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Abstract. Galleys have beenintroducedby Jef Kingstonasone of the key
conceptainderlyinghis advanceddocumenformattingsystemLout. Although
Lout is built on a lazy functional programminganguagegalley conceptsare
implementedaspartof thatlanguageanddefinedonly informally.

In this paperwe presenta first formalisation of documentformatting
combinatorausing galley conceptsin the purely functional programminglan-
guageHaslell.

1 Introduction and Related Wor k

Prettyprinting is an establishedopic in the functionalprogrammingcommunity;it is
targetedowardsappropriatéayoutof datastructuresyith oneof themainapplications
being usetfriendly display of internaldatastructuresof compilers for examplefor
thecreationof errormessagesHugheshasturnedthe developmentof pretty-printing
combinatorsnto afineartin [2,3]. His combinatordiave subsequentlpeenimproved
uponby PeytonJoneg10]. Wadler[11] haspresente@simplerdesignyetanotherset
of “optimal prettyprinters”’hascomeforth in [1].

However,documenformattingwith problemssuchastheplacemenbf footnotess
simply outsidethe scopeof prettyprinting asdiscussedh thepapersnentionedsofar.

The best-knavn documentformatting systemin the scientific community is
probablyTEX [9]. TEX isbuilt onaratherlargenumberof primitivesthatincorporate
mary fine pointsof theartof typesetting. TEX offersaccesso thesegrimitivesthrough
animperatveprogrammindanguagevith dynamicbindingandrathemweakstructuring
capabilities— in short, TEX consideredsa programmindanguages aboutasimpure
aspossible.

Anotherdocumenformattingsystenrecentlygainingacceptancandpopularityis
Jef KingstonsLout[6,7,8]. Lout hadtwenty-thregrimitivesin theversionpresented
in [6] — thisnumberhasgrown in the meantimeput is still small. The programming
languageavailable for programmingdocumentformat definitionsis a small lazy
functional programminglanguagewith an innovative definition and namevisibility
mechanismflexible compositiorof alignedobjectsaversatilecrosseferenceoncept
and,mostimportantfor thispaperthegalley concept.

Thegalley abstractiorallowsto directpartof thedocumento placessomavhere
elsein the documentfor examplefootnotesare implementedas galleys directedto
targetsatthebottomof thepage.Thegeneralityof thegalley abstractiomsconcevedby



Kingstonallowsessentiallyall problemsf text flow, tablesof contentsandevenindices
andlists of referenceso be definedvia galleys,sothatLout is adocumenformatting
systemthatdoesnot evenneeda built-in conceptof pages— pagesaredefinedin the
programmindanguagesobjectsof a certainsizeandcontainingcertaintargets.

However, the galley concepttself is definedoutsidethe functionalprogramming
languageof Lout, describedonly informally in [6] (andeven moreinformally in the
“Expert'sGuide”[7]), andimplementedn C.

In this paperwe give a completelyformal definition of galley movementin the
purefunctionalprogrammindanguageHaslell. By disregardingall aspectsinrelated
to galley flushingwe areableto presenta small setof basicdocumentcombinators
that satisactorily capturethe essentiabehaiour of galleysin Lout andstill canbe
implementedvith relative ease.

2 Overview of Document For matting Combinators

We startwith giving a brief overview of how to reflectthe centralfeaturesof Lout’s
galleysin documenformattingcombinators.

The expositionof this paperis centredaroundobjects, the datatypeor whichwe
shallpresentn detailin thenext section:
> data Qbj ect
A veryimportantobjectis thenul | objectwhich neverleavesatracé:
>null :: Qoject
For beingableto build upmoreinterestingdocumentsye have to decideontheir basic
constituents Adheringto Lout nomenclatureve call thesecomponents. For thispaper
weconsidetistsof linesascomponents— thisismoregenerathanjustlinesandallows
usto experimentwith unbreakableomponentsf differentheights:
> type Component = [String]
We wantto be ableto turn componentsnto objects,andto prefix objectswith com

ponents:
> singleton :: Conponent -> (hject
> prefix .. Component -> Object -> Object

Obviouslywe candefinesi ngl et on via prefi x:

> singleton ¢ = prefix c null

A moregeneraimeando composebjectss concatenation:

> (#) 11 Object -> hject -> (nject

In theexpert'sguideto Lout [7], Kingstondefines:“A galley is an object plus a cross
reference which points to where the object is to appear” However, crossreferences
occurringin galleysarelimited to thosereferringto a nametogethewith a directiort:
> type Galley = (String, Direction, Object)

> data Direction = Preceding | Followi ng

Sucha crossreferencas takento meanthelist of all targetsof the samename starting
with thenext occurencén therespectre directionandalwayscontinuingforward.

1 Sincewe have anameclashhere we have to remembeto “> inport Prelude hiding (null)”!
2 |n Lout, athird modeis possiblewhichis only usedfor bibliographicreferencdist entries.



A galley consideredas an object sendsitself asthe first outgoing galley and
otherwisebehaeslikenul | — in Lout,suchagalley is built by defininga symbolwith
thegalley objectasthebodyof thedefinitionandaspecial' @Target” paramete(or the
“into” abbreiations).
>galley :: Glley -> (yject
In Lout, atargetthatis receptve to galleysis built usingthe“@Galley” symbol,which
thereforedoesnotrepresena galley, but a possibletarget for galleys. Our combinator
for introducingtargetsis thefollowing:
> target :: String -> Object
Thesecombinatorarenot yet sufficientfor the definitionof pages.Olviously a page
shouldcontaintargetsfor text andfootnotesput theessentialeatureof a pageis thatit
restrict¢hesizeof whatcanberecevedinto thesetargets. Sizerestrictionis achieved
by usingthefollowing combinator:
> high :: Int -> Chject -> (bject
The footnote section, when it appears,will start with some space and a
horizontal line followed by a list of footnotes — we can achiere this by
“prefix ["", "----- "] footlList”,

However, when there is no footnote, then the whole footnote sectionshould
disappear— Lout hastheconcepibf receptive symbolsfor this: A receptie symbolis
ary symboldefinedto directly or indirectly containa target,andreceptve symbolsare
replacedoy nul | if nocontainedargeteverrecevesagalley.

Ourframawork lackstheconceptof symbolsanddefinitions thereforeve make
the effect of receptve symbolsexplicit asa combinatorthat letsits agumentobject
appeaponly if it recevesagalley:
> delay :: Chject -> (bject
Lout relieson recursve definitionsfor implementinge.g.lists of pagesor footnotes;
however Lout usesa specialsemanticf recursionthat includesrecursve objects
beingdelayedandnotexpandingunlessspacaes sufficient. Sincewe cannotchangehe
semantic®f recursionn Haslell, we have to provide our own combinatoffor building
recursve objectsandabstainfrom usingHaslell recursionin objectdefinitions:
> recurse :: (Chject -> Object) -> (hject
Finally we needa function that actually formatsa document;its resultis a list of
componentsyhich usuallyshallstandfor pages:
> force :: Chject -> [Conponent]

3 A Simple Document For mat

Thesecombinatoraresufficientto build documenformatsanalogouso thoseusedto
explaingalley conceptsn [6,7].

A list of pagedo hold the whole documentis a simplerecursionover of a page
concatenatedvith the recursve call, and every pageis a restricted-heighiobject
containinga targetfor text concatenatedith afootnotesection:
> pagelist = recurse (page #)
> page = high 12 (target "TextPlace" # foot Sect)



The footnotesectionis delayed,and containsa recursve list of footnotetargets(in
Haslell, theinfix operator‘$’ is low-priority, right-associatie functionapplication):
> footSect = delay $ prefix [, "-----"] footList

> footList = recurse (target "FootPlace" #)

Now we have two kindsof targets;in thesimpledocumentsve areconsideringcorres
pondinglytwo kindsof galleysoccur themaintext of thedocumentandfootnotes:
>text t=galley ("TextPlace",Preceding,t)

> footNote f = galley ("FootPlace",Following,f)

A sampledocumentis constructedvith ease:

> purcell = prefix ['"PURCELL(1)"] (footNote fn) # body

> fn = singleton ["(1) Blom, Eric. Some", "Great Composers.", "Oxford, 1944."]

> body = foldr prefix null [ ... ]

So now we can format the running example of [6,7] by evaluatingthe expression:
force (pagelist # text purcel) ,anddisplayingtheresultin apleasingnanner:

|PURCELL(1) [that is regarded |of the world’s musical |
lelsewhere as perfectly |classics, as here, we find|

|In the world of music  [normal and natural; but |that we cannot omit this |

|England is supposed to be |if foreign students of ~|English master. |

|a mere province. If she |musical history have to |

|produces an indifferent  |acknowledge a British | |

|composer or performer,  |musical genius, he is | |

| |considered a freak. | |

|(1) Blom, Eric. Some | Suchafreakis | |
|Great Composers. |Henry Purcell. Yet if we | |
|Oxford, 1944. |make a choice of fifteen | |

4 Implementation

Objectsare modeledas entitiesthat essentiallyare preparedto reactto two kinds

of stimuli:

— anevaluation request triesto extracta componeninto availablespace,

— areceptionrequest askgheobjecttoreceiveagalley directecatsomeargetcontained
in the object— we considelit to beanerrorto senda galley to anobjectthatdoes
not containatargetfor it.

The reactiongo both of thesehave to take into accountthe availablespacewhich is

expresse@saConstraint , andaboolearforcing parametewhichinfluencegheeager

nessof the object’s behaiour anddepend®n the objects positioninsideconcatena
tion chains.

Furthermorewe needto know which receving targetsan object contains both
openandwithin delayedor recursve subobjectsandits minimum heightasa whole.
Thereforewe define:
> data Object = Object
> {eval = Bool -> Constraint -> EvalResult
receive : Bool -> Constraint -> Galley -> RcvResult
,openTargets :: [String]

,delayedTargets :: [String]

Jheight = Int

V V V V V
—



> type RevResult = (Bool, [Galley], Object)
> targets o = openTargets o ++ del ayedTargets o

Theresultof evaluatingcanbe:

— Disappearing: Theobjectdisappearwithouttracewhichiswhatnul | alwaysdoes.

— Suspended: The objectcannotyet saywhatit is goingto be,asfor exampletargets
thathave not yet beenattachedo, or recursve or delayedobjects. If forcing is set
to True in thecall to eval , anobjectmustnot suspend— it will thenusuallychoose
todisappear

— NoSpace: The objectwantsto yield a first componentwhich is too large for the
currentconstraints.

— Sending: A list of galleysis dispatched.

— Yielding: A nonempty componentfitting into the current spaceconstraintsis
yielded.

ExceptDi sappeari ng, all resultscarrya continuatiorobjectsincetheevaluationattempt

alwaysmight changeheobject:

> data Eval Result = Di sappearing

> | Suspended { obj :: Object}
> | NoSpace { obj :: Object}
> | Sending {gall :: [Galley], obj :: Object}
> | Yielding {conp :: Conponent, obj :: Object}

The only measureo be constrainedn our currentsettlngls the height of objects;
andthereis alsothe possibilitythat an objectis evaluatedwithout ary constraintsso
we define:

> type Constraint = Maybe Int

For modellingmoreof Lout, the constraintdatatypeshouldnot only containinforma
tion abouttheallowedheightandwidth, but alsoothersettingsuchasfont andspacing
information.

With this we canalreadydefinethe global documentformattingfunction which
forcesevaluationanddoesnotimposeary constraints— we decideto simplediscard
ary straygalleys:
> force :: Chject -> [Conponent]
> force o = case eval o True Nothing of
> Disappearing ->[]
> Yieldingco ->c: force o
> Sending gs o -> force 0
Thepossibleresultsof recei ve have thefollowing semantics:

— “(True, gs, 0)” meanghatthe galley wasreceved,triggeredfurther galleys gs, and
thattheresultingobjectis “0”

“(Fal se, gs,0)” meanshatthegalley wasnot receved,usuallybecausef insufficient
spacebutthattheobjecthastriggeredhegalIeysgs andmayhaveundegonechanges
(suchasdecidingnever to receive arymore);thereforeone now hasto referto “o”
instead. Although the agumentgalley hasnot beenreceved, it may have been
modifiedor discardedsoif it isto besenton,it will alwaysbefoundin gs.

Thenul | objectis alwaysreadyto disappeaimmediatelywithout leaving ary trace
(reverror documentsn error that shouldnot occursinceobjectsshouldonly be sent
galleysthey canreceve):



>null :: Object

> null = Object

> {eval = (\ forcing co -> Disappearing)

> ,receive = (\ forcing co g -> rcverror g "null")

> ,openTargets = []

>, del ayedTargets =[]

> ,height =0

>}

A singletonobjectyieldsits componenif thereis spacefor it and otherwisesignals
NoSpace. Fortestingvhetheisomecomponenorobjectfitsintoaconstraintiespectrely
for decreasing constraintoy theamountindicatedby somecomponenbr object,we
useanappropriatelydefinedclassConst r ai ner andthefollowing functions:

> (&?) :: Constrainer ¢ => Constraint -> ¢ -> Bool

> (&) :: Constrainer ¢ => Constraint -> ¢ -> Constraint

We give anexplicit definitionof si ngl et on:

> singleton :: Conponent -> (hject

> singleton ¢ = 0 where

> 0 = (bject

> {eval = (\ forcing co ->if co & c¢ then Yielding ¢ null else NoSpace o)

> ,receive = (\ forcing co g -> rcverror g "singleton")

> ,openTargets =[], delayedTargets = []

> L height = length ¢

>}

Thesamespaceconsiderationapplyto prefi x, which otherwisanheritsthebehaiour
of theprefixedobject:

> prefix :: Conponent -> Object -> Object
> prefix ¢ 0o = 0 where

> 0 = (bject

> {eval = (\ forcing co->if co & c then Yielding c o el se NoSpace 0')
> receive = (\ forcing co g ->

> thrdUpd3 (prefix c) $ receive o forcing (co & c) @)

> ,openTargets = openTargets o

> delayedTargets = del ayedTargets o

> L height = length ¢ + height o

>}

For updatingthe objectwithin theRevResul t we usedthe prelude-quality hr dUpd3:
> thrdUpd3 :: (c ->d) ->(a, b, ¢) ->(a, b, d)
> thrdUpd3 f (a, b, ¢) =(a, b, f ¢)
It is easyto seethattheequatiorsingl eton ¢ = prefix ¢ null doesndeedhold.
A galley consideredas an object sendsitself asthe first outgoing galley and
otherwisebehaeslikenul | :
> galley :: Galley -> Object
> galley g = Qnject

> {eval = (\ forcing co -> Sending [g] null)

> receive = (\ forcing co g ->rcverror g "galley")
> ,openTargets =[], delayedTargets =[]

> ,height =0

>}

Beforewe startto presenthe definition of objectconcatenationye first introducean
auxiliarycombinatothatshallbeneededhere. Takingacomponent andanobjecto,
suf fi x deliversanobjectthatyieldsc only aftero disappears:



> suffix :: Conponent -> Chject -> (hject

> suffix c o =0 where

0 = (bject

{eval = (\ forcing co -> case eval o forcing (co & c) of
Di sappearing -> eval (singleton c) forcing co
r->r {obj =suffix ¢ (obj r)})
,receive = (\ forcing co g ->
thrdUpd3 (suffix c) $ receive o forcing (co & c¢) g)
,openTargets = openTargets o
, del ayedTargets = del ayedTargets o
,height = length ¢ + height o
1

Concatenatioonf two objectsinto a singleobjecthastwo maintasks:

— Communication: Galleys sentoff by oneobject,accordingto their directioneither
have to besentto theotherobjector to thecontext.

— Spacenegotiation: Two objectyplacedogethemwithin oneconstrainmayonly grow
aslongasthey donotinfringeinto eachothersspace.

Sincethe final result of evaluatingan object must always either be that the object

disappearsrthatit yieldsacomponentromtheobject’ sbeginning, anaturaasymmetry

isimposedon bothseeminglysymmetricatasks.We resole thisasymmetrysingthe
forci ng parameterteval andrecei ve asindicatedby thefollowing:

— While galleys are sentbetweenthe several objectsin a concatenatiortree,galleys
arriving attheleft-mostleaf arenotexpandedyhile all othergalleysareexpandeds
faraspossible(are“forced”) on arrival. Thisensuregor examplethatfootnotesare
allowedto grow afterbeingsentoff beforethesubsequemnnaintext (whichis sentto
thecompeting Text Pl ace" target)is allowedto grow into its space.

— While objectsareevaluatedsuspended objectsareleft waiting everywhereexceptin
theright-mostleaf. There evaluationis “forced”, andtargetsor delayedobjectsare
madeto disappear— if no galley hasreachedhemyet,therewill alsobeno such
galley lateron. Otherwisevewouldneverbeableto determingheendof adocument
in our sampleformat,sincethereis alwaysapageli st waitingattheright end.

For communicatiorof galleys we first presenta few auxiliary definitions. We usea

communicatiorstatethatcontaingwo objectsandaflagsignallingwhethersomegalley

alreadyhasbeenreceved:

> type OCState = (Bool, Ohject, Ohject)

Thisis thenusedasthe statefor a simplestatemonad:

> type STfun s x = s -> (s,X)

> type SToc = STfun OCState [Galley]

We provide afunctionto combineresultsof SToc transformernto RevResul t s:

> ocMResult :: (OCState,[Galley]) -> RcvResult

> ocMkResult ((rev, ol, 02), gs) = (rcv, gs, ol # 02)

Communicatiorbetweenwo adjacenbbjectshasto respecthedirectionof thegalleys

sentoff by either Furthermoreve take carethatonly theveryfirst objectof alonger

concatenationecevesin adelayednanneywhile all laterobjectsrecevewith f or ci ng
set. The definitions of ocGalleyFront and ocGal | eyFrom? are thereforesymmetric

exceptfor theforci ng parametepassedo therecei ve calls: The secondobjectof a

concatenatioalwaysreceveswith forcing = True, while thefirst inheritsfrom above:

VVVYVYVYVVYVYVYV



ocGal | eyFroml, ocGalleyFron2 :: Bool -> Constraint -> Galley -> SToc
ocGal | eyFronmt forcing co g @(nanme, Preceding, ) s = (s, [g])
ocGal I eyFroml forcing co g @(name, Following, ) s @(rcv, ol, 02)
if name ‘notElent targets 02 then (s,[g])
else let (rev', gs2, 02') = receive 02 True (co & o0l1) g
in ocGalleysFron? forcing co gs2 (rcv || rev', ol, 02')
ocGal | eyFron2 forcing co g @(name, Following, ) s = (s, [g])
ocGal | eyFronm2 forcing co g @(name, Preceding, ) s @(rcv, ol, 02)
if name ‘notElem targets ol then (s,[g])
else let (rev', gsl, ol') = receive ol forcing (co & 02) g
in ocGlleysFroml forcing co gsl (rcv || rev', ol', 02)

Iteratedcommunications achiezedvia a simplefold functionin the statemonad:

VVVYVVVYVYVYVYVYV

ocGal [ eysFroml, ocCalleysFron2 :: Bool -> Constraint -> [Galley] -> SToc
ocGal | eysFroml forcing co = stfold (ocGalleyFronl forcing co)
ocGal | eysFrom? forcing co = stfold (ocGalleyFron2 forcing co)
In thedefinitionof recei ve, the concatenatiofooksat the openanddelayedreceptors
of bothcomponentanddecidesaccordinglyto which thegalley is goingto besent.
> (#) .. Object -> Object -> (bject
> 0l # 02 = 0 where
0 = (bject
{eval = ocEval ol 02
,receive = (\ forcing co g @(nane,d,0") -> let
sendl = let (r,gs,ol') = receive ol forcing (co & 02) g
in ocMResult $ ocGalleysFrontl forcing co gs (r, ol', 02)
send2 = let (r,gs,02') = receive 02 True (co & o0l) g
in ocMkResult $ ocGalleysFron2 forcing co gs (r, ol, 02')

> stfold :: (a-> STfun b [c]) ->[a] -> STfun b [c]
> stfold f [] s = (s,[])

> stfold f (g:gs) s=1let (s, gs" ) =fgs

> (s"', gs'') =stfold f gs s
> in(s'', gs ++gs'')

>

>

>

sendOL x = if name ‘elem openTargets ol then sendl el se x
send®@ x = if name ‘elem openTargets 02 then send2 el se x
sendDl x = if nane ‘elem delayedTargets ol then sendl el se x
sendD2 x = if name ‘elem delayedTargets 02 then send2 el se x
in case d of

Fol lowing -> sendOL $ send® $ sendDl $ sendD2 $ rcverror g "(#)"
Preceding -> send® $ sendOL $ sendD2 $ sendDl $ rcverror g "(#)")
,openTargets = openTargets ol ++ openTargets 02
, del ayedTargets = del ayedTargets ol ++ del ayedTargets 02
,height = height ol + height 02
1
Whenevaluatingthe concatenatioof two objectswe first evaluatethefirst (never for-
cing) andthenperformarny communicatiorthat might resultfrom the galleys sentby
thatevaluation. Only the casethatthefirst objectsuspendss not straightforward. In
thatcasewe alwaysevaluatethe secondbject,too,in thehopethattheresultingcom
municationrelievesthe suspensionThereforewe resumesvaluationof the combined
objectif theconcatenatedbjectisforcedorif eithercommunicatiorsucceededr if the
evaluationof thesecondbjectyieldeda component— in orderto enablemoreof the
secondbjectto beevaluatedf necessarwehavetousesuf fi x tostickthatcomponent
ontotheendof thefirst objectin therecombination.

VVVYVVVVYVVVVYVYVYVYVYVYVYV



> ocEval :: Object -> Chject -> Bool -> Constraint -> Eval Resul t
> ocEval ol 02 forcing co = case eval ol False (co & 02) of

> Disappearing -> eval 02 forcing co

>  NoSpace ol' -> NoSpace (0l # 02)

> Yielding ¢c 0l' -> Yielding ¢ (01" # 02)

> Sending gs ol ->

> case ocMkResult $ ocGal | eysFronl Fal se co gs (False, ol', 02) of

> (rev,[],0") ->eval o forcing co

> (rcv,gs,0') -> Sending gs o

>  Suspended ol -> case eval 02 forcing (co & ol') of

> Di sappearing -> if forcing then eval ol' forcing co el se Suspended ol’
> Suspended 02’ -> Suspended (ol # 02')

> NoSpace 02' -> if forcing then NoSpace 02" el se Suspended (0l' # 02')
> Yielding ¢ 02" -> eval (suffix ¢ ol' # 02") forcing co

> Sending gs 02' ->

> case ocMkResult $ ocGall eysFron? False co gs (False, ol', 02') of

> (True, [], 0o') ->eval o forcing co

> (False, [], o) ->error ("enpty Sending???")

> (_, gs, 0') -> Sending gs o

Thefunctionhi gh constrainghe heightof its objectargumentto theamountindicated
by theintegerargument.If theobjectargumentdoesnotfit in theindicatedheightthe
remaindeobjectis discardedndaplaceholdepf theappropriatdeightis substituted.
Otherwisetheresultisfilled to thespecifiecheight.

Filling up to the specifiedheightinvolvesrecursvely evaluatingthe remaining
objectsafteryi el di ng andconcatenatinthecomponentsitoasinglecomponent— this
taskis delegatedto theauxiliaryfunctionpr ef i xConc. Besidesve alsousethefollowing
smallfunctions:
> strut h =replicate h ""
>fill hc=take h (c ++ repeat "")

If theresultingobjectitself is placedin atoo tightly constrainecenvironment.thenit
doesnotfit andremainsasthe continuatiorobjectof NoSpace.
> high :: Int -> Object -> Obj ect
high h o =0 where
eval’ forcing = case eval o forcing (Just h) of
NoSpace 0ol -> Yielding (fill h ["@igh: Qoject too large"]) null
Di sappearing -> Yielding (strut h) null
Suspended ol -> Suspended (high h ol)
Sending gs ol -> Sending gs (high h ol)
Yielding c ol ->1let h" =h - length ¢ in
if h" <0 then error "@igh: yielded conponent too high!"
el se case eval (high h' ol) forcing Nothing of
Yielding ¢’ 02 -> Yielding (¢c ++ ¢') 02
Sending gs 02 -> Sending gs (prefixConc ¢ 02)
Suspended 02 -> Suspended (prefixConc ¢ 02)
NoSpace 02 -> error "@i gh: NoSpace in recursive call!"
Di sappearing -> Yielding (fill h¢) null
0' = (bj ect
{eval = (\ forcing co -> case co of
Not hing -> eval' forcing
Just h" ->if h" < h then NoSpace o' else eval’' forcing)
,receive = (\ forcing cog ->
thrdUpd3 (high h) $ receive o forcing (Just h) g)

VVVVVVYVVVVYVVVVYVYVYVYVYVYV



> ,openTargets = openTargets o

>, delayedTargets = del ayedTargets o
> L height = h

>}

The auxiliary functionpref i xConc usedabove is thetool thatallows hi gh to assemble
componentsf exactlytheright heightfrom objectsthatyield smallirregularcompon
entsby modifying its algumentobjectto concatenate the algumentcomponenbefore
its first yieldedcomponent:
> prefixConc :: Conponent -> Cbject -> Object
> prefixConc ¢ 0 = o' where
> 0 = Object
{eval = (\ forcing co -> case eval o forcing (co & c) of

Di sappearing -> Yielding ¢ null

Yielding ¢ 02 -> Yielding (c ++ ¢') 02

r ->r {obj = prefixConc ¢ (obj r)})
,receive = (\ forcingcog->if co & c

then thrdUpd3 (prefixConc c) $ receive o forcing (co & c) g
el se (False, [forward g], 0'))

,openTargets = openTargets o, delayedTargets = del ayedTargets o
,height = length ¢ + height o
}
If agalley cannoberecevedbecausef lackof spaceit hasto besentonlookingfor its
next target;but it alwayshasto beturnedforwardfor thispurposgimagineoverflowing
text in theexamplepresentedn Sect.3; althoughit findsits first pageinitially asthe
Precedi ng target,thenext targetto beurveiledby pagel i st istheFol | owi ng):
> forward :: Galley -> Galley
> forward (name,d,o0) = (name, Fol | ow ng, 0)
A galley thathasreachedts targettransformshistargetinto a concatenationonsisting
of theobjectcarriedby thegalley andthetargetitself which hasto bereadyto receve
moregalleysdirectedatit. However, if thegalley objectdoesnot fit into the spaceat
thetarget— afactthatcannotbe excludedat receptiortime — it hasto besentonto
thenext targetwith thesamename andtheoriginaltargetdisappears.

For this purposewe provide thefollowing auxiliary combinatorthatshallbe used
in thedefinitionof target andthatattachesarecevedobjectto atargetname.

An importantcaseto considetlis thattheattachebjectmightbeaconcatenation,
sinceconcatenatiotakesinto accountheheightsof both its componentbeforedecid
ingtoyieldacomponentHowever,if theattache@bjectistoolargefor thespacevhere
it currentlyresidesit will senditself to thenext taget— thereforeve haveto evaluate
theattacheabjectwith nosizeconstrainsothatit mayyielditsfirstcomponentvithout
internalsizeconsideration§ senpty determinesvhethera constrainiis Just 0):
> attach :: String -> Ohject -> (hject
> attach name = attach’ where
> attach’ o = 0 where
0' = (nj ect

{eval = (\ forcing co -> case eval o forcing Nothing of
Di sappearing -> Di sappearing
NoSpace 0ol -> error "attach: NoSpace without constraints!"”
Suspended ol -> if isEmpty co
then Sending [(name, Fol | owing,attach’ ol)] null
el se Suspended (attach’ ol)

VVVYVYVYVVYVYVYV
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> Sending gs ol -> Sending gs (attach’ ol)

> Yielding c ol ->if co & c then Yielding ¢ (attach’ ol)

> el se Sending [(nane, Fol | owi ng, attach’ (prefix ¢ o0l))] null)
> ,receive = (\ forcing co g -> thrdUpd3 attach’ $ receive o forcing co g)
> ,openTargets = openTargets o

> , del ayedTargets = del ayedTargets o

> ,height =0

>}

Thetarget functionis usedto build thebasicreceptie objects. It thereforedisappears
whenevaluationis forcedonit, andsuspendstherwise.

Whenreceving, we have to distinguishwhetherreceptionis forcedor not— re-
membetthatall but thefirst objectof a concatenatiohaveto performforcedreception.
Themotivationbehindthisisthat,for examplethesizeof afootnoteneedso beknowvn
beforethetext canbeallowedtofill theremaindeof thepage.Thereforéhefootnotehas
to expandasfar aspossibleonceits galley hasreachedts target. Again,thisexpansion
involvesevaluationwithout constraintsincethe partthat doesnot fit into the current
targetwill besentonto thenext tamet.
> target :: String -> Object
> target name = o0 where
> 0 = (bject
{eval = (\ forcing co -> if forcing then D sappearing

el se case co of Just O -> Disappearing
_ -> Suspended o)
,receive = (\ forcing co g @(nane’,d ,0") -> case co of
-> if name /= name’ then rcverror g "target"
else if not forcing then (True, [], (attach name o’ # 0))
el se case eval o' False Nothing of

Di sappearing -> (True, [], 0)

Suspended o'’ -> (True, [], (attach name o'’ # 0))

NoSpace o'’ -> error "target: NoSpace without constraint!"

Sending gsl o'’ -> (True, gsl, (attach name o'’ # 0))

Yielding c 0" ->if co & c then

let g = (name',Followng,0")

(rcv, gsl, ol) = receive (prefix ¢ o) forcing co ¢’
in (True, gsl, ol)
el se (Fal se, [(name, Followi ng,prefix ¢ 0o'’)], null))

,openTargets = [nang]
, del ayedTargets = []
,height =0
1
Thelastline of thedefinitionof recei ve reflectsthefactthatwhenthereis notenough

spaceor thefirst componentf the galley arriving atits target,thenthe galley is sent
ontothenext targetin forwarddirection,andtheoriginaltargetdisappears.
Obijectsbuilt with recurse anddel ay areboth delayedobject$ andexpandonly
if somecontainedargetrecevesa galley. Thereforebothdisappeawhenforcedand
suspenan normalevaluation.
As a small concessiorto the forcing galleys of Lout (which are not directly
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1 In thispapemwe only considerreceptiverecursve objects. Thebehaiour of otherrecursve objectsn Lout
apparentlycannotbeintegratedeasilyinto theforcing strat@y of thecurrentpaper



connectedith ourforcingparametersyeallow themto disappeatoo,whenit isclear
thatthereis not enoughspaceor expansion.Sinceeventuallytheseobjectswould be
forcedaway in the end,thisis not strictly necessaryut in the effectit allows pagedo
beflushedearlier

Whenarecursveobjectis asledto receveagalley, it first checksvhetherasingle
instanceof the body of therecursionwith nul I substitutedor the recursve call, can
recevethegalley underthepresensizeconstraints Onlyif thisis possibletherecursion
isunfoldedonelevelandthegalley sentto theresult— notethatthistentatveevaluation
is possiblewithout problemssinceit cannotprovoke ary sideeffects. If receptionis
impossiblethenthe galley is senton andtherecursve objectdisappears— otherwise
footnoteamightappeaiout of order
> recurse :: (Chject -> Object) -> (hject
> recurse ff = o

> where

> ffo=1ffo

> ff0 =ff null

> targs = targets ff0

> 0 = (bject

> {eval = (\ forcing co ->if forcing || isEmpty co || not (co &? ffo)
> then Di sappearing el se Suspended o)
> ,receive = (\ forcing co g @(nane,d,0’) -> case co of

> Just 0 -> (False, [forward g], null)

> _->if nane ‘elen targs

> then case receive ff0 forcing co g of

> (Fal se, gs, ol) -> (False, [forward g], null)
> r ->receive ffo forcing co g

> el se rcverror g "recurse")

> ,openTargets =[]

> , del ayedTargets = targs

> ,height = 0

>}

Sinceit only recevesafterexpansionarecursve objectcontainano opentargets,and
all targetsof thebodyaredelayedargetsof therecursion.
For objectshuilt with del ay, thesameconsiderationapply:
> delay :: Object -> oject
> delay o = 0' where
o' = (bject
{eval = (\ forcing co ->if forcing || isEnpty co || not (co &? o)
then Di sappearing el se Suspended 0')
,receive = (\ forcing co g @(nane,d,0’) -> case co of
Just 0 -> (False, [forward g], null)
_->if name ‘elen targs
then case receive o forcing co g of
(Fal'se, gs, ol) -> (False, [forward g], null)
r->r
el se rcverror g "del ay")
,openTargets = []
, del ayedTargets = targs
,height = 0
}

targs = targets o

VVVYVVVVYVVYVYVYVYVYVYV



5 Extensions

If in our exampledocumenformatthereis a footnoteon a pagewith only little other
materialthenthisfootnotewill beappendeimmediatelybelor thatmateriainsteadf
beingpushedo thebottomof thepage. Sincewe do not have anything corresponding
tothegapmodef lout,whichinfluencethespacéehaiour of concatenatioandcan
beusedfor suchpurposesye mightinsteadwvantto define

> vfill =recurse (prefix [""])
andinsertthis on top of foot Sect for pushingthe footnotesectiongo the bottom of
thepage.

However,asmentionedeforethisun-receptierecursiordoesnotwork well with
our presentevaluationstratgy. Neverthelessve canintroducea combinatomroughly
correspondindo the Lout symbol @VExpand that makesan objecttake up all space
availablefor it (aslongasthatspaces finite):
> vExpand :: bject -> Qbject
> vExpand o = o' where
> 0 = (bject
{eval = (\ forcing co -> case co of

Not hing -> eval o forcing co
Just 0 -> eval o forcing co
Just h -> case eval o forcing co of

Di sappearing -> Yielding (strut h) nul

NoSpace ol -> NoSpace ol

Sending gs ol -> Sending gs (vExpand ol)

Suspended ol -> Suspended (vExpand ol)

Yielding c o1 -> Yielding ¢ (if length ¢ <h then vExpand ol el se 0l))
,receive = (\ frc co g -> thrdUpd3 vExpand (receive o frc co g))
,openTargets = openTargets o
, del ayedTargets = del ayedTargets o
,height = height o
}

If we now modify thedefinitionof page accordinglythenfootnotesarealwayspushed

to thebottomof thepage:

> page = high 12 (vExpand (target "TextPlace") # footSect)

Anotherextensionthatwe would lik e to presenwill allow usto numberour pages.
We give a variantof therecurse combinatorthat usesfunctionsfrom arbitrary

domaingo Ohj ect sinsteadof just bj ect s. Thedefinitionis unchangedxceptfor the

framevork neededo setup thetwo expandecdbijects:

> recurseF :: ((a -> Object) -> (a -> ject)) -> (a -> hject)

> recursefF ff = f

VVVVVVYVVYVVYVYVYVYV

> where

> f' = ff f

> f a = o0 where

> ffo=1f" a

> ffo = ff (const null) a

> targs = targets ff0

> 0 = (bject -- { as hefore }

Themodificationgiecessarto obtainnumberegagesrenow veryeasythenumbered
pageitself is obtainedvia a Haslell function taking the pagenumberand delivering
a numberedbage(includingthevExpand from above),andthelist of numberedpages



is arecursionover a functionthatmapsa page-listgeneratorkpl to anothempage-list
generatothatgeneratea numberedrageconcatenatedith a recursve call usingan

incrementeghagenumber:

> npage :: Int -> Object

> npage n = high 14 $ prefix [" - " 4+ shown ++ "-" ""]

> (vExpand (target "TextPlace") # footSect)

\Y

npageli st :: Object
npagelList = let f mkpl n = npage n # nkpl (n+1)
> inrecurseF f 1

Vv

6 Concluding Remarks

Motivated by the galley conceptimplementedin Lout, we have presentedHaslell
definitionsof eight elementaryandtwo advanceddocumentformattingcombinators.
Thesecombinatorallow to puttogethedocumenformatghatincludepagenumbering,
footnotesandtablesof contentsn a simple,declaratve andintuitiveway. We have not
strivedto mimick exactly the behaiour of Lout, but have insteadtried to constructa
self-containedintuitively motivatedandexplainableimplementatiorof the document
formattingcombinators.The definitionsof thosecombinatorsalthoughthey arenot
trivial andmaynot yet bethe mostelegant,still fitted into the spaceconstraintsetfor
thispaperandshav theeleganceof Kingstonsgalley abstractiorandhow thismaybe
reflectedn apurelyfunctionalformalisation.

Especiallytheextensionto recurseover object-yieldingfunctionsalsoshovs how
documentformatting can profit from beingembeddednto a full-fledged functional
programminganguagejustaswith mary otherdomain-specifitanguages.

Althoughmuchstill need$o bedoneto beabletoreflectalsotheotherabstractions
underlyingLout in aHaslell settingthesecombinatorperhapsnaysenetoilluminate
alittle bit thepathtowardsJef Kingston's“vapourvaresuccessaoto Lout”:

— A Haslell implementatiorof Lout or its successowould allow compileddocument
formats sothatonly thedocumenitself neededo beinterpreted.

— Furthermore,documentformat authorscould be given the choice whether to
programin Lout or directlyin Haslell, wherethefull power of Haslell would be at
theirfingertips.

— Theconcisdunctionalspecificatiortouldalsoseneasamorerigorousyetaccessible
documentatior— the Lout mailing list aboundof postingsby usershaffledby the
intricaciesof thegalley flushingalgorithm.

An interestingapplicatiorof thegalley conceptouldalsobefoundin literateprogram

ming: Therevariantof thesamelocumenpartsaredirectedatdifferenttargetsnamely

programcodefilesanddocumentationyery muchlik e sectionheadingsaredirectedto
their placeabore thesectionandto thetableof contents.

Suchan extensionwill be mucheasierto explore from within a Haslell setting
thanfrom the C implementation— onepoint to take careof is thatwe relied on the
absencef side-efectsin thedefinitionof recur se, sothatoutputto files eithershould
nothapperduringr ecei ves,or thedefintionof r ecur se (andtheforcingstratey)would
haveto beadapted.



Sincethe documentformatting combinatorgpresentedn this paperare purely
functional,and sincetheir interactionis rathercomplicatedijt is not easyto find the
reasondor unexpectedbehaiour during development,especiallysincethe relation
betweercauseandeffect maybeveryindirectandobscure.Sincetheauthordoesnot
have accesgo ary usableHaslell detuggeror tracer the Haslell definitionsof this
papethave beertranslatednto termgraphrewriting rulesfor thegraphicallyinteractve
stronglytypedsecond-ordetlermgraphtransformatiorsystemHOPS [4,5]. Beingable
to watd thingsgowrongwasinvaluablefor trackingdown subtledesignerrors.

This paperhasbeentypesetusingthe Lout documentformattingsystem. Lout
definitionsandanauxiliaryHaslell programprovidedby theauthorturnthispaperinto
aliterateprogramtheHaslell codegeneratedrom this paperwith theuseof Lout and
FunnelWeb[12]is availableonthe WWW at

URL.: http://diogenes.informatik.unibw-muenchen.de/kahl/Haskell/VGalleys.html
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