemergesfrom thebowelsof a directoryyoudidn’t
know existed.

Thepurposeof thissectionis to giveyoua road-mapto helpyoufigureout whatis goingright and
whatis goingwrong.

6.1. A small project
To getstarted,let uslook at theMakefile for animaginarysmallfptools project,small. Each
projectin fptools hasits own directoryin FPTOOLS_TOP, sothesmall projectwill have its own
directoryFPOOLS_TOP/small/. Insidethesmall/ directorytherewill beaMakefile, looking
somethinglike this:

# Makefile for fptools project "small"

TOP = ..
include $(TOP)/mk/boilerplate.mk

SRCS = $(wildcard *.lhs) $(wildcard *.c)
HS_PROG = small

include $(TOP)/target.mk

ThisMakefile hasthreesections:

1. Thefirst sectionincludes1 a file of “boilerplate”codefrom thelevel above(which in this case
will beFPTOOLS_TOP/mk/boilerplate.mk). As its namesuggests,boilerplate.mk
consistsof a largequantityof standardMakefile code.We discussthisboilerplatein more
detail in Section6.4. Beforetheinclude statement,youmustdefinethemakevariableTOP to
bethedirectorycontainingthemk directoryin which theboilerplate.mk file is. It is not OK
to simply say

include ../mk/boilerplate.mk # NO NO NO
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Why?Becausetheboilerplate.mk file needsto know whereit is, sothatit can,in turn,include
otherfiles. (Unfortunately, whenanincluded file doesaninclude, thefilenameis treated
relative to thedirectoryin which gmake is beingrun,not thedirectoryin which theincluded
sits.)In general,everyfile foo.mk assumesthat$(TOP)/mk/foo.mk refers to itself. It is up to
theMakefile doingtheinclude to ensurethis is thecase.Filesintendedfor inclusionin other
Makefilesarewritten to havethefollowing property:afterfoo.mk is included, it leaves
TOP containingthesamevalueasit hadjustbefore theinclude statement. In ourexample,this
invariantguaranteesthattheinclude for target.mk will look in thesamedirectoryasthatfor
boilerplate.mk.

2. Thesecondsectiondefinesthefollowing standardmake variables:SRCS (thesourcefiles from
which is to bebuilt), andHS_PROG (theexecutablebinaryto bebuilt). We will discussin more
detailwhatthe“standardvariables”are,andhow they affectwhathappens,in Section6.6.The
definitionfor SRCS usestheusefulGNU makeconstruct$(wildcard $pat$), which expands
to a list of all thefilesmatchingthepatternpat in thecurrentdirectory. In thisexample,SRCS is
setto thelist of all the.lhs and.c files in thedirectory. (Let’s supposethereis oneof each,
Foo.lhs andBaz.c.)

3. Thelastsectionincludesasecondfile of standardcode,calledtarget.mk. It containstherules
thattell gmakehow to makethestandardtargets(Section5.6).Why, youask,can’t thisstandard
codebepartof boilerplate.mk?Goodquestion.We discussthereasonlater, in Section6.3.
Youdo not haveto include thetarget.mk file. Instead,youcanwrite rulesof yourown for
all thestandardtargets.Usually, though,youwill find quiteabig payoff from usingthecanned
rulesin target.mk; thepricetagis thatyouhave to understandwhatcannedrulesgetenabled,
andwhatthey do (Section6.6).

In our exampleMakefile, mostof thework is doneby thetwo included files.Whenyousay
gmakeall, thefollowing thingshappen:

• gmakefiguresout thattheobjectfilesareFoo.o andBaz.o.

• It usesa boilerplatepatternrule to compileFoo.lhs to Foo.o usinga Haskell compiler. (Which
one?Thatis setin thebuild configuration.)

• It usesanotherstandardpatternrule to compileBaz.c to Baz.o, usinga C compiler. (Ditto.)

• It links theresulting.o files togetherto makesmall, usingtheHaskell compilerto do thelink
step.(Why not useld? BecausetheHaskell compilerknowswhatstandardlibrariesto link in.
How did gmakeknow to usetheHaskell compilerto do thelink, ratherthantheC compiler?
BecausewesetthevariableHS_PROG ratherthanC_PROG.)

All Makefilesshouldfollow theabovethree-sectionformat.

6.2. A larger project
Largerprojectsareusuallystructuredinto anumberof sub-directories,eachof which hasits own
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Makefile. (In very largeprojects,thissub-structuremightbeiteratedrecursively, thoughthatis
rare.)To giveyou theidea,here’spartof thedirectorystructurefor the(ratherlarge)GHCproject:

$(FPTOOLS_TOP)/ghc/
Makefile
mk/

boilerplate.mk
rules.mk

docs/
Makefile
...source files for documentation...

driver/
Makefile
...source files for driver...

compiler/
Makefile
parser/...source files for parser...
renamer/...source files for renamer...
...etc...

Thesub-directoriesdocs, driver, compiler, andsoon,eachcontainsasub-componentof GHC,
andeachhasits own Makefile. TheremustalsobeaMakefile in $(FPTOOLS_TOP)/ghc. It does
mostof its work by recursively invokinggmakeon theMakefiles in thesub-directories.We say
thatghc/Makefile is a non-leafMakefile, becauseit doeslittle exceptorganiseits children,
while theMakefiles in thesub-directoriesareall leafMakefiles. (In principlethesub-directories
might themselvescontaina non-leafMakefile andseveralsub-sub-directories,but thatdoesnot
happenin GHC.)

TheMakefile in ghc/compiler is considereda leafMakefile eventhoughtheghc/compiler
hassub-directories,becausethesesub-directoriesdonot themselveshaveMakefiles in them.They
arejust usedto structurethecollectionof modulesthatmakeup GHC,but all aremanagedby the
singleMakefile in ghc/compiler.

You will noticethatghc/ alsocontainsadirectoryghc/mk/. It containsGHC-specificMakefile
boilerplatecode.More precisely:

• ghc/mk/boilerplate.mk is includedat thetop of ghc/Makefile, andof all theleaf
Makefiles in thesub-directories.It in turnincludes themainboilerplatefile
mk/boilerplate.mk.

• ghc/mk/target.mk is included at thebottomof ghc/Makefile, andof all theleaf
Makefiles in thesub-directories.It in turnincludes thefile mk/target.mk.

Sothesetwo filesaretheplaceto look for GHC-widecustomisationof thestandardboilerplate.
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6.3. Boilerplate architecture
EveryMakefile includesaboilerplate.mk file at thetop,andtarget.mk file at thebottom.In
this sectionwediscusswhatis in thesefiles,andwhy therehaveto betwo of them.In general:

• boilerplate.mk consistsof:

• Definitionsof millionsof make variablesthatcollectively specifythebuild configuration.
Examples:HC_OPTS, theoptionsto feedto theHaskell compiler;NoFibSubDirs, the
sub-directoriesto enablewithin thenofib project;GhcWithHc, thenameof theHaskell
compilerto usewhencompilingGHC in theghc project.

• Standard patternrules thattell gmakehow to constructonefile from another.

boilerplate.mk needsto beincluded at thetop of eachMakefile, sothattheusercanreplace
theboilerplatedefinitionsor patternrulesby simply giving anew definitionor patternrule in the
Makefile. gmake simply takesthelastdefinitionasthedefinitiveone.Insteadof replacing
boilerplatedefinitions,it is alsoquitecommonto augmentthem.For example,aMakefile might
say:

SRC_HC_OPTS += -O

therebyadding“-O” to theendof SRC_HC_OPTS.

• target.mk containsmake rulesfor thestandardtargetsdescribedin Section5.6.Theserulesare
selectively included,dependingon thesettingof certainmakevariables.Thesevariablesare
usuallysetin themiddlesectionof theMakefile betweenthetwo includes.target.mk must
beincludedat theend(ratherthanbeingpartof boilerplate.mk) for severaltiresomereasons:

• gmakecommitstargetanddependency listsearlierthanit should.For example,target.mk
hasarule thatlookslike this:

$(HS_PROG) : $(OBJS)
$(HC) $(LD_OPTS) $< -o $@

If this rule wasin boilerplate.mk then$(HS_PROG) and$(OBJS) wouldnot have their final
valuesat themomentgmakeencounteredtherule.Alas,gmake takesasnapshotof their
currentvalues,andwiresthatsnapshotinto therule.(In contrast,thecommandsexecutedwhen
therule “fires” areonly substitutedat themomentof firing.) So,therule mustfollow the
definitionsgivenin theMakefile itself.

• Unlikepatternrules,ordinaryrulescannotbeoverridenor replacedby subsequentrulesfor the
sametarget(at least,not withoutanerrormessage).Includingordinaryrulesin
boilerplate.mk wouldpreventtheuserfrom writing rulesfor specifictargetsin specific
cases.

• Thereareacoupleof otherreasonsI’ ve forgotten,but it doesn’t mattertoo much.
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6.4. The main mk/boilerplate.mk file
If you look at$(FPTOOLS_TOP)/mk/boilerplate.mk you will find thatit consistsof thefollowing
sections,eachheldin a separatefile:

config.mk

is thebuild configurationfile wediscussedat lengthin Section5.3.

paths.mk

definesmake variablesfor pathnamesandfile lists. In particular, it givesdefinitionsfor:

SRCS:

all sourcefiles in thecurrentdirectory.

HS_SRCS:

all Haskell sourcefiles in thecurrentdirectory. It is derivedfrom $(SRCS), soif you
overrideSRCS with anew valueHS_SRCS will follow suit.

C_SRCS:

similarly for C sourcefiles.

HS_OBJS:

the.o filesderivedfrom $(HS_SRCS).

C_OBJS:

similarly for $(C_SRCS).

OBJS:

theconcatenationof $(HS_OBJS) and$(C_OBJS).

Any or all of thesedefinitionscaneasilybeoverridenby giving new definitionsin your
Makefile. For example,if therearethingsin thecurrentdirectorythatlook like sourcefiles
but aren’t, thenyou’ll needto setSRCS manuallyin yourMakefile. Theotherdefinitionswill
thenwork from thisnew definition.

What,exactly, doespaths.mk considera “sourcefile” to be?It’sbasedon thefile’s suffix (e.g.
.hs, .lhs, .c, .lc, etc),but this is thekind of detailthatchanges,soratherthanenumeratethe
sourcesufficesherethebestthing to do is to look in paths.mk.

opts.mk

definesmake variablesfor optionstringsto passto eachprogram.For example,it defines
HC_OPTS, theoptionstringsto passto theHaskell compiler. SeeSection6.5.
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suffix.mk

definesstandardpatternrules—seeSection6.5.

Any of thevariablesandpatternrulesdefinedby theboilerplatefile caneasilybeoverriddenin any
particularMakefile, becausetheboilerplateinclude comesfirst. Definitionsafterthisinclude
directivesimply overridethedefault onesin boilerplate.mk.

6.5. Pattern rules and options
Thefile suffix.mk definesstandardpatternrules thatsayhow to build onekind of file from
another, for example,how to build a.o file from a.c file. (GNU make’spatternrulesaremore
powerful andeasierto usethanUnix make’ssuffix rules.)

Almost all theruleslook somethinglike this:

%.o : %.c
$(RM) $@
$(CC) $(CC_OPTS) -c $< -o $@

Here’show to understandtherule. It saysthatsomething.o (sayFoo.o) canbebuilt from
something.c (Foo.c), by invoking theC compiler(pathnameheldin $(CC)), passingto it the
options$(CC_OPTS) andtherule’sdependentfile of therule$< (Foo.c in this case),andputting
theresultin therule’s target$@ (Foo.o in this case).

Everyprogramis heldin a makevariabledefinedin mk/config.mk—look in mk/config.mk for
thecompletelist. Oneimportantoneis theHaskell compiler, which is called$(HC).

Everyprogram’soptionsareareheldin a makevariablescalled<prog>_OPTS. the<prog>_OPTS
variablesaredefinedin mk/opts.mk. Almostall of themaredefinedlike this:

CC_OPTS = $(SRC_CC_OPTS) $(WAY$(_way)_CC_OPTS) $($*_CC_OPTS) $(EX-
TRA_CC_OPTS)

Thefour variablesfrom whichCC_OPTS is built have thefollowing meaning:

SRC_CC_OPTS:

optionspassedto all C compilations.

WAY_<way>_CC_OPTS:

optionspassedto C compilationsfor way<way>. For example,WAY_mp_CC_OPTS gives
optionsto passto theC compilerwhencompilingwaymp. ThevariableWAY_CC_OPTS holds
optionsto passto theC compilerwhencompilingthestandardway. (Section6.8dicusses
multi-waycompilation.)
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<module>_CC_OPTS:

optionsto passto theC compilerthatarespecificto module<module>. For example,
SMap_CC_OPTS givesthespecificoptionsto passto theC compilerwhencompilingSMap.c.

EXTRA_CC_OPTS:

extra optionsto passto all C compilations.This is intendedfor commandline use,thus:

gmake libHS.a EXTRA_CC_OPTS="-v"

6.6. The main mk/target.mk file
target.mk containscannedrulesfor all thestandardtargetsdescribedin Section5.6.It is
complicatedby thefactthatyou don’t wantall of theserulesto beactive in everyMakefile. Rather
thanhaveaplethoraof tiny fileswhichyoucanincludeselectively, thereis asinglefile, target.mk,
which selectively includesrulesbasedon whetheryouhavedefinedcertainvariablesin your
Makefile. This sectionexplainswhatrulesyou get,whatvariablescontrolthem,andwhattherules
do.Hopefully, youwill alsogetenoughof anideaof whatis supposedto happenthatyoucanread
andunderstandany weird specialcasesyourself.

HS_PROG.

If HS_PROG is defined,yougetruleswith thefollowing targets:

HS_PROG

itself. This rule links $(OBJS) with theHaskell runtimesystemto getanexecutablecalled
$(HS_PROG).

install

installs$(HS_PROG) in $(bindir).

C_PROG

is similar to HS_PROG, exceptthatthelink steplinks $(C_OBJS) with theC runtimesystem.

LIBRARY

is similar to HS_PROG, exceptthatit links $(LIB_OBJS) to make thelibrary archive
$(LIBRARY), andinstall installsit in $(libdir).

LIB_DATA

. . .
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LIB_EXEC

. . .

HS_SRCS, C_SRCS.

If HS_SRCS is definedandnon-empty, a rule for thetargetdepend is included,whichgenerates
dependency informationfor Haskell programs.Similarly for C_SRCS.

All of theserulesare“double-colon”rules,thus

install :: $(HS_PROG)
...how to install it...

GNU make treatsdouble-colonrulesasseparateentities.If thereareseveraldouble-colonrulesfor
thesametargetit takeseachin turnandfiresit if its dependenciessayto do so.Thismeansthatyou
can,for example,definebothHS_PROG andLIBRARY, whichwill generatetwo rulesfor install.
Whenyou typegmake install bothruleswill befired,andboththeprogramandthelibrary will be
installed,just asyouwanted.

6.7. Recur sion
In leafMakefiles thevariableSUBDIRS is undefined.In non-leafMakefiles,SUBDIRS is setto
thelist of sub-directoriesthatcontainsubordinateMakefiles. It is up to youto setSUBDIRS in the
Makefile. Thereis no automationhere—SUBDIRS is too importantto automate.

WhenSUBDIRS is defined,target.mk includesa ratherneatrule for thestandardtargets(Section
5.6 thatsimply invokesmake recursively in eachof thesub-directories.

Theserecursiveinvocationsareguaranteedto occurin theorder in which thelist of directoriesis
specifiedin SUBDIRS. Thisguaranteecanbeimportant.For example,whenyousaygmakeboot it
canbeimportantthattherecursiveinvocationof makeboot is donein onesub-directory(theinclude
files,say)beforeanother(thesourcefiles).Generally, put themostindependentsub-directoryfirst,
andthemostdependentlast.

6.8. Way management
We sometimeswantto build essentiallythesamesystemin severaldifferent“ways”.For example,
we wantto build GHC’sPrelude librarieswith andwithout profiling, with andwithout
concurrency, andsoon,sothatthereis anappropriately-built library archive to link with whenthe
usercompileshis program.It wouldbepossibleto havea completelyseparatebuild treefor each
such“way”, but it would behorribly bureaucratic,especiallysinceoftenonly partsof thebuild tree
needto beconstructedin multiple ways.
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Instead,thetarget.mk containssomeclevermagicto allow you to build severalversionsof a
system;andto controllocally how many versionsarebuilt andhow they differ. Thissectionexplains
themagic.

Thefiles for aparticularway aredistinguishedby mungingthesuffix. The“normalway” is always
built, andits fileshave thestandardsuffices.o, .hi, andsoon.In addition,youcanbuild oneor
moreextraways,eachdistinguishedby a waytag. Theobjectfilesandinterfacefiles for oneof these
extra waysaredistinguishedby their suffix. For example,waymp hasfiles.mp_o and.mp_hi.
Library archiveshave theirway tagtheothersideof thedot, for boringreasons;thus,libHS_mp.a.

A makevariablecalledway holdsthecurrentway tag.way is onlyeverseton thecommandline of a
recursiveinvocationof gmake. It is neversetinsideaMakefile. Soit is a globalconstantfor any
oneinvocationof gmake. Two othermakevariables,way_ and_way areimmediatelyderivedfrom
$(way) andneveraltered.If way is not set,thenneitherareway_ and_way, andtheinvocationof
makewill build the“normalway”. If way is set,thentheothertwo variablesaresetin sympathy. For
example,if $(way) is “mp”, thenway_ is setto “mp_” and_way is setto “_mp”. Thesethree
variablesarethenusedwhenconstructingfile names.

Sohow doesmake evergetrecursively invokedwith way set?Therearetwo waysin which this
happens:

• For some(but not all) of thestandardtargets,whenin a leaf sub-directory, make is recursively
invokedfor eachway tagin $(WAYS). You setWAYS to thelist of way tagsyou wantthesetargets
built for. Themechanismhereis verymuchlike therecursive invocationof make in
sub-directories(Section6.7).It is up to you to setWAYS in yourMakefile; this is how you
controlwhatwayswill getbuilt.

• For ausefulcollectionof targets(suchaslibHS_mp.a, Foo.mp_o) thereis a rule which
recursively invokesmake to make thespecifiedtarget,settingtheway variable.Soif yousay
gmakeFoo.mp_oyoushouldseea recursiveinvocationgmakeFoo.mp_oway=mp, andin this
recursiveinvocationthepatternrule for compilinga Haskell file into a .o file will match. Thekey
patternrules(in suffix.mk) look like this:

%.$(way_)o : %.lhs
$(HC) $(HC_OPTS) $< -o $@

Neat,eh?

6.9. When the canned rule isn’t right
Sometimesthecannedrule just doesn’t do theright thing.For example,in thenofib suitewewant
thelink stepto print out timing information.Thething to do hereis not to defineHS_PROG or
C_PROG, andinsteaddefinea specialpurposerule in yourown Makefile. By usingdifferent
variablenamesyou will avoid thecannedrulesbeingincluded,andconflictingwith yours.
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7. Booting/por ting from C (.hc) files
This sectionis for peopletrying to getGHCgoingby usingthesuppliedintermediateC (.hc) files.
This wouldprobablybebecausenobinarieshavebeenprovided,or becausethemachineis not
“fully supported”.

TheintermediateC filesarenormallymadeavailabletogetherwith asourcerelease,pleasecheckthe
announcemessagefor exactdirectionsof whereto find them.If we haven’t madethemavailableor
you can’t find them,pleaseask.

Assumingyou’vegot them,unpackthemon top of a freshsourcetree.Thiswill placematching.hc
filesnext to thecorrespondingHaskell sourcein thecompilersubdirectoryghc andin thelanguage
packageof hslibs(i.e., in hslibs/lang). Thenfollow the‘normal’ instructionsin Section5 for
settingup a build tree.

Theactualbuild processis fully automatedby thehc-build script locatedin thedistrib
directory. If youeventuallywantto install GHC into thedirectoryINSTALL_DIRECTORY, the
following commandwill executethewholebuild process(it won’t install yet):

foo% distrib/hc-build -prefix=INSTALL_DIRECTORY

By default, theinstallationdirectoryis /usr/local. If thatis whatyouwant,youmayomit the
argumentto hc-build. Generally, any optiongivento hc-build is passedthroughto the
configurationscriptconfigure. If hc-build successfullycompletesthebuild process,youcan
install theresultingsystem,asnormal,with

foo% make install

That’s themechanicsof thebootprocess,but, of course,if you’re trying to bootona platformthatis
not supportedandsignificantly‘dif ferent’ from any of thesupportedones,this is only thestartof the
adventure.. . (ToDo:portingtips—stuff to look out for, etc.)

8. Kno wn pitfalls in building Glasgo w Haskell
WARNINGS aboutpitfallsandknown “problems”:

1. Onedifficulty thatcomesup from time to time is runningout of spacein /tmp. (It is impossible
for theconfigurationstuff to compensatefor thevagariesof differentsysadminapproachesto
tempspace.)Thequickestwayaroundit is setenv TMPDIR /usr/tmp or evensetenv TMPDIR
. (or theequivalentincantationwith yourshellof choice).Thebestwayaroundit is to say

export TMPDIR=<dir>

in yourbuild.mk file. ThenGHCandtheotherfptools programswill usetheappropriate
directoryin all cases.
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2. In compilingsomesupport-codebits,e.g.,in ghc/rts/gmp andevenin ghc/lib, youmayget
a few C-compilerwarnings.We think theseareOK.

3. Whencompilingvia C, you’ll sometimesget“warning:assignmentfrom incompatiblepointer
type” out of GCC.Harmless.

4. Similarly, archiving warningmessageslike thefollowing arenot aproblem:

ar: filename GlaIOMonad__1_2s.o truncated to GlaIOMonad_
ar: filename GlaIOMonad__2_2s.o truncated to GlaIOMonad_
...

5. In compilingthecompilerproper(in compiler/), youmaygetan“Out of heapspace”error
message.Thesecanvarywith thevagariesof differentsystems,it seems.Thesolutionis simple:

• If you’recompilingwith GHC4.00or later, thenthemaximumheapsizemusthavebeen
reached.This is somewhatunlikely, sincethemaximumis setto 64M by default.Anyway,
youcanraiseit with the-optCrts-M<size> flag (addthisflag to <module>_HC_OPTS

makevariablein theappropriateMakefile).

• For GHC< 4.00,adda suitable-H flag to theMakefile, asabove.

andtry again:gmake. (seeSection6.5 for informationabout<module>_HC_OPTS.) Alternatively,
justcut to thechase:

% cd ghc/compiler
% make EXTRA_HC_OPTS=-optCrts-M128M

6. If you try to compilesomeHaskell, andyougeterrorsfrom GCCaboutlots of thingsfrom
/usr/include/math.h, thenyourGCCwasmis-installed.fixincludeswasn’t run whenit
should’vebeen.As fixincludes is now automagicallyrunaspartof GCCinstallation,this bug
alsosuggeststhatyouhaveanold GCC.

7. Youmayneedto re-ranlib your libraries(onSun4s).

% cd $(libdir)/ghc-x.xx/sparc-sun-sunos4
% foreach i ( ‘find . -name ’*.a’ -print‘ ) # or other-shell equiv...
? ranlib $i
? # or, on some machines: ar s $i
? end

We’d beinterestedto know if this is still necessary.

8. GHC’ssourcesgo throughcpp beforebeingcompiled,andcpp variesabit from oneUnix to
another. Oneparticulargotchais macrocallslike this:

SLIT("Hello, world")

Somecpps treatthecommainsidethestringasseparatingtwo macroarguments,soyou get

:731: macro ‘SLIT’ used with too many (2) args

Alas,cpp doesn’t tell you theoffendingfile! Workaround:don’t put weird thingsin stringargsto
cpp macros.
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9. Notes for building under Windo ws
This sectionsummariseshow to gettheutilities youneedon yourWin95/98/NT/2000machineto
useCVSandbuild GHC.Similarnotesfor installingandrunningGHCmaybefoundin theuser
guide.In general,Win95/Win98behavethesame,andWinNT/Win2k behavethesame.It is based
largelyon detailedadvicefrom SigbjørnFinne.You shouldreadtheGHCinstallationguidesections
on Windows(in theuserguide)beforecontinuingto readthesenotes.

9.1. Installing ssh

• Extractthewholeof thessharchive
(http://research.microsoft.com/~simonpj/ssh-1_2_26-cygwinb19.tar.gz) into yourC:\ directory,
andusethe“All files” and“User foldernames”optionsin WinZip extractdialoguebox.This
populatesyourC:\usr\local tree.

• Extractcygwinb19.dll(http://research.microsoft.com/~simonpj/cygwinb19.dll.zip) into
/usr/local/bin. Thecurrentversionof Cywin is b20,but thisversionof sshwascompiled
with b19.

• Ona Win2k machine,openup a bashanddo

foo$ cd /etc
foo$ mkpasswd -l > passwd

Checkthatyour login entryis on thefirst line of thatfile. If not,move it to thetop. It’sOK for
’Administrator’ to bethefirst entry, assumingyouareone.

However, Win9x doesn’t supportthecallsthatmkpasswdrelieson(e.g.,NetUserEnum). If you
run mkpasswdyougeterrorslike:

linked to missing export netapi32.dll:NetUserEnum

Thepasswdfile is usedby sshin a fairly rudimentarymanner, soI’d simply synthesise/copy an
existing Unix /etc/passwd, i.e.,createan/etc/passwd file containingtheline

<login>::500:513:::/bin/sh

where<login> is your login id.

• Generateakey, by runningc:/user/local/bin/ssh-keygen1. Thisgeneratesa publickey in
.ssh/identity.pub, andaprivatekey in .ssh/identity

In responseto the’Enterpassphrase’question,just hit return(i.e. useanemptypassphrase).The
passphraseis apassword thatprotectsyourprivatekey. But it’sapainto typethis passphrase
everytimeyouusessh, sothebestthing to do is simply to protectyour.ssh directory, and
.ssh/identity from accessby anyoneelse.To do this right-click your.ssh directory, and
selectProperties.If you arenot on theaccesscontrollist, addyourself,andgiveyourselffull
permissions(thesecondpanel).Removeeveryoneelsefrom theaccesscontrollist. (Don’t leave
themtherebut deny themaccess,because’ they’ maybea list thatincludesyou!)
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If you haveproblemsrunningssh-keygen1from within bash, startupcmd.exe andrun it as
follows:

c:\tmp> set CYGWIN32=tty
c:\tmp> c:/user/local/bin/ssh-keygen1

• If you don’t haveanaccountoncvs.haskell.org, sendyour.ssh/identity.pub to the
CVS repositoryadministrator(currentlyJeff Lewis <jlewis@cse.ogi.edu>). He will setup
youraccount.

If you dohaveanaccountoncvs.haskell.org, useTeraTermto logonto it. Oncein, copy the
key thatssh-keygen1depositedin /.ssh/identity.pub into your
~/.ssh/authorized_keys. Makesurethatthenew versionof authorized_keys still has600
file permission.

9.2. Installing CVS

• UnpackCVS(http://research.microsoft.com/~simonpj/cvs-1_10-win.zip) and,following the
instructionsin theREADME, copy theappropriatefiles into /usr/local/bin.

• FromtheSystemcontrolpanel,setthefollowing userenvironmentvariables(seetheGHCuser
guide)

• HOME: pointsto yourhomedirectory. This is whereCVSwill look for its .cvsrc file.

• CVS_RSH: c:/usr/local/bin/ssh1

• CVSROOT: :ext:username@cvs.haskell.org:/home/cvs/root, whereusername is
youruserid

• CVSEDITOR: bin/gnuclient.exe if youwantto useanEmacsbuffer for typing in thoselong
commitmessages.

• Putthefollowing in $HOME/.cvsrc:

checkout -P
release -d
update -P
diff -u

Thesearethedefaultoptionsfor thespecifiedCVScommands,andrepresentbetterdefaultsthan
theusualones.(Feelfreeto changethem.)

Filenamesstartingwith "." wereillegal in the8.3DOSfilesystem,but thatrestrictionshouldhave
beenlifted by now (i.e.,you’reusingVFAT or laterfilesystems.)If you’restill having problems
creatingit, don’t worry; .cvsrc is entirelyoptional.
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• Try doingcvsco fpconfig. All beingwell, bytesshouldstartto trickle through,leaving a directory
fptools in yourcurrentdirectory. (Youcanrm it if you don’t wantto keepit.) Thefollowing
messagesappearto beharmless:

setsockopt IPTOS_LOWDELAY: Invalid argument
setsockopt IPTOS_THROUGHPUT: Invalid argument

At this point I foundthatCVS tried to invokea little dialoguewith me(alongthelinesof ‘do you
wantto talk to this host’),but somehow bombedout.Thiswasfrom a bashshellrunningin emacs.
I solvedthis by invokinga Cygnusshell,andrunningCVSfrom there.Oncethingsaredialogue
free,it seemsto work OK from within emacs.

• If you wantto checkout partof largetree,proceedasfollows:

cvs -f checkout -l papers
cd papers
cvs update cpr

This sequencechecksout thepapers module,but noneof its sub-directories.The"-l" flagsays
not to checkout sub-directories.The"-f" flagsaysnot to readthe.cvsrc file whose-P default
(don’t checkout emptydirectories)is in this casebogus.

Thecvsupdatecommandsucksin anamedsub-directory.

Thereis averynicegraphicalfront-endto CVSfor Win32platforms,with a UI thatpeoplewill be
familiarwith, at wincvs.org (http://www.wincvs.org/). I havenot tried it yet.

9.3. Installing autoconf
Only requiredif youaredoingbuilds from GHC’s sourcescheckedout from theCVStree.

• Fetchthe(standard,Unix) autoconfdistribution from ftp.gnu.org (ftp://ftp.gnu.org/gnu/autoconf).

• Unpackit into anarbitrarydirectory.

• Makesurethatthedirectory/usr/local/bin exists.

• Say"./configure".

• Now make install. This shouldputautoheader andautoconf in /usr/local/bin.

autoheaderdoesn’t seemto work, but youdon’t needit for GHC.

9.4. Building GHC

• In the./configure output,ignore"checking whether #! works in shell scripts...

./configure: ./conftest: No such file or directory", and"not updating
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unwritable cache ./config.cache". Nobodyknowswhy thesehappen,but they seemto be
harmless.

• You haveto runautoconfbothin fptools andin fptools/ghc. If youomit thelatterstep
you’ll getanerrorwhenyou run./configure:

...lots of stuff...
creating mk/config.h
mk/config.h is unchanged
configuring in ghc
running /bin/sh ./configure -cache-file=.././config.cache -srcdir=.
./configure: ./configure: No such file or directory
configure: error: ./configure failed for ghc

• You needghc to bein yourPATH beforeyou runconfigure. ThedefaultGHCInstallShield
createsonly ghc-4.08, soyoumayneedto duplicatethisfile asghc in thesamedirectory, in
orderthatconfigurewill seeit (or just renameghc-4.08 to ghc. And makesurethatthe
directoryis in yourpath.

Notes
1. Oneof themostimportantfeaturesof GNU make thatwe useis theability for aMakefile to

includeanothernamedfile, very likecpp’s#include directive.
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