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Abstract

This paperdescribedHaddock,a tool for automaticallygenerating
documentatiorfrom Haslell sourcecode. Haddocks uniqueap-

proachto sourcecodeannotationprovidesa usefulseparatiorbe-

tweentheimplementatiorof a library andtheinterface(andhence
alsothe documentationpf that library, so that asfar as possible
the documentatiorannotationsn the sourcecodedo not affect the

programmes freedomover the structureof the implementation.
The internalstructureandimplementatiorof Haddockis alsodis-

cussed.
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1 Intr oduction

Generatingdocumentatiordirectly from sourcecodehasrecently
becomdashionablegduein no smallpartto the popularityof Sun's
JavaDoctool[9]. Nowadaysmostlanguage$ave at leastonetool

for generatinglocumentatiofirom sourcecode[11, 5, 3, 2], andif

youprogramin C or C++youarein thefortunatepositionof having

amultitudeof toolsto chooserom.

This paperdescribedHaddock,a documentatioriool for Haslell.
Figuresl and2 give examplesof anannotatedHaslell moduleand
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the correspondingHTML output producedby Haddock, respec-
tively. Haddockimproves on other documentatiortools in some
importantways,aswe shalldescribdaterin this section.

Firstly let us be clear about the problem domain: we are pri-

marily interestedin generatingdocumentationfor a library, or

API (applicationprogramminginterface), ratherthan generating
nicely-formattedsourcecode. In particularliterate programming
systems[§ do not fall into this cateyory; they are concernedvith

writing well-documentedsourcecode,to be later formattedin its

entirety A consumerf an APl or library is not interestedn the
implementatiordetailsof the library; indeed,we would ratherim-

plementationdetailswere omitted from the documentatiorwher

ever possible for obvious modularityreasons.

Thereareseveralcompellingreasongo combinelibrary documen-
tationandsourcecode:

Thereis lesschancethatthe documentatiomwill strayout of
syncwith the reality of the implementationsincethe docu-
mentationis right next to theimplementation.

In most casesthereis alreadydocumentatiorin the source
codein the form of commentsandtheremay well be dupli-
cationbetweerthecommentsn the sourcecodeandthedoc-
umentation.Clearly, if the commentsanalsobeinterpreted
asthe documentatioritself, thenwe caneliminatethe dupli-
cationandfurthermoremale it easierfor the programmeto
keepthe documentatiomup to date(andgive the programmer
anincentie to keepthe commentsaipto date!).

Thereis a greatdeal of documentatiorthat can be extracted
automaticallyfrom the sourcecode: APls, types,datastruc-
tures,classhierarchiesdependencgraphs,andsoon. Hav-
ing a tool to extract this informationfrom the actualimple-
mentationis moredesirablethantrying to duplicateit in sep-
aratedocumentatiorandevenbetteris atool thatcaninclude
programmetfwritten documentatioralongwith the extracted
information.

Having interpretedhe API from thesourcecode,adocumen-
tation tool can automaticallycross-referencéhe documen-
tation it produces. If a function type mentionsa particular
type constructorfor example,it canbe hyperlinked or cross-
referencedo the de nition of thattype constructar Thetool

canalsogenerat@nindex from namego de nitions, andeven

an index from namesto uses,without interventionfrom the
programmer

Our documentatiortool, Haddock, provides all of thesebene ts
for Haslell sourcecode. In addition,we believe thatthe following



principlesareimportant:

Theform of thedocumentatiomnnotationsve chooseo add
to the sourcecodeshouldnot be restrictedto one particular
renderingformat. For example,it wouldn't do to force the
programmerto write documentatiorannotationsn HTML,

sincethatwould preventus renderingthe documentationn a
mediumwith lessrich formattingfacilities. Becausave want
our annotationgo be renderetindependentye areforcedto
usea markupformat that provides no more that the lowest
commondenominatoof our targetrenderingformats.

The programmerspendsfar more time looking at and edit-
ing the sourcecodethat he or shedoeslooking at the docu-
mentation.Therefore the sourcecodeannotationshouldbe
easyto readandwrite in aplain ASCII editor, withoutheary-
weight markupfor commonfeatures.Recentdiscussion®n
thehaskelldoc  mailing list[1] highlightedthis asanimpor
tantprinciplefor a Haslell documentatiorsystem.

So Haddockchoosesa lightweight markupformat basedon that
originally usedby IDoc[3]. Wherepossibledocumentatiomarkup
is simpleandmnemonic:for example,we usesingle-quoteso sur
roundanidenti er thatshouldbe hyperlinkedto its de nition.

Sofar sogood. But whatmakesHaddockdifferent?Well, another
goodprinciplefor alibrary-documentatiosystemis this:

As far as possible,the structureof the implementationof a
library shouldnot affect its documentation.Corversely the
desiredstructureof the documentatiorshouldnot affect the
programmerdreedomover the structureof the implementa-
tion.

Someconcreteexamplesof this, in the context of Haslell, are:

A modulemight de ne internalfunctionality which isn't ex-
portedto the library consumerthis shouldnot be visible in
thedocumentatioreither

Haslell's modulesystemis e xible in thatit allows theinter
nal modulestructureof alibrary to be hiddenfrom thelibrary
consumet. In Haslell a modulemay re-export a de nition
that it hasimportedfrom elsavhere; to a consumerof this
modulethis is indistinguishabldrom a de nition which was
de ned in themoduleitself.

Therefore if the programmemwantsto implementhis library
in multiple modules,but provide a single modulewhich re-
exportstheexternalAPI of thelibrary, thenthedocumentation
shouldmentiononly the external API.

We will describehow Haddockreconcilestheserequirementsn
Sectionb.

The nal principlethatHaddockaddresses this:

Library documentatiomftenhasastructurethatis richerthan
simply a at list of thefunctions,types,andclassesxported
by a module. We oftenwantto separatentitiesinto groups,
or furtherinto sectionsandsub-sectionsWe might alsowant

Iwith one small exception: internal modulesstill pollute the
modulenamespacé Haslell 98, becausehis namespacés at.
Thereis a proposedextensionto hierarchicalmodulesto remedy
this.
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to includedocumentationhatis notattachedo ary particular
source-codentity.

This, in conjunctionwith the requirementhat the documentation
annotationshouldnot impactthe structureof the implementation,
suggestshatthe structureof the documentatiorshouldnot simply
follow theorderof thede nitions in the le, andshouldbespeci ed
independently

Haddocks primary contritutionis thatit addresseall of theissues
given above, whereasother tools do well on the early principles
but tendto fall down on the lasttwo (we compareHaddockwith
othertoolsin Section7). Furthermorewherethereis anapparent
con ict of interest—thedesirefor documentatiomnnotationgo be
next to thesourcecode andyetto have aseparatiometweerntheim-
plementatiorstructureandthe documentatiorstructure—Haddock
nds ausefulcompromisgseeSection5).

2 Overview

Haddocktakesacollectionof Haslell sourcemodulesandproduces
documentatiorin one or more outputformats. Currentlythe only
fully supportecbutputformatis HTML, althoughthereis a partial
implementatiorof a DocBook(SGML) back-end.

TheHTML back-endyenerateshefollowing:

A rootdocumentwhichlists all themodulesn thedocumen-
tation(thismaybeasubsebf themodulesactuallyprocessed,
assomeof themodulesmay be hidden;seeSection5.3). If a
hierarchicalmodulestructureis beingused,thenindentation
is usedto shav the modulestructure.

An HTML pagefor eachmodule, giving the de nitions of
eachof the entitiesexportedby thatmodule.SeeFigure?2 for
anexample.

A full index for the setof modules,which links eachtype,
class,andfunction nameto eachof the modulesthat exports
it.

Haddock understandsertain documentationannotationsin the
Haslell source. Annotationscan be usedfor documentingfunc-
tions, typesor classesandfor addingsectionheadingsand other
structuralcues.The next two sectionsdescribethe form of thean-
notationsthatHaddockunderstands.

3 Documentingde nitions

In this sectionwe describehow Haslell sourcecodecanbe anno-
tatedwith documentatiorfior processindy Haddock.Our form of
documentatiorannotationss heavily inspiredby IDoc[3].

Documentationannotationsshould of course be ignored by a
Haslell compiler without having to modify eachcompiler The
traditionalway to addannotationgo a Haslell sourcele, in sucha
way thatthey will beignoredby a compilerwhich doesnotrecog-
nisethatform of annotationjs to usea pragmg indeed,pragmas
areevende ned by the Haslell 98 standard.If we choseto usea
pragmaganannotatiomrmightlook somethindik e this:

{# DOCThis is the documentation for 'f  #}
f o Int -> Int
fx=x*x

But accordingo oneof theprinciplesgivenin theintroduction,our



¢
Implementation of fixed-size hash tables, with a type
class for constructing hash values for structured types.

module Hash (
* The @HashTable@ type
HashTable,

**  Qperations 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 -> 10 ()

| Looks up a key in the hash table, returns @Just val@ if the key
was found, or 'Nothing' otherwise.
lookup : Hash key => key -> 10 (Maybe val)

| A class of types which can be hashed.
class Hash a where
| hashes the value of type @a@nto 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 (ab) = hash a xor' hash b
Figure 1. Hash.hs (implementationsof functions omitted)

80



w |
#

M
$ w " # %t
& w w !

w
M
! w (! w#

$ w #
) "+

Figure 2. Example HTML Output from Haddock (processingHash.hs )



annotationshouldbeaslightweightaspossible soasto beaseasy
to readandwrite asa normalcomment.Thepragmastyleis simply
too verboseto usefor documentatiomomments.

Instead,we chooseto adda singlecharactetto the begginning of a
commento indicatea documentatiomnnotation:

- | This is the documentation for 'f'

f Int -> Int

fx=x*x

Thecommenform“-- | ” indicateghatwhatfollowsis documen-

tation that appliesto the following de nition2, which in this case
is thetypesignaturefor thefunctionf . Thedocumentatiorontin-
uesuntil the rst non-commensourceline, which is usefulif the
documentatiorspansseverallines:

- | This is the documentation for f,
- which continues over two lines.
foo Int > Int

f x=x*x

althoughin suchcasesit is sometimesnore readableto usethe
nestedorm of Haslell comments:

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

-}

foo Int > Int

f x=x*x

~n

If thecommentheraldis instead"-- , thenit appliesto the pre-
viousde nition ratherthanthefollowing one. Someprogrammers
preferthis stylefor commentingop-level de nitions, but it is also
importantto be ableto documenta precedingtem whenwe com-
mentpartsof a declaration.

Note that the type sighaturemustbe presentin the source le in

order for Haddockto includeit in the documentation.Haddock
doesnt containafull Haslell type system(althoughit doescontain
a Haslell parserand certain other elementsfound in a compiler
front-end),soit cannotreconstrucbmittedtype signatures.

3.1 Documentingparts of a declaration

Oftenwe wantto documennotonly thedeclaratiorasawhole, but
alsoindividual partsof it, suchasthe constructorof a datatypeor
theargumentsof afunction.

Haddockallows documentatiorannotationsn partsof a declara-
tion in certaincasesHereis anexampleof annotation®n thecon-
structorsof a datatypede nition:

data T
= A nt - "
| B Float - ~

The A
The 'B'

constructor
constructor
Notethatwe usethe“-- " syntax,following the conventionthat
a“-- "" commentdocuments precedingtem. Fieldsof arecord
de nition canbeannotatedn a similarway.

2The Haslell 98 de nition speci esthat“--| " is avalid token
ratherthana comment,hencewe usethe form with the spacefor
Haddockannotations
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Annotatingmethodsin a classdeclarationis just like annotating
top-level bindings:

class C a where
- | A class
f o a-> Int

method 'f'

Finally, function agumentsandreturnvaluescanbe documented
individually:

- | 'all' tests whether all the elements
- of alist satisfy a given predicate.
all
(@ -> Bool) - " the predicate
-> [a] - " the list of elements
-> Bool -7 returns: ‘True', if all the
-- elements of the list satisfy the
-- predicate, and 'False' otherwise.
4 Markup

Documentatiomnnotationsnayincludesimpleformattingandren-
deringinstructions(“markup”). The syntaxfor the variousmarkup
elementsis designedto be easyto readand write, and not look
overly clutteredwheneditingthe sourcetext in an ASCII editor.

Themarkupelementainderstoody Haddockare:

A Haslell identi er surroundedy singlequotes,eg. 'map' ,
is renderedn a monospacedont andhyperlinkedto its de -
nition, if available.

A Haslell module namesurroundedby double quotes,eg.
"List" is hyperlinkedto thedocumentatiorfior thatmodule.

Paragraphareseparatedy ablankline.

Text surroundedy “@ symbolsis renderedn amonospaced
(typewriter) font.

A stringsurroundedby anglebracletsis interpretecasa URL,
andwill be hyperlinked if the outputformat supportsit (eg.
“<http:/iwww.haskell.org> ").”

A paragraplprecededby “*” or“- " isinterpretechsabulleted
paragraphmultiple consecutie bulleted paragraph®ecome
abulletedlist.

A paragraptprecededy “(n)” or “n.” wheren is anumber
is annumberecparagraphgonsecutie numberedharagraphs
becomeanenumeratedist (theactualvaluesof n areignored,
andparagrapharenumberedstartingat 1).

A paragraplwhereall thelines begin with “>” is interpreted
asa block of code,andrenderedn a monospacedont with

the “>" symbolsremored (but whitespacdeft intact). This

markupstylewaschoserfor consisteng with Haslell's exist-

ing literatecommentstyle.

5 Structuring documentation

Oneof our goalsis to have arich structurefor the documentation
generatedy Haddock;we would like to be ableto structureour
documentationnto sections,sub-sectiongnd so on, andalsoin-
clude snippetsof documentatiorthat are not associatedvith ary
particularHaslell entity (a sectionintroduction,for example).

Onepossibleapproachwhich hasbeenadoptecy othertoolsis to



includesectionheadingsn the sourcecode[3, andto usetheorder
of de nitions in the source le asthe orderin which the entities
shouldbelistedin thedocumentationHowever, thisisn't ideal for
two reasons:

It links the structureof the documentatiomwith the structure
of the implementationwhich 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-exported from
anothemodule. Shouldthesebe placedin a sectionof their
own?

Instead,Haddockoptsto specifythe structureof the documenta-
tionindependentlpf theimplementationFortunatelyeachHaslell
modulealreadyhasa speci cationof its exports,in theform of an
export list; the export list mentionsnot only the entitiesde ned in
the currentmodulebut alsothosethat arere-exported,and makes
no distinction betweenthe two, which is exactly the propertywe
wishto presere in the documentationFurthermoreprogrammers
oftenusetheexportlist asawayto summariseéheexportsof amod-
ule, by groupingentitiesinto sectionsandgiving type signaturesn
comments.

Hereis anexampleof atypical exportlist, whichwe will annotate:

module M (
The type T
T(.), -- instance

of Eg, Ord, Show

Operations  over T

f, g,

Aclass C

C(.),
c

Operations  over
ik
) where

The exports of the modulealreadyfall naturallyinto sections all
that is neededis to corvert the commentsinto Haddock-speci ¢
sectionannotations:

module M (
* The type T
T(..), -- instance

of Eqg, Ord, Show

over T

**  Qperations
f, g

* Aclass C
C(.),

**  Qperations (o
ok
) where

over

The commentherald“-- *” begins a sectionheading,wherethe
numberof asterisksindicatesthe sectiondepth: one asteriskis a
top-level section two asteriskss asub-sectionandsoon. Haddock
will structurethe documentatioraccordingto the export list, with

appropriatesectionandsub-sectiomeadingsandwill evenprovide
a contentdlist at the top of the page(dependingon the rendering
format).
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5.1 Nameddocumentationblocks

It is oftennecessaryo includechunksof documentatiothatdon't
naturally belongto ary particularentity in the module,and don't
belongin the moduledescription(the documentatiorcommentat
the top of the le). For thesesituations,Haddockprovides two
mechanisms:

A documentatiocommentcanbe includedinline in the ex-
portlist, andit will berenderedattheappropriateointin the
generatedlocumentation.

If the documentatioris too large to includein the export list
withoutobscuringhestructurejt canbegivenaname placed
in the body of the module,andreferredto by namefrom the
export list.

A named block of documentationis introduced using the
“-- $name form, andreferredto usingthesameformin 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-
dock produceslocumentationThe only onewe will mentionhere
is the“hide " attribute,which speci esthata moduleshouldnotbe
includedin the generatedlocumentatiofmoreabouthiddenmod-
ulesin the next section). Attributesaresuppliedusingthe“--  #”

commentorm atthetop of themodule:

- #hide
module A where

5.3 Re-exportsand hiding modules

The Haslell modulesystemprovidesa way to structuretheimple-
mentationof alibrary into multiple moduleswithout exposingthat
structureto the consumenf thelibrary; this is a powerful abstrac-
tion facility. We have seenn theprevioussectionhow the structure
of the documentatiorfor a moduleis given by the export list in
that module,which meanswe caninclude re-exportedentitiesin
the structureof our documentation.

Hereis a small exampleof a re-exported datatype. Supposewe
have two modules:animplementation-speci anoduleinternal
and the modulewhich is to be exposedto the library consumer
External

module Internal  (T(..) where
- | This is the documentation
data Ta=Ca

for the 'T' type

module External where

import  Internal

M



Note that even thoughwe arere-exporting T from External , we
still annotatdt at the de nition site. Haddockwill usethis docu-
mentation,aswell asthede nition of T, whengeneratinghe doc-
umentationfor External . Theresultingdocumentatioris exactly
thesameasif we hadde ned T in External itself.

Whathappensvhena re-exportedentity refersto somethingfrom
theoriginal de ning module?Let's expandthe exampleslightly:

module Internal  (T(..), f) where
- | This is the documentation for the 'T' type
data Ta=Ca

- | 'f is a function that operates on an
- object of type T

fu Tint -> Int

f@EC€i =i=*2

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

import  Internal

Now thetypeof f refersto T. Whengeneratinghe documentation
for External , ourtool needgo rendelf 'stypeanddocumentation,
including hyperlinksto the de nition of T. We have a choice of
destinatiorfor thesehyperlinks: they might point to the de nition
of T exportedby Internal , or they might pointto T asexported
by External . Thelatteris clearlybetter becauseheimplementer
of External wantsto avoid exposingthe existenceof Internal

in the documentatioraltogether So our implementatiorhasto be
carefulto re-tagethyperlinkswhenre-exporting entities.

Theprogrammenwill probablyusethehide attributeto declarethat
Internal  shouldnot form part of the nal documentatior(how-
ever we still wantto processt, becausét containsde nitions and
documentatiorthat we want to propagateo the modulesthat re-
export them). Oneinterestingquestionis whetherin generalwe
canpromisenot to exposea modulesuchasinternal  in thedoc-
umentationIf we stick to strict separateompilation,thenit might
not always be possibleto do so; supposehat we modify the pre-
vious example so that the library hastwo external modules,one
which exportsthetypes(ExtTypes ) andanothemwhich exportsthe
operationgExtOps ):

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

Whatis interestingaboutthis exampleis that the moduleExtOps
doesnotdependdirectly or indirectly, on ExtTypes . Yet,we want
to hyperlinkthereferenceo T in thetypeof f to thede nition of T
in the ExtTypes interface.If we stickto a policy of strict separate
compilation,whereeachmoduleis processednly afterprocessing
its dependentghenthis hyperlinkis not possible(becausé¢hetool
will not be aware of the existenceof ExtTypes when processing
ExtOps ).

Haddocks approactto this problemis to requirethat ExtTypes.T
is in scopewhenprocessingxtOps , like so:

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

Thisraisesanotherinterestingssue:whenanentity is in scopevia

severalroutesandwe needto hyperlinkto it, whichinstancedowe
chooseSomeinstance@rebetterthanothers:

Wewantto avoid linking to entitiesin hiddenmodulesjf pos-
sible,sopick avisible instancef thereis one.

If moduleA is a dependenbf moduleB (i.e. B is furtherup
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 we would chooseo link to theversionin ExtTypes
onthegroundsboththatinteral  is hidden,andthatExtTypes is
higherup the dependenctreethaninternal

For agivenreferenceif the only entitiesavailableto link therefer
enceto arefrom hiddenmodulesthenHaddockwill emitawarning
to theusersuggestinghattheimportsberestructured.

6 Implementation

The currentimplementationof Haddockprocessesnultiple mod-
ulessimultaneouslyandcangeneratelocumentationvhich hyper
links betweenthe available modules. Referringto entities from
modulesoutsidethe set of modulesbeing processeds also pos-
sible, but for simplicity's sale we will leave thatuntil Section6.6.

The implementationcan be broadly describedas following these
stages:

Parseeachof theinput modules

Topologicallysortthe modulesinto dependencorder

For eachmodule,generatéts interface(seebelow)

Rendetthe setof interfacesin the choseroutputformat
The rst threestepsareindependenof the last; thatis, regardless
of which outputformatwe select,the rst threestagesareidenti-
cal. Generatingoutputin a differentformatis a matterof replacing
theimplementatiorof the nal step.Haddocks currentimplemen-

tation containstwo back-endsHTML, andDocBoolké (an SGML
formatdesignedor technicaldocumentation).

6.1 The Doc type

Haddockusesastructurediatatype,Doc, to representusersupplied
documentatiornnotationslts de nition is:

data Doc
DocEmpty
DocAppend Doc Doc
DocString  String

I

|

| DocParagraph Doc

| Docldentifier [HsQName]
| DocModule String

| DocEmphasis Doc

| DocMonospaced Doc

| DocUnorderedList [Doc]
| DocOrderedList  [Doc]
| DocCodeBlock Doc

| DocURL String

3The DocBookcurrentlyback-endagsbehindthe HTML im-
plementatiorsomevhatin termsof functionality



The syntaxis straightforvard lightly-marked-uptext, with oneim-
portantaddition: it containsembeddeddenti ers (HsQNameis a
quali ed Haslell name),whichwill be hyperlinked to their de ni-
tions in the generateddocumentation.The Docldentifier con-
structorcontainsalist of HsQNamebecaus®f overlapin thenames-
paceof Haslell names:a namebeaginningwith anuppercasechar
actercanreferto bothaclassandaconstructoror atypeandacon-
structor In Haslell sourcecode thecontext disambiguatebetween
the two (constructorsonly occurin expressionsandtypes/classes
occuronly in types).In documentationthereis no context to tell us
which oneis meant,sowe keepa list of the possiblenamesin the
syntax.

Therearetwo importanttransformationsvhichwe will needto per
form onaDoc:

renaming which is applying a mappingfrom HsQNameto
HsQNameto all the namesembeddedn the documentation.
Recallthedesigndecisiongdiscussedh Section5.3whichre-
quireusto retagethyperlinkswhenanentity is re-exported-
thisis why we needto be ableto renamedocumentation.

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

We facilitate both transformation®n Doc with a genericmapping
function:

data DocMap a = DocMap {

docEmpty Doa,
docString : String > a,
docParagraph a-> a,
docAppend a-> a-> a,
docldentifier [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 d1l) (mapDoc m d2)

Now we canimplementrenamingasaninstanceof DocMap:

type NameEnv = FiniteMap  HsQNameHsQName
mapldent NameEnv -> DocMap Doc
mapldent fm = DocMap {

docEmpty = DocEmpty,

docAppend = DocAppend,

docldentifier = lookupld fm

}
lookupld NameEnv -> [HsQName] -> Doc
lookupld fm ns =

case (catMaybes of

[ -> DocString

(map lookupFM ns))
(show (head ns))
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ns' -> Docldentifier ns'

Note that when we apply the renamingmapping,if none of the
requirednamesarepresenin themappingthenwe leave a String
representinghe original namein placein thedocumentation.

Haddockcontainsa smalllexer andparserto corvert String  sinto
Doc during parsing;aseachdocumentatiorcommentis read, it is
parsednto Doc (which canelicit aparseerror- mismatchedjuotes,
for example).The parselis implementedisingHappy[7].

6.2 Parsing

Haddocks implementationis basedon a freely available generic
Haslell parserdistributedwith GHC[10], which is implementedn
Happy. Unfortunatelywe couldnt make useof the parserasis,
sincewe neededo augmentthe grammarwith extra productions
to handledocumentationandextendthe abstracsyntaxto include
documentatiorannotations. The Haddockimplementationthere-
fore containsamodi ed versionof theoriginal genericparser

The modi cations we madeare describedin the following three
sections.

6.2.1 Lexical analyser

TheToken datatypeusedby thelexical analysemwasextendedwith

new tokensfor documentatiorannotations, ve in all: documen-
tation annotationq-- |, -- "), sectionheadings(-- *), named
documentatior(-- $), andoptions(-- #). The lexical analyser
wasmodi ed to interpretthesetypesof commentgandtheir nested
equialents)andreturntheappropriatdokens.

The documentatiorinside the annotationis parsedinto Doc asit
is readby the lexer; this was doneto avoid having to storeboth
String  andDoc in the abstractyntaxwhich would requireeither
abstractinghe abstractsyntaxover the type of documentationor
usinganugly Either type.

6.2.2 Abstractsyntax

The Haslell abstractsyntax datatypewas augmentedn several
placego includedocumentatiomnnotationsTwo new declarations
wereaddedfor-- | and-- "), andextra elds for documentation
were addedto constructordeclarationsyecord eld declarations,
types(to supportannotatingtype arguments) andmodules. Also,
documentatiorannotationsvereaddedo the exportlist syntax.

Oneotherchangewas madeto the abstractsyntax,which wasnt
strictly necessarnput simpli ed the implementationof Haddock.
Namesin the syntaxwerepreviously representedy String  s*, but
in Haslell a namecan have separateneaningsdependingon the
namespacea hamebeginningwith an uppercasecharactecanbe
bothadataconstructoandatypeconstructar Sincetheimplemen-
tationof Haddockmalesextensie useof mappingavhosedomain
is names(e.g. during renamingof sourcecode),the overlapping
namespacewould requireus to maintaintwo separatenappings.
However, if a namecontainsits namespacétrivial to add during
parsingbecauseve know from the context which namespacea
namebelongsto), thenwe cankeepa single mapping. This sim-
pli es the higherlevel implementationat the expenseof an extra

“moreor less



level of constructorinside a name,but we found the changeto be
worthwhile. Our de nition of HsQNames thefollowing:

data HsQName= Qual Module HsName
| UnQual HsName

data HsName = HsTyCIsName Hsldentifier
| HsVarName Hsldentifier

An Hsldentifer ~ canbethoughtof asa String . TheHsNametype
separateghe two namespacesan HsTyClsName is a type or class
name andanHsVarName is a variableor constructomame.

6.2.3 Grammar

The Haslell grammarnwas extendedto include documentatioran-
notations.Oneinterestingthing to note hereis thatHaddockuses
layoutto disambiguatennotationsfor example

class C a where
f o a->a
-- " documentation  for 'f

without the layout cues,theres no telling whetherthe annotation
belongsto the functionf or theclassC. SoHaddockusedayoutin
the sameway as a Haslell compiler; a documentatiorannotation
in adeclaratiorlist is treatedasanindividual declarationandmust
be separatedrom otherdeclarationsdy a semi-colon. The layout
systemin the parserdoesthis automaticallywhenimplicit layoutis
beingused butif theprogrammeunsesxplicit layout,therewill be
someextra semi-colongo add:

class C a where {
-- | documentation  for 'f'

Note the semi-colonis on a separatdine so it doesnt get swal-
lowed up by the comment! (Using a nested-styleommentwould
avoid that problem). The extra semi-colonwon't confusea com-
piler, becausemptydeclarationsareallowedin Haslell 98.

6.3 Interfaces

Ourintentionis eventuallyto resole namesn typesignaturesand
othertypesof declarationgo pointto the de nitions of the entities
they referto, so that we canconstructa hyperlinked renderingof
thetypein thedocumentationvhereeachtype nameis linkedto its
de nition.

Firstly, let'sintroducesometerminology:

Name A nameis anunquali ed name of typeHsName

Sourcename A sourcenameis aquali ed or unquali ed nameas
it appearsn a Haslell source le. In the abstractsyntax, it
hastype HsQName A sourcenameonly hasmeaningwithin
the scopeof a particularmodule.

Export name An export name is representecdoy an HsQName
which mustbe quali ed. The export nameM.x refersto the
x exportedby module M (however M might not be the mod-
ule thatactuallyde nesx). An export namehasa meaning
independentf ary particularmodule.

Original name An originalnameis aquali ed namewhichpoints
to the original de ning moduleof the declarationwith that
name. We also represenbriginal namesusing HsQName(to
avoid having to parameteriséhe abstracsyntax),but thereis
acorventionthatthey mustbeinstance®f theQual construc-
tor.

Every entity (function, type, class,constructoretc.) 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
exportnamestheexceptionsbeingthosenamesmportedusingthe
syntaximport A as B. Heresanexample:

module A (x) where

X o 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 hasthesourcenames¢, Ax andC.x .

Most Haslell front endsareconcernedvith only sourcenamesand
originalnamesandtheactof resolutionconsistof mappingoneto
the other However, in Haddock,we don't alwayswantour hyper
links to pointto the original de ning moduleof an entity (because
thatmodulemight be internalor hidden),sowe introducethe con-
ceptof anexport name.To stateour goalmorepreciselythen: we
wantto resohe all namesn the sourcecodeto oneof the possible
exportnamedor the entity thatthe namerefersto.

In orderto resohe namesye mustbeableto 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 knowv whatnamesand
entitiesareexportedby eachof the modulesmportedinto the cur

rentmodule.Thereforewe have to processnodulesin topological
order startingwith the moduleswhich have no dependents.The

next stagethereforeis to topologicallysortthe modulesinto depen-
deng order usingadirectedgraphconstructedrom theimportsof

eachmodule.

Next, for eachmodulewe constructan interface which collects
togetherall the informationwe needto know aboutthe modulein
orderto (a) renderthe documentatiorfor that module,and (b) to
build theinterfacesfor ary moduleswhich dependbniit.

An Interface  is arecordtype:

data Interface = Interfface  {
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 [Exportltem]

}
The rst ve elds, iface_env , iface_sub , iface decls



iface_insts , and iface_orig_exports , are usedwhen con-
structing the interfacesfor modulesthat dependon the current
module. The otherthree elds, iface_doc , iface_options , and
iface_exports , are usedto renderthe documentatiorfor this
module(moreabouttheseater).

The rst eld, iface_env , is a mappingfrom namesto original
nameswhich expresseshe namesexportedby this moduleandthe
original entitiesthey referto. This mappingcontainsall thenames
exportedby the module regardlesf whetherthey wereexplicitly
namedin the exportlist or not, including constructorsrecord eld
namesgclassmethodsandsoon.

Why dowe botherwith original namesijnsteadof providing amap-
ping from sourcenamesto export names? Well, whentrying to

determinewhich is the “best” export nameto usefor a particular
sourcename we mustbeableto compareifferentimportednames
to determinewhetherthey refer to the sameentity. An original

namehasthe usefulpropertythatit is unique;if we wantto com-
paretwo namego determinewvhetherthey referto the sameentity;

we can rst nd theiroriginalnamesandthencomparethose.

Thesecondeld, iface_sub , mapseachnamede nedin thismod-
ule to its list of subodinates wherea namea is a subordinateof
anameb if a canbe placedin parenthesigfterb in anexportlist.
The subordinatemamemappingis usedto give meaningto import
speci erssuchasT(..)

Theiface_decls  andiface_insts eld of aninterfacegive the
declarationandinstancesle ned in this modulerespectiely. The
iface_decls eld is restrictedto thosedeclarationsvhich areac-
tually exported.

6.4 Export Items

Theiface_exports eld of aninterfacegivesthe documentation
for a module,expressedn termsof Exportitem s, which are de-
ned asfollows:

data Exportitem

= ExportDecl HsDecl

| ExportSection Int Doc
| ExportDoc Doc

| ExportModule Module

A modules documentatioris a list of Exportitem s. Eachitem
representsomethinghatshouldbe placedin the documentation:

ExportDecl This is a declarationthat shouldbe renderedn the
documentationlt hasbeentrimmedto remove ary partsthat
arenot visible in the exportedinterface(eg. constructorsare
removedfrom anabstractlatatype) Thedeclaratioris oneof
thefollowing: atype signatureor atype, data, newtype, or
classdeclaration.Thatis, we don't renderary expressionsn
thedocumentationonly types.

ExportSection A sectiorheadingjncludingits level (sectionsub-
section,etc.),anda Doc representinghe text of the heading
itself.

ExportDoc Someunattachediocumentationperhapsncludeddi-
rectly from the export list, or maybeincludedasa resultof a
referenceo anameddocumentatiombject.

ExportModule A referencdo anothemodule.Theseariseasthe
resultof acompletere-export of amodule(i.e. usingtheform
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module Min the exportlist), wherethe modulein questionis
exportedin its entiretyandisn't hidden.

For thelist of Exportltem s in theiface_exports eld of anin-
terface,any namesmbeddedn the declarationgreexportnames
In thelist of Exportltem sin theiface_orig_exports eld ofan
interface,the namesareall original names.Thereasorfor having
two differentversionsof theExportltem  list will becomeapparent
in the next section.

6.5 Algorithm for constructing the interface

The high-level algorithmfor constructingan Interface  from the

parsedHaslell sourcemoduleis asfollows:

1. iface_doc  and iface_options
from theabstrackyntax.

can be extracted directly

2. Traversethe top-level declarationsattachingdocumentation
annotationgo thedeclarationshey referto.

3. Build amappingfrom sourcenamesgo original namesdor the
currentmodule, using the interfacesfor ary imported mod-
ules. The subsetof this mappingthat mapsthe namesex-
portedby this moduleto original namesbecomeshe value
of iface_env  for this module. Note: doing this properlyre-
quiresimplementingall the dark cornersof the Haslell mod-
ule system[4.

4. Renamethe sourcecode of the moduleso that eachsource
nameis replacedby anoriginal name.Theresultingdeclara-
tionscanbeusedto constructhevaluesof iface_decls  and
iface_insts for thismodules interface.

5. Build alist of Exportltem s by traversingthe exportlist:

Each entity exported is replacedby an ExportDecl
containingthe declarationit refersto. The declaration
containsoriginal namesandis prunedsothatary parts
of thedeclarationwhicharenotvisible accordingo the
exportareremoved.

If thereis no declaratiorfor theentity (perhapsecause
it is afunctionwithoutatypesignature)thenignorethe
exportandemitawarningto theuser

Eachexport of the form module Mis replacedby ei-
therExportModule M if Mis visible andre-exportedin
its entirety or the appropriatesubsebf the contentsof
iface_orig_exports from Msinterface,otherwise.

Each section heading replaced by
ExportSection

is an

Documentatiorannotationsand nameddocumentation
in theexportlist give riseto anExportDoc .

The resultof this stepis the value of iface_orig_exports
for the currentmodule.

6. Build a mappingfrom original namesto preferredexport
names. As we describedn Section5.3, an export nameis
to bepreferredf it

refersto avisible module,and

occurdaterin thetopologicalsortof themoduledepen-
deng graph.

7. Renamethe Exportltem s constructedin step 5 using the
mapping constructedin step 6, to yield the value of
iface_exports  for thismodule.



Having constructedan Interface  for eachmodule,we cannow
renderthedocumentationn the formatof our choice.

6.6 Persistentinterfaces

It isimportantthatdocumentatiorfior anew library canreferto (or
hyperlink to) the documentatiorfor the libraries on which it de-
pends. This is especiallyimportantwhenwe considerthat one of
the libraries on which virtually everythingdependss the Haslell
Prelude.The documentatiorior theseexisting librariesmay be ei-
therin local storageor onthewebsomavhere;eitherway we would
liketo beableto generatelocumentationvhichlinks to it correctly

The approachwe take is to createa persistentinterfacewheneer
Haddockgeneratesocumentatiofior asetof modules.Thepersis-
tentinterfacecontainsfor eachmodule,a cut-davn representation
of thelnterface  typedescribedn Section6.3; essentiallywe just
storetheiface_env andiface_sub components.

Whengeneratinglocumentatiorior a new setof modulesthe user
canspecifyalist of persisteninterfaceso read.For eachinterface,
thelocationof thedocumentatiorfior thatinterfaceis speci ed (the
documentatiotis assumedo bein thesameformatasthedocumen-
tationbeinggenerated)Haddockthenhasavailablethelist of orig-

inal namesexportedby eachmoduledescribedy thoseinterfaces,
andcangenerataccuratényperlinksfrom thedocumentatiomeing
generatedo the existing documentatiorfor othermodulesreferred
to.

The ideais that when a library is installedon a users machine,
it shouldcomewith a Haddockpersisteninterfacewhich canbe
usedto generatadocumentatiorior moduleswhich usethelibrary.
The actualdocumentatiormay or may not be local; the samein-
terface le works for both. The processcanbe madeeven easier
using GHC's packagesystem:in GHC, librariesare groupedinto
padkages whereeachpackagehasa setof characteristicsle ned
in acon guration le. Thecharacteristic$or a packageconsistof
thingslik e directorylocationsfor theinterface les for thatlibrary,
thelocationof the binarylibrary to belinkedin, extrainclude les
andcompileroptionsto usewhenusingthatlibrary, andsoon. Our
planis to alsostorethelocationof the Haddockinterfaceandlocal
documentatior(if installed)in the packagedescription,and have
Haddockunderstangbackagen the sameway asGHC.

Notethatbecausé¢hepersisteninterfaceonly containgheexported
namesandnotthefull exportitems,it isn't possibleto re-exportan
entity from a modulein anotheribrary. This decisionwas made
for purely practicalreasons:if we storedfull type signaturesand
documentatiorn the persistentnterface theseles would become
hugeandslow to read.

6.7 Implementation notes

In this sectionwe collect meta-informatioraboutthe implementa-
tion which might be of interest.

Thefollowing additionallibrarieswereusedin the constructionof
Haddock:

HsParser ThegenericHaslell parsinglibrary; aspreviously men-
tionedthislibrary hadto bemodi ed for Haddock.

HTML An HTML combinatorlibrary (almosta domain-speci ¢
languagein fact)for generatindd TML. Again,we didn't use

88

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

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

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

Digraph (from the GHC sources)A goodimplementationof di-
rectedgraphsjncludinglineartime implementation®f topo-
logical sortandstrongly-connectedomponents.

The whole implementatiorof Haddock,excluding commentsand
theabove libraries, is roughly 2200lines of Haslell. Brokendown
into thevariousparts:

Types& Miscellaneous350lines

Front-end
— Parser& lexerfor documentatiorstrings:180lines

— Renaming:180lines
— Computinginterfaces:450lines

Back-end
— HTML renderer900lines

— DocBookrenderer:130lines

Interestingly the back-endrendererfor HTML containsalmostas
muchcodeasthe entirefront-end. Although thereis nothingpar
ticularly interestingaboutthe implementationof the back end, it
consumednorethanits fair shareof developmentime.

7 Comparisonwith other systems

In this sectionwe compareHaddockto the competition. The com-
parisonis by no meanssompletetherearea plethoraof documen-
tationgeneratiorsystemsutthere particularlyfor C andC++, but
sincethey all have similar functionalitywe choosea few represen-
tative candidateso compareagainst.

JavaDoc[9 is SunMicrosystemsTool for documentinglava code,
designedspeci cally for generatindd TML. JavaDocis theforerun-
ner of mary of the otherdocumentation-generatidnols for other
languagesit is a maturetool in widespreadiseby the Jasa com-
munity. It allows documentationo beincludedin commentsn the
Javasourcecode,wheretheform of thedocumentatioms amixture
of text marked upin HTML andJavaDoc-speci ctags. Compared
to Haddock,it doesnt allow free-formstructuringof thedocumen-
tation,andthe markupsyntaxis ratherverbose.

Javadoesnotallow transparente-exportingin the sameway asthe
Haslell modulesystemput it doeshave inheritanceandoverriding.
JavaDoc handlesinheritanceand overriding by propagatingdocu-
mentatiorfrom theoriginal methodto theoverridingmethodwhere
necessary

HDoc[5] is JavaDoc for Haslell — the commentform is similar,
asis the generatedlocumentation.Comparedo Haddock,it has
x ed-formdocumenstructuring andre-exportsarenottransparent
(they arelisted in a separatesectionin the generatedlocumenta-
tion).

IDoc|3] is describedasa“no frills” Haslell documentatiosystem;
it alsogenerateslocumentatiorfrom Haslell source,but without



parsingthe source. Henceit hasa simplerimplementationthan
HaddockandHDoc, but someof thework hasto bedoneby thepro-
grammer:for examplethe programmemustspecify which func-
tions are exported (by annotatingthem), and which datatypesare
to be exportedabstractly IDoc doesnt copewith re-exports,andit
doesnt addhyperlinksto the documentation.

OCamldoc[2 is JavaDocfor O'Caml. Thecommentform is again
similar to JavaDoc, althoughthe markupsyntaxis speci ¢ to the
OCamldodool ratherthanbeingplain HTML.

Doxygen[1] is a well-establisheddocumentatiortool originally
for C and C++, but alsowith supportfor Java andIDL. Because
C andC++ have weakmodulesystemsDoxygencontainsits own
supportfor groupingde nitions into “modules” and“groups”, us-
ing specialdirectivesin thedocumentatiomnnotationsin thisway,
Doxygensupportsa separatiorbetweenthe documentatiorstruc-
ture and the implementationstructure,but the notationis rather
moreclumsythanHaddocks 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 the designcriteria outlinedin the introduction: it

generatedocumentatiofrom sourcecode with documentatiomn-
notationsthatareeasyto readandwrite, doesnt restrictor expose
theimplementatiordetailsof thelibrary, andit allows a free-form
structuringof the nal documentation.

Someavenuesfor further work are outlinedin the following sec-
tions.

8.1 Documentationin the interpreter

Two placesvhichwould bene t from automatically-generatetbc-
umentationis aninterpreteror developmentervironment- having
documentatiotior anidenti er availablefrom a singlemouseclick
or asinglecommandattheinterpreters promptwould beextremely
useful.

If the packagesystemwereextendedto includeinformationabout
Haddockdocumentatiomssuggesteth Section6.6,thenthe GHCi
interpreterwould have immediateaccesdo the documentatiorfor
every library availableto it, and could pop up the documentation
for ary type, class,or functionondemand.

8.2 Type Searhing

Haddockhasaccesgo a wealth of information aboutthe source
codeit is processingandtherearea numberof usefulanalyseghat
can be performedgiven this information. Oneideais to answer
questionssuchas “tell me all the functionsthat mentiontype T".
This canbe taken a stepfurther, for instanceallowing functions
to be searchedasedon a type pattern (“tell me all the functions
thattake an A andreturna B, regardlessof what otherarguments
they take”). Ruittri's work[8] shaws that matchingtypes modulo
isomorphismis a usefulidiom for library searching.
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