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Abstract

This paperdescribesHaddock,a tool for automaticallygenerating
documentationfrom Haskell sourcecode. Haddock's uniqueap-
proachto sourcecodeannotationsprovidesa usefulseparationbe-
tweentheimplementationof a library andtheinterface(andhence
also the documentation)of that library, so that as far as possible
thedocumentationannotationsin thesourcecodedo not affect the
programmer's freedomover the structureof the implementation.
The internalstructureandimplementationof Haddockis alsodis-
cussed.

Categoriesand SubjectDescriptors

I.7.2 [Document and text processing]: DocumentPreparation—
Languagesandsystems,Markuplanguages

GeneralTerms

Design,Languages,Algorithms

Keywords

Haskell, Documentationtool, Documentationgeneration,Source-
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1 Intr oduction

Generatingdocumentationdirectly from sourcecodehasrecently
becomefashionable,duein no smallpartto thepopularityof Sun's
JavaDoctool[9]. Nowadaysmostlanguageshave at leastonetool
for generatingdocumentationfrom sourcecode[11, 5, 3, 2], andif
youprogramin C or C++youarein thefortunatepositionof having
a multitudeof toolsto choosefrom.

This paperdescribesHaddock,a documentationtool for Haskell.
Figures1 and2 give examplesof anannotatedHaskell moduleand
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the correspondingHTML output producedby Haddock,respec-
tively. Haddockimproves on other documentationtools in some
importantways,aswe shalldescribelaterin this section.

Firstly let us be clear about the problem domain: we are pri-
marily interestedin generatingdocumentationfor a library, or
API (applicationprogramminginterface), rather than generating
nicely-formattedsourcecode. In particularliterate programming
systems[6] do not fall into this category; they areconcernedwith
writing well-documentedsourcecode,to be later formattedin its
entirety. A consumerof an API or library is not interestedin the
implementationdetailsof the library; indeed,we would ratherim-
plementationdetailswereomitted from the documentationwher-
ever possible,for obviousmodularityreasons.

Thereareseveralcompellingreasonsto combinelibrary documen-
tationandsourcecode:

� Thereis lesschancethat thedocumentationwill strayout of
syncwith the reality of the implementation,sincethe docu-
mentationis right next to theimplementation.

� In most casesthereis alreadydocumentationin the source
codein the form of comments,andtheremaywell bedupli-
cationbetweenthecommentsin thesourcecodeandthedoc-
umentation.Clearly, if thecommentscanalsobe interpreted
asthedocumentationitself, thenwe caneliminatethedupli-
cationandfurthermoremake it easierfor theprogrammerto
keepthedocumentationup to date(andgive theprogrammer
anincentive to keepthecommentsup to date!).

� Thereis a greatdealof documentationthat canbe extracted
automaticallyfrom the sourcecode:APIs, types,datastruc-
tures,classhierarchies,dependency graphs,andsoon. Hav-
ing a tool to extract this informationfrom the actualimple-
mentationis moredesirablethantrying to duplicateit in sep-
aratedocumentation,andevenbetteris atool thatcaninclude
programmer-written documentationalongwith the extracted
information.

� Having interpretedtheAPI from thesourcecode,adocumen-
tation tool can automaticallycross-referencethe documen-
tation it produces. If a function type mentionsa particular
typeconstructor, for example,it canbehyperlinkedor cross-
referencedto thede�nition of that typeconstructor. Thetool
canalsogenerateanindex from namesto de�nitions,andeven
an index from namesto uses,without intervention from the
programmer.

Our documentationtool, Haddock,provides all of thesebene�ts
for Haskell sourcecode.In addition,we believe thatthefollowing
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principlesareimportant:

� Theform of thedocumentationannotationswe chooseto add
to the sourcecodeshouldnot be restrictedto oneparticular
renderingformat. For example,it wouldn't do to force the
programmerto write documentationannotationsin HTML,
sincethatwould preventusrenderingthedocumentationin a
mediumwith lessrich formattingfacilities.Becausewe want
our annotationsto be renderer-independent,we areforcedto
usea markupformat that provides no more that the lowest
commondenominatorof our targetrenderingformats.

� The programmerspendsfar more time looking at and edit-
ing the sourcecodethat he or shedoeslooking at the docu-
mentation.Therefore,thesourcecodeannotationsshouldbe
easyto readandwrite in aplainASCII editor, withoutheavy-
weight markupfor commonfeatures.Recentdiscussionson
thehaskelldoc mailing list[1] highlightedthis asan impor-
tantprinciplefor a Haskell documentationsystem.

So Haddockchoosesa lightweight markupformat basedon that
originallyusedby IDoc[3]. Wherepossible,documentationmarkup
is simpleandmnemonic:for example,we usesingle-quotesto sur-
roundanidenti�er thatshouldbehyperlinkedto its de�nition.

Sofar sogood.But whatmakesHaddockdifferent?Well, another
goodprinciplefor a library-documentationsystemis this:

� As far as possible,the structureof the implementationof a
library shouldnot affect its documentation.Conversely, the
desiredstructureof the documentationshouldnot affect the
programmersfreedomover the structureof the implementa-
tion.

Someconcreteexamplesof this, in thecontext of Haskell, are:

� A modulemight de�ne internalfunctionalitywhich isn't ex-
portedto the library consumer;this shouldnot be visible in
thedocumentationeither.

� Haskell's modulesystemis �e xible in that it allows theinter-
nalmodulestructureof a library to behiddenfrom thelibrary
consumer1. In Haskell a modulemay re-export a de�nition
that it has importedfrom elsewhere; to a consumerof this
modulethis is indistinguishablefrom a de�nition which was
de�ned in themoduleitself.

Therefore,if theprogrammerwantsto implementhis library
in multiple modules,but provide a singlemodulewhich re-
exportstheexternalAPI of thelibrary, thenthedocumentation
shouldmentiononly theexternalAPI.

We will describehow Haddockreconcilestheserequirementsin
Section5.

The�nal principlethatHaddockaddressesis this:

� Library documentationoftenhasastructurethatis richerthan
simply a �at list of thefunctions,types,andclassesexported
by a module.We oftenwant to separateentitiesinto groups,
or furtherinto sectionsandsub-sections.We might alsowant

1With one small exception: internal modulesstill pollute the
modulenamespacein Haskell 98, becausethis namespaceis �at.
Thereis a proposedextensionto hierarchicalmodulesto remedy
this.

to includedocumentationthatis notattachedto any particular
source-codeentity.

This, in conjunctionwith the requirementthat the documentation
annotationsshouldnot impactthestructureof theimplementation,
suggeststhat thestructureof thedocumentationshouldnot simply
follow theorderof thede�nitions in the�le, andshouldbespeci�ed
independently.

Haddock's primarycontribution is thatit addressesall of theissues
given above, whereasother tools do well on the early principles
but tendto fall down on the last two (we compareHaddockwith
othertools in Section7). Furthermore,wherethereis anapparent
con�ict of interest—thedesirefor documentationannotationsto be
next to thesourcecode,andyetto haveaseparationbetweentheim-
plementationstructureandthedocumentationstructure—Haddock
�nds a usefulcompromise(seeSection5).

2 Overview

Haddocktakesacollectionof Haskell sourcemodulesandproduces
documentationin oneor moreoutputformats. Currentlythe only
fully supportedoutputformat is HTML, althoughthereis a partial
implementationof a DocBook(SGML) back-end.

TheHTML back-endgeneratesthefollowing:

� A rootdocument,which listsall themodulesin thedocumen-
tation(thismaybeasubsetof themodulesactuallyprocessed,
assomeof themodulesmaybehidden;seeSection5.3). If a
hierarchicalmodulestructureis beingused,thenindentation
is usedto show themodulestructure.

� An HTML pagefor eachmodule,giving the de�nitions of
eachof theentitiesexportedby thatmodule.SeeFigure2 for
anexample.

� A full index for the setof modules,which links eachtype,
class,andfunctionnameto eachof themodulesthatexports
it.

Haddock understandscertain documentationannotationsin the
Haskell source. Annotationscan be usedfor documentingfunc-
tions, typesor classes,andfor addingsectionheadingsandother
structuralcues.Thenext two sectionsdescribetheform of thean-
notationsthatHaddockunderstands.

3 Documentingde�nitions

In this sectionwe describehow Haskell sourcecodecanbeanno-
tatedwith documentationfor processingby Haddock.Our form of
documentationannotationsis heavily inspiredby IDoc[3].

Documentationannotationsshould of course be ignored by a
Haskell compiler, without having to modify eachcompiler. The
traditionalway to addannotationsto aHaskell source�le, in sucha
way thatthey will beignoredby a compilerwhich doesnot recog-
nisethat form of annotation,is to usea pragma; indeed,pragmas
areeven de�ned by the Haskell 98 standard.If we choseto usea
pragma,anannotationmight look somethinglike this:

{-# DOC This is the documentation for 'f' #-}
f :: Int -> Int
f x = x * x

But accordingto oneof theprinciplesgivenin theintroduction,our
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{- |
Implementation of fixed-size hash tables, with a type
class for constructing hash values for structured types.

-}
module Hash (

-- * The @HashTable@ type
HashTable,

-- ** Operations on @HashTable@s
new, insert, lookup,

-- * The @Hash@class
Hash(..),

) where

import Array

-- | A hash table with keys of type @key@and values of type @val@.
-- The type @key@should be an instance of 'Eq'.
data HashTable key val = HashTable Int (Array Int [(key,val)])

-- | Builds a new hash table with a given size
new :: (Eq key, Hash key) => Int -> IO (HashTable key val)

-- | Inserts a new element into the hash table
insert :: (Eq key, Hash key) => key -> val -> IO ()

-- | Looks up a key in the hash table, returns @'Just' val@ if the key
-- was found, or 'Nothing' otherwise.
lookup :: Hash key => key -> IO (Maybe val)

-- | A class of types which can be hashed.
class Hash a where

-- | hashes the value of type @a@into an 'Int'
hash :: a -> Int

instance Hash Int where
hash = id

instance Hash Float where
hash = trunc

instance (Hash a, Hash b) => Hash (a,b) where
hash (a,b) = hash a `xor` hash b

Figure1. Hash.hs (implementationsof functions omitted)
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Figure2. ExampleHTML Output fr om Haddock (processingHash.hs )
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annotationsshouldbeaslightweightaspossible,soasto beaseasy
to readandwrite asanormalcomment.Thepragmastyleis simply
tooverboseto usefor documentationcomments.

Instead,we chooseto adda singlecharacterto the beginning of a
commentto indicatea documentationannotation:

-- | This is the documentation for 'f'
f :: Int -> Int
f x = x * x

Thecommentform “-- | ” indicatesthatwhatfollows is documen-
tation that appliesto the following de�nition2, which in this case
is thetypesignaturefor thefunctionf . Thedocumentationcontin-
uesuntil the �rst non-commentsourceline, which is useful if the
documentationspansseverallines:

-- | This is the documentation for 'f',
-- which continues over two lines.
f :: Int -> Int
f x = x * x

althoughin suchcasesit is sometimesmore readableto usethe
nestedform of Haskell comments:

{- |
This is the documentation for 'f',
which continues over two lines

-}
f :: Int -> Int
f x = x * x

If thecommentheraldis instead“ -- ˆ ”, thenit appliesto thepre-
viousde�nition ratherthanthefollowing one. Someprogrammers
preferthis style for commentingtop-level de�nitions, but it is also
importantto beableto documenta precedingitem whenwe com-
mentpartsof a declaration.

Note that the type signaturemustbe presentin the source�le in
order for Haddockto include it in the documentation.Haddock
doesn't containa full Haskell typesystem(althoughit doescontain
a Haskell parserand certainother elementsfound in a compiler
front-end),soit cannotreconstructomittedtypesignatures.

3.1 Documentingparts of a declaration

Oftenwewantto documentnotonly thedeclarationasawhole,but
alsoindividual partsof it, suchastheconstructorsof a datatypeor
theargumentsof a function.

Haddockallows documentationannotationson partsof a declara-
tion in certaincases.Hereis anexampleof annotationson thecon-
structorsof a datatypede�nition:

data T
= A Int -- ˆ The 'A' constructor
| B Float -- ˆ The 'B' constructor

Notethatwe usethe“ -- ˆ ” syntax,following theconventionthat
a “ -- ˆ ” commentdocumentsa precedingitem. Fieldsof a record
de�nition canbeannotatedin a similarway.

2TheHaskell 98 de�nition speci�esthat “ --| ” is a valid token
ratherthana comment,hencewe usethe form with the spacefor
Haddockannotations

Annotatingmethodsin a classdeclarationis just like annotating
top-level bindings:

class C a where
-- | A class method 'f'
f :: a -> Int

Finally, function argumentsandreturnvaluescanbe documented
individually:

-- | 'all' tests whether all the elements
-- of a list satisfy a given predicate.
all

:: (a -> Bool) -- ˆ the predicate
-> [a] -- ˆ the list of elements
-> Bool -- ˆ returns: 'True', if all the

-- elements of the list satisfy the
-- predicate, and 'False' otherwise.

4 Markup

Documentationannotationsmayincludesimpleformattingandren-
deringinstructions(“markup”). Thesyntaxfor thevariousmarkup
elementsis designedto be easyto readand write, and not look
overly clutteredwheneditingthesourcetext in anASCII editor.

Themarkupelementsunderstoodby Haddockare:

� A Haskell identi�er surroundedby singlequotes,eg. 'map' ,
is renderedin a monospacedfont andhyperlinkedto its de�-
nition, if available.

� A Haskell modulenamesurroundedby doublequotes,eg.
"List" is hyperlinkedto thedocumentationfor thatmodule.

� Paragraphsareseparatedby a blankline.
� Text surroundedby “@” symbolsis renderedin amonospaced

(typewriter) font.
� A stringsurroundedby anglebracketsis interpretedasaURL,

andwill be hyperlinked if the output format supportsit (eg.
“<http://www.haskell.org> ”).”

� A paragraphprecededby “* ” or “ - ” is interpretedasabulleted
paragraph;multiple consecutive bulletedparagraphsbecome
a bulletedlist.

� A paragraphprecededby “ ( n) ” or “n. ” wheren is a number
is annumberedparagraph;consecutive numberedparagraphs
becomeanenumeratedlist (theactualvaluesof n areignored,
andparagraphsarenumberedstartingat 1).

� A paragraphwhereall the linesbegin with “>” is interpreted
asa block of code,andrenderedin a monospacedfont with
the “>” symbolsremoved (but whitespaceleft intact). This
markupstylewaschosenfor consistency with Haskell'sexist-
ing literatecommentstyle.

5 Structuring documentation

Oneof our goalsis to have a rich structurefor the documentation
generatedby Haddock;we would like to be able to structureour
documentationinto sections,sub-sectionsandso on, andalso in-
cludesnippetsof documentationthat arenot associatedwith any
particularHaskell entity (a sectionintroduction,for example).

Onepossibleapproachwhich hasbeenadoptedby othertoolsis to
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includesectionheadingsin thesourcecode[3], andto usetheorder
of de�nitions in the source�le as the order in which the entities
shouldbelistedin thedocumentation.However, this isn't idealfor
two reasons:

� It links the structureof thedocumentationwith the structure
of the implementation,which violatesone of the principles
we identi�ed in theintroduction.

� We don't have a way to group entitiesthat are not de�ned
in the currentmodule, i.e. thosethat are re-exportedfrom
anothermodule. Shouldthesebeplacedin a sectionof their
own?

Instead,Haddockopts to specify the structureof the documenta-
tion independentlyof theimplementation.FortunatelyeachHaskell
modulealreadyhasa speci�cationof its exports,in theform of an
export list; theexport list mentionsnot only theentitiesde�ned in
the currentmodulebut alsothosethatarere-exported,andmakes
no distinctionbetweenthe two, which is exactly the propertywe
wish to preserve in thedocumentation.Furthermore,programmers
oftenusetheexport list asawayto summarisetheexportsof amod-
ule,by groupingentitiesinto sectionsandgiving typesignaturesin
comments.

Hereis anexampleof a typicalexport list, which wewill annotate:

module M (
-- The type T
T(..), -- instance of Eq, Ord, Show

-- Operations over T
f, g,

-- A class C
C(..),

-- Operations over C
j, k

) where

The exportsof the modulealreadyfall naturally into sections,all
that is neededis to convert the commentsinto Haddock-speci�c
sectionannotations:

module M (
-- * The type T
T(..), -- instance of Eq, Ord, Show

-- ** Operations over T
f, g,

-- * A class C
C(..),

-- ** Operations over C
j, k

) where

The commentherald“ -- * ” begins a sectionheading,wherethe
numberof asterisksindicatesthe sectiondepth: oneasteriskis a
top-level section,two asterisksis asub-section,andsoon. Haddock
will structurethe documentationaccordingto theexport list, with
appropriatesectionandsub-sectionheadings,andwill evenprovide
a contentslist at the top of the page(dependingon the rendering
format).

5.1 Nameddocumentationblocks

It is oftennecessaryto includechunksof documentationthatdon't
naturallybelongto any particularentity in the module,anddon't
belongin the moduledescription(the documentationcommentat
the top of the �le). For thesesituations,Haddockprovides two
mechanisms:

� A documentationcommentcanbe includedinline in the ex-
port list, andit will berenderedat theappropriatepoint in the
generateddocumentation.

� If thedocumentationis too large to includein theexport list
withoutobscuringthestructure,it canbegivenaname,placed
in thebodyof themodule,andreferredto by namefrom the
export list.

A named block of documentation is introduced using the
“ -- $name” form,andreferredtousingthesameform in theexport
list. For example:

module M (
-- * A section heading
-- $foo

)

-- $foo
-- This is a chunk of documentation
-- named $foo.

5.2 Attrib utes

Certainattributescanbe appliedto a moduleto affect how Had-
dockproducesdocumentation.Theonly onewe will mentionhere
is the“hide ” attribute,whichspeci�esthatamoduleshouldnotbe
includedin thegenerateddocumentation(moreabouthiddenmod-
ulesin thenext section).Attributesaresuppliedusingthe“ -- #”
commentform at thetop of themodule:

-- #hide
module A where
...

5.3 Re-exportsand hiding modules

TheHaskell modulesystemprovidesa way to structuretheimple-
mentationof a library into multiple moduleswithout exposingthat
structureto theconsumerof thelibrary; this is a powerful abstrac-
tion facility. Wehaveseenin theprevioussectionhow thestructure
of the documentationfor a moduleis given by the export list in
that module,which meanswe can include re-exportedentitiesin
thestructureof ourdocumentation.

Here is a small exampleof a re-exporteddatatype. Supposewe
have two modules:an implementation-speci�cmoduleInternal ,
and the modulewhich is to be exposedto the library consumer,
External :

module Internal (T(..)) where
-- | This is the documentation for the 'T' type
data T a = C a

module External (T) where
import Internal
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Note that even thoughwe arere-exporting T from External , we
still annotateit at the de�nition site. Haddockwill usethis docu-
mentation,aswell asthede�nition of T, whengeneratingthedoc-
umentationfor External . The resultingdocumentationis exactly
thesameasif we hadde�ned T in External itself.

Whathappenswhena re-exportedentity refersto somethingfrom
theoriginalde�ning module?Let'sexpandtheexampleslightly:

module Internal (T(..), f) where
-- | This is the documentation for the 'T' type
data T a = C a
-- | 'f' is a function that operates on an
-- object of type 'T'
f :: T Int -> Int
f (C i) = i * 2

module External (T(..),f) where
import Internal

Now thetypeof f refersto T. Whengeneratingthedocumentation
for External , our tool needsto renderf 's typeanddocumentation,
including hyperlinksto the de�nition of T. We have a choiceof
destinationfor thesehyperlinks: they might point to thede�nition
of T exportedby Internal , or they might point to T asexported
by External . Thelatter is clearlybetter, becausetheimplementer
of External wantsto avoid exposingthe existenceof Internal
in thedocumentationaltogether. So our implementationhasto be
carefulto re-targethyperlinkswhenre-exportingentities.

Theprogrammerwill probablyusethehide attributeto declarethat
Internal shouldnot form part of the �nal documentation(how-
ever we still want to processit, becauseit containsde�nitions and
documentationthat we want to propagateto the modulesthat re-
export them). One interestingquestionis whetherin generalwe
canpromisenot to exposea modulesuchasInternal in thedoc-
umentation.If we stick to strict separatecompilation,thenit might
not alwaysbe possibleto do so; supposethat we modify the pre-
vious exampleso that the library hastwo external modules,one
which exportsthetypes(ExtTypes ) andanotherwhich exportsthe
operations(ExtOps ):

module ExtTypes (T) where
import Internal

module ExtOps (f) where
import Internal

What is interestingaboutthis exampleis that the moduleExtOps
doesnotdepend,directlyor indirectly, on ExtTypes . Yet,we want
to hyperlinkthereferenceto T in thetypeof f to thede�nition of T
in theExtTypes interface.If we stick to a policy of strict separate
compilation,whereeachmoduleis processedonly afterprocessing
its dependents,thenthis hyperlinkis not possible(becausethetool
will not be awareof the existenceof ExtTypes whenprocessing
ExtOps ).

Haddock's approachto this problemis to requirethatExtTypes.T
is in scopewhenprocessingExtOps , like so:

module ExtOps (f) where
import ExtTypes (T)
import Internal

This raisesanotherinterestingissue:whenanentity is in scopevia

severalroutes,andweneedto hyperlinkto it, which instancedowe
choose?Someinstancesarebetterthanothers:

� Wewantto avoid linking to entitiesin hiddenmodules,if pos-
sible,sopick a visible instanceif thereis one.

� If moduleA is a dependentof moduleB (i.e. B is further up
the moduletree),thenpicking moduleB is usuallybetteron
the groundsthat A is morelikely to be an “implementation”
module.

In our exampleabove, T is availablevia two routes,ExtTypes and
Internal , but wewouldchooseto link to theversionin ExtTypes
on thegroundsboth that Interal is hidden,andthatExtTypes is
higherup thedependency treethanInternal .

For a givenreference,if theonly entitiesavailableto link therefer-
enceto arefrom hiddenmodules,thenHaddockwill emitawarning
to theusersuggestingthattheimportsberestructured.

6 Implementation

The currentimplementationof Haddockprocessesmultiple mod-
ulessimultaneously, andcangeneratedocumentationwhichhyper-
links betweenthe available modules. Referring to entities from
modulesoutsidethe set of modulesbeing processedis also pos-
sible,but for simplicity'ssake we will leave thatuntil Section6.6.

The implementationcan be broadly describedas following these
stages:

� Parseeachof theinputmodules
� Topologicallysortthemodulesinto dependency order
� For eachmodule,generateits interface(seebelow)
� Renderthesetof interfacesin thechosenoutputformat

The �rst threestepsareindependentof the last; that is, regardless
of which outputformat we select,the �rst threestagesareidenti-
cal. Generatingoutputin a differentformatis a matterof replacing
theimplementationof the�nal step.Haddock's currentimplemen-
tationcontainstwo back-ends:HTML, andDocBook3 (anSGML
formatdesignedfor technicaldocumentation).

6.1 The Doc type

Haddockusesastructureddatatype,Doc, to representuser-supplied
documentationannotations.Its de�nition is:

data Doc
= DocEmpty
| DocAppend Doc Doc
| DocString String
| DocParagraph Doc
| DocIdentifier [HsQName]
| DocModule String
| DocEmphasis Doc
| DocMonospaced Doc
| DocUnorderedList [Doc]
| DocOrderedList [Doc]
| DocCodeBlock Doc
| DocURL String

3The DocBookcurrentlyback-endlagsbehindthe HTML im-
plementationsomewhatin termsof functionality
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Thesyntaxis straightforwardlightly-marked-uptext, with oneim-
portantaddition: it containsembeddedidenti�ers (HsQNameis a
quali�ed Haskell name),which will behyperlinked to their de�ni-
tions in the generateddocumentation.The DocIdentifier con-
structorcontainsalist of HsQNamebecauseof overlapin thenames-
paceof Haskell names:a namebeginningwith anupper-casechar-
actercanreferto bothaclassandaconstructor, or atypeandacon-
structor. In Haskell sourcecode,thecontext disambiguatesbetween
the two (constructorsonly occurin expressions,andtypes/classes
occuronly in types).In documentationthereis nocontext to tell us
which oneis meant,sowe keepa list of thepossiblenamesin the
syntax.

Therearetwo importanttransformationswhichwewill needto per-
form ona Doc:

� renaming, which is applying a mappingfrom HsQNameto
HsQNameto all the namesembeddedin the documentation.
Recallthedesigndecisionsdiscussedin Section5.3whichre-
quireusto retargethyperlinkswhenanentity is re-exported-
this is why we needto beableto renamedocumentation.

� rendering, which is mappingDoc into the�nal outputformat
(whatever typethatmightbe).

We facilitateboth transformationson Doc with a genericmapping
function:

data DocMap a = DocMap {
docEmpty :: a,
docString :: String -> a,
docParagraph :: a -> a,
docAppend :: a -> a -> a,
docIdentifier :: [HsQName] -> a,
docModule :: String -> a,
docEmphasis :: a -> a,
docMonospaced :: a -> a,
docUnorderedList :: [a] -> a,
docOrderedList :: [a] -> a,
docCodeBlock :: a -> a,
docURL :: String -> a
}

mapDoc :: DocMap a -> Doc -> a
mapDoc m DocEmpty

= docEmpty m
mapDoc m (DocAppend d1 d2)

= docAppend m (mapDoc m d1) (mapDoc m d2)
...

Now we canimplementrenamingasaninstanceof DocMap:

type NameEnv = FiniteMap HsQNameHsQName

mapIdent :: NameEnv -> DocMap Doc
mapIdent fm = DocMap {

docEmpty = DocEmpty,
docAppend = DocAppend,
docIdentifier = lookupId fm
...
}

lookupId :: NameEnv -> [HsQName] -> Doc
lookupId fm ns =

case (catMaybes (map lookupFM ns)) of
[] -> DocString (show (head ns))

ns' -> DocIdentifier ns'

Note that when we apply the renamingmapping,if noneof the
requirednamesarepresentin themappingthenwe leave a String
representingtheoriginalnamein placein thedocumentation.

Haddockcontainsa small lexer andparserto convert String s into
Doc during parsing;aseachdocumentationcommentis read,it is
parsedinto Doc (whichcanelicit aparseerror- mismatchedquotes,
for example).Theparseris implementedusingHappy[7].

6.2 Parsing

Haddock's implementationis basedon a freely available generic
Haskell parserdistributedwith GHC[10],which is implementedin
Happy. Unfortunatelywe couldn't make useof the parseras is,
sincewe neededto augmentthe grammarwith extra productions
to handledocumentation,andextendtheabstractsyntaxto include
documentationannotations.The Haddockimplementationthere-
forecontainsa modi�ed versionof theoriginal genericparser.

The modi�cations we madeare describedin the following three
sections.

6.2.1 Lexical analyser

TheToken datatypeusedby thelexical analyserwasextendedwith
new tokensfor documentationannotations,� ve in all: documen-
tation annotations(-- | , -- ˆ ), sectionheadings(-- * ), named
documentation(-- $), and options(-- #). The lexical analyser
wasmodi�ed to interpretthesetypesof comments(andtheirnested
equivalents)andreturntheappropriatetokens.

The documentationinside the annotationis parsedinto Doc as it
is readby the lexer; this was doneto avoid having to storeboth
String andDoc in theabstractsyntaxwhich would requireeither
abstractingthe abstractsyntaxover the type of documentation,or
usinganugly Either type.

6.2.2 Abstractsyntax

The Haskell abstractsyntax datatypewas augmentedin several
placesto includedocumentationannotations.Two new declarations
wereadded(for -- | and-- ˆ ), andextra�elds for documentation
were addedto constructordeclarations,record�eld declarations,
types(to supportannotatingtypearguments),andmodules.Also,
documentationannotationswereaddedto theexport list syntax.

Oneotherchangewasmadeto the abstractsyntax,which wasn't
strictly necessarybut simpli�ed the implementationof Haddock.
Namesin thesyntaxwerepreviously representedby String s4, but
in Haskell a namecanhave separatemeaningsdependingon the
namespace:a namebeginningwith anupper-casecharactercanbe
bothadataconstructorandatypeconstructor. Sincetheimplemen-
tationof Haddockmakesextensive useof mappingswhosedomain
is names(e.g. during renamingof sourcecode),the overlapping
namespaceswould requireus to maintaintwo separatemappings.
However, if a namecontainsits namespace(trivial to addduring
parsingbecausewe know from the context which namespacea
namebelongsto), thenwe cankeepa singlemapping. This sim-
pli�es the higher-level implementationat the expenseof an extra

4moreor less
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level of constructorinsidea name,but we found the changeto be
worthwhile.Ourde�nition of HsQNameis thefollowing:

data HsQName= Qual Module HsName
| UnQual HsName

data HsName = HsTyClsName HsIdentifier
| HsVarName HsIdentifier

An HsIdentifer canbethoughtof asa String . TheHsNametype
separatesthe two namespaces:an HsTyClsName is a type or class
name,andanHsVarName is a variableor constructorname.

6.2.3 Grammar

TheHaskell grammarwasextendedto includedocumentationan-
notations.Oneinterestingthing to notehereis thatHaddockuses
layoutto disambiguateannotations;for example

class C a where
f :: a -> a
-- ˆ documentation for 'f'

without the layout cues,there's no telling whetherthe annotation
belongsto thefunctionf or theclassC. SoHaddockuseslayoutin
the sameway asa Haskell compiler; a documentationannotation
in adeclarationlist is treatedasanindividualdeclaration,andmust
be separatedfrom otherdeclarationsby a semi-colon.The layout
systemin theparserdoesthisautomaticallywhenimplicit layoutis
beingused,but if theprogrammerusesexplicit layout,therewill be
someextrasemi-colonsto add:

class C a where {
-- | documentation for 'f'
;
f :: a -> a

}

Note the semi-colonis on a separateline so it doesn't get swal-
lowed up by thecomment! (Usinga nested-stylecommentwould
avoid that problem). The extra semi-colonwon't confusea com-
piler, becauseemptydeclarationsareallowedin Haskell 98.

6.3 Interfaces

Our intentionis eventuallyto resolve namesin typesignaturesand
othertypesof declarationsto point to thede�nitions of theentities
they refer to, so that we canconstructa hyperlinked renderingof
thetypein thedocumentationwhereeachtypenameis linkedto its
de�nition.

Firstly, let's introducesometerminology:

Name A nameis anunquali�ed name,of typeHsName.

Sourcename A sourcenameis a quali�ed or unquali�ed nameas
it appearsin a Haskell source�le. In the abstractsyntax,it
hastype HsQName. A sourcenameonly hasmeaningwithin
thescopeof a particularmodule.

Export name An export name is representedby an HsQName
which mustbe quali�ed. The export nameM.x refersto the
x exportedby moduleM (however M might not be the mod-
ule that actuallyde�nes x). An export namehasa meaning
independentof any particularmodule.

Original name An originalnameis aquali�ed name,whichpoints
to the original de�ning moduleof the declarationwith that
name. We alsorepresentoriginal namesusingHsQName(to
avoid having to parameterisetheabstractsyntax),but thereis
aconventionthatthey mustbeinstancesof theQual construc-
tor.

Every entity (function, type,class,constructor, etc.) hasa unique
original name. It may have several export names,dependingon
which module(s)export it. Within a given module, it may have
zeroor moresourcenames.Most quali�ed sourcenamesarealso
exportnames,theexceptionsbeingthosenamesimportedusingthe
syntaximport A as B. Here'sanexample:

module A (x) where
x :: Int

module B (C.x) where
import A
import A as C

So the entity with original nameA.x hasexport namesA.x and
B.x . Within moduleA it hasthesourcenamex andA.x , andwithin
moduleB it hasthesourcenamesx, A.x andC.x .

MostHaskell front endsareconcernedwith only sourcenamesand
originalnames,andtheactof resolutionconsistsof mappingoneto
theother. However, in Haddock,we don't alwayswantour hyper-
links to point to theoriginal de�ning moduleof anentity (because
thatmodulemight beinternalor hidden),sowe introducethecon-
ceptof anexport name.To stateour goalmorepreciselythen: we
want to resolve all namesin thesourcecodeto oneof thepossible
exportnamesfor theentity thatthenamerefersto.

In orderto resolvenames,wemustbeableto build amappingfrom
sourcenamesto export names. We thereforehave to know what
namesarein scopeat the top level of a given module,andwhich
entitiesthey referto. To do this,we have to know whatnamesand
entitiesareexportedby eachof themodulesimportedinto thecur-
rentmodule.Therefore,we have to processmodulesin topological
order, startingwith the moduleswhich have no dependents.The
next stagethereforeis to topologicallysortthemodulesinto depen-
dency order, usingadirectedgraphconstructedfrom theimportsof
eachmodule.

Next, for eachmodulewe constructan interface, which collects
togetherall the informationwe needto know aboutthemodulein
order to (a) renderthe documentationfor that module,and(b) to
build theinterfacesfor any moduleswhich dependon it.

An Interface is a recordtype:

data Interface = Interface {
iface_env :: FiniteMap HsName HsQName,
iface_sub :: FiniteMap HsName [HsName],
iface_decls :: FiniteMap HsName HsDecl,
iface_insts :: [HsDecl],
iface_orig_exports :: [ExportItem],

iface_doc :: Maybe Doc,
iface_options :: [DocOption],
iface_exports :: [ExportItem]

}

The �rst � ve �elds, iface_env , iface_sub , iface_decls ,
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iface_insts , and iface_orig_exports , are used when con-
structing the interfacesfor modulesthat dependon the current
module. Theotherthree�elds, iface_doc , iface_options , and
iface_exports , are usedto render the documentationfor this
module(moreabouttheselater).

The �rst �eld, iface_env , is a mappingfrom namesto original
nameswhich expressesthenamesexportedby this moduleandthe
original entitiesthey referto. This mappingcontainsall thenames
exportedby themodule,regardlessof whetherthey wereexplicitly
namedin theexport list or not, includingconstructors,record�eld
names,classmethods,andsoon.

Why dowebotherwith originalnames,insteadof providing amap-
ping from sourcenamesto export names?Well, when trying to
determinewhich is the “best” export nameto usefor a particular
sourcename,wemustbeableto comparedifferentimportednames
to determinewhetherthey refer to the sameentity. An original
namehastheusefulpropertythat it is unique;if we want to com-
paretwo namesto determinewhetherthey referto thesameentity,
we can�rst �nd their originalnamesandthencomparethose.

Thesecond�eld, iface_sub , mapseachnamede�ned in thismod-
ule to its list of subordinates, wherea namea is a subordinateof
a nameb if a canbeplacedin parenthesisafterb in anexport list.
Thesubordinatenamemappingis usedto give meaningto import
speci�erssuchasT(..) .

The iface_decls andiface_insts �eld of an interfacegive the
declarationsandinstancesde�ned in this modulerespectively. The
iface_decls �eld is restrictedto thosedeclarationswhich areac-
tually exported.

6.4 Export Items

The iface_exports �eld of an interfacegivesthedocumentation
for a module,expressedin termsof ExportItem s, which arede-
�ned asfollows:

data ExportItem
= ExportDecl HsDecl
| ExportSection Int Doc
| ExportDoc Doc
| ExportModule Module

A module's documentationis a list of ExportItem s. Eachitem
representssomethingthatshouldbeplacedin thedocumentation:

ExportDecl This is a declarationthat shouldbe renderedin the
documentation.It hasbeentrimmedto remove any partsthat
arenot visible in theexportedinterface(eg. constructorsare
removedfrom anabstractdatatype).Thedeclarationis oneof
the following: a typesignature,or a type, data, newtype, or
classdeclaration.Thatis, we don't renderany expressionsin
thedocumentation,only types.

ExportSection A sectionheading,includingits level (section,sub-
section,etc.),anda Doc representingthe text of the heading
itself.

ExportDoc Someunattacheddocumentation,perhapsincludeddi-
rectly from theexport list, or maybeincludedasa resultof a
referenceto a nameddocumentationobject.

ExportModule A referenceto anothermodule.Theseariseasthe
resultof acompletere-exportof amodule(i.e. usingtheform

module Min theexport list), wherethemodulein questionis
exportedin its entiretyandisn't hidden.

For the list of ExportItem s in the iface_exports �eld of an in-
terface,any namesembeddedin thedeclarationsareexportnames.
In thelist of ExportItem s in theiface_orig_exports �eld of an
interface,thenamesareall original names.Thereasonfor having
two differentversionsof theExportItem list will becomeapparent
in thenext section.

6.5 Algorithm for constructing the interface

The high-level algorithmfor constructingan Interface from the
parsedHaskell sourcemoduleis asfollows:

1. iface_doc and iface_options can be extracted directly
from theabstractsyntax.

2. Traversethe top-level declarations,attachingdocumentation
annotationsto thedeclarationsthey referto.

3. Build a mappingfrom sourcenamesto originalnamesfor the
currentmodule,using the interfacesfor any importedmod-
ules. The subsetof this mappingthat mapsthe namesex-
portedby this moduleto original namesbecomesthe value
of iface_env for this module.Note: doing this properlyre-
quiresimplementingall thedarkcornersof theHaskell mod-
ulesystem[4].

4. Renamethe sourcecodeof the moduleso that eachsource
nameis replacedby anoriginal name.Theresultingdeclara-
tionscanbeusedto constructthevaluesof iface_decls and
iface_insts for thismodule's interface.

5. Build a list of ExportItem s by traversingtheexport list:
� Each entity exported is replacedby an ExportDecl

containingthe declarationit refersto. Thedeclaration
containsoriginalnames,andis prunedsothatany parts
of thedeclarationwhicharenotvisibleaccordingto the
exportareremoved.

If thereis nodeclarationfor theentity (perhapsbecause
it is afunctionwithoutatypesignature),thenignorethe
exportandemita warningto theuser.

� Eachexport of the form module M is replacedby ei-
therExportModule M, if Mis visibleandre-exportedin
its entirety, or theappropriatesubsetof thecontentsof
iface_orig_exports from M's interface,otherwise.

� Each section heading is replaced by an
ExportSection .

� Documentationannotationsandnameddocumentation
in theexport list give riseto anExportDoc .

The resultof this stepis the valueof iface_orig_exports
for thecurrentmodule.

6. Build a mapping from original namesto preferredexport
names. As we describedin Section5.3, an export nameis
to bepreferredif it

� refersto a visiblemodule,and
� occurslaterin thetopologicalsortof themoduledepen-

dency graph.

7. Renamethe ExportItem s constructedin step 5 using the
mapping constructed in step 6, to yield the value of
iface_exports for this module.
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Having constructedan Interface for eachmodule,we cannow
renderthedocumentationin theformatof ourchoice.

6.6 Persistentinterfaces

It is importantthatdocumentationfor a new library canreferto (or
hyperlink to) the documentationfor the libraries on which it de-
pends.This is especiallyimportantwhenwe considerthat oneof
the librarieson which virtually everythingdependsis the Haskell
Prelude.Thedocumentationfor theseexisting librariesmaybeei-
therin localstorageor onthewebsomewhere;eitherwaywewould
liketo beableto generatedocumentationwhichlinks to it correctly.

The approachwe take is to createa persistentinterfacewhenever
Haddockgeneratesdocumentationfor asetof modules.Thepersis-
tent interfacecontains,for eachmodule,a cut-down representation
of theInterface typedescribedin Section6.3;essentiallywe just
storetheiface_env andiface_sub components.

Whengeneratingdocumentationfor a new setof modules,theuser
canspecifya list of persistentinterfacesto read.For eachinterface,
thelocationof thedocumentationfor thatinterfaceis speci�ed(the
documentationis assumedto bein thesameformatasthedocumen-
tationbeinggenerated).Haddockthenhasavailablethelist of orig-
inal namesexportedby eachmoduledescribedby thoseinterfaces,
andcangenerateaccuratehyperlinksfrom thedocumentationbeing
generatedto theexistingdocumentationfor othermodulesreferred
to.

The idea is that when a library is installedon a user's machine,
it shouldcomewith a Haddockpersistentinterfacewhich canbe
usedto generatedocumentationfor moduleswhich usethelibrary.
The actualdocumentationmay or may not be local; the samein-
terface�le works for both. The processcanbe madeeven easier
usingGHC's packagesystem:in GHC, librariesaregroupedinto
packages, whereeachpackagehasa setof characteristicsde�ned
in a con�guration �le. Thecharacteristicsfor a packageconsistof
thingslike directorylocationsfor theinterface�les for thatlibrary,
thelocationof thebinarylibrary to belinkedin, extra include�les
andcompileroptionsto usewhenusingthatlibrary, andsoon. Our
planis to alsostorethelocationof theHaddockinterfaceandlocal
documentation(if installed)in the packagedescription,andhave
Haddockunderstandpackagesin thesamewayasGHC.

Notethatbecausethepersistentinterfaceonly containstheexported
names,andnot thefull export items,it isn't possibleto re-exportan
entity from a modulein anotherlibrary. This decisionwasmade
for purely practicalreasons:if we storedfull type signaturesand
documentationin thepersistentinterface,these�les would become
hugeandslow to read.

6.7 Implementation notes

In this sectionwe collectmeta-informationaboutthe implementa-
tion whichmightbeof interest.

Thefollowing additionallibrarieswereusedin theconstructionof
Haddock:

HsParser ThegenericHaskell parsinglibrary; aspreviouslymen-
tionedthis library hadto bemodi�ed for Haddock.

HTML An HTML combinatorlibrary (almosta domain-speci�c
language,in fact)for generatingHTML. Again,wedidn't use

thestockversion,but modi�ed it slightly to �x bugsandbring
it up to datewith thelatestversionof HTML.

FiniteMap (distributed with GHC) A rather good balanced-
binary-treeimplementationof �nite maps.

Regex (distributedwith GHC) An interfaceto the C regular ex-
pressionlibrary, usedfor varioussmall parsingjobs in Had-
dock.

Digraph (from the GHC sources)A good implementationof di-
rectedgraphs,includinglinear-time implementationsof topo-
logical sortandstrongly-connectedcomponents.

The whole implementationof Haddock,excluding commentsand
theabove libraries,is roughly2200linesof Haskell. Brokendown
into thevariousparts:

� Types& Miscellaneous:350lines
� Front-end

– Parser& lexer for documentationstrings:180lines

– Renaming:180lines

– Computinginterfaces:450lines
� Back-end

– HTML renderer:900lines

– DocBookrenderer:130lines

Interestingly, theback-endrendererfor HTML containsalmostas
muchcodeastheentirefront-end. Although thereis nothingpar-
ticularly interestingaboutthe implementationof the backend, it
consumedmorethanits fair shareof developmenttime.

7 Comparisonwith other systems

In this sectionwe compareHaddockto thecompetition.Thecom-
parisonis by no meanscomplete;therearea plethoraof documen-
tationgenerationsystemsout there,particularlyfor C andC++,but
sincethey all have similar functionalitywe choosea few represen-
tative candidatesto compareagainst.

JavaDoc[9] is SunMicrosystems'Tool for documentingJava code,
designedspeci�cally for generatingHTML. JavaDocis theforerun-
nerof many of theotherdocumentation-generationtools for other
languages;it is a maturetool in widespreaduseby the Java com-
munity. It allows documentationto beincludedin commentsin the
Javasourcecode,wheretheform of thedocumentationis amixture
of text markedup in HTML andJavaDoc-speci�ctags.Compared
to Haddock,it doesn't allow free-formstructuringof thedocumen-
tation,andthemarkupsyntaxis ratherverbose.

Javadoesnotallow transparentre-exportingin thesamewayasthe
Haskell modulesystem,but it doeshaveinheritanceandoverriding.
JavaDochandlesinheritanceandoverriding by propagatingdocu-
mentationfrom theoriginalmethodto theoverridingmethodwhere
necessary.

HDoc[5] is JavaDoc for Haskell — the commentform is similar,
as is the generateddocumentation.Comparedto Haddock,it has
�x ed-formdocumentstructuring,andre-exportsarenot transparent
(they are listed in a separatesectionin the generateddocumenta-
tion).

IDoc[3] is describedasa“no frills” Haskell documentationsystem;
it alsogeneratesdocumentationfrom Haskell source,but without
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parsingthe source. Henceit hasa simpler implementationthan
HaddockandHDoc,but someof theworkhasto bedoneby thepro-
grammer:for examplethe programmermustspecifywhich func-
tions areexported(by annotatingthem),andwhich datatypesare
to beexportedabstractly. IDoc doesn't copewith re-exports,andit
doesn't addhyperlinksto thedocumentation.

OCamldoc[2] is JavaDocfor O'Caml. Thecommentform is again
similar to JavaDoc,althoughthe markupsyntaxis speci�c to the
OCamldoctool ratherthanbeingplainHTML.

Doxygen[11] is a well-establisheddocumentationtool originally
for C andC++, but alsowith supportfor Java andIDL. Because
C andC++ have weakmodulesystems,Doxygencontainsits own
supportfor groupingde�nitions into “modules”and“groups”, us-
ing specialdirectivesin thedocumentationannotations.In thisway,
Doxygensupportsa separationbetweenthe documentationstruc-
ture and the implementationstructure,but the notation is rather
moreclumsythanHaddock's structuredexport lists. Doxygenalso
avoids the problemof having to �gure out which copy of a de�-
nition to link to, by restrictingde�nitions to residewithin a single
grouponly.

8 Conclusionand further work

Haddockful�lls thedesigncriteria outlinedin the introduction: it
generatesdocumentationfrom sourcecode,with documentationan-
notationsthatareeasyto readandwrite, doesn't restrictor expose
the implementationdetailsof the library, andit allows a free-form
structuringof the�nal documentation.

Someavenuesfor further work areoutlinedin the following sec-
tions.

8.1 Documentationin the interpreter

Two placeswhichwouldbene�t from automatically-generateddoc-
umentationis an interpreteror developmentenvironment- having
documentationfor anidenti�er availablefrom asinglemouseclick
or asinglecommandattheinterpreter'spromptwouldbeextremely
useful.

If thepackagesystemwereextendedto includeinformationabout
Haddockdocumentationassuggestedin Section6.6,thentheGHCi
interpreterwould have immediateaccessto thedocumentationfor
every library available to it, andcould pop up the documentation
for any type,class,or functionondemand.

8.2 Type Searching

Haddockhasaccessto a wealth of information aboutthe source
codeit is processing,andthereareanumberof usefulanalysesthat
can be performedgiven this information. One idea is to answer
questionssuchas“tell me all the functionsthat mentiontype T”.
This can be taken a stepfurther, for instanceallowing functions
to be searchedbasedon a type pattern(“tell me all the functions
that take an A andreturna B, regardlessof what otherarguments
they take”). Rittri' s work[8] shows that matchingtypesmodulo
isomorphismis a usefulidiom for library searching.
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