Building the Glasgo w Functional
Programming Tools Suite
The GHC Team

This guideis intendedfor peoplewho wantto build or modify programsrom the
Glasgav f pt ool s suite(asdistinctfrom thosewho merelywantto run them).
Installationinstructionsarenow providedin theuserguide.

Thebulk of this guideappliesto building on Unix systemsseeSection9 for
Windows notes.

1. Getting the Glasgo w f pt ool s suite

Building the Glasgav tools canbe complicatedmostly becausegherearesomary permutation®f
what/why/hav, e.g.,"Build Happy with HBC, everythingelsewith GHC, leave out profiling, and
testit all onthe‘real’ NoFib programs. Yeeps!

Happily, suchcomplicationgdon’t applyto mostpeople A few common‘strategies” serne most
purposesPick oneandproceedassuggested:

Binary distribution.

If your only purposss to install someof thef pt ool s suitethenthe easiesthingto dois to get
abinarydistribution. In the binarydistribution everythingis pre-compiledor your particular
machinearchitectureandoperatingsystemsoall you shouldhave to dois install the binaries
andlibrariesin suitableplacesTheuserguidedescribesiow to do this.

A binarydistribution maynotwork for you for two reasonsFirst, we maynot have built the
suitefor the particulararchitecture/O®latformyou want. Thatmaybe dueto lack of time and
enepy (in which caseyou cangeta sourcedistribution andbuild from it; seebelow).
Alternatively, it maybebecausave haven't yet portedthe suiteto your architecturein which
caseyou areconsiderablyworseoff.

Thesecondeasora binarydistribution may not bewhatyou wantis if you wantto reador
modify the soucecode.

Sourcedistribution.

You have a supportedplatform,but (a) you like thewarmfuzzy feelingof compilingthings
yourself;(b) youwantto build something'extra”—e.g.,a setof librarieswith
strictness-analysisirnedoff; or (c) youwantto hackon GHC yourself.
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A sourcedistribution containscompletesourcedor oneor moreprojectsin thef pt ool s suite.
Not only that,but the moreawkwardmachine-independestepsaredonefor you. For example,
if youdon't haveflex you'll find it corvenientthatthe sourcedistribution containsthe resultof
runningflex onthelexical analysespecificationlf you don't wantto alterthelexical analyser
thenthis savesyou having to find andinstall flex. Youwill still needaworking versionof GHC
onyour machinein orderto compile(mostof) the sourceshowever.

We make sourcedistributionsmorefrequentlythanbinarydistributions;areleasghatcomes
with pre-compiledbinariesis consideredh majorreleasej.e., arelease¢hatwe have some
confidencewill work well by having testedt (more)thoroughly

Source-onlydistributionsareeitherbugfix release®r snapshotsf currentstateof
developmentThereleaséhasundegonesometesting.Sourcerelease®f GHC 4.xx canbe
compiledup usingGHC 2.10or later.

Build GHC from intermediateC . hc files:

You needaworking GHC to usea sourcedistribution. Whatif you don't have aworking GHC?
Thenyou have no choicebut to “bootstrap”up from theintermediateC (. hc) files thatwe

provide. Building GHC onanunsupportegblatformfalls into this catgory. PleaseseeSection
7.

Onceyou have built GHC, you canbuild the otherGlasgav toolswith it.

In theory you can(could?)build GHC with anotherHaslell compiler(e.g.,HBC). We haven't
tried to dothis for agesandit almostcertainlydoesnt work ary more(for tediousreasons).

The CVSrepository

We make sourcedistributionsslightly moreoftenthanbinary distributions;but still
infrequently If youwantmoreup-to-theminute(but lesstested)sourcecodethenyou needto
getaccesgo our CVS repository

All thef pt ool s sourcecodeis heldin a CVS repository CVSis a prettygoodsource-code
controlsystemandbestof all it worksoverthe network.

Therepositoryholdssourcecodeonly. It holdsno mechanicallygeneratediles atall. Soif you
checkoutasourcetreefrom CVS youwill needto install every utility sothatyou canbuild all
thederivedfiles from scratch.

More informationaboutour CVS repositoryis availablein the FPTools CVS CheatSheet
(http://lwww.haslell.org/ghc/cvs-chat-sheehtml).

If you aregoingto do ary building from sourcegeitherfrom a sourcedistribution or the CVS
repository)thenyou needto readall of this manualin detail.
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2. Things to check before you start typing

Heresalist of thingsto checkbeforeyou getstarted.

1. Disk spaceneededAbout40MB (onetenthof onehamturger'sworth) of disk spaceor the
mostbasicbinarydistribution of GHC; morefor someplatforms,e.g.,Alphas.An extra
“bundle” (e.g.,concurrentaslell libraries)might take you to up to onefifth of ahamhurger.
You'll needover 100MB (say onefifth a hamhurger'sworth) if you needto build the basicstuff
from scratch All of theabove areestimateof disk-spacaneeds(Note: our benchmark
hamhurgeris a standarddoubleWhoppemwith Cheesewith anRRPof UKP2.99.)

2. Useanappropriatenachinecompilers,andthings.SFARC boxes,andPCsrunningLinux,
FreeBSDNetBSD,or Solarisareall fully supportedWin32 andHP boxesarein prettygood
shapeDEC AlphasrunningOSF/1,Linux or someBSD variant, MIPS andAIX boxeswill need
someminimal porting effort beforethey work (asof 4.06). Section3 givesthefull run-dovn on
portsor lack thereof.

3. Besurethatthe“pre-supposedutilities areinstalled.Section4 elaborates.

4. If youhave ary problemwhenbuilding or installingthe Glasgav tools, pleasecheckthe
“known pitfalls” (Section8). Also checkthe FAQ for the versionyou're building, which should
beavailablefrom therelevantdownloadpageonthe GHC website
(http://lwww.haslell.org/ghc/). If youfeelthereis still someshortcomingn our procedureor
instructions pleasereportit. For GHC, pleaseseethe bug-reportingsectionof the GHC Users’
Guide(separatelocument)fo maximisethe usefulnessf yourreport. If in doubt,pleasesenda
messagé¢o <gl asgow haskel | - bugs@askel | . or g>.

3. What machines the Glasgo w tools run on

Themainquestionis whetheror notthe Haslell compiler(GHC) runson your platform.

A “platform” is a architecture/manuafcturer/opeating-systencombination suchas

spar c- sun-sol ari s2. Othercommononesareal pha- dec- osf 2, hppal. 1- hp- hpux9,
i 386- unknown- | i nux,i 386- unknown- sol ari s2,i 386- unknown- f r eebsd,

i 386- unknown- cygwi n32, m68k- sun- sunos4, m ps-sgi -iri x5, spar c-sun-sunos4,
spar c-sun-sol ari s2, power pc-i bm ai x.

Bearin mind thatcertain“bundles”,e.g.parallelHaslell, may notwork on all machinegor which
basicHaslell compilingis supported.

Somelibrariesmay only work on alimited numberof platforms;for example,a socletslibrary is of
no useunlessthe operatingsystemsupportshe underlyingBSDisms.
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3.1. What platf orms the Haskell compiler (GHC) runs on

The GHC hierarchyof PortingGoodness(a) Bestis a native-codegenerator(b) next bestis a
“registerised”port; (c) thebareminimumis an“unregisterised’port. (“Unregisterised’is soterrible
thatwe won'’t saymoreaboutit).

Thenative codegeneratois currentlynon-functionalasof GHC version4.06),but we're actively
working on gettingit goingagain.

We useSparcgunningSolaris2.7 andx86 boxesrunningFreeBSDandLinux, sothosearethe best
supporteglatforms,unsurprisingly

Heres everythingthat's known aboutGHC ports.We identify platformsby their “canonical”
CPU/Manufcturer/OSriple.

alpha-dec-{osf,linux,freebsdpenisd,retbsg:

Currentlynon-working. Thelastworking version(osf[1-3]) is GHC 3.02.A smallamountof
portingeffort will berequiredto getAlphasupportinto GHC 4.xx, but we don't have easy
access$o machinegight now, andtherehasnt beena massie demandor support,soAlphas
remainunsupportedor thetime being.Pleasegetin touchif you eitherneedAlphasupport
and/orcanprovide accesgo boxes.

sparc-sun-sunos4:

Probablyworkswith minor tweaks hasnt beentestedfor awhile.

sparc-sun-solaris2;

Fully supportedincluding native-codegeneratar

hppal.1-hp-hputHP-FA boxesrunningHPUX 9.x)

Works registerisedNo native-codegeneratar

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

GHC worksregisterisedYou musthave GCC2.7.xor later NOTE aboutgl i bc versionsGHC
binariesbuilt onasystemrunninggl i bc 2. 0 won't work onasystenrunninggl i bc 2. 1,
andvice version.In generaldon’t expectcompatibilitybetweergl i bc versionsgvenif the
sharedibrary versionhasnt changed.

i386-unknavn-{freebsd,nébsd,penbsd)(PCsrunningFreeBSD2.2 or higher, NetBSD,and
possiblyOpenBSD):
GHC worksregisterisedThesesystemgrovide ready-huilt package®f GHC, soif you just
needbinariesyou'’re betteroff justinstallingthe package.
i386-unknavn-cygwin32:

Fully supportedunderWin9x/NT, including a native codegeneratarRequireghe cygwi n32
compatibilitylibrary anda healthycollectionof GNU tools(i.e.,gcc, GNU Id, bashetc.).



Building the GlasgowFunctionalProgrammingTools Suite

MIips-sgi-irix5:

Portcurrentlydoesnt work, needssomeminimal porting effort. As usual,we don't have access
to machinesaindtherehasnt beenanoverwhelmingdemandor this port, but feel freeto getin
touch.

powerpc-ibm-aix:

Portcurrentlydoesnt work, needssomeminimal portingeffort. As usual,we don’t have access
to machinesaandtherehasnt beenanoverwhelmingdemandor this port, but feel freeto getin
touch.

Variousothersystemsave hadGHC portedto themin the distantpast,including variousMotorola
68k boxes.The 68k supportstill remainsput portingto oneof thesesystemawill certainlybea
non-trivial task.

3.2. What machines the other tools run on

Unlessyou hearotherwise the othertoolswork if GHC works.

4. Installing pre-supposed utilities

Herearethe gory detailsaboutsomeutility programsyou mayneed;perl, gccandhappy arethe
only importantones.(PVM is importantif you're goingfor ParallelHaslell.) The configure script
will tell youif youaremissingsomething.

Perl:

You haveto havePerl to proceed!Perlis alanguagequite goodfor doing shell-scriptytasksthat
involve lots of text processinglt is pretty easyto install.

Perl5 is required.For Win32 platforms,we stronglysuggesyou pick up a port of Perl5 for
cygwi n32, asthecommonHip/ActiveWareport of Perlis Not Cool Enoughfor our purposes.

Perlshouldbe put somevheresothatit canbeinvokedby the#! script-invoking mechanism(l
believe/ usr/ bi n/ per| is preferredwe use/ usr/ | ocal / bi n/ per| atGlasgav.) Thefull
pathnameshouldmayneedto belessthan32 charactersong on somesystems.

GNU C (gco):

We recommendisingGCCversion2.95.2on all platforms.Failing that,version2.7.2is stable
on mostplatforms.Earlierversionsof GCCcanbeassumedahotto work, andversionsin
betweer2.7.2and2.95.2(includingegcg have varyingdegreesof stability dependingn the
platform.
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If your GCCdieswith “internal error” on someGHC sourcefile, pleasdet usknow, sowe can
reportit andgetthingsimproved.(Exception:oniX86 boxes—youmay needto fiddle with
GHC'’s- nonl y- N-r egs option;seetheUsers Guide)

Happy:
Hapyy is aparsergeneratotool for Haslell, andis usedto generatéGHC'’s parsersHappy is
written in Haslell, andis a projectin the CVS repository(f pt ool s/ happy). It canbebuilt
from source put bearin mind thatyou’ll needGHC installedin orderto build it. To avoid the
chicken/egg probleminstall a binarydistribtion of eitherHappy or GHC to getstarted Happy
distributionsareavailablefrom Happy's Web Page(http://www.haslell.org/hapy/).

Autoconf:

GNU Autoconfis neededf youintendto build from the CVS sourcesit is not neededf you
justintendto build a standardsourcedistribution.

Autoconfbuilds the configure scriptfrom conf i gur e. i n andacl ocal . m. If you modify
eitherof thesefiles, you'll needAutoconfto retuild conf i gur e.

sed

You needaworking sedif youaregoingto build from sourcesThe build-configurationstuff
needst. GNU sedversion2.0.4is nogood!It hasabugin it thatis tickled by the
build-configuration2.0.5is OK. OthersareprobablyOK too (assumingve don't createtoo
elaborateconfigurescripts.)

Onef pt ool s projectis worth a quick noteat this point, becausét is usefulfor all theothers:
gl af p- uti | s containsseveralutilities which arent particularlyGlasgav-ish, but Occasionally
Indispensablelike Indir for creatingsymboliclink trees.

4.1. Tools for building parallel GHC (GPH)

PVM version3:

PVM is the Parallel Virtual Machineon which Parallel Haslell programsun. (You only need
thisif you planto run ParallelHaslell. Concurentaslell, whichrunsconcurrenthreadson a
uniprocessodoesnt needit.) UnderneattPVM, you canhave (for example)anetwork of
workstationgslow) or amultiprocessobox (faster).

Thecurrentversionof PVM is 3.3.11;we use3.3.7.It is readily availableon thenet;| think |
gotit fromresearch. att.cominnetlib.

A PVM installationis slightly quirky, but easyto do. Justfollow the Readne instructions.
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bash

Sadly thegr2ps script, usedto convert“parallelismprofiles” to PostScriptjs writtenin Bash
(GNU’'s BourneAgain shell). This bugwill befixed(someday).

4.2. Tools for building the Documentation

Thefollowing additionaltoolsarerequiredif youwantto formatthe documentationhatcomeswith
thef pt ool s projects:

DocBook:

All ourdocumentatiotis writtenin SGML, usingthe DocBookDTD. Instructionson installing
andconfiguringthe DocBooktoolsarein theinstallationguide(in the GHC userguide).

TeX:

A decenfTeX distributionis requiredif youwantto produceprintabledocumentationWe
recommenteTeX, which includesjust abouteverythingyou need.

4.3. Other useful tools

Flex:

Thisis aquite-a-bit-bettethan-Lec lexer. Usedto build a coupleof utilitiesin gl af p- uti | s.

Dependingon your operatingsystemthe suppliedlex mayor maynotwork; you shouldgetthe
GNU version.

5. Building from sour ce

You've beenrashenoughto wantto build someof the Glasgav FunctionalProgrammingools
(GHC, Happy, nofib, etc.)from source.You've slurpedthe source from the CVS repositoryor from

asourcedistribution, andnow you're sitting looking at a hugemoundof bits, wonderingwhatto do
next.

Gingerly, youtype make. Wrongalready!

This restof this guideis intendedfor dufferslike me,who arent really interestedn Makefilesand
systemgonfigurationsbut who needa 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 your sourcetree Therootdirectoryof your sourcetreemustcontainthe
following directoriesandfiles:

« Makefi |l e: theroot Makefile.
« nk/ : thedirectorythatcontainghe main Makefile code,sharedby all thef pt ool s software.
- configure.in,config.sub,config.guess:thesefiles supportthe configurationprocess.

« install-sh.

All the otherdirectoriesareindividual projectsof thef pt ool s system—forexample the Glasgav
Haslell Compiler(ghc), theHappy parsemgeneratofhappy), thenof i b benchmarlsuite,andso
on. You canhave zeroor moreof these Needles$o say someof themareneededo build others.

Theimportantthing to remembeis thatevenif youwantonly oneproject(happy, say),you must
have a sourcetreewhoserootdirectorycontainsvakef i | e, nk/ , conf i gur e. i n, andthe project(s)
youwant(happy/ in thiscase).You cannotgetby with justthehappy/ directory

5.2. Build trees

While you canbuild a systemin the sourcetree,we don’t recommendt. We oftenwantto build
multiple versionsof our softwarefor differentarchitecturesor with differentoptions(e.g.profiling).
It' s very desirableto sharea singlecopy of the sourcecodeamongall thesebuilds.

Sofor every sourcetreewe have zeroor morebuild trees Eachbuild treeis initially anexactcopy of
thesourcetree,exceptthateachfile is a symboliclink to the sourcefile, ratherthanbeinga copy of
thesourcefile. Thereare“standard”Unix utilities thatmalke suchcopies,sostandardhatthey go by
differentnamesindir , mkshadowdir aretwo (If youdon't have either, the sourcedistribution
includessourcedor the X11 Indir —checkoutf pt ool s/ gl af p-uti | s/ | ndi r ). SeeSection5.4
for atypical invocation.

Thebuild treedoesnot needto beanywherenearthe sourcetreein thefile systemlndeed,one
adwantageof separatinghe build treefrom the sourceis thatthe build treecanbe placedin a
non-bacled-uppartition, savzing your systemssupportpeoplefrom backingup untold megabytesof
easily-rgeneratedandrapidly-changinggubbins.Thegoldenrule is that (with asingle
exception—Sectiors.3) absolutelyeverythingin the build treeis eithera symboliclink to the source
tree or elseis medanicallygenerted It shouldbe perfectlyOK for your build treeto vanish
overnight;anhouror two compilingandyou’re on theroadagain.

You needto beabit careful,though,thatany new files you create(if you do arny developmentwork)
arein thesourcetree,nota build tree!

Rememberthatthe sourcefilesin thebuild treearesymbolidinks to thefilesin thesourcetree.(The
build treesoonaccumulatesots of built fileslike Foo. o, aswell.) You candeletea sourcefile from
thebuild treewithout affectingthe sourcetree (thoughit’s anoddthing to do). On the otherhand, if
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you edita sourcefile from the build tree,you’ll editthesource-tredile directly. (You cansetup
Emacssothatif you edita sourcefile from the build tree,Emacswill silently createaneditedcopy
of thesourcefile in thebuild tree,leaving the sourcefile unchangedbut the dangeris thatyou think
you've editedthe sourcefile whereasactuallyall you've doneis editthe build-treecopy. More
commonlyyou dowantto editthesourcefile.)

Likethe sourcetree,thetop level of your build treemustbe (alinked copy of) theroot directoryof
thef pt ool s suite.InsideMakefiles,theroot of your build treeis called$( FPTOOLS_TOP) . In the
restof this documenpathnamesarerelative to $( FPTOOLS _TOP) unlessotherwisestated For
example thefile ghc/ mk/ t ar get . nk is actually$( FPTOOLS_TOP)/ ghc/ nk/ t ar get . nk.

5.3. Getting the build you want

Whenyou build f pt ool s youwill becompilingcodeon a particularhostplatform to runona
particulartarget platform (usuallythe sameasthe hostplatform). The difficulty is thatthereare
minor differencesdetweerdifferentplatforms;minor, but enoughthatthe codeneeddo be a bit
differentfor each.Therearesomebig differencegoo: for a differentarchitectureve needto build
GHC with adifferentnative-codegeneratar

Therearealsoknobsyou canturnto controlhow thef pt ool s softwareis built. For example,you
mightwantto build GHC optimised(sothatit runsfast)or unoptimisedsothatyou cancompileit
fastafteryou’ve modifiedit. Or, you mightwantto compileit with deluggingon (sothatextra
consisteng-checkingcodegetsincluded)or off. And soon.

All of this stuff is calledthe configuiation of your build. You setthe configurationusingathree-step
process.

Stepl: getreadyfor configuration.

Changdlirectoryto $( FPTOOLS_TOP) andissuethe commandautoconf(with noarguments).
This GNU programcorverts$( FPTOOLS_TOP)/ conf i gur e. i n to ashellscriptcalled
$( FPTOOLS_TOP)/ confi gure.

Someprojects,including GHC, have their own configurescript.If theresan
$( FPTOOLS_TOP) / <pr oj ect >/ confi gur e. i n,thenyou needto run autoconfin that
directorytoo.

Both thesestepsarecompletelyplatform-independenthey just meanthatthe human-written
file (confi gure. i n) canbeshort,althoughtheresultingshellscript,configure, and
mk/ confi g. h. i n, arelong.

In caseyou don't have autoconfwe distributetheresults,configure, andnk/ confi g. h. i n,
with the sourcedistribution. They arent keptin therepositorythough.

Step2: systemconfiguration.

Runsthe newly-createdconfigure script, thus:

./configure
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configure’s missionis to scurryroundyour computemworking out whatarchitecturat has,what
operatingsystemwhetherit hasthevf or k systemcall, whereyaccis kept,whethergccis
available,wherevariousobscureti ncl ude files are,whetherit’s aleapyear, andwhatthe
systemsnanagehadfor lunch.It communicateshesesnippetsof informationin two ways:

It translatesik/ confi g. nk. i n tonk/ confi g. nk, substitutingfor thingsbetweer' @
braclets.So,"“ @aveGecc @ will bereplacediy “YES” or “NO’' dependingon whatconfigure
finds.nmk/ conf i g. mk is includedby every Makefile (directly or indirectly), sothe
configurationinformationis therebycommunicatedo all Makefiles.

- It translatesrk/ confi g. h. i ntonk/ config. h. Thelatteris #i ncl uded by variousC
programswhich cantherebymalke useof configurationinformation.

configure cachegheresultsof its runin conf i g. cache. Quiteoftenyou don’'t wantthat;
you're runningconfigure a secondime becausesomethinghaschangedIn thatcase simply
deleteconfi g. cache.

Step3: build configuration.

Next, you sayhow this build of f pt ool s is to differ from the standarddefaultsby creatinga
new file nk/ bui | d. mk in thebuild tree Thisfile is theoneandonly file you editin thebuild
tree,preciselybecausd sayshow thisbuild differsfrom thesource (Justin caseyour build tree
doesdie, you might wantto keepa privatedirectoryof bui | d. nk files,andusea symboliclink
in eachbuild treeto pointto theappropriateone.)Sonk/ bui | d. mk neverexistsin thesource
tree—youcreateonein eachbuild treefrom thetemplate We'll discusswvhatto putin it shortly.

And that's it for configurationSimple,eh?

Whatdo you putin your build-specificconfigurationfile nmk/ bui | d. mk? For almostall purposesll
youwill dois put male variable definitionsthat overridethosein nk/ conf i g. nk. i n. Thewhole
pointof mk/ conf i g. nk. i n—andits derivedcounterpartrk/ conf i g. nk—is to definethe build
configurationlt is heavily commentedasyouwill seeif youlook atit. Sogenerallywhatyoudois
look atnk/ confi g. nk. i n, andadddefinitionsin nk/ bui | d. nmk thatoverrideary of the

confi g. nk definitionsthatyouwantto change(Theoverrideoccursbecausehe mainboilerplate
file, nk/ boi | er pl at e. nk, includesbui | d. nk afterconfi g. nk.)

For example,confi g. nk. i n containghedefinition:

Proj ectsToBuild = glafp-utils ghc hslibs

Theaccompaging commentexplainsthatthis is thelist of enabledprojects;thatis, if (after
configuring)you typegmake all in FPTOOLS_TOP threespecifiedorojectswill be made.If youwant
to addgreen-card you canaddthisline to bui | d. nk:

Proj ect sToBui l d += green-card

or, if you prefer,
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ProjectsToBuild = glafp-utils ghc green-card

(GNU make allows existing definitionsto have new text appendedisingthe“+=" operatoywhichis
guitea corvenientfeature.)

Whenreadingconfi g. nk. i n, remembethatanything betweerd'@...@" signsis goingto be
substitutedby configure later You canoverridetheresultingdefinitionif youwant,but you needto
beabit surerwhatyou aredoing.For example theresaline thatsays:

YACC = @/accCnd@

This definesthe Make variablesyACC to the pathnamdor ayaccthatconfigure findssomeavhere.If
you have your own petyaccyou wantto useinsteadthat’s fine. Justaddthis line to nk/ bui | d. nk:

YACC = nyyacc

Youdo nothaveto have ank/ bui | d. nk file atall; if youdon't, you'll getall thedefaultsettings
fromnk/ config. nk.in.

You canalsousebui | d. nk to overridearything thatconfigure gotwrong. Oneplacewherethis
happen®ftenis with the definitionof FPTOOLS_TOP_ABS: this variableis supposedo bethe
canonicalpathto thetop of your sourcetree,but if your systemusesanautomountethenthe correct
directoryis hardto find automaticallylf you find thatconfigure hasgotit wrong,just putthecorrect
definitionin bui | d. k.

5.4. The story so far

Let'ssummarisahe stepsyou needto carryto getyourselfa fully-configuredbuild treefrom scratch.

1. Getyour sourcetreefrom somavhere(CVS repositoryor sourcedistribution). Sayyou call the
rootdirectorynyf pt ool s (it doesnothave to becalledf pt ool s). Make surethatyou have the
essentiafiles (seeSections.1).

2. Uselndir or mkshadowdir to createabuild tree.

cd nyfptools
nkshadowdir . /scratch/joe-bl oggs/ nyfptool s-sun4

(N.B. mkshadowdir s first argumentis takenrelative to its second.)You probablywantto give the
build treea namethatsuggestéts maindefiningcharacteristi¢in your mind atleast),in case
you lateraddothers.

3. Changddirectoryto thebuild tree.Everythingis goingto happertherenow.
cd /scratch/joe-bl oggs/ nyf pt ool s-sun4

4. Prepardor systemconfiguration:

11
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aut oconf

(You canskip this stepif you arestartingfrom a sourcedistribution, andyou alreadyhave
confi gure andnk/ config. h.in.)

5. Do systemconfiguration:

./configure

6. Createthefile nk/ bui | d. nk, addingdefinitionsfor your desiredconfigurationoptions.
emacs nk/ buil d. mk

You canmalke subsequenthangedo nk/ bui | d. nk asoftenasyoulike. Youdo nothaveto runary
furtherconfigurationprogramso make thesechangesake effect. In theoryyou should,however, say
gmake clean, gmake all, becauseonfigurationoptionchangesould affect anything—hutin
practiceyou arelik ely to know what'’s affected.

5.5. Making things

At this pointyou have madeyourselfa fully-configuredbuild tree,soyou arereadyto startbuilding
realthings.

Thefirst thing you needto know is thatyoumustuseGNU make, usuallycalled gmake, not standad
Unix make. If you usestandardJnix make youwill getall sortsof errormessagegout no damage)
becausghef pt ool s MakefilesuseGNU make's facilitiesextensiely.

5.6. Standar d Targets

In ary directoryyou shouldbe ableto make thefollowing:

boot :

doestheone-of preparatiorrequiredto getreadyfor therealwork. Notably, it doesgmake
dependin all directorieshatcontainprogramslt alsobuilds the necessaryoolsfor
compilationto proceed.

You shouldsaygmake boot right afterconfiguringyour build tree,but notethatthisis a
one-of, i.e.,theres no needto re-dogmake boot if you shouldre-configureyour build treeata
later stage(no harmcausedf you do though).Notably, you shouldsaygmake boot beforeyou
saygmake clean

al | :

malkesall thefinal target(s)for this Makefile. Dependingon which directoryyou arein a“final
target” maybeanexecutableprogram.alibrary archive, a shellscript,or a Postscripfile.
Typing gmake aloneis generallythe sameastyping gmake all.

12
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install:

installsthethingsbuilt by al | . Wheredoesit install them?Thatis specifiedby

mk/ confi g. mk. i n; you canoverrideit in nk/ bui | d. nk, or by runningconfigure with
command-lineargumentdik e - bi ndi r =/ horre/ si monpj / bi n; see. / confi gure - hel p for
thefull details.

uni nstal | :

reversegheeffectofi nstal | .

cl ean:

Deleteall files from the currentdirectorythatarenormally createcby building the program.
Don't deletethefiles thatrecordthe configurationor files generatedby gmake boot. Also
preserefiles thatcould be madeby building, but normallyarent becausé¢hedistribution
comeswith them.

di st cl ean:
Deleteall files from the currentdirectorythatarecreatedby configuringor building the
program.f you have unpacledthe sourceandbuilt the programwithout creatingary other
files,make di st cl ean shouldleave only thefiles thatwerein thedistribution.

nost | ycl ean:
Likecl ean, but mayrefrainfrom deletinga few files thatpeoplenormallydon’t wantto
recompile.

mai nt ai ner - cl ean:

Deleteeverythingfrom the currentdirectorythatcanbereconstructedvith this Makefile. This
typically includeseverythingdeletedby di st cl ean, plusmore:C sourcefiles producedoy
Bison,tagstables,Info files,andsoon.

Oneexception,however:make mai nt ai ner - cl ean shouldnotdeleteconf i gur e evenif
confi gur e canberemadeusingarulein theMakef i | e. More generally make

mai nt ai ner - cl ean shouldnotdeletearythingthatneedso existin orderto runconfi gur e
andthenbegin to build theprogram.

check:
runthetestsuite.
All of thesestandardargetsautomaticallyrecursento sub-directoriesCertainotherstandardargets

donot:

confi gure:

is only availablein therootdirectory$( FPTOOLS _TOP) ; it hasbeendiscussedn Section5.3.

13
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depend:

make a. depend file in eachdirectorythatneedst. This. depend file contains
mechanically-generatetependenginformation;for example,supposea directorycontainsa
Haslell sourcemoduleFoo. | hs whichimportsanothemoduleBaz . Thenthegenerated

. depend file will containthedependeng

Foo.o0 : Baz.h

which saysthatthe objectfile Foo. o depend®ntheinterfacefile Baz. hi generatedy
compilingmoduleBaz. The. depend file is automaticallyincludedby every Makefile.

bi nary-di st:

male a binarydistribution. This is the targetwe useto build the binarydistributionsof GHC
andHapyy.

di st:
male a sourcedistribution. You mustbein alinkedbuild treeto malke this target.

Most Makef i | eshave targetsotherthanthese.You candiscoverthemby lookingin the Makef i | e
itself.

5.7. Using a project from the build tree

If youwantto build GHC (say)andjust useit directfrom the build treewithoutdoingmake
i nstal | first, youcanrunthein-placedriverscript:ghc/ dri ver/ ghc-i npl ace.

Do NOT useghc/ dri ver/ ghc, orghc/ dri ver/ ghc- 4. xx, asthesearethe scriptsintendedor
installation,andcontainhard-wiredpathsto theinstalledlibraries,ratherthanthelibrariesin the
build tree.

Happy cansimilarly berun from the build tree,usinghappy/ sr ¢/ happy- i npl ace.

5.8. Fast Making

14

Sometimeshedependenciegetin theway: if you've madea smallchangeo onefile, andyou're
absolutelysurethatit won't affectanything else,but you know thatmake is goingto rekuild
everythinganyway, the following hackmaybe useful;

gmake FAST=YES

This tells the make systento ignoredependencieandjust build whatyoutell it to. In otherwords,
it's equivalentto temporarilyremoving the. depend file in the currentdirectory(where
mkdependHSandfriendsstoretheir dependenginformation).
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A bit of history: GHC usedto comewith afastmake scriptthatdid theabove job, but GNU make
providesthefeatureswve needto doit without resortingto a script. Also, we've foundthat
fastmakings lessusefulsincetheadwentof GHC’s recompilationchecler (seethe Users Guide
sectionon "SeparatéCompilation™).

6. The Makefi | e architecture

make is greatif everythingworks—youtypegmakeinstall andlo! theright thingsgetcompiledand
installedin theright placesOur goalis to make this happeroften,but somehav it oftendoesnt;
insteadsomeweird errormessageventuallyemegesfrom the bowelsof a directoryyou didn’t
know existed.

The purposeof this sectionis to give you aroad-mapo helpyou figure out whatis goingright and
whatis goingwrong.

6.1. A small project

To getstarted)et uslook atthe Makef i | e for animaginarysmallf pt ool s project,snal | . Each
projectin f pt ool s hasits own directoryin FFTOOLS_TOP, sothesmal | projectwill have its own
directoryFPOOLS _TOP/ smal | / . Insidethesnal | / directorytherewill beaMakef i | e, looking
somethindik e this:

# Makefile for fptools project "snall"

TOP = ..
i ncl ude $(TOP)/ nk/ boil erpl ate. nk

SRCS = $(wildcard *.lhs) $(wldcard *.c)
HS_PROG = snal |

i ncl ude $(TOP)/target.nk

This Makef i | e hasthreesections:

1. Thefirst sectionincludes' afile of “boilerplate” codefrom thelevel above (whichin this case
will beFPTOOLS_TOP/ nk/ boi | er pl at e. nk). As its namesuggestshoi | er pl at e. nk
consistof alargequantityof standardvakef i | e code.We discusghis boilerplatein more
detailin Section6.4. Beforethei ncl ude statementyou mustdefinethe make variableTOP to
bethedirectorycontainingthenk directoryin whichtheboi | er pl at e. nk file is. It is not OK
to simply say
include ../ nk/boilerplate.nk # NO NO NO

15
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Why?Becauseheboi | er pl at e. nk file needgo know whereit is, sothatit can,in turn,i ncl ude
otherfiles. (Unfortunatelywhenani ncl uded file doesani ncl ude, thefilenameis treated
relative to thedirectoryin which gmake is beingrun, notthedirectoryin whichthei ncl uded
sits.)In generaleveryfile f oo. nk assumesghat$(ToP)/ mk/ f oo. nk refeistoitself. It isupto
themakef i | e doingthei ncl ude to ensurehisis the caseFilesintendedfor inclusionin other
Makef i | esarewrittento have thefollowing property:afterf oo. nk isi ncl uded, it leaves
TOP containingthe samevalueasit hadjustbefore thei ncl ude statementin our example this
invariantguaranteethatthei ncl ude for t ar get . nk will look in the samedirectoryasthatfor
boi | erpl at e. k.

2. Thesecondsectiondefineshefollowing standardnake variables:SRCS (the sourcefiles from
whichis to bebuilt), andHS_PROG (the executabledinaryto be built). We will discussn more
detailwhatthe“standardvariables”are,andhow they affect whathappensin Section6.6. The
definitionfor SRCS usesheusefulGNU make constructs( wi | dcard $pat $) , which expands
to alist of all thefiles matchingthe patternpat in the currentdirectory In this example,SRCS is
setto thelist of all the. | hs and. c filesin thedirectory (Let's supposéhereis oneof each,
Foo. | hs andBaz. c.)

3. Thelastsectionincludesa secondile of standarctode,calledt ar get . nk. It containgherules
thattell gmake how to make the standardargets(Section5.6). Why, you ask,cant this standard
codebepartof boi | er pl at e. nk? GoodquestionWe discusghereasorlater, in Section6.3.
Youdonothavetoi ncl ude thet ar get . nk file. Insteadyou canwrite rulesof your own for
all the standardargets.Usually, though,youwill find quiteabig payof from usingthecanned
rulesint ar get . nk; thepricetagis thatyou have to understandvhatcannedulesgetenabled,
andwhatthey do (Section6.6).

In our exampleMakef i | e, mostof thework is doneby thetwo i ncl uded files. Whenyou say
gmake all, thefollowing thingshappen:

- gmakefiguresoutthatthe objectfiles areFoo. o andBaz. o.

- It usesaboilerplatepatternrule to compileFoo. | hs to Foo. o usinga Haslell compilet (Which
one?Thatis setin the build configuration.)

« It usesanotherstandarcatternrule to compileBaz. ¢ to Baz. o, usinga C compiler (Ditto.)

- It links theresulting. o filestogetherto make snal | , usingthe Haslell compilerto do thelink
step.(Why notuseld? Because¢he Haslell compilerknows whatstandardibrariesto link in.
How did gmake know to usethe Haslell compilerto do thelink, ratherthanthe C compiler?
Becauseave setthevariableHS_PROGratherthanC_PROG.)

All Makefi | esshouldfollow the above three-sectioriormat.

6.2. A larger project

Largerprojectsareusuallystructurednto a numberof sub-directoriesgachof which hasits own

16
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Makef i | e. (In verylargeprojects this sub-structurenight beiteratedrecursvely, thoughthatis
rare.)To give youtheidea,heres partof the directorystructurefor the (ratherlarge) GHC project:

$(FPTOOLS_TOP) / ghc/
Makefil e
nk/
boi |l erpl ate. nk
rul es. nk
docs/
Makefil e
...source files for docunentation...
driver/
Makefil e
...source files for driver...
conpil er/
Makefil e
parser/...source files for parser...
renaner/...source files for renaner...
...etc...

Thesub-directorieslocs, dri ver, conpi | er , andsoon, eachcontainsa sub-componentf GHC,
andeachhasits own Makef i | e. TheremustalsobeaMakefi | e in $( FPTOOLS_TOP)/ ghc. It does
mostof its work by recursvely invoking gmake onthe Makef i | esin the sub-directorieswWe say
thatghc/ Makef i | e isanon-leafvakef i | e, becausédt doeslittle exceptorganiseits children,
while the Makef i | esin thesub-directoriesreall leaf Makef i | es. (In principlethe sub-directories
mightthemselescontaina non-leafvakef i | e andseveralsub-sub-directoriefut thatdoesnot
happerin GHC.)

Thenakefi | e inghc/ conpi | er is consideredleafMakef i | e eventhoughtheghc/ conpi | er
hassub-directorieshecaus¢hesesub-directorieslo notthemseleshave Makef i | esin them.They
arejustusedto structurethe collectionof modulesthatmake up GHC, but all aremanagedy the
singleMakef i | e in ghc/ conpil er.

Youwill noticethatghc/ alsocontainsadirectoryghc/ nk/ . It containsGHC-specifidvakef i | e
boilerplatecode.More precisely:

« ghc/ k/ boi | er pl at e. nk is includedatthetop of ghc/ Makef i | e, andof all theleaf
Makef i | esin thesub-directorieslt in turni ncl udesthemainboilerplatefile
nk/ boi | er pl at e. nk.

« ghc/ nk/target. nkisincl udedatthebottomof ghc/ Makefi | e, andof all theleaf
Makef i | esin thesub-directoriedlt in turni ncl udesthefile nk/ t ar get . k.

Sothesetwo files arethe placeto look for GHC-widecustomisatiorof the standardoilerplate.

17
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6.3. Boilerplate architecture

18

Every Makef i | e includesaboi | er pl at e. nk file atthetop,andt ar get . nk file atthebottom.In
this sectionwe discusswhatis in thesefiles, andwhy therehave to betwo of them.In general:

- boil erpl at e. nk consistsof:

Definitionsof millions of make variablesthatcollectively specifythe build configuration.
ExamplesHC _OPTS, the optionsto feedto the Haslell compiler;NoFi bSubDi r s, the
sub-directorieso enablewithin thenof i b project;GhcW t hHe, the nameof the Haslell
compilerto usewhencompilingGHC in theghc project.

. Standad patternrulesthattell gmake how to constructonefile from another

boi | er pl at e. mk needdo bei ncl uded atthetop of eachmakef i | e, sothattheusercanreplace
theboilerplatedefinitionsor patternrulesby simply giving anew definitionor patternrule in the
Makef i | e. gmake simply takesthelastdefinitionasthe definitive one.Insteadof replacing
boilerplatedefinitions,it is alsoquite commonto augmenthem.For example,aMakef i | e might
say:

SRC_HC OPTS += -0

therebyadding“- O’ to theendof SRC_HC_OPTS.

t ar get . mk containamake rulesfor the standardargetsdescribedn Section5.6. Theserulesare
selectvely included,dependingon the settingof certainmake variables Thesevariablesare
usuallysetin themiddle sectionof the Makef i | e betweerthetwoi ncl udes.t ar get . nk must
beincludedat theend(ratherthanbeingpartof boi | er pl at e. nk) for severaltiresomereasons:

gmake commitstargetanddependenglists earlierthanit should.For example,t ar get . mk
hasarule thatlookslik e this:

$(HS_PROG) : $(OBJS)
$(HC) $(LD OPTS) $< -0 $@

If thisrule wasin boi | er pl at e. nk then$( HS_PROG and$( 0BJS) would nothavetheirfinal
valuesatthe momentgmake encounteredherule. Alas, gmake takesa snapshoof their
currentvalues,andwiresthatsnapshointo therule. (In contrastthe commandsxecutedvhen
therule “fires” areonly substitutedatthe momentof firing.) So, therule mustfollow the
definitionsgivenin the Makef i | e itself.

Unlike patternrules,ordinaryrulescannotbe overridenor replacedoy subsequentulesfor the
sametarget(atleast,not withoutanerror message)ncludingordinaryrulesin

boi | er pl at e. mk would preventthe userfrom writing rulesfor specifictargetsin specific
cases.

Therearea coupleof otherreasong’ ve forgotten,but it doesnt mattertoo much.
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6.4. The main nk/ boi | er pl at e. nk file

If youlook at$(FPTOOLS_TOP)/ nk/ boi | er pl at e. nk youwill find thatit consistf thefollowing
sectionsgachheldin aseparatdile:

config. mk

is the build configuratiorfile we discussedtlengthin Section5.3.

pat hs. nk

definesmake variablesfor pathnamesandfile lists. In particular it givesdefinitionsfor:

SRCS:

all sourcefilesin the currentdirectory

HS_SRCS:
all Haslell sourcefilesin the currentdirectory 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:
the concatenationf $( HS_0BJS) and$(C_OBJS).

Any or all of thesedefinitionscaneasilybe overridenby giving new definitionsin your

Makef i | e. For example,if therearethingsin thecurrentdirectorythatlook like sourcefiles
but arent, thenyou’ll needto setSRCS manuallyin your Makef i | e. The otherdefinitionswill
thenwork from this new definition.

What, exactly, doespat hs. mk considera“sourcefile” to be?It’s basedn thefile’s sufiix (e.g.
.hs,.lhs,.c,.Ic,etc),butthisis thekind of detailthatchangessoratherthanenumerat¢he
sourcesuflicesherethebestthing to dois to look in pat hs. nk.

opts. nk

definesmake variablesfor optionstringsto passto eachprogram.For example,it defines
HC_OPTS, the optionstringsto passto the Haslell compiler SeeSection6.5.

19
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suf fi x. mk
definesstandardpatternrules—seeSection6.5.
Any of thevariablesandpatternrulesdefinedby theboilerplatefile caneasilybe overriddenin ary

particularvakef i | e, becaus¢heboilerplatei ncl ude comedfirst. Definitionsafterthisi ncl ude
directive simply overridethedefault onesin boi | er pl at e. nk.

6.5. Pattern rules and options

20

Thefile suf f i x. nk definesstandardatternrulesthatsayhow to build onekind of file from
anotherfor example,how to build a. o file from a. c file. (GNU make's patternrulesaremore
powerful andeasierto usethanUnix make's sufix rules)

Almostall theruleslook somethindik e this:

%0 : %c
$(RVM $@
$(CO $(CC OPTS) -c $< -0 $@

Heres how to understandherule. It saysthatsomethingo (sayFoo. o) canbe built from
somethingc (Foo. c), by invokingthe C compiler(pathnameheldin $( CC) ), passindo it the
options$( CC_OPTS) andtherule’s dependentile of therule $< (Foo. ¢ in this case)andputting
theresultin therule’'starget$@(Foo. o in this case).

Every programis heldin a make variabledefinedin nk/ conf i g. nk—Ilookin nk/ confi g. nk for
thecompletdist. Oneimportantoneis the Haslell compiler whichis called$( HC) .

Every programsoptionsareareheldin amake variablescalled<pr og>_OPTS. the<pr og>_OPTS
variablesaredefinedin nk/ opt s. k. AlImostall of themaredefinedlik e this:

CC_OPTS = $(SRC_CC_OPTS) $(WAY$(_way) CC OPTS) $($*_CC OPTS) $(EX-
TRA_CC OPTS)

Thefour variablesfrom which CC_OPTS is built have thefollowing meaning:

SRC_CC_OPTS:

optionspassedo all C compilations.

WAY <way>_CC_OPTS:

optionspassedo C compilationsfor way <way>. For example WAY_np_CC_OPTS gives
optionsto passto the C compilerwhencompilingway nmp. ThevariableWwAYy_CC_OPTS holds
optionsto passto the C compilerwhencompilingthe standardvay. (Section6.8 dicusses
multi-way compilation.)
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<nodul e>_CC_OPTS:

optionsto passto the C compilerthatarespecificto module<nodul e>. For example,
Shap_CC_OPTS givesthe specificoptionsto passto the C compilerwhencompilingSMvap. c.

EXTRA_CC_OPTS:

extra optionsto passo all C compilations.Thisis intendedfor commandine use,thus:

gmake |ibHS. a EXTRA CC_OPTS="-v"

6.6. The main nk/t ar get . nk file

t ar get . mk containscannedulesfor all the standardargetsdescribedn Section5.6.1t is
complicatedby thefactthatyou don’t wantall of theserulesto beactivein every Makef i | e. Rather
thanhave a plethoraof tiny files which you canincludeselectvely, thereis asinglefile, t ar get . nk,
which selectvely includesrulesbasedn whetheryou have definedcertainvariablesin your

Makef i | e. This sectionexplainswhatrulesyou get,whatvariablescontrolthem,andwhattherules
do. Hopefully, youwill alsogetenoughof anideaof whatis supposedo happernthatyou canread
andunderstancry weird specialcasesg/ourself.

HS_PROG.

If HS_PROG s defined you getruleswith thefollowing targets:

HS_PROG

itself. Thisrule links $( OBJS) with the Haslell runtimesystemto getanexecutablecalled
$( HS_PROG) .

install
installs$( HS_PROG) in $(bi ndir).
C_PROG
is similarto HS_PROG, exceptthatthelink steplinks $( C_0BJS) with the C runtimesystem.

LI BRARY

is similarto HS_PROG, exceptthatit links $( LI B_OBJS) to makethelibrary archive
$( LI BRARY) , andi nst al | installsit in $(1i bdir).

LI B_DATA

21
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LI B_EXEC

HS_SRCS, C_SRCS.

If HS_SRCS is definedandnon-emptyarule for thetargetdepend is included,which generates
dependenginformationfor Haslell programsSimilarly for C_SRCS.

All of theserulesare“double-colon’rules,thus

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

GNU make treatsdouble-colorrulesasseparatentities.If thereareseseraldouble-colorrulesfor
thesametargetit takeseachin turn andfiresit if its dependenciesayto do so. This meanghatyou
can,for example,definebothHS_PROG andLI BRARY, whichwill generatdéwo rulesfori nstal | .
Whenyou typegmake install bothruleswill befired,andboththe programandthelibrary will be
installed,just asyou wanted.

6.7. Recursion

In leaf Makef i | esthevariableSUBDI RS is undefinedIn non-leafVakef i | es, SUBDI RS is setto
thelist of sub-directorieshatcontainsubordinatevakef i | es. It is upto youto setSUBDI RS in the
Makef i | e. Thereis no automatiorhere—SUBDI RS is too importantto automate.

WhenSUBDI RS is definedt ar get . mk includesaratherneatrule for the standardargets(Section
5.6thatsimply invokesmake recursvely in eachof the sub-directories.

Theseecursiveinvocationsare guaranteedo occurin the orderin which thelist of directoriesis
specifiedn SUBDI RS. This guaranteeanbeimportant.For example,whenyou saygmake boot it
canbeimportantthattherecursve invocationof make boot is donein onesub-directorytheinclude
files, say)beforeanother(the sourcefiles). Generally putthe mostindependensub-directonyfirst,
andthe mostdependenliast.

6.8. Way management

22

We sometimesvantto build essentialljthe samesystemin severaldifferent“ways”. For example,
we wantto build GHC’s Pr el ude librarieswith andwithout profiling, with andwithout
concurreng, andsoon, sothatthereis anappropriately-hilt library archive to link with whenthe
usercompileshis program.It would be possibleto have a completelyseparatduild treefor each
such“way”, but it would be horribly bureaucraticespeciallysinceoftenonly partsof thebuild tree
needto beconstructedn multiple ways.
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Insteadthet ar get . nk containssomeclever magicto allow youto build seseralversionsof a
system;andto controllocally haw mary versionsarebuilt andhow they differ. This sectionexplains
themagic.

Thefiles for a particularway aredistinguishedy mungingthe suffix. The“normalway” is always
built, andits files have the standardsufices. o, . hi , andsoon. In addition,you canbuild oneor
moreextraways,eachdistinguishedy a waytag. The objectfiles andinterfacefiles for oneof these
extrawaysaredistinguishedy their suffix. For example,way np hasfiles. np_o and. np_hi .
Library archiveshave their way tagthe othersideof thedot, for boringreasonsthus,l i bHS_np. a.

A make variablecalledway holdsthe currentwaytag.way is only ever setonthecommandine of a
recursiveinvocationof gmake. It is never setinsidea Makef i | e. Soit is aglobalconstanfor ary
oneinvocationof gmake. Two othermake variablespay _ and_way areimmediatelyderivedfrom
$(way) andneveraltered.If way is notset,thenneitherareway _and_way, andtheinvocationof
make will build the“normalway”. If way is set,thentheothertwo variablesaresetin sympathyFor
example,if $(way) is“np”, thenway_ is setto “np_" and_way is setto“_np”. Thesethree
variablesarethenusedwhenconstructingile names.

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

« For some(but notall) of the standardamgets,whenin aleaf sub-directorymake is recursvely
invokedfor eachwaytagin $( WAYS) . You setWAYS to thelist of way tagsyou wantthesetargets
built for. Themechanisnhereis very muchlik e therecursie invocationof makein
sub-directoriegSection6.7). It is up to youto setWAYS in your Makef i | e; thisis how you
controlwhatwayswill getbuilt.

- Forausefulcollectionof targets(suchasl i bHS_np. a, Foo. np_o) thereis arule which
recursvely invokesmake to make the specifiedtarget, settingtheway variable.Soif you say
gmake Foo.mp_oyou shouldseea recursve invocationgmake Foo.mp_oway=mp, andin this
recussiveinvocationthe patternrule for compilinga Haslell file into a.. o file will matd. Thekey
patternrules(in suf f i x. mk) look like this:

% $(way_)o : %Il hs
$(HO $(HC OPTS) $< -0 $@

Neat,eh?

6.9. When the canned rule isn’'t right

Sometimeghe cannedule just doesnt do theright thing. For example,in thenof i b suitewe want
thelink stepto print outtiming information. Thethingto do hereis notto defineHS_PROG or
C_PROG, andinsteaddefinea specialpurposerulein your own Makef i | e. By usingdifferent
variablenamesyou will avoid the cannedulesbeingincluded,andconflictingwith yours.
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7. Booting/por ting from C (. hc) files

This sectionis for peopletrying to getGHC goingby usingthe suppliedintermediateC (. hc) files.
This would probablybe becausao binarieshave beenprovided, or becaus¢he machines not
“fully supported”.

TheintermediateC files arenormally madeavailabletogethemith a sourcereleasepleasecheckthe
announcenessagéor exactdirectionsof whereto find them.If we haven't madethemavailableor
you cant find them,pleaseask.

Assumingyou've gotthem,unpackthemon top of afreshsourcetree. Thiswill placematching. hc
files next to thecorrespondingdaslell sourcein thecompilersubdirectoryghc andin thelanguage
packageof hslibs(i.e.,in hsl i bs/ | ang). Thenfollow the‘normal’ instructionsin Section5 for
settingup a build tree.

Theactualbuild processs fully automatedy thehc- bui | d scriptlocatedin thedi stri b
directory If you eventuallywantto install GHC into thedirectoryl NSTALL_DI RECTORY, the
following commandwill executethewholebuild procesgit won't install yet):

foo% di strib/hc-build -prefix=1 NSTALL_DI RECTCRY

By default,theinstallationdirectoryis/ usr /| ocal . If thatis whatyouwant,you mayomit the
argumentto hc- bui | d. Generallyary optiongivento hc- bui | d is passedhroughto the
configurationscriptconf i gur e. If hc- bui | d successfullycompleteghe build processyou can
install theresultingsystemasnormal,with

f oo% make install

That's the mechanic®f thebootprocessbut, of coursejf you'retrying to booton a platformthatis
not supportedandsignificantly‘dif ferent’ from ary of the supportednes thisis only the startof the
adwenture. . (ToDo: portingtips—stuf to look outfor, etc.)

8. Known pitfalls in building Glasgo w Haskell
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WARNINGS aboutpitfalls andknown “problems”:

1. Onedifficulty thatcomesup from time to time is runningout of spacdn / t np. (It isimpossible
for the configurationstuff to compensatéor the vagarief differentsysadmirapproacheto
tempspace.)The quickestway aroundit is seterv TMPDIR /usr/tmp or evenseterv TMPDIR
. (or theequialentincantationwith your shellof choice).The bestway aroundit is to say

export TMPDI R=<dir>

in yourbui | d. nk file. ThenGHC andtheotherf pt ool s programswill usethe appropriate
directoryin all cases.
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2. In compilingsomesupport-codéits, e.g.,in ghc/ rt s/ gnp andevenin ghc/ | i b, youmayget
afew C-compilerwarnings.We think theseare OK.

3. Whencompilingvia C, you'll sometimeget“warning:assignmentrom incompatiblepointer
type” outof GCC.Harmless.
4. Similarly, archiving warningmessagebk e thefollowing arenota problem:

ar: filenane dalOwnad__1 2s.0 truncated to d al Ovbnad_
ar: filenane dalOwnad__2 2s.0 truncated to d al Ovbnad_

5. In compilingthe compilerproper(in conpi | er /), you maygetan“Out of heapspace”error
messageT hesecanvary with thevagarieof differentsystemsit seemsThesolutionis simple:

- If you'recompilingwith GHC 4.000r later, thenthe maximumheapsizemusthave been
reachedThis is someavhatunlikely, sincethe maximumis setto 64M by default. Anyway;,
you canraiseit with the- opt Crt s- Mksi ze> flag (addthis flag to <nodul e>_HC OPTS
make variablein theappropriatavakefi | ).

« For GHC< 4.00,adda suitable- Hflagto the Makef i | e, asabove.

andtry again:gmake. (seeSection6.5for informationabout<nodul e>_HC OPTS.) Alternatively,
justcutto thechase:

% cd ghc/ conpi l er
% nmake EXTRA HC OPTS=-opt Crts- ML28M

6. If youtry to compilesomeHaslell, andyou geterrorsfrom GCCaboutlots of thingsfrom
[ usr/incl ude/ mat h. h, thenyour GCCwasmis-installedfixincludes wasnt run whenit
shouldve been As fixincludes is now automagicallyrun aspartof GCCinstallation,this bug
alsosuggestshatyou have anold GCC.

7. Youmayneedto reranlib yourlibraries(on Sun4s).

% cd $(1ibdir)/ghc-x.xx/sparc-sun-sunos4

%foreach i ( ‘find . -nane "*.a" -print‘ ) # or other-shell equiv...
? ranlib $i

? # or, on sone nachines: ar s $i

? end

We'd beinterestedo know if thisis still necessary

8. GHC'’s sourcegyo throughcpp beforebeingcompiled,andcpp variesabit from oneUnix to
anotherOneparticulargotchais macrocallslik e this:

SLIT("Hel 1o, world")

Somecpps treatthe commainsidethe stringasseparatingwo macroargumentssoyou get
:731: macro ‘SLIT used with too many (2) args

Alas, cpp doesnt tell you the offendingfile! Workaround:don't putweird thingsin stringargsto
Cpp macros.
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9. Notes for building under Windo ws

This sectionsummarisetiow to getthe utilities you needon your Win95/98/NT/2000machineto
useCVS andbuild GHC. Similar notesfor installingandrunningGHC maybefoundin theuser
guide.In general Win95/Win98 behave the same andWinNT/Win2k behare the samelt is based
largely on detailedadvicefrom SigbjgrnFinne.You shouldreadthe GHC installationguidesections
onWindows (in the userguide)beforecontinuingto readthesenotes.

9.1. Installing ssh

« Extractthewhole of thessharchive
(http://research.microsoft.com/~simqgfgsh-1 2 26-cygwinbl9.tar.gz) into your C: \ directory,
andusethe“All files” and“User folder names”optionsin WinZip extractdialoguebox. This
populatesyour C: \ usr\ | ocal tree.

- Extractcygwinb19.dll(http://research.microsoft.com/~simg/cygwinb19.dll.zip) into
/usr/1 ocal / bi n. Thecurrentversionof Cywin is b20,but this versionof sshwascompiled
with b19.

« OnaWin2k machineppenup abashanddo

foo$ cd /etc
foo$ nmkpasswd -1 > passwd

Checkthatyourlogin entryis onthefirst line of thatfile. If not, moveit to thetop. It's OK for
’Administrator’ to bethefirst entry, assuming/ou areone.

However, Win9x doesnt supportthe callsthatmkpasswdrelieson (e.g.,Net User Enum). If you
run mkpasswdyou geterrorslike:

linked to missing export netapi32.dll: NetUser Enum

Thepasswdile is usedby sshin afairly rudimentarymannersol’ d simply synthesise/copan
existing Unix / et ¢/ passwd, i.e.,createan/ et ¢/ passwd file containingtheline

<l ogi n>:: 500: 513:::/bin/sh

where<l ogi n> is yourlogin id.

- Generatakey, by runningc: / user/ | ocal / bi n/ ssh- keygenl. Thisgeneratea publickey in
.ssh/identity. pub,andaprivatekey in. ssh/identity

In responséo the ’Enter passphraseajuestionjust hit return(i.e. useanemptypassphrasel.he
passphrasis a passverd thatprotectsyour privatekey. But it's a painto typethis passphrase
everytimeyou usessh sothebestthingto dois simplyto protectyour. ssh directory and
.ssh/identity fromaccesdy anyoneelse.To dothisright-click your. ssh directory and
selectPropertieslf you arenotontheaccesgontrollist, addyourself,andgive yourselffull
permissiongthe secondpbanel).Remore everyoneelsefrom theaccesgontrollist. (Don't leave
themtherebut dery themaccessbecauséthey’ maybealist thatincludesyou!)
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If you have problemsrunningssh-keygenifrom within bash startup cnd. exe andrunit as
follows:

c:\tnp> set CYGW N32=tty
c:\tnp> c:/user/local/bin/ssh-keygenl

. If youdon't haveanaccounbncvs. haskel | . or g, sendyour. ssh/i dentity. pub tothe
CVSrepositoryadministrator(currentlyJef Lewis <j | ewi s@se. ogi . edu>). Hewill setup
youraccount.

If youdohaveanaccountncvs. haskel | . or g, useTeralermto logonto it. Oncein, copy the
key thatssh-keygenldepositedn /. ssh/i denti ty. pub into your

~/ . ssh/ aut hori zed_keys. Make surethatthenew versionof aut hori zed_keys still has600
file permission.

9.2. Installing CVS

« UnpackCVS (http://research.microsoft.com/~simgfgys-1 10-win.zip) and,following the
instructionsin the READIVE, copy theappropriatdilesinto/ usr/ | ocal / bi n.

« Fromthe Systemcontrol panel,setthefollowing userernvironmentvariables(seethe GHC user
guide)
- HOME: pointsto your homedirectory Thisis whereCVSwill look for its . cvsr c file.
« CVS_RSH:c:/usr/local/bin/sshl

« CVSROOT: : ext : user nane@vs. haskel | . or g: / hoe/ cvs/ r oot ,whereuser name is
your userid

- CVSEDI TOR: bi n/ gnucl i ent . exe if youwantto usean Emacsbuffer for typingin thoselong
commitmessages.

«+ Putthefollowing in $HOVE/ . cvsrc:

checkout -P

rel ease -d

update -P

diff -u

Thesearethe default optionsfor the specifiedCVS commandsandrepresenbetterdefaultsthan
theusualones (Feelfreeto changehem.)

Filenamesstartingwith ". " wereillegalin the 8.3 DOSfilesystem put thatrestrictionshouldhave
beenlifted by now (i.e.,you'reusingVFAT or laterfilesystems.)f you're still having problems
creatingit, don’t worry; . cvsr c is entirelyoptional.
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- Try doingcvscofpconfig. All beingwell, bytesshouldstartto trickle through,leaving a directory

f pt ool s in your currentdirectory (Youcanrm it if youdon't wantto keepit.) Thefollowing
messageappeato beharmless:

set sockopt | PTCS_LOADELAY: Invalid argunent
set sockopt | PTOS_THROUGHPUT: Invalid argunent

At this point| foundthatCVS tried to invoke allittle dialoguewith me (alongthelinesof ‘do you
wantto talk to this host’), but somehav bombedout. This wasfrom a bashshellrunningin emacs.
| solvedthis by invoking a Cygnusshell,andrunningCVS from there.Oncethingsaredialogue
free,it seemgo work OK from within emacs.

If youwantto checkout partof largetree,proceedasfollows:

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

This sequencehecksoutthepaper s module,but noneof its sub-directoriesThe"- | " flag says
notto checkout sub-directoriesThe"- f " flag saysnotto readthe. cvsr ¢ file whose- P default
(don’t checkout emptydirectories)s in this casebogus.

Thecvsupdate commandsucksin anamedsub-directory

Thereis avery nice graphicalfront-endto CVS for Win32 platforms,with a Ul thatpeoplewill be
familiar with, atwincvs.og (http://www.wincvs.og/).| have nottriedit yet.

9.3. Installing autoconf

Only requiredif you aredoingbuilds from GHC's sourceshecledout from the CVStree.

Fetchthe (standardUnix) autoconfdistribution from ftp.gnu.og (ftp://ftp.gnu.og/gru/atocanf).
Unpackit into anarbitrarydirectory

Make surethatthedirectory/ usr/ | ocal / bi n exists.

Say"./configure".

Now make install. This shouldputaut oheader andaut oconf in/usr/ | ocal / bi n.

autoheaderdoesnt seento work, but you don'’t needit for GHC.

9.4. Building GHC
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unw it abl e cache ./config. cache". Nobodyknowswhy thesehappenput they seemto be
harmless.

« You haveto runautoconfbothin f pt ool s andin f pt ool s/ ghc. If youomit thelatterstep

you'll getanerrorwhenyourun. / confi gure:

...lots of stuff...

creating nk/config.h

nk/ config.h i s 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

- Youneedghc to bein your PATH beforeyou run configure. Thedefault GHC InstallShield

createonly ghc- 4. 08, soyou may needto duplicatethisfile asghc in the samedirectory in
orderthatconfigure will seeit (or justrenameghc- 4. 08 to ghc. And make surethatthe
directoryis in your path.

1. Oneof themostimportantfeaturesof GNU make thatwe useis the ability for aMakefi | e to
includeanothemamedfile, verylike cpp’s#i ncl ude directive.
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