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Preface

Thismanualis addressetb thosewhowishto becomesxpertusersof the Lout document
formatting system. An expertuseris someonewvho understandshe principlesof document
formattingthat Lout embodiesandis ableto apply them,for exampleto designa document
formator a special-purpospackage.In contrastanon-expertseris someonavhosimplyuses
Lout to formatdocuments.

Chapterl explaingheseprinciples,andit shouldbereadcarefullyandin sequenceChap
ters2 and3 arefor referencerespectivelythey containdescriptionsf the detailedoperation
of Lout’s majorcomponentsanda completedescriptionof eachpredefinedsymbol. Thefinal
chaptempresents collectionof advanceagxamples.

Thismanuabpresent¥ersion3of Bassetout, publicly releasedn Septembet994(3] and
developeccontinuouslysincethen. This manualwasrenderednto PostScripby Version3.31
of theBasselLout interpreterusingthesymbolsdescribedn theUser'sGuide[4].

Acknowledgment. Version 3 hasbenefitedfrom hundredsof commentseceivedsincethe
releaseof Versionlin Octoberl1991. Not everysuggestiorcould befollowed, but manyhave
beenandtheencouragementasgreatlyappreciated.
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Chapter 1. Principles

TheLoutdocumentormattinglanguages basednjustfour keyideasobjectsgdefinitionscross
referencesandgalleys. Thischapterconcentratesnthem,postponingheinevitabledetails.

1.1. Objects

Sinceour aim is to produceneatlyformatteddocumentswe shouldbeginby looking at a
typical exampleof suchadocument:

PURCELL?

In the world of music
England is supposed
to be a mere province.
If she produces an
indifferent  composer

Blom, Eric. Some
Great Composers.
Oxford,1944.

or performer, that is
regarded elsewhere as
perfectly normal and
natural; but if foreign
students of musical
history have to
acknowledge a British
musical genius, he is
consideredh freak.

Such a freak is
HenryPurcell. Yetif we

makea choiceof fifteen
of the world’s musical
classicsashere,we find
that we cannotomit this
Englishmaster.

It is a largerectanglemadefrom threesmallerrectangles- its pages.Eachpageis madeof
lines; eachline is madeof words,althoughit makessensdor any rectanglglevena complete
document}o be partof aline, providedit is nottoolarge.

Lout dealswith somethinga little morecomplicatedhanrectanglesobjects.An objectis
arectanglewith at leastonecolumnmark protrudingaboveandbelowit, andat leastonerow
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mark protrudingto theleft andright. Thesimplestobjectscontainwordslike metempsychosis,
andhaveonemarkof eachtype:

Therectangleexactlyencloseghe word; its columnmarkis at the left edge andits row mark
passeshroughthe middle of the lower-casdetters. Therectangleandmarksdo not appearon
theprintedpage put to understanavhatLout is doingyou haveto imaginethem.

To placetwo objectssideby side,we separatéhemby thesymbol|, which denotesheact
of horizontalconcatenation So,if we write

USA | Australia

theresultwill betheobject

Notice that this objecthastwo columnmarks,but still only onerow mark, becausg¢ merges
the two row markstogether. This mergingof row marksfixes the vertical position of each
objectwith respecto theother,butit doesnot determinehow far aparttheyare. Thisdistance,
or gap may be given just after the symbol,asin |0.5i for example which specifieshorizontal
concatenatiomwith agapof half aninch. If nogapis given,it is assumedo beO0i.

Vertical concatenationdenotedy /, is the sameapartfrom thechangeof direction:

Australia /0.1i USA

hasresult

The usual merging of marks occurs,and now the gap determinesthe vertical separation.
Horizontalandverticalcanbecombined:

USA |0.2i Australia
/0.1i Washington | Canberra

hasresult

There are severalthings to note carefully here. White space(including tabsand newlines)
adjacento aconcatenatiosymbolisignored soit maybeusedto lay outtheexpressiortlearly.

Thesymbol| takesprecedencever/, which meanghattherowsareformedfirst, thenvertically

concatenatedThe symbol/ will mergetwo or morecolumnmarks,creatingmultiple columns
(and| will mergetwo or morerow marks). Thisimpliesthatthegap0.2i usedaboveis between
columnsnotindividualitemsin columnsagapin thesecondow wouldthereforeberedundant,
andsois omitted.

A variantof / called// left-justifiestwo objectsnsteadof mergingtheir marks.

By enclosingan objectin bracesijt is possibleto overridethe setprecedencesHereis
anotherexpressiorior thetableabovejn whichthecolumnsareformedfirst:
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{USA /0.1i Washington }
|0.2i { Australia / Canberra }

Braceshaveno effectotherthanto alterthegrouping.

Paragraphbreakingoccurswhenan objectis too wide to fit into the spaceavailableto it;
by breakingts paragraphmto lines,its width isreducedo anacceptableamount. Theavailable
spacds determinedy the @wide symbol,whoseform is

length @Wide object
andwhoseresultis thegivenobjectmodifiedto haveexactlythegivenlength. Forexample,

5i @Wide {

Macbeth was very ambitious. This led him to wish to become king of

Scotland. The witches told him that this wish of his would come true. The

king of Scotland at this time was Duncan. Encouraged by his wife, Macbeth
murdered Duncan. He was thus enabled to succeed Duncan as king. (51 words)
|0.5i

Encouraged by his wife, Macbeth achieved his ambition and realized the
prediction of the witches by murdering Duncan and becoming king of Scotland

in his place. (26 words)

}

hasfor its resultthefollowing five inch wide object[7]:

Macbethwvasveryambitious.This Encouragedy his wife, Macbeth
led him to wishto becomeking of achievedhis ambition and reat
Scotland. The witchestold him ized the predictionof the witches
that this wish of his would come by murderingDuncanandbecom
true. Theking of Scotlandat this ing king of Scotlandin his place.
time wasDuncan.Encouragedy (26 words)

his wife, MacbethmurderedDun-
can. He wasthusenabledto suc
ceedDuncanasking. (51words)

A paragraplof text canbeincludedanywhereandit will bebrokenautomaticallyif necessary
to fit theavailablespace.Thespacedetweerwordsareconvertednto concatenatiosymbols.

Theseare the mostsignificantof Lout’s object-buildingsymbols. Thereare others,for
changingonts,controllingparagraptbreakingprintinggraphicalbbjectdike boxesandcircles,
andsoon,buttheydo notaddanythingnewin principle.

1.2. Definitions

Thefeature®f Loutareverygeneral. Theydonotassumehatdocumentsrecomposeaf
pagesnhorthattherearesuchthingsasmarginsandfootnotesfor example.Definitionsbridgethe
gapbetweeriout’s generafeatureandthespeciafeatures- footnotesgquationspages- that
particulardocumentgequire. They hold the instructons for producingthesespecialfeatures,
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convenientlypackagedeadyfor use.

For example considerthe challengeposedby ‘TeX’, which is the nameof oneof Lout’'s
mostillustriousrivals[9]. Lout solvesit easilyenoughlike this:

T{ /0.2f0 E }X

but to type this everytime TpX is mentionedwvould be tediousanderror-prone.Sowe placea
definitionatthe beginningof thedocument:

def @TeX { T{/0.2fo E }X }
Now @TeX standdor the objectfollowing it betweerbracesandwe maywrite
consider the challenge posed by ‘@TeX’, ...

astheauthordid earlierin this paragraph.

A symbolis anamelike @TeX, which standdor somethingptherthanitself. Theinitial @
isnotcompulsorybutit doesnakethenamestandoutclearly. A definitionof asymboldeclares
anameto bea symbol,andsayswhatthesymbolstandgor. Thebodyof adefinitionis thepart
following thename petweerthebraces.To invokea symbolis to makeuseof it.

Anotherexpressiomipe for packagingn a definitionis

@OneRow { | -2p @Fontn ~0.5fk 2 }

which produce" (seeChapter?). But thistime we would like to beableto write

object @Super object

sothata @Super 2 would comeout asaz, and so on, for in this way the usefulnes®f the
definitionis greatlyincreasedHereis howit is done:

def @Super
left x

righty
{ @OneRow { | -2p @Fonty ~0.5fk x }

}

This definition saysthat @Super hastwo parametersx andy. When @Super is invoked,all
occurrencesf x in thebodywill bereplacedoy the objectjust to the left of @Super, andall
occurrencesf y will bereplacedy theobjectjustto theright. So,for exampletheexpression

2 @Super {Slope @Fontn}
is equalto

@OneRow { | -2p @Font { Slope @Fontn} ~0.5fk 2 }

andsocomesutas2”.
Lout permitsdefinitionsto invokethemselvesa peculiarlycircularthingto dowhich goes
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by thenameof recursion. Hereis anexampleof arecursivedefinition:
def @Leaders { .. @Leaders }

Theusualruleisthatthevalueof aninvocationof asymbolis acopyof thebodyof thesymbol’s
definition,sothevalueof @Leaders mustbe

. @Leaders

But nowthisrule appliesto thisnewinvocationof @Leaders; substitutingts bodygives

@Leaders

andsoon forever. In orderto makethis useful,aninvocationof a recursivesymbolis replaced
by its bodyonly if sufficientspaces available.So,for example,

4i @Wide { Chapter 7 @Leaders 62}
hasfor its resulttheobject
Chapter7 .. .. .. .. .. .. & « .« & & o & . .. 62

with Lout checkingoeforeeachreplacementf @Leaders by.. @Leaders thatthetotallength
afterwardsincludingtheotherwords,would notexceedour inches.

Theremainingssueis whathappensvhenLout decideghatit istimeto stop. Theobvious
thingto doisto replacehelastinvocationby anemptyobject:

{}

As theexampleshowsthiswould leavea smalltrailing spacewhichis amajorheadachelLout
fixesthis by replacingthe lastinvocationwith a differentkind of emptyobject,called @Null,
whoseeffectis to makeanadjacentoncatenatiosymboldisappearpreferablyonepreceding
the @Null. Thus,whenLout replaces@®Leaders by @Null in theexpression

@Leaders

thetrailing spacewhichis really a horizontalconcatenatiosymbol,disappearaswell. Thisis
takeninto accountwhendecidingwhetherthereis roomto replace@Leaders by its body.

Theremaindewof thissectionis devotedo showinghow definitionsmaybeusedto specify
thepagelayoutof adocument.To beginwith, we candefinea pagelike this:

def @Page
{
/1 |1
6i @Wide 9.5i @High
{ @TextPlace //1rt @FootSect }
[|1i //1i

}

Now @Page is aneightby elevenanda half inch object,with oneinch marginsa placeat the



6 Chapterl. Principles

top for text,anda sectionat the bottomfor footnoteqsince//1rt bottom-justifieghe following
object). It will beconvenienfor usto showtheeffectof invoking @Page like this:

@TextPlace

@Page []

@FootSect

with theinvokedsymbolappearingdo theleft of thearrow,andits bodyto theright.
Thedefinitionof averticallist of pageshouldcomeasno surprise:

def @PageList
{
@Page // @PageList
}
Thisallowsinvocationdike thefollowing:
@TextPlace @TextPlace @TextPlace
@PagelList [] O O
@FootSect @FootSect @FootSect
@PageList @TextPlace @TextPlace
@FootSect @FootSect
@PagelList

setting @PagelList to @Null onthelaststep. Any numberof pagesanbegenerated.

A definitionfor @TextPlace is beyondusat presentsince@ TextPlace mustbereplacedy
differentpartsof thetext of thedocumenbn differentpages.But we candefine@FootSect to
beasmallspacdollowed by a horizontalline followed by alist of placesvherefootnotegjo:
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def @FootList

{
@FootPlace //0.3v @FootList

}

def @FootSect

{
//0.3v 1i @Wide @HLine
//0.3v @FootList

}

assuminghat@HLine will produceahorizontaline of theindicatedwidth. With thisdefinition
we cangeneratgagedike this:

@TextPlace @TextPlace @TextPlace
0 O
@FootPlace
@FootSect @FootList @FootList

andsoonfor arbitrarilymanyfootnotes.

We will seein thenextsectionhow invocationsof @PagelList, @FootSect and @FootList
arereplacedy their bodiesonly whenthe needto inserttext andfootnotesobligesLout to do
so; otherwisethe invocationsarereplacedby @Null. In this way, the right numberof pages
is made the smallline appear®nly on pageghat haveat leastonefootnote,andunnecessary
concatenatiosymbolsdisappear.

Thisapproacho pagelayoutis the mostoriginal contributionLout hasmadeto document
formatting. It is extraordinarilyflexible. Two-columnpages?Use

{2.8 @Wide @TextPlace} ||0.4i {2.81 @Wide @TextPlace}

insteadof @TextPlace. Footnotesn smallertype? Use-2p @Font @FootPlace insteadof
@FootPlace. And onandon.

1.3. Crossreferences

A crosgeferencen commonterminologyis somethindike ‘seeTable6’ or ‘seepageb7’—
areferenceavithin adocumento someotherpartof it. Readersind themvery useful,butthey
areamajorproblemfor authors.As thedocumentis revised,Table6 become§able7,thething
on page57 movesto page63,andall the crossreferencemustbe changed.

The Scribedocumentformatter,developedy Brian K. Reid[6], introduceda schemeor
keepingirackof crosgreferenceslt allowsyouto give namedo tablesfigures etc.,andto refer
tothemby name. Theformatterinsertsheappropriateaumbersn placeof thenamessothatas
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thedocuments revisedthecrosseferencearekeptupto dateautomatically.Lout hasadopted
andextendedhisscheme.

In Lout,automaticrosgeferencingvorksin thefollowing way. Firstdefineasymbolwith
aparametewith thespeciaihame@Tag:

def @Table
left @Tag
right @Value
{
[|1i @Value

}

Whenthis symbolis invoked,the valuegivento @Tag shouldbe a simpleword like cities, or
severakimplewordsjuxtaposedike cities compare; it servedo nametheinvocation:

{ cities compare } @Table
{
Washington |0.5i Canberra

}

We may now refer to this invocation elsewheran the documentusing the crossreference
@Table&&{ cities compare }. Here && is the crossreferencesymba] its left parameteliis a
symbolandits right parameters the valueof the @Tag parametepf someinvocationof that
symbol. Of courset’s simplestif you usejustaone-wordtag;thennobracesareneeded.

A crosgeferencasnotanobjectithereadeshouldthink of it asanarrowin thefinal printed
documentbeginningatthecrossreferenceandendingatthetop of thetargetinvocation. Three
specialvaluesmaybegivento theright parameteof &&: preceding, following, andfoll_or_prec.
The crossreference@Table&&preceding pointsto sometable appearingearlierin the final
printed documentthanitself; that is, the arrow is guaranteedo point backwardgshroughthe
document.Usuallyit pointsto the nearesprecedingnvocation. Similarly, @ Table&&following
pointsforwards,usuallyto the nearestollowing invocation. @ Table&&foll_or_prec isthesame
as@Table&&following if it exists,otherwisdt is thesameas@Table&&preceding.

This sectionhasbeenconcernedvith whata crossreferencas — anarrowfrom onepoint
in adocumento another but notwith howit is used. Onesimplewayto usea crossreference
isto putit whereanobjectis expectedlike this:

a | @Table&&cities | ¢

In this casethe crossreferencewill bereplacedoy a copyof theinvocationit pointsto: in the
examplgust given,atablewill appeabetweera andc. Otherapplicationsf crossreferences
maybefoundin Chapter4, includingfindingthe numberof the pagewheresomethingappears,
producingrunningpageheaderandfooters andaccessinglatabasesf Romamumeralstefer
encesetc. Crossreferencearealsousedby galleys,aswill beexplainedn thenextsection.

The implementationof crossreferencingcopiesevery symbolinvocationwith a @Tag
parametemto thecross-referencdatabasea collectionof fileswhosenamesndin .Id indexed
by onefile whosenamesiout.li. It isgenerallythecasethatthebulk contentof asymbolsuchas
thetableaboves containedn itsright or bodyparametendthatthisbulk contenisnotneeded
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by crossreferenceso thesymbol. Henceto savespacean the databasd,out replacegheright
parameteof eachsymbolit writesinto it by theword ??Awhenevetheright parameteappears
to belarge. Thetableabovewould appearas???becausef this optimization,andin general,
the usermustensurethat any contentrequiredby crossreferencess containedn parameters
otherthantheright or bodyparameterThisoptimizationdoesnotapplywhenthesymbolbeing
writteninto thecross-referenceatabasés a galley.

1.4. Galleys

It is time to pauseandaskourselvediow closewe areto achievingour aim of producing
neatlyformatteddocuments We cancertainlyproducethe piecesof adocument:

1BIom,Eric. SomeGreat
PURCELL? Composers.  Oxford, @TextPlace

In the world of music 1944.

England is supposed
to be a mere province.
If she produces an
indifferent  composer
or performer, that is
regarded elsewhere as
perfectly normal and
natural; but if foreign
st_udents of musical @FootSect
history have to
acknowledge a British
musical genius, he is @TextPlace
considered freak.

Such a freak is
HenryPurcell. Yet if we
makea choiceof fifteen
of the world’s musical
classicsashere,we find
that we cannotomit this
Englishmaster.

@FootSect

@TextPlace

@FootSect

@Pagelist

butwhenwetry to mergethemtogetherwe encountetwo obstacles.

First,whenanobjectis enteredat a certainplacein the documentit appearat thatplace.
But afootnoteis naturallyenteredmmediatelyafterthepointit refersto (‘PURCELL in thiscase),
yetit appearsomewherelse:atthebottomof a page.

Secondall ourfeaturesuild uplargerobjectsout of smalleronesputthePURCELLoODbject,
for examplemustbebrokendowninto page-sizegieces.Thisoccurswhentheavailablespace
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atthe‘'somewhereelse’is insufficientto hold theentireobject,sothissecondbstaclearisesout
of thefirst.

Lout’s lastmajorfeaturewhichweintroduceto overcomeheseobstaclessthegalley(the
nameis borrowedrom thegalleysusedn manuatypesetting).A galleyisanobjectplusacross
referencevhich pointsto wheretheobjectis to appear.Theexampleabovehasthreegalleys:

to printer
PURCELL? ——— > @TextPlace

In the world of music
England is supposed
to be a mere province.
If she produces an
indifferent  composer
or performer, that is
regarded elsewhere as
perfectly normal and
natural; but if foreign

students of musical @FootSect < — 'Blom,Eric. SoméGreat

history ~ have to Composers.  Oxford,
acknowledge a British 1944,

musical genius, he is @TextPlace
considerea freak.
Such a freak is
HenryPurcell. Yetif we
makea choiceof fifteen
of the world’s musical
classicsashere,we find
that we cannotomit this
Englishmaster.

@FootSect

@TextPlace

@FootSect

@PagelList

A galleyreplacesheinvocationpointedto by its crossreference lf spacds not sufficientthere
to holdit all, theremaindenf thegalleyis split off (theverticalconcatenatiosymbolpreceding
it beingdiscardedpndit replacedaterinvocationsof the samesymbol.Thisis exactlywhatis

requiredto gettextandfootnotesontopages.

To createa galley,first definea symbolwith a speciainto clauselike this:

def @FootNote into { @FootPlace&&following }
right x

{
8p @Font x

}
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An invocationof suchasymbolwill thenbeagalleywhoseobjectis theresultof theinvocation,
andwhosecrosgeferencas givenby theinto clause. Theright parameteof thecrossreference
mustbeoneof preceding, following, andfoll_or_prec.

A symbol Jike @FootPlace, whichisthetargetof agalley,mustcontainthespeciasymbol
@Galley exactlyoncein its body;oftenthisis all thatthebodycontains:

def @FootPlace { @Galley }

It is this specialsymbolthatis replacedby the incominggalley,in fact, not the @FootPlace
symbolasawhole.

A symbolwhich contains@Galley, eitherdirectly within its body or indirectly within the
bodyof asymbolit invokes,is calleda receptivesymbol,meaningeceptiveto galleys. @Foot-
Place is receptive which makes@FootList, @FootSect and @PageList receptivesincethey
invoke @FootPlace. If nogalleyreplacesany @Galley within someinvocationof areceptive
symbol,thatinvocationis replacedoy @Null. Theadvantagesf thisrule for pagelayoutwere
explainedattheendof Sectionl.2.

Let usnowfollow throughtheconstructiorof ourexampledocument.Initially thereis just
theoneroot galley,containinganunexpandechvocationof @PageList:

@PagelList to printer

Then the PURCELL galley appearstargetedto a @TextPlace. Lout knows that thereis a
@TextPlace hiddeninside@PagelList, Soit expands@PagelList:

to printer

PURCELL? —————— > @TextPlace

In the world of music
England is supposed
to be a mere province.
If she produces an
indifferent  composer
or performer, that is
regarded elsewhere as
perfectly normal and
natural; but if foreign
students of musical
history have to
acknowledge a British
musical genius, he is @PagelList
considered freak.

Such a freak is
HenryPurcell. Yet if we
makea choiceof fifteen
of the world’s musical
classicsashere,we find
that we cannotomit this
Englishmaster.

@FootSect

After promotingthe first line into @TextPlace, the footnotegalley attachedo it appearsand
demandsan invocationof @FootPlace following its attachmengpoint (‘PURCELL). Sucha
@FootPlace is found at the bottom of thefirst page,inside @FootSect, which is accordingly
expandedandthefootnoteis promotedontothe page:
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to printer

PURCELL!?
In the world of music —— > @TextPlace
England is supposed
to be a mere province.
If she produces an
indifferent  composer
or performer, that is
regarded elsewhere as Blom, Eric. Some
perfectly normal and Great Composers.
natural; but if foreign Oxford,1944.
students of musical @FootList
history have to
acknowledge a British @PageList

musical genius, he is
considerea freak.
Such a freak is
HenryPurcell. Yetif we
makea choiceof fifteen
of the world’s musical
classicsashere,we find
that we cannotomit this
Englishmaster.

Now thepromotionof thePURCELL galleyresumesWhenthefirst pageisfilled, Lout searches
forwardsfor another@TextPlace to receivetheremainderpnceagainexpandinga @PagelList:

to printer

PURCELL?

In theworld of music
Englandis supposedo
beamereprovince. If
she  produces an
indifferentcomposenr

Blom, Eric. Some
Great Composers.
Oxford,1944.

performer, that is — 1> @TextPlace
regarded elsewhere as
perfectly normal and
natural; but if foreign
students of musical
history have to
acknowledge a British
musical genius, he is
consideredh freak.

Such a freak is
HenryPurcell. Yetif we

makea choiceof fifteen @FootSect
of the world’s musical
classicsashere,we find @PageList

that we cannotomit this
Englishmaster.

andsoon. All theseexpansionandreplacementaredonewith totalintegrity. For examplejf
Lout findsafterexpanding@FootSect thatthe pageis too full to accepteventhefirstline of the
footnote,@FootSect is resetto unexpande@ndthe searchor atargetfor the footnotemoves
on. And thecrosgeferencelirection preceding or following, is alwaysobeyedalthoughack of
spacesometimepreventd out from choosinghenearestarget). Only theroot galleycontains
receptivesymbolsin our runningexampleput anygalleymaycontainthem.
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2.1. Lexical structure (words, spacessymbols)and macros

Theinputto Lout consistof asequencef textualunits whichmaybeeitherwhitespaces
identifiersdelimitersor literal words Eachis asequencef characterschoserfrom:

letter @ab-zAB-Z_

whitespace spaceformfeedtab newline

quote

escape \

comment  #

other 1$9%8&’()*+,-./0123456789:;<=>?[|"{|}~

Notice that @ and _ are classedas letters. BasserLout acceptsthe accentedettersof the
ISO-LATIN-1 characterset (dependingon how it is installed),and theseare also classedas
letters. Thetendigits areclassedas‘other’ charactersandin fact the ‘other’ classcontainsall
8-bit charactergexceptoctal0) notassignedo previousclasses.

A whitespacds asequencef oneor morewhitespacecharactersLout treatgheformfeed
characteexactlylike thespacecharacterit is usefulfor gettingpagebreaksvhenprinting Lout
sourcecode.

A delimiteris asequencef oneor more‘other’ charactersvhichis thenameof a symbol.
For example{ and// aredelimiters. When defining a delimiter,the namemust be enclosed
in quotes:

def "™ {{} "& {}}

but quotesarenot usedwhenthedelimiteris invoked. A delimitermayhavedelimitersandany
othercharacteradjacentyhereasdentifiersmay not be adjacento lettersor otheridentifiers.
Thecompletdist of predefinedelimitersis

/ | & &&
I I N8, {
/\/ /\| }

N N
A longerdelimiterlike <= will berecognisedn preferenceo a shorteronelike <.

An identifier is a sequencef oneor moreletterswhich is the nameof a symbol. It is
conventionabut not essentiato beginidentifierswith @; BasserLout will print a warning
messagé it findsanunquotediteral word (seebelow)beginningwith @, sincesuchwordsare
usuallymisspeltidentifiers. Thetendigits arenot lettersandmaynot appeaiin identifiers;and
althoughtheunderscoreharacters aletterandmaybeusedin identifiersjt is notconventional

13
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to doso. Thecompletdist of predefineddentifiersis

Chapter2. Details

@BackEnd @HSpan @Rump
@Background @Include @Scale

@Begin @IncludeGraphic @SetColor
@BeginHeaderComponent @IncludeGraphicRepeated @SetColour

@Break @Ilnsert @SetHeaderComponent
@Case @KernShrink @Space
@ClearHeaderComponent @Key @StartHSpan
@Common @Language @StartHVSpan
@Char @LClos @StartVSpan
@CurrFace @LEnv @SysDatabase
@CurrFamily @LInput @SyslInclude
@CurrLang @LVis @SysIncludeGraphic
@CurrYUnit @LUse @SysIncludeGraphicRepeat-
@CurrZUnit @LinkSource %ijsPrependGraphic
@Database @LinkDest @Tag

@End @Meld @Tagged
@EndHeaderComponent @Merge @Target

@Enclose @Minus @Texture

@Filter @Moment @Underline
@FilterErr @Next @Use

@Filterin @NotRevealed @URLLink
@FilterOut @Null @VAdjust

@Font @OnecCol @VContract
@ForceGalley @O0OneOf @VCover

@Galley @OneRow @Verbatim
@Graphic @Open @VExpand
@HAdjust @Optimize @VLimited
@HContract @Outline @VMirror

@HCover @PAdjust @VScale
@HExpand @PagelLabel @VShift

@High @PlainGraphic @VSpan

@HLimited @Plus @Wide

@HMirror @PrependGraphic @Yield

@HScale @RawVerbatim @YUnit

@HShift @Rotate @ZUnit

plus the namesof the parametero©f @Moment. The symbols@LClos, @LEnv, @LInput,
@LVis and @LUse appearin crossreferencedatabasegeneratedby Lout and are not for

useelsewhere.

A sequence®f charactersvhich is neithera white spaceanidentifier,nor a delimiter, is
by defaulta literal word, which meanghatit will passthroughLout unchangedAn arbitrary
sequencef charactergnclosedn doublequotesfor example'{ }",isalsoaliteralword. Space
charactermaybeincludedputnottabsor newlines.Therearespeciatharactesequencesised
only betweerguotesfor obtainingotherwisanaccessibleharacters:
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\" produces

\\ \

\ddd thecharactewwhoseASCII codeis
theupto threedigit octalnumberddd

So,for example;\"@PP\"" produces@PP".

Whenthecommentharactet is encounteredverythingirom thatpointto theendof the
lineisignored. Thisis usefulfor includingremindergo oneselflike this:

# Lout user manual
# J. Kingston, June 1989

for temporarilydeletingpartsof thedocumentandsoon.

Macrosprovidea meansof definingsymbolswhich standfor a sequencef textualunits
ratherthananobject. For examplethemacrodefinition

macro @PP { //1.3vx 2.0f @Wide &O0i}

maked_out replacethe symbol@PP by the giventextualunitsbeforeassemblingts inputinto
objects. A similar macroto thisoneis usedto separat¢heparagraphsf thepresentiocument.
The enclosingbracesand any spacesadjacentto them are droppedwhich canbe a problem:
@PP2i hasresult//1.3vx 2.0f @Wide &0i2i whichis erroneous.

The meaningof symbolsusedwithin the body of a macrois determinecby wherethe
macrois defined,not by whereit is used. Due to implementatiorproblems,@Open symbols
will notwork within macros.Namedandbodyparametersiill work if thesymbolthattheyare
parameteref isalsopresent.Thereisnowayto getaleft or right braceinto thebodyof amacro
withoutthe matchingbrace.

Macrosmay be nestedwithin otherdefinitionsandexportedput theymaynot be parame
ters. Theymaynot haveparametersr nesteddefinitionsof their own,andconsequentha pre
cedingexport clausg(Section2.3)would be pointlesshoweveranimport clauses permitted.

2.2. Namedparameters

In additionto left andright (or body)parameters symbolmayhaveanynumberof named
parameters

def @Chapter
named @Tag {}
named @Title {}
right x

{

}

Their definitionsappeain betweerthoseof anyleft andright parametersandeachis followed
by adefaultvaluebetweerbraces.When@Chapter is invoked,its namedparameteraregiven
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valuesin thefollowing way:

@Chapter

@Tag {intro }

@Title { Introduction }
{

}

Thatis,alist of namedparameterappeargnmediatelyfollowing thesymbol eachwith itsvalue
enclosedn braces.Any right parametefollows afterthem. Theydo not haveto appeaiin the
ordertheyweredefinedandtheycanevenbeomittedaltogetherin which casethedefaultvalue
from thedefinitionis usedinstead.

If thekeywordcompulsory appearafternamed andbeforetheparameter'sameout will
printawarningmessagahenevethisparameteis missing. Howeverit will still usethedefault
valueasjustdescribed.

A named@Tag parametedoesnot takeits defaultvaluefrom the definition;insteadjf a
defaultvalueis neededlout inventsa simpleword which differsfrom everyothertag. Thisis
importantfor examplejn theproductionof numberedhapterandsectiongSectior4.4). The
samething occursif thereis a @Tag parametebutits valueis theemptyobject: the valuewill
bereplacedy aninventedone.

Namedparametermayhaveparameterssin thefollowing definition:

def @Strange
named @Format right @Val { [@Val] }
right x

{

@Format x

}

Thenamedparamete@Format hasright paramete@Val, andthedefaultvalueof @Format is
thisparameteenclosedn brackets.When@Format is invokedit mustbesuppliedwith aright
parametervhichwill replace@Val. Thus,

@Strange 27
equals@Format 27 andsohasresult
[27]
The @Format symbolis like a definitionwith parametersshosebodycanbe changed:

@Strange
@Format { Slope @Font @Val. }
27

still equals@Format 27, butthistime theresultis

27.
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In practicegexample®f namedoarameterwith parameterall havethisflavourof formatbeing
separatedrom content;running headergSection4.3) and printing stylesfor bibliographies
(Sectiord.5)aretwo majorones.

2.3. Nesteddefinitions, body parameters,extend,import, and export
A definitionmaycontainotherdefinitionsat the beginningof its body:

def @NineSquare
right x

{
def @Three { x |0.2i x |0.2i x }

@Three /0.2i @Three /0.2i @Three
}

A parametelike x maybeinvokedanywherawithin thebodyof thesymbolit is a parameteof,

includingwithin nesteddefinitions. A nestedsymbollike @Three may be invokedanywhere
from thebeginningof its ownbodyto theendof thebodyof thesymbolit is definedwithin. So,
assuming@nappropriatelefinitionof @Box,

@NineSquare @Box

hasresult

Nesteddefinitionsmaythemselvesontainnestediefinitions to arbitrarydepth.

Therearethreespecialfeaturesvhich permita nestedsymbolor parameteto be invoked
outsidets normalrangethatis, outsidethebodyof theenclosingsymbol. Thefirstandsimplest
of thesefeaturess thebodyparameteranalternativeform of right parameterThe Eqequation
formattingpackagg4, Chapter7]is a classicexampleof theuseof abodyparameterin outline,
it lookslike this:

export "+" sup over

def @Eq
body x

{
def "+" ...
def sup ...
def over ...

Slope @Font x
}

First we list thosenestedsymbolsand parametershat we intendto refer to outsidethe body
of @Eq in anexport clauseprecedinghedefinitionasshown. Only exportedsymbolsmaybe
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invokedoutsidethebodyof @Eg. Thebodyparameters like aright parameteexceptthatthe
exportedsymbolsarevisible within it:

@Eq {{xsup 2 +ysup 2} over 2}
callsonthenesteddefinitionsof @Eq to producetheresult

X2 +y2
2

Thebodyparameter'saluemustbeenclosedn braces.Theterm‘body parametelisareminder
thatthevalueis interpretedasif it waswithin thebodyof thesymbol.

A bodyparametemaynot beexportedandin factabodyparametemaybeinvokedonly
within thebodyof theenclosingsymbolnotwithin anynestediefinitions. Forexamplex above
may not beinvokedwithin sup. Thisrestrictionis neededo avoidthe possibilityof recursion,
whenthe actualbody parametemvokesan exportednesteddefinitionwhich invokesthe body
parametertc.

The secondplacewhereexportedsymbolsmay be usedis in the right parametef the
@Open symbol,andfollowing its alternativeform, @Use (Section3.38).

Exported nestedsymbols and parametersnay be made visible within a subsequent
definitionor macroby precedingt with animport clauselike this:

import @Eq
def pythag { sgrt{xsup2 +ysup2}}

Note howeverthat pythag canonly be usedwith someinvocationof @Eq: within the body
parametef aninvocationof @Eg, within the right parameteof an @Eq&&tag @Open, or
following a @Use { @Eq ... }. Theremaybeseverasymbolsin theimport clause.

In a similar way to import, a definition may be precededy extend followed by a sym-
bol name:

extend @Eq
def pythag { sgrt{xsup2 +ysup2}}

Theeffectof thisisjustasthoughthedefinitionof pythag hadoccurredirectlyaftertheexisting

definitionswithin @Eq, with pythag addedo @Eq’s exportlist. Thisis usefulfor extendinghe

capabilitieof apackagef definitiondike @Eq withoutmodifyingits sourcdile. Theessential
differencego import arethatall the symbolsof @Eq becomevisible within pythag, notjustthe

exportedonesandonly onesymbolmayfollow theextend keyword.

Actually, morethanonesymbolmayfollow extend, but this usagendicatesa ‘path name’
of thesymbol. Forexample,

extend @DocumentLayout @ReportLayout
def @Keywords ...

causeshedefinitionof @Keywords to occurdirectly afterthe existingdefinitionsof @Report-
Layout, whichitself lieswithin @DocumentLayout.
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A namedpbarametemayalsobeprecededby animport clauseAs usual themeanings that
thevisiblelocaldefinitionsof theimportsymbol(s)revisiblewithin thebody(thedefaultvalue)
of the namedparameterBut furthermorethosesymbolswill be visible within all invocations
of theparameterFor examplesupposeve define

def @Diag
import @Algebra named linewidth { 1p }
import @Algebra named dashlength { 2p }

Then,if @Algebra exportssymbols+, -, andsoon,we maywrite

@Diag
linewidth { 1f - 2p }
dashlength { 1f + 2p }

usingthesymbolsrom @Algebra. Theremaybeseverabymbolsaftertheimport keyword. Al
thesesymbolsshareanimportantrestriction: they may not haveparametersrhis is necessary
becausd.out would be unableto determinesuitablevaluesfor any suchparametersf they
did exist.

As an exceptionto therule just given,a namedparametemay import the symbolit is a
parameteof:

export @Cell
def @Thl
import @Thl named @Format{ ... }

In this examplethe exporteddefinitionsof @Tbl (i.e. @Cell) will be visible within @Format.
However,they may only be usedin actualparametersyot in the defaultvalue of the named
parameterThisis owingtoimplementatiomproblems:atthetimethedefaultvalueof @Format
is read the exportedsymbolshavenot beenreadandareconsequentiyot known.

Since@cCellis nestedwithin @Thl, thevalueof aninvocationof @Cell maydependnthe
valueof parametersf @Thbl. If @Cell is usedwithin anactual@Format parameterits value
depend®nthevalueof parametersf theinvocationof @Tbl of whichthe @Format parameter
isapart.

A definition,macro,or namedparametemayhaveseverahlternativenameslike this:
macro @CD @CentredDisplay @CenteredDisplay { ... }

Thisis usefulfor abbreviatedandalternativespellings,asshown. The namesappeartogether,
andtheymaysubsequentlipeusedinterchangeably.

If onenameof asymbolappears anexportor importlist, its othernamesreautomaticaly
includedaswell, andshouldnot alsoappeatn thelist.
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2.4. Filtered right and body parameters

A right or body parametemay befiltered by someothercomputerprogrambeforebeing
includedby Lout. As anexampleof sucha programwe will usetheUnix sort command:

sort -o outfile infile

This causedile outfile to containa sortedcopy of file infile. We incorporatethis into a Lout
definitionasfollows:

def @Sort
named @Options {}
right x

{
def @Filter { sort @Options -0 @FilterOut @Filterin }

lines @Break x

}

The presencavithin @Sort of a definitionof a symbolcalled @Filter tells Lout thatthe right
parameterof @Sort is to be filtered before inclusion. When @Sort is invoked, @Filter is
evaluatedandits value executedasa systemcommand.In additionto the symbolsordinarily
availablewithin thebodyof @Filter, therearethreeothers:

@FilterIn thenameof afile whichwill, atthetime the systemcommands executed,
containthe actualright or body parameterof the symbol, exactly as it
appears theinputfile;

@FilterOut the nameof a file of Lout text whosecontentsLout will readafter the
systemcommandhasfinished,asa replacementor whatwasput into file
@FilterIn;

@FilterErr thenameof afile thatLout will attemptto readafterthe systemcommand

hasfinished containingerrormessagesroducedy thecommandhatLout
will passonto theuserasnon-fatalerrors. Useof thisfile is optional.

It is afatal errorfor the systemcommando returna non-zercstatus.

Now the sort commandhasoptions-u for deletingduplicatelines,and-r for reversinghe
sortingorder. Sotheresultof

@Sort
@Options { -r -u }
{
Austen, Jane
Dickens, Charles
Eliot, George
Hardy, Thomas
Bront{@Char edieresis}, Charlotte

}
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IS
Hardy,Thomas
Eliot, George
Dickens,Charles

Bronté,Charlotte
AustenJane

Unlike all theotherexamplesn thismanualthis outputis simulated.Thiswasdonesothatthe
ability to formatthismanuals notdependendntheexistencef theUnix sort commandandit
highlightsthefact thatfilteredactualparameterareby their natureof uncertairportability.

Thereis no needfor an actualfiltered parameteto obeythe lexical rulesof Lout, since
it is passedirectly to the otherprogram. However,Lout mustbe ableto work out wherethe
parameteends,which givesriseto the following rules. As with a body parametera symbol
@Sym with a filtered parametemustbe invokedin eitherthe form @Sym { ...} or the form
@Sym @Begin ... @End @Sym, plusoptionsasusual. In the former case braceswithin the
actualparametemustmatch;in thelattercasetheactualparametemaynot contain@End.

If anactualfiltered parametercontains@Include, thisis takento begina Lout @Include
directivein theusualform (Section3.46):

@Sort {

Austen, Jane
@Include { authors }
Hardy, Thomas

}

Theincludedfile becomegpartof @Filterin, butanybraces@Include, or @End within it arenot
noticedby Lout.

Thefirst characteiof file @Filterin will be the first non-whitespacecharacterfollowing
theopening{ or @Begin, or thefirst characteof anincludedfile if @Include comedirst. The
second-lastharactewof file @Filterin will bethelastnon-whitespacecharacteprecedinghe
closing} or @End @Sym, or thelastcharacteof anincludedfile if @Include comedast. One
newline characteiis alwaysappendedindis the last characternof file @Filterin. This effects
a compromisebetweenthe Lout convention,that spacedollowing { or preceding} are not
significantwith the Unix conventiorthatall textfilesendwith a newlinecharacter.

2.5. Precedencend associativityof symbols

Every symbolin Lout hasa precedencewhich is a positive whole number. Whentwo
symbolscompetdor anobject,theonewith thehigherprecedencwiinsit. Forexample,

albl/c

isequivalento{a|b}/cratherthana|{b/ c}, becaus¢hashigherprecedencéhan/ andthus
winstheb.

When the two competingsymbolshave equal precedencel.out appliesa secondrule.
Eachsymbolis eitherleft-associativer right-associative The valueof a oplb op2 c is taken
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to be{aoplb}op2c if thesymbolsarebothleft-associativeanda opl { b op2 c } if theyare
right-associativeln casesot coveredoy thesetwo rules,usebraces.

It sometime®iappensghattheresultisthesameegardlessf howtheexpressiois grouped.
Forexample{a|b}|canda|{b |c }arealwaysthesamefor anycombinatiorof objectsgaps,
andvariantsof |. In suchcaseghe symbolsaresaidto be associativeandwe canconfidently
omitthebraces.

User-definegdymbolsmaybegivena precedencandassociativity:

def @Super
precedence 50
associativity right
left x
righty
{
@OneRow { | -2p @Font y 0.5tk x }

}

Theycomejust afteranyinto clauseandbeforeanyparametedefinitions. Theprecedencenay
beanywholenumberbetweerl0and100,andif omittedis assignedhevalue100. Thehigher
the number the higherthe precedenceThe associativitymay be left or right, andif omitted
defaultstoright. Lout’s symbolshavethefollowing precedencesndassociativities:

Precedence Associativity Symbols

5 associative [/ N I NI
6 associative | 7 || M
7 associative & "&
7 associative & in theform of oneor morewhite spacecharacters
10-100 left or right user-definedymbols
100 right @Wide, @High, @Graphic, etc.
101 - &&
102 associative & in theform of 0 spaces
103 - Body parameterandright parametersf @Open

Actually the precedencef juxtaposition(two objectsseparatedby zerospacesis alittle more
complicated.If eitherof thetwo objectsis enclosedn bracestheprecedences 7 asfor oneor
morespaceslf neitherobjectis enclosedn bracestheprecedence 102asshownabove. This
complicatedule seemso accordbetterwith whatpeopleexpeciandneedn practicethanapure
precedenceule cando.

2.6. The styleand sizeof objects

ThissectionexplainshowLout determineghestyleandsizeof eachobject. Togetherthese
attributesdetermineghe object’sfinal appearanci the output.

Thestyleof anobjectcompriseshefollowing:
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*  Whichfont family, faceandsizeto use(alsodefiningthef unit);

*  Whethersmall capitalsarein effect or not, and alsowhat fraction of the heightof full
capitalshesmallcapitalsareto have;

*  Whatgapto replacea singlespacebetweertwo objectsby (alsodefiningthes unit);

*  Theinterpretationo placeonwhite spaceseparatingwo objectHlout, compress, separate,
troff, or tex asin Section3.5);

*  Thecurrentvalueof they andz unitsof measuremer(Section3.6);

»  Thekind of paragraplbreakingto employ(adjust, ragged, etc.)

*  Whatgapto insertbetweerthelinesof paragraphgalsodefiningthev unit);
*  Thesizeof theoutdentto usein theoutdent paragraptbreakingstyle;

*  Whether the unbreakablefirst and unbreakablelast paragraphbreaking options are
in effect;

*  Whethertherow marksof wordsareto passalongthe baselineor half the heightof an‘x’
abovethebaseline;

e Whetherto permithyphenatioror not;

*  Whatcolourtheobjectis to appeain;

*  Whether@Outline isin effect;

* Thelanguagef theobject;

*  Whether@VAdjust, @HAdjust and@PAdjust arein effect.

Thestyleof anobjectdepend®nwhereit appearsn thefinal document.Forexamplethestyle
of a parametedepend®n whereit is used;the style of a galleyis the style of thefirst target
thatit attemptgo attachitself to. Of coursethestyleof anyobjectcanbechangedy usingthe
@Font, @Break, @Space, @SetColour or @SetColor, @Outline, and@Language symbols.

Therearenostandardlefaultvaluesfor style,exceptthatrow marksof wordsinitially pass
half the heightof an‘x’ abovethe baselinesmallcapitalsareinitially off andwill be0.7times
thesizeof full capitalsputliningisinitially off, theinterpretatiorof white spacas initially lout,
andthevaluesof they andz unitsarezero. Thereforeonemustensurehattherootgalleyor each
of its componentss enclosedn @Font, @Break, @SetColour or @SetColor, and@Language
symbols. From therethe style is passedio incoming galleys and the objectswithin them.
Enclosuran @Space is notrequiredoecausé¢hes unit is alsosetby @Font (Section3.5).

Theremaindewof thissectionexplainshowthesizeof eachobject(its width andheighton
the printedpage)is determined.We will treatwidth only, sinceheightis determinedn exactly
thesameway, exceptthatthecomplicationsntroducedby paragraptbreakingareabsent.

With threeexceptiongseebelow),thewidth of anobjectis aslargeasit possiblycouldbe
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withoutviolatinga @Wide symbolor intrudinginto thespacenccupiedoy neighbouringgapsor
objects.As anaidto investigatinghisrule,we will usethedefinition

def @TightBox right x
{

"0 0 moveto xsize 0 lineto xsize ysize lineto 0 ysize lineto closepath stroke"
@Graphic x
}

which drawsa box aroundthe boundaryof its right parametefSection3.41)with no margin.
Theresultof

5c @Wide @TightBox metempsychosis

imefempsychosis |

Thewidestthat @TightBox metempsychosis could possiblybeis five centimetresandaccord
ingly thatis its width. The sameappliesto metempsychosis, which is five centimetresvide as
well. Note carefullythatthereis no objectin this examplewhosewidth is equalto the sumof
thewidthsof thelettersof metempsychosis.

Thefirst of thethreeexceptiongo the‘aswide aspossibletuleis the @HContract symbol,
which causeshewidth of its right parameteto bereducedo areasonableninimum (a formal
definitionwill notbeattempted):

5¢c @Wide @HContract @TightBox metempsychosis

produces

metempsychosis

The object @HContract @TightBox metempsychosis is still five centimetreswide, but the
object@TightBox metempsychosis hasbeenreduced.

The secondof the threeexceptionss the horizontalconcatenatiosymbol| (andalso&).
Considetthisexample:

5¢c @Wide @TightBox { A |1c B |1c C}

As usualtheright parameteof @Wide is five centimetresvide,andtheresultlookslike this:

A B C |

Lout hasto apportionthe sizeminusinter-columngapsamongthethreecolumns.

If thecolumnsarewide enoughto requireparagraphoreakinglout will assigrsizesto the
columnsin sucha way asto leavenarrowcolumnsunbrokenandbreakwider columnsto equal
width, occupyingthefull size. Otherwiseparagraplhbreakings notrequiredandeachcolumn
will beassigned reasonableninimumsizein themannerof @HContract, exceptthatthelast
columnreceivesll theleftoverwidth. Forexample,
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5¢c @Wide { @TightBox A |1c @TightBox B |1c @TightBox C }

hasresult
A B

If it is desiredthatthe leftoverwidth remainunusedratherthangoinginto thelastcolumn,an
emptycolumncanbeappendedyr thelastcolumncanbeenclosedn @HContract. Two other
waysto apportionthe leftover width are providedby the @HExpand and @HAdjust symbols
(Sections3.14and3.17).

Thethird andfinal exceptionto the ‘as wide aspossiblerule concernghe componentsf
therootgalley. Eachis consideredo beenclosedn @HContract and@VContract symbols.

Up to this point we havetreatedwidth asa singlequantity,but of courseit hastwo parts:
width to left andright of themark. The‘aswide aspossibletule appliesto bothdirections:

@HContract { @TightBox 953".05 /0.5¢ @TightBox 2°.8286 }

hasresult
95305 |
[ 2.8286

Leftoverwidth usuallygoegotheright,aswe haveseenputheresomewidth wasavailableonly
to theleft of 2.8286 owingto thecolumnmarkalignment.

2.7. Galleysand targets

Thebehaviournof galleysandtheirtargetsasdescribedn Sectionl.4,canbesummarized
in threelaws:

First Law. The first targetis the closestinvocationof the targetsymbol,either precedingor
following theinvocationpointof thegalleyasrequiredwhich hassufficientspaceo receivethe
first component;

Second.aw. Eachsubsequentargetis the closestinvocationof the targetsymbol,following
theprevioudargetandlying within thesamegalley,which hassufficientspaceo receivethefirst
remainingcomponent;

Third Law. A receptivesymbolthat doesnot receiveat leastonecomponenbf any galleyis
replacedoy @Null.

Theterms‘closest,"preceding,and‘following’ referto positionin thefinal printeddocument.
Thissectionexplainsthe operationof thesdawsin BasselLout.

Whenagalleycannotbefittedinto justonetargetLout mustfind pointsin thegalleywhere
it canbesplitin two. Theobjectlying betweertwo neighbouringpotentialsplit pointsis called
acomponenbf thegalley. By definition,acomponentannotbe split.

To determinethe component®f a galley, expandall symbolsotherthanrecursiveand
receptiveonesgdiscardall @Font, @Break, @ Space, @ SetColor, @SetColour, and@Language
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symbols performparagraplbreakingasrequired anddiscardall redundanbraces.Thenview
the galley asa sequencef oneor moreobjectsseparatedby vertical concatenatiorsymbols;
thesearethe component@ndsplit points,exceptthat concatenatiorsymbolswhosegapsare
unbreakablg¢Section3.2)arenot eligible to besplit points. For examplegiventhedefinition

def @Section into { @SectionPlace&&preceding }
named @Title {}
right @Body
{
15p @Font { @Title //0.7f }
I
@Body
}

thegalley

@Section

@Title { Introduction }
{ This is a subject that really
needs no introduction. }

becomes

Introduction

110.7f

{}

1l

This is a subject that really needs
/1vx

no introduction.

with four componentslf @Body hadbeenprecededy |1.0c in thedefinition,theresultwould
havebeen

Introduction

110.7f

{

I

|1.0c { This is a subject that really needs //1vx no introduction. }

with //1vx buried within one componentand hencenot a potential split point. If 0.7f had
beeno0.7fu, the gapwould havebeenunbreakablend//0.7fu would not havebeena potential
split point.

Version 3.03 hasliberalized this somewhatin the following way. When a component
consistof ahorizontalsequencef two or moreobjectsA,, ... , A separatedy | (not||, not &),
Loutwill investigatehecomponento seewhetherit canbebrokenup. It looksateachA tosee
whetherit is averticalconcatenatioof objectsA, ... , A ; if two or moreof the A satisfythis
condition,thecomponentill notbebrokenup. Sonowsupposeve havejustoneA whichis a
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verticalconcatenationLoutwill breakthecomponeninto onecomponentor eachof theA ...
A, Providedthattheyareseparatedly // symbolg(not/), andprovidedthiscanbedonewithout
introducinganyapparenthangento theappearancef thecomponen(thissecondulewill be
satisfiedf theotherA) arenotverylarge). Theexampleabovesatisfiesall theserulesandwill

bebrokenupinto two componentssothe//1vx becomes potentialsplit point afterall.

Thelinesof a paragraplbecomeseparateomponents the paragraploccupiesanentire
componenteforebreaking;otherwisethey are enclosedn a @OneRow symbolwithin one
component.The sameis true of incomingcomponent®f othergalleys. If a @Galley symbol
occupiesanentirecomponenby therulesabove thentheincomingcomponentshatreplaceit
becomecomponentsf theirnewhome:

An example An example

110.5¢ U 110.5¢

@Galley Incoming components

1/0.5¢ 1/0.2c

@SomethingList from some other galley
110.5¢

@SomethingList

Otherwisethe incomingcomponentsre groupedwithin a @OneRow symboland lie within
onecomponent.

This distinctionhasa markedeffect on the vertical concatenatiorsymbol//1.1b, which
callsfor morespacethanis available(Section3.2). Thereis no room for this symbolwithin
anycomponentsoit will forceasplitandbediscardedn thatcase.But it canbe promotedo
betweertwo components.

Componentsnaybe separatedby / aswell asby //, giving riseto columnmarkalignment
betweeradjacentomponents:

When aligned componentsare promotedinto different targets,the meaningof alignment
becomeserydoubtful. Forexamplewhatif thetargetsarein differentcolumnsof onepagepr
whatif onelieswithin 90d @Rotate?

Thetruthis that/ causesll the objectsthatsharea markto haveequalwidth:

This is a consequencef the ‘as wide aspossiblerule (Section2.6). Mark alignmentoccurs
incidentally whenevethefragmentsareplacedinto similar contexts.

In thisconnectiorwe mustalsoconsidethespeciakaseof a @Galley symbolwhichshares
its columnmarkwith someotherobject:

@Galley
/0.2¢c
@SomethingList

(The@Galley mayor maynotoccupyanentirecomponentthatdoesn’'tmatterhere.) If incom
ing componentsareseparatethy // ratherthanby /, themeanings sodoubtfulthatthisis forbid-
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den. Infact,agalleywhosecomponentseplacesucha @Galley musthaveasinglecolumnmark
runningitsfull lengthithatis,itscomponentmustall shareasinglecolumnmark. Thismarkwill
bemergedwith thecolumnmarkpassinghrougheach@Galley thatthesecomponentseplace;
all theobjectsontheresultingmergedmarkwill haveequalwidth.

Therootgalley,whereeverythingcollectsimmediatelyprior to output,is createchutomati
cally, notby adefinition. Itstargetis the outputfile, andits objectis theentireinput,which typ-
ically lookslike this:

@PagelList
1
@Text {
Body text of the document ...

}

where@PageList expandgo a sequencef pagesontaining@ TextPlace symbols(seeSection
1.2),and@Text isagalley:

def @TextPlace { @Galley }

def @Text into { @ TextPlace&&preceding }
right x
{

}

Thespotvacatedy a galley— its invocationpoint— becomes @Null object,sothisroot galley
is effectively @PageList alone asrequired. The @Text galleywill find its first targetpreceding
its invocationpoint,within @PagelList.

Printingtheroot galleyon the outputfile is somewhaproblematicalbecausé.out hasno
way of knowinghow largethe paperis. Basser_out simply printsoneroot galley component
perpage(excepit skipscomponentsf heightzero),andtheuserisresponsibléor ensuringhat
eachcomponents page-sized Gapsbetweerroot galley componentsgvenunbreakabl®nes,
haveno effectontheresult.

BasserLout will promotea componenonly after any receptivesymbolswithin it have
beenreplacedeitherby galleysor by @Null, sinceuntil thenthecomponents notcomplete.A
componentwhichsharesmarkwith following componentss heldupuntil theyareall complete,
sinceuntil thentheirwidth is uncertain.

Considera pagewith @TextPlace and @FootSect receptivesymbols. Therule just given
will preventthepagefrom beingprinteduntil @ TextPlace is replacedy bodytext,quiterightly;
but @FootSect will alsopreventits printing,evenwhentherearenofootnotes.

BasserLout is keento write out pagesassoonaspossiblefo savememory,andit cannot
affordto wait foreverfor non-existentootnotes.A variantof thegalleyconceptcalledaforcing
galley, isintroducedo solvethis problem. A forcinggalleyis definedlike this:

def @Text force into { @TextPlace&&preceding }
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andsoon. Whensuchagalleyreplaces @Galley symbol Loutreplace®veryreceptivesymbol
precedinghe @Galley by @Null, thusensuringhatassoonastext entersa page for example,
everythingupto andincludingtheprecedingpagecanbeprinted. Thisdoesnottakecareof the

very lastpage but BasselLout replacesll receptivesymbolsby @Null whenit realizeghatits

input hasall beenread thusallowingthelastpageto print.

A forcing galleycauseshe Third Law to be appliedearlierthanexpectedandthis creates
two problems.First, the replacemenby @Null may be premature:a galley mayturn up later
wanting one of the defuncttargets. Such galleys (entriesin tablesof contentsare typical
examplesarecopiedintothecrosseferencaelatabasandreadin duringthenextrunjustbefore
theirtargetsareclosedandsotheyfind theirtargetsn theend. Caremustbetakento ensurehat
largegalleyssuchaschapterandsectionglo not havedefuncttargetssincethecostof copying
themto andfrom thedatabaseés unacceptablyigh.

It is actuallyanover-simplificationto saythatthesereplacementsccurwhentheforcing
galleyreplacests @Galley. Whatreally happenss thatfrom thismomenton Lout understands
thatit hastheright to makethesereplacementsndit will doeachoneatthefirst momentwhen
not doingit would hold thingsup. Sothereis a shortperiodof gracewhengalleys suchasthe
entriesn tablesof contentgustalludedto, cansneakinto thesereceptivesymbols.

Theinto andforce into formsareactuallyjustabbreviation$or thetruewaythatgalleysare
definedwhichis by giving thesymbolthatis to beagalleya parameteor nestedlefinitionwith
thespeciahame@Target:

def @Text
right x

{
def @Target { @ TextPlace&&preceding }

}

A forcing galleyis obtainedby using&&& insteadof &&. @Target maybeanarbitraryobject,
providedthatit yieldssucha crossreferencavhenevaluated.In thisway, differentinvocations
may havedifferenttargets.

Theforcinggalleyeffectcanbeobtainedn anothemway, by replacinghe @Galley symbol
to whichthegalleyis attachedy @ForceGalley. Theadvantagef thisform is thatthe galley
canthenbeforcingat someplacesandnot at othersusingtheformula

def @SomePlace right x
{
X @Case {
noforce @Yield @Galley
force @Yield @ForceGalley
}
}

Now a galleymayhave@ SomePlace for its targetandif it happengo attachto
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@SomePlace force

it will havethe effectof aforcinggalley,while if it happenso attachto

@SomePlace noforce

it will not.

Althoughit doesn’tmatterwhetheragalleyis declaredasaforcinggalleyor merelyarrives
at a @ForceGalley symbolfrom the point of view of the effecton nearbytargetsthereis one
wayin which Lout treatghetwo casedlifferently. If aforcinggalley’sfirstcomponentoesnot
fit into theavailablespacethatcomponentvill be scaledvertically until it does. Therationale
for thisis thatforcing galleysaremeantto carrythe bulk of the documentaindcannotafford to
be held up becausehe userhasinadvertentlyincludedan over-highcomponentyhich for all
Lout knowsto the contrarymaynot fit onanypage.If thisscalingis not wantedbut forcingis,
thegalleymaybedeclaredhotforcingbutall its targetamaybe setto contain@ForceGalley.

Within a galley,a symbolwhosenameis @Enclose hasa specialmeaning:whencompo
nentsof thegalleyreplacea @Galley or @ForceGalley symbol,thatsymbolis first replacedy
@Enclose @Galley or @Enclose @ForceGalley. Forexample,

def @Figure into @FigurePlace&&following
right @Body
{
def @Enclose
right x
{
@Box x

}

@Body
}

causexeach@Galley or @ForceGalley symbolthat receivescomponentof galley @Figure
to bereplacedoy @Box @Galley or @Box @ForceGalley, assumingan appropriatedefinition
of @Box. This is useful,for example,when producingmulti-pageboxed displays,figures,
andtables.

An @Enclose symbolmay haveonly one parameterywhich mustbe a right parameter.
It would not makesenseo allow moreparameterssincethereis no suitablevalueto assignto
them. Howeverthe@Enclose symbolmaycontaininnerdefinitions andit maymakeuseof any
symbolthatis availableat thatpoint,in theusualway. The @Enclose symbolmaybeanamed
paramete(itself with aright parameterdf thegalleysymbol,ratherthananinnerdefinitionas
shownabovejf desired.

It makessensdor sortedgalleyscontaininga @Merge symbol(Section2.8)to alsohave
an@Enclose symbol. Themeaningsthatafterall mergingis done eachresultinggalleyhasan
@Enclose symbolwhichis appliedin theusualway. Thevalueof this @Enclose symbolwill
bethevalueof an@Enclose symbolfrom oneof thecontributinggalleys butexactlywhichone
isnotdefined. Soit is safesif all such@Enclose symbolsproducethesameresult.
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A following galleymayfail to find afirst targetlying in afollowing componenbf thesame
galleyasits invocationpoint. Thisis adeficiencyof Bassetout,whichoccursf thetargethas
notbeerreadfrominputatthetimethegalleytriestofindit. A workaroundstouseapreceding
galleyinsteaddefinedike this:

def @AGalley into { @AGalleyPlace&&preceding }
right @Body

{
/11.1b
@Body

}

andinvokedlike this:

@AGalleyPlace | @AGalley { content of galley }
I

@AGalleyPlace

Thefirst @AGalleyPlace receiveonly theinitial emptyobject,sincethe//1.1b forcesa split;and
theSecond.aw putsBasselout ontheright trackthereafter.

2.8. Sortedgalleys

Whenfootnotesare placedat the bottomof a page,they appeartherein first comefirst
servedorder. To makegalleysappeain sortedorder,asis neededn bibliographiesandindexes,
a parametepr nesteddefinition with the specialname@Key is addedto the galley definition,
like this:

def @IndexEntry into { @IndexPlace&&following }
left @Key
right x

{x}

@Key mustbe setto a simpleword, or severalwordswith nothingmore complexthanfont
changesvithin them,whenthegalleyis invoked:

{ cities compare } @IndexEntry { cities, comparison of, 27 }

andthiskeyis usedto sortthegalleys.

If severakortedgalleyswith thesamekey aresentto thesameplace thedefaultbehaviour
is to print only the first of them;the assumptionis that the othersare probably unwanted
duplicates.Thisholdsgoodfor sortedreferenceists,for example:we don’t wanttwo copiesof
areferencgust becauseve happerto citeit twice.

The othercommonexampleof sortedgalleys,indexentries requiressomethingdifferent
from discardingduplicates:mergedgalleys. Supposédhat at somepoint of the documentwe
inserttheindexentry
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aardvarks @IndexEntry { Aardvarks, 23 }
while atanothempointwe insert
aardvarks @IndexEntry { Aardvarks, 359 }

How thepagenumbersareworkedoutis notrelevantere. Clearlywewouldlike to mergethese
two entriesinto oneentrythatcomesout as

Aardvarks, 23, 359
Thefollowing definitionwill mergetwo objectsx andy in thisway:

def @Merge left x right y
{
{x @Rump { x @Meldy } } @Case

{
' @VYield x

else @Yield {{x{@OneCol ,} } @Meld y }
}

}

The @Rump and@Meld symbolsarethe subjectof Section3.26;anda detailedexplanatiorof
howthisdefinitionworksis thesubjectof Section4.6. Ouronly problemis thatthissymbolhas
to beappliedto two galleysfrom widely separategartsof thedocument.

Lout makeghis possibleby thefollowing speciakule: if asortedgalleycontainsa nested
definitionof asymbolwhosenames @Merge (@Merge musthavejusttwo parameterdeft and
right), andif thatsortedgalleyis precededn thelist of sortedgalleysdestinedor sometarget
by anothersortedgalleywith the samekey, thenratherthanbeingdiscardedthe secondyalley
Is mergednto thefirst usingthe @Merge symbol.

Thenaturalthingto dowhenmorethantwo galleyshavethe samekey is to mergethefirst
two, thenmergethe third with theresultof that,thenthe fourth with theresultof that,andso
on. Forefficiencyreason®eyondour scopehere Lout doeshemergingin adifferentorder: it
merged galleysby mergingthefirst (m/2togetherthenthelast m/2Jtogetherthenmerging
theresult. Of courseif the@Merge symbolisassociativéhishasthesameeffect. Thetotaltime
it takesto mergen galleyswith equalkeysis O(n?) or somewhahigher(but alwayspolynomial
in n) dependingn howmanytimesthe parametersccurwithin thebodyof @Merge; todoit in
thenaturallinearorderwould takeLout exponentiatime.

For horriblereasonsoncerningmakingit possibleto print referencdists sortedby point
of first citation,the particularsort key ?? is treateddifferently. If two galleyshavethis key,
accordingto therulesaboveeitherthe secondwould be discardecdr elseit would be merged
with thefirst. However for this particularkey only, thetwo galleyswill in factbe keptdistinct,
justasthoughtheir sortkeyshadbeendifferent.
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2.9. Horizontal galleys

All thegalleyssofar havebeenvertical galleys galleyswhosecomponentsreseparated
by vertical concatenatiorsymbols. Thereare alsohorizontalgalleys,whosecomponentsare
separateddy thehorizontalconcatenationperato®& (or equivalentlypy spaces) Thesework in
thesameway asverticalgalleys,exceptfor thechangeof direction. For examplethefollowing

definegheequivalenf anordinaryoutdentegaragraphexceptthatanoptionis providedfor
varyingthesizeof theoutdent:

def @OutdentPar
named outdent { 2f }
right x
{
def @ParPlace { @Galley }

def @LineList

{
outdent @Wide {} | @PAdjust @ParPlace
/I1vx @LineList

}

def @ParGalley force horizontally into { @ParPlace&&preceding }
right x
{

X

}

@PAdjust @ParPlace
/I @ParGalley { x &1rt }
/I1lvx @LineList

}

Noticetheuseof &1rt to cancelthe effectof @PAdjust on thelastline of the paragraph.This
definitionhasaproblemin thattherewill beaconcludingunexpande@LineList symbolwhich

will hold up promotionof the enclosinggalley;this problemmaybefixed by the samemethod
usedto endalist.

In anidealworld, therewould benothingfurtherto sayabouthorizontalgalleys. However
thereare a few differenceswhich arisefrom variouspracticalconsiderationgnd limitations.
Perhapsomedaya moreperfectsymmetrywill beimplemented.

Eachverticalgalley hasa fixed finite width, andeverycomponents brokento thatwidth.
This is neededbasicallyto trigger paragraphbreaking. However,thereis no equivalentof
paragraplioreakingn theverticaldirection sohorizontalgalleysdonothaveanyparticularfixed
height. Insteadeachcomponenhasits ownindividual height.

Whentwo objectsareseparatelly/, theyareassignedhesamewidth (Sectior2.7),andthis
holdstrue evenif thetwo objectsaresubsequentlgeparatedyy beingpromotedinto different
targets.Forexampletwo alignedequationsvill havethesamewidth,andhenceheiralignment
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will be preservedevenif theyappeain differentcolumnsor pages.However,eventhough&
alignsthe marksof its two parameterdt doesnot assignthema commonheight. This means
thattheheightof anycomponenbf ahorizontalgalleypromotednto onetargetdoesnot affect
the heightconsumedy the componentpromotedinto any othertarget. The otherhorizontal
concatenatioperator), doesassigna commonheightto its two parameterdyut sequencesf
objectsseparatedy thisoperatorcannotbethe componentsf a horizontalgalley.

Loutis abletoreadverticalgalleysoneparagraplatatime;in thiswayit processethedoc
umentin smallchunks neverholdingmorethana few pagesn memoryatanytime. However,
horizontalgalleysarealwaysreadin completelysotheyshouldnot be extremelylong.

In principle Lout shouldbe ableto hyphenatehe component®f horizontalgalleyswhen
theyaresimplewords,butthisis notimplementedat present.

In anidealworld, everyparagraphvould betreatedasa horizontalgalley. Howeverto do
soin practicewouldbetooslowandwouldleadto excessivelumsines# notationsoatpresent
Lout hastwo competingnechanisms thisarea:thebuilt-in paragraptbreakemvith its limited
setof optionsasgivenunderthe @Break operatorandhorizontalgalleys. Astheexampleabove
showshorizontalgalleysarein principlecapableof implementingnanymoreparagraplstyles
thanthebuilt-in paragraploreakercouldeverhopeto do. Therecommendeg@racticalstrategy
Is to usethe built-in paragraplbreakemmostof the time,andswitchto horizontalgalleysonly
for occasionatricks,suchasparagraphsvith dropcapitalscircularoutlines etc.

2.10. Optimal galley breaking

As explainedin Section2.7,the component®f a galley arepromotedoneby oneinto a
target. Whenspaceunsoutthere thegalleysearchefor a newtargetandpromotionresumes.

This processs exactlyanalogougo placingwordsonto a line until spacerunsout, then
movingto anotheline. But,aswe know,thatsimplemethods inferior to theoptimalparagraph
breakingusedby Lout (copiedfrom the TeX system)which examinesheentireparagraptand
determineshemostevenassignmenof wordsto lines.

Lout offers optimal galley breaking the equivalentfor galleysof optimal paragraph
breaking. Optimal galley breakingcanreducethe sizeof ugly blank spacest the bottom of
pagegprecedindargeunbreakabl@isplays sometimesgjuitedramatically.

Optimal galley breakingis appliedto eachgalley, horizontalor vertical,that possessea
parametenr nestedsymbolcalled @Optimize whosevalueis Yes. Like crossreferencingijt
takestwo runsto haveeffect. Onthefirst run,Lout recordghesizesof thegalley’scomponents
andgapsandalsothespacevailableateachof itstargets.At endof runthisinformationis used
tofind anoptimalbreakwhichiswrittento thecross-referencgatabaseOnthesecondun,the
optimalbreakis retrievedandused.

Consideringthat this procesamust copewith floating figures,new pageand conditional
new pagesymbols breaksfor new chaptersandevolvingdocumentsit is surprisinglyrobust.
If it doesgo badly wrong,removingfile lout.li thenrunningLout twice without changingthe
documentmay solve the problem. However,casesare known wherethe optimizationnever
converges.Theseare usually relatedto figuresand footnoteswhoseanchorpointsfall near
pageboundaries.
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3.1. @Beginand @End

Thebodyof asymbol@Sym maybeenclosedn @Begin and@End @Sym insteadof the
moreusualbraces:

def @Section

named @Title {}

right @Body
@Begin

@Title //2v @Body
@End @Section

Theymayalsoencloseheright or bodyparameteof a symbolinvocation:

@Chapter
@Title { Introduction }
@Begin
This subject needs no introduction.
@End @Chapter

Apart from their utility as documentatioraids, theseforms allow BasserLout to pinpoint
mismatchedbraceswhich canotherwisecreateotalhavoc. Forthisreasontheyshouldenclose
themajorpartsof documentssuchaschaptersandsections.Notethatbracesannotereplaced
by @Begin and@End in general.

3.2. Concatenationsymbolsand paragraphs

Therearetenconcatenatiosymbolsjn threefamilies:

[~ Il nI \Verticalconcatenation
| N ||  7|| Horizontalconcatenation
& "& In-paragrapltoncatenation

Each symbol producesan object which combinestogetherthe two parameters.The right
parametemustbe separatefom the symbolby at leastonewhite spacecharacter.

Theverticalconcatenatiosymbol/ placedts left parameteaboveits right parametewith
their columnmarksaligned. If one parametehasmore columnmarksthanthe other,empty
columnsareinsertedat theright to equalizethe numbers.Thevariant// ignorescolumnmarks
andleft-justifiesthe objects.

Thehorizontalconcatenatiosymbolg and|| arehorizontalanaloguesf / and//: theyplace

35
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theirtwo parametersideby side with row markalignmentor top-justificatiorrespectively.The
in-paragrapltoncatenatiosymbol& producesorizontalconcatenatiomvithin a paragraphits
specialpropertiesaretreatedn detailattheendof thissection.

Theconcatenatiosymbolsin anyonefamily aremutuallyassociativewhich meanghat

{XPpy}l}laz

is alwaysthe sameas

Xp{ylgz}

for anyobjectsx, y, andz, anygapsp andq (definedbelow),andanychoiceof |, 2|, ||, and?|]. In
practicewe alwaysomit suchbracessincetheyareredundanandcanbemisleading.Theresult
of thecompletesequencef concatenationwill be calledthewholeconcatenatiorobject and
theobjectswhich makeit upwill becalledthecomponents

Onemarkis designatestheprincipal mark usuallythe markof thefirst component.A
latermark canbe choserfor thishonourby attaching: to the precedingconcatenatiosymbol.
SeeSection3.11for examples.

A gap specifyingthe distanceébetweerthetwo parameterspayfollow anyconcatenation
symbol. Theremaybenospacebetweera concatenatiosymbolandits gap. A missinggapis
takento beOie. Thegapis effectivelyathird parameteof theconcatenatiosymbol,andit may
beanarbitraryobjectprovidedthatit evaluateso a juxtapositionof simplewords. In general,
thegapmustbeenclosedn braceslike this:

I{ @Style&&mystyle @Open { @ TopMargin } }

butthebracesnaybeomittedwhentheobjectis ajuxtapositiorof simplewordsor aninvocation
of asymbolwithout parametersgsin //0.3vx and||@Indent.

A gapconsist®f alengthplusagapmodeplusanoptionalindicationof unbreakability. A
lengthis representetly andecimalnumber(which may not be negative¥ollowed by a unit of
measurement-or example2.5c representthelength2.5centimetres Figure3.1givesthefull
selectiorof unitsof measurement.

After thelengthcomesanoptionalgapmode whichis a singleletterfollowing thelength,
indicatinghow the lengthis to be measured. As shownin Figure 3.2, with edge-to-edggap
modethe lengthl is measuredrom thetrailing edgeof thefirst objectto the leadingedgeof
thesecond.Edge-to-edges thedefaultmode: thee maybeomitted. Hyphenatiorgapmodeis
similar,exceptasexplainedattheendof thissection.

Mark-to-mark,overstrike,and kerningmeasurehe lengthfrom the lastmark of thefirst
objectto thefirst mark of thesecond.In the caseof mark-to-markjf thelengthis too smallto
preventthe objectsalmostoverlappingit is wideneduntil theynolongerdo. (Theextral/10 is
notappliedwhenplaintextoutputisin effect.) Kerningalsowidenswith theaimof preventing
the mark of eitherobjectfrom overlappingthe other object;this modeis usedfor subscripts
andsuperscripts.

Tabulationignoresthe first objectand placesthe leadingedgeof the secondobjectat a
distancd from theleft edgeof thewholeconcatenatioobject. It is themainuserof theb and
r unitsof measurementpr example|irt will right-justify the following componentand|0.5rt
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c Centimetres.

i Inches.

p  Points(72p = 1i).

m  Ems(12m = 1i).

f Onef equalghesizeof thecurrentfont, asspecifiedoy the @Font symbol(Sectior3.3).
Thisunitis appropriatdor lengthsthatshouldchangewith thefont size.

s  Ones equalghepreferredyapbetweertwo wordsin thecurrentfont,asspecifiedn the
definitionof thefont, or by the @Space symbol(Section3.4).

v Onev equalsthe currentgapbetweeninesintroducedduring paragraptbreaking as
specifiedby the@Break symbol(Sectior3.4). Thisunitisappropriatdéor lengthssuch
asthespacedetweermparagraphsyhich shouldchangewith theinter-linegap.

w  Onew equalsthe width of the following componentpr its heightif the symbolis
verticalconcatenation.

b  Oneb equalghewidth of thewholeconcatenatiowbject,or its heightif thesymbolis
verticalconcatenation.

r  Oner equalsone b minusonew. This unit is usedfor centring,and for left and
right justification.
d  Degrees.Thisunit mayonly beusedwith the @Rotate symbol.

y  Oney equaldghecurrentvaluesetby the @YUnit symbol(Section3.6). Thisunitis not
usedinternallyby Lout; it isincludedfor theconveniencef applicationpackages.

z  Onezequalghecurrentvaluesetby the @zUnit symbol(Section3.6). Thisunitis not
usedinternallyby Lout; it isincludedfor theconveniencef applicationpackages.

Figure 3.1. Thethirteenunitsof measuremergrovidedby Lout.

Figure 3.2. Thesix gapmodesrovidedby Lout.

will centreit.

Thevalue|ort separatinghefirst andsecondtemsin a sequencef horizontallyconcate
natedobjectss somewhaspeciain thatit denoteseft justificationof theobjecttoitsleft in the
availablespace.Thisisidenticalwith |0ie whentheobjectto theleft alsohastheprincipalmark;
butwhenit doesnot,|0rt will causeéheobjectto theleft to appeafurtherto theleft thanit would
otherwisehavedone,if spacdo dosoisavailable.

A gapis optionally concludedwith an indication of unbreakabilitywhich is a letter u
appendedo thegap. A paragraplwill neverbebrokenatanunbreakablgap,norwill agalley
be brokenacrosgswo targetsat sucha gap. BasseiLout’s implementations slightly defective
in thatit ignoresanyunbreakabléndicationin thegapseparatinghefirst componenpromoted
into anytargetfrom thesecond.

Whentwo objectsareseparatednly by zeroor morewhite spacecharactergspacestabs,
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newlines,and formfeeds),Lout inserts&ks betweenthe two objects,wherek is the number
of spaces.Preciselyk is determinedby discardingall spacecharacterandtabsthat precede
newlines(theseareinvisible soarebetterignored) thencountingl for eachnewline,formfeed
or spaceand8 for eachtabcharacterThegapwill beunbreakablé k is zero.

A sequencef two or moreobjectsseparatedby & symbolsis a paragraph Lout breaks
paragraphgto linesautomaticallyasrequired py convertingsomeof the & symbolsinto //1vx.
Unbreakablgapsarenot eligible for thisconversion.‘Optimal’ line breaksarechosenusinga
methodadaptedrom TeX [5).

If an & symbolwhosegaphashyphenatiormodeis chosenfor replacemenby //1vx, a
hyphenwill beappendedo theprecedingbject,unlesghatobjectis awordwhichalreadyends
with ahyphen.Forexample,

Long words may be hyph &0ih enat &0ih ed.
couldhavethefollowing result,dependingvheretheline breakdall:

Longwordsmaybehyphenat
ed.

BasselLout insertshyphenatiorgapsautomaticallyasrequired againfollowing the methodof
TeX, which approximateshe hyphenationgn Webster'dictionary. To preventthe hyphenation
of asingleword,enclosadt in quotes.Furthercontroloverparagraphreakingandhyphenation
is providedby the @Break and@Space symbols(Sections3.4and3.5).

3.3. @Font, @Char, and @FontDef

A fontis a collectionof charactersvhich may be printed. Many fonts comein families
whicharegroupsof fontsthathavebeendesignedo gotogether.Forexamplethe Timesfamily
includesthefollowing fonts:

TimesBase
TimesSlope
TimesBold
TimesBoldSlope

Thus,eachfont hastwo namesits family name(Times,Helveticaetc.)andits facename(Base,
Slope,etc.). TimesBaseis more commonlycalled Times Roman,and Times Slopeis more
commonlycalledTimesiltalic. Lout avoidsthesenamesn favour of genericnameswhich can
beappliedto manyfont families.

Ligaturessuchasfl for fl andfi for fi, areconsideredyy BasseiLout to beanintegralpart
of thefont: if thefontdefinition(seebelow)mentionghem theywill beused.Similarly,kerning
(fine adjustmenbf the spacebetweenadjacentcharacterso improvethe appearancay done
whenevelindicatedin the font definition. Enclosingoneof thelettersin @OneCol is onesure
way to disablea ligatureor kern.You canalsoturnoff ligaturesusing

nolig @Font { ... }
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andturnthemon with
lig @Font { ...}

Sincetheyareoninitially thissecondptionis rarelyneeded.

Moregenerallythe @Font symbolreturndgts right parametem afont andsizespecifiecby
its left:

{ Times Base 12p } @Font object

Thefamily andfacenameanusthaveappearedogethelin a @FontDef (seebelow);the sizeis
arbitraryandmaybegivenin anyoneof thec, i, p, m, f, s, andv unitsof measuremer{Section
3.2),although10p and12p arethemostcommonsizedor text. Theremaybeemptyobjectsand
@Null objectsn theleft parameteof @Font; theseareignored.

Whena @Font symbolis nestednsidetheright parameteof another@Font symbol,the
inneronedetermineshefont of its own right parameterHowever,it maybe abbreviatedoas
to inherit partof theoutersymbol:

{Times Base 12p } @Font
{ hello, Slope @Font hello, 15p @Font hello }

hasresult
hello,hello,hello

The first inner @Font inheritsthe outer family and size,changingonly the face;the second
inheritstheouterfamily andface. Whenafamily names given,it mustbefollowedimmediately
by afacename.A sizechangemayappearfirst or last.

Sizesof theform Hengthand—-engthmayalsobe used meaninghatthefont sizeis to be
lengthlargeror smallerthantheinheritedvalue. Forexample;—2p is oftenusedfor superscripts
andsubscripts.Theseformsarehighly recommendedincetheydon’t needto bechangedf a
decisionis madeto alterthefont sizeof thedocumentsawhole.

The @Font symbolalsoswitchego andfrom smallcapitals:

smallcaps @Font ...
nosmallcaps @Font ...

Thesemay be nestedandthey cooperateavith otherfont changes.The preciseeffectdepends
onthefont (seebelow). Thereis adefaultvalue(nosmallcaps), soit is notnecessaryo mention
thisattributewhengiving aninitial font.

By default,thesizeof thesmallcapitalsis 0.7 timesthesizeof full-size capitals. You can
changehisratio,for exampleto 0.8,using

{ setsmalicaps 0.8 } @Font ...

This doesnot itself causea changeto small capitals,but whereverthey are usedin the right
parameteof @Font theywill havesize0.8timesthesizethatordinarycapitalswould havehad
atthatpoint. Notethatthenumberfollowing setsmallcaps is aratio,notalength,sothereis no
unit of measurement.
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The @Font symbolalsocontrolsa featureaddedin Version3.25which determinesvhere
therowmarkisplacedn aword. Usually,asdescribealsewherén thisdocumenttherow mark
passeshroughtheword at a heightof half the heightof theletter'x’ abovethe baselineof the
word. Howeverthis canbechangedothatit passeshroughthebaselinepr not,like this:

baselinemark @Font ...
xheight2mark @Font ...

Thedefaultvalueis xheightzmark. It's usefulwhenwordsin differentfont sizesappearsideby
sideonaline.

Therearetwo predefinedymbols@ CurrFamily and@CurrFace, whichrespectivelyeturn
thefamily andfacenamef thecurrentfont. Forexampleright now @ CurrFamily is Timesand
@CurrFace is Base.

To inform Lout that certainfonts exist, it is necessaryo createa databas®f @FontDef
symbols. A typicalentryin sucha databas#ookslike this:

{ @FontDef
@Tag { Times-Base }
@Family { Times }
@Face { Base }
@Name { Times-Roman }
@Metrics { Ti-Rm }
@Mapping { LtLatin1.LCM }
}

ThisentryinformsLout of the existenceof a font whosefamily nameis the valueof @Family
andwhosefacenameisthevalueof @Face. The @Tag valuemustbeexactlyequalto @Family
followedby ahyphenfollowedby @Face. Thereareafew fontswhicharetheonly memberf
theirfamilies;eventhoughthesgontsdonotneedafacenametheymustbegivenone probably
Base, by their @FontDef.

The other fields are implementation-dependeriiut in BasserLout Version 3 they are
@Name, a PostScripfont name;@Metrics, anAdobefont metrics(formerly AFM) file whose
FontNameentrymustagreewith the PostScripfont namejust mentionedand @Mapping, the
nameof a Lout CharacteMapping(LCM) file. Thefiles aresearchedor in standardolaces.
Consultthe PostScripReferenceManual[]] for generainformationaboutfontsandencoding
vectorspriefly,an8-bit charactecodec in Lout'sinputis mappedo thecharactem theAdobe
font metricsfile whosenameappear®ntheline labelledc in theLCM file. TheLCM file also
definesvariouscharacter-to-charact@enappingssuchasupper-casdo lower-casewhich are
usedfor suchpurposesstheproductionof smallcapitals.

The optionsshownaboveare all compulsorybut therearetwo otheroptionswhich are
optional. The @Recode option,if given,musthavevalueYes (thedefault,sorarelyseenpr No.
If @Recode { No }is given,Lout assumeshatthe givenencodingvectoris alreadyassociated
with thisfont in the PostScripinterpreterandoptimizests outputaccordingly.

The otheroptional option, @ExtraMetrics, hasvalue equalto the nameof a secondfont
metricsfile which, if given,is addedto the main onedefinedby @Metrics. This extrametrics
file containsC (definecharacterandCC (definecompositecharactergntriesn thesameformat
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asin AFM files; Lout will build compositecharactersleclaredn this extrafile from the given
pieceswhichit doesnotdofor compositecharactersn themain AFM file. Thereareexample
extrametricsfilesin thecurrentLout distributionwhich showthe preciseformatof thesefiles.

It is not possibleto havetwo @FontDef databasentrieswith the samefamily andface
namesbecaus¢hentheymusthavethesame@Tag, whichisnotallowed. HoweveraPostScript
font nameandfile may appearin two or morefont definitions,allowing one PostScriptfont
to havetwo or more equallyvalid Lout names.The LCM files may be equalor differentas
desired.

The @Char symbolallowsa characteto be specifiedby its name(its PostScriphhamein
BasselLout) ratherthanby its code:

@Char nine

Is equivalentto 9 in mostfonts. Thisis usefulasa documentatiomid andto be sureof getting
theright characteevenif theencodingvectorof thefont is changed.However@Char will fail
if thecharactenameds notin theencodingvectorof thecurrentfont.

3.4. @Break

The@Break symbolinfluencesheappearancef paragraphgSectior3.2),offeringafixed
setof styles:

adjust @Break object Break the paragraphsf object into lines, and apply
@PAdjust (Section3.17)to everyline exceptthe lastin
eachparagraph;

outdent @Break object Like adjust, exceptthat 2.0f @Wide {} &0i is insertedat
the beginningof everyline exceptthe first, creatingan
outdentegaragraplftheoutdentwidth maybechanged-
seebelow);

ragged @Break object Breaktheparagraphef objectintolines,butdonotadjust
thelines(‘raggedright’);

cragged @Break object Like ragged, exceptthat eachline will be centredwith
respecto theothers;

rragged @Break object Like ragged, exceptthat eachline will be right-justified
with respecto the others(‘raggedleft’);

oragged @Break object Theobviouscombinationof ragged andoutdent;

lines @Break object Break the paragraphf object into lines at the same
pointsthattheyarebrokeninto linesin theinput,andalso
atconcatenatiogymbolsof theform &kb for anyk greater
thanl. Do notadjustthelines. Any spacestthestartof
aline otherthanthefirst line will appeatn theoutput;
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clines @Break object Break the paragraphsf object into lines as for lines
@Break, thencentreeachline with respecto theothers;

rlines @Break object Break the paragraphof object into lines as for lines
@Break, thenrightjustify eachline with respectto the
others.

If the paragraptwasanentirecomponentf agalley,sowill eachof its linesbe;otherwisethe
linesareenclosedn a @OneRow symbolafterbreaking.

Thelengthof thegapusedto separate¢helinesproducedoy paragraplbreakingis always
1v. Howeverthev unititself andthegapmodemaybechanged:

gap @Break object Within object takethevalueof thev unit to bethelength
of gap

+gap @Break object Within object takethevalueof thev unit to belargerby
thelengthof gapthanit would otherwisehavebeen;

—gap @Break object Within object takethevalueof thev unit to besmallerby
thelengthof gapthanit would otherwisehavebeen.

In eachcasethemodeof gapis adoptedwithin object
The @Break symbolalsocontrolshyphenation:

hyphen @Break object Permithyphenatiorwithin the paragraphsf object

nohyphen @Break object Prohibithyphenatiorwithin the paragraphsf object all
hyphenationgaps without exceptionrevert to edgeto-
edgemode.

The @Break alsohasoptionswhich controlwidow andorphanlines:

unbreakablefirst @Break ob- Preventcolumn and pagebreaks(i.e. preventa galley
ject from splitting) betweenthe first and secondines of the
paragraphsf object

unbreakablelast @Break ob- Preventcolumn and page breaksbetweenthe last and
ject secondastlinesof theparagraphsf object

Theseoptions work by adding the u (unbreakable)suffix to the appropriategaps during
paragraptbreakingsotheir preciseeffectis asdescribedor this suffix. Theseoptionsmaybe
countermandeby breakablefirst @Break andbreakablelast @Break.

Thewidth of theoutdentingusedin theoutdent stylemaybechangedike this:

{ setoutdent width } @Break Within object whenevewoutdentings requiredusewidth

object for the amountof outdenting. Note that this doesnot
itself causea switchto outdentingstyle. Thewidth may
beprecededy + or — to indicatea changeto the existing
outdentvalue.
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Margin kerning,in which small(usuallypunctuationharacterprotrudeinto the margin,may
be obtainedoy marginkerning @Break andturnedoff by nomarginkerning @Break.

Severaloptions may be given to the @Break symbol simultaneouslyjn any order.
Forexample,

{ adjust 1.2fx hyphen} @Break ...

isatypicalinitial value. Theremaybeemptyobjectsand@Null objectsin theleft parameteof
@Break; theseareignored.

3.5. @Space

The @Space symbolchangeshevalueof thes unit of measuremer{Section3.2)within
its right parameteto thevaluegivenby theleft parameter:

lc @Space{abcd}

hasresult
a b C d

Asfor the @Break symbol theleft parameteof @Space maybegivenrelativeto theenclosing
s unit,andit mayincludea gapmode. Notethatthe @Font symbolalsosetsthes unit.

Theleft parameteof the @ Space symbolmayalsohold anyoneof thefive specialvalues
lout, compress, separate, troff, andtex, which controltheway in which Lout treatswhite space
separatindwo objects. The namegroff andtex indicatethatthe behaviourof theseoptionsis
inspiredby theseotherdocumenformattingsystems.

Thedefaultsettingjout, producessmanyspaces theoutputastherearein theinput. The
compress settingcausesll sequencesf two or morewhite spacecharacters$o be treatedthe
sameasonewhite spacecharacter.The separate settingis like compress but alsocausezero
white space®etweertwo objects(but not within oneword)to betreatedhe sameasonewhite
spacecharacter.

Thetroff settingis thesameaslout exceptthatwherevera sentencendsattheendof aline,
oneextraspaces added. Formally,whentwo objectsare separatedby white spacecharacters
which includeat leastone newline characterandthe first objectis a word endingin any one
of a certainsetof sequencesf charactersthe extraspaces added. The setof sequencesf
characterslepend®n the currentlanguageandis definedin thelangdef for thatlanguagesee
Section3.10).

The tex optionis the mostcomplicated.First, the compress optionis applied. Then,at
everysentencendingwhetheror notattheendof aline, oneextraspaceas added.A sentence
endingis definedasfor troff exceptthat,in additionto the precedingvord havingto endin one
of acertainsetof sequencesf characterghecharacteprecedinghatsequencenustexistand
mustbealower-casdetter. A characters alower-casdetterif, in the Lout CharacteMapping
file (Section3.3) associatedvith the currentfont, an upper-caseequivalentof the character
is defined.
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3.6. @YUnit, @ZUnit, @CurrYUnit, and @CurrZUnit

The @YUnit symbolchangeghe valueof they unit of measuremen(Section3.2) within
its right parameteto thevaluegivenby theleft parameter:

lc @YUnit{...}

ensureshatthevalueof 1y within theright parametewill belc. The@Zzunit symbolis similar,
settingthevalueof thez unitin its right parameterBoth unitshavedefaultvaluezero. Theleft
parametemaynotincludeagapmode normayit usethew, b, r, or of coursed units,butit may
beginwith + or - to indicatethatvalueis to beaddedo or subtractedrom thecurrentvalue. Any
negativeresultof using- will besilentlyreplacedy zero.

The @CurrYUnit and @CurrZUnit symbolsreportthevalueof they andz units,in points,
truncatedo thenearesinteger. Forexample,

1li @YUnit { The current value of the y unit is @CurrYUnit }
produces
Thecurrentvalueof they unitis 72p

sincethereare72 pointsin oneinch (atleast,Lout thinksthereare).

Theseunitsarenot usedinternally by Lout. Theyaresuppliedaspartof the styleinfor-
mationfor the conveniencef applicationpackagesFor examplethe Eq equationformatting
packagauseshemto finetunetheappearancef equations.

3.7. @SetColourand @SetColor

The @SetColour and @SetColor symbols,which haveidentical effect, returntheir right
parameteiin the colour specifiedby their left parameter.The form of the left parametelis
implementation-dependerity BasserLout it mustbe an objectwhosevalueis a sequencef
wordscomprisinga PostScriptommandor settingcolour. Forexample,

{1.0 0.0 0.0 setrgbcolor } @SetColour { hello, world }
producegheredresult
hello,world
Of courseacolouroutputdeviceis neededo seetheeffect;onamonochromelevicetheresult

will besomeshadeof grey.

The @SetColour commandacceptshespecialvaluenochange for theleft parameterThis
valuecausesheright parameteto havethe colourit would havehadwithout the @ SetColour
command.An emptyleft parametealsohasthis effect.

Thereis no default colour, so the user must ensurethat the root galley or eachof its
componentss enclosedn a @SetColour symbolwhoseleft parameteis not nochange.

Lout makesno attemptto understandcolour, it simply prints the PostScriptor PDF
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commandsvhenappropriate Thishastheadvantagef permittingaccesso anyof PostScript’s
colour models(somerequireinitialization which can be suppliedusing @PrependGraphic),
but the disadvantagef offering no way to makerelativechangeg‘as beforeonly redder,’and
soon).

Forthosewho wish to obtaincolourwithout working very hard,the setrgbcolor command
usedaboveis availablein everyversionof PostScriptrequiresnoinitialization,andis simpleto
use. Thethreenumberswhichrangefrom 0.0to 1.0,determingheintensityof red,greenand
bluerespectively.Someusefulvaluesfor theleft parameteare

1.0 0.0 0.0 setrgbcolor  red
0.0 1.0 0.0 setrgbcolor  green
0.0 0.0 1.0 setrgbcolor  blue
1.0 1.0 1.0 setrgbcolor ~ white
0.50.50.5 setrgbcolor  grey
0.0 0.0 0.0 setrgbcolor  black

Colouringan objectwhite is usefulfor producingan emptyspacewhosesizeis thatof some
object.

Sincetheintroductionof textureso Lout in Version3.27,directuseof PostScriptolour
settingoperationsuchassetrgbcolor is deprecatedinsteadlout offersits own versionof the
standardPostScriptoloursettingoperations:

If youwantthis Youshouldrather write this

num setgray num LoutSetGray
num num num setrgbcolor num num num LoutSetRGBColor
num num num sethsbcolor num num num LoutSetHSBColor

num num num setcmykcolor  num num num LoutSetCMYKColor

The Lout versionsare equivalentto the PostScriptonesbut without the unwantedeffect of
causinghecurrenttextureto beforgotten.

3.8. @SetTexture

The @SetTexture symbol returnsits right parametelin the texture specifiedby its left
parameterA textureis a patternusedwhenfilling areado getatextureratherthansolid color.

In thePostScriptvorld, texturesarecalledpatternsandtherelevantPostScriptommands
usethis terminology. The authorhaspreferredthe term ‘texture’ becauset is moreprecisea
patterncouldbea patternfor anything.

The@SetTexture commandacceptshespeciavaluenochange for theleft parameterThis
valuecausesheright parameteto havethetextureit would havehadwithoutthe @SetTexture
command.An emptyleft parametealsohasthis effect.

Anotherspecialvalueis LoutTextureSolid, which meanso textureat all, just solid colour.
It would be usefulto changebackto solid colourwithin anenclosingexturedregion. It is also
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theinitial texture;thusthereis no needto ensurehattheroot galleyor eachof its components
Is enclosedn a @SetTexture Symbol.

The form of the left parameteiis implementation-dependenity BasserLout it mustbe
anobjectwhosevalueis a sequencef wordscomprisingPostScripfor settinga texture,up to
andincludingthe PostScripsetpattern commandor equivalentwhich installsthetextureinto
thegraphicsstate.Lout makeso attemptto understandexturesijt simply printsthe PostScript
commandsvhenappropriate Consult| 1] for informationaboutPostScrippatternsyou’ll need
to dothatin orderto makesensef therestof thissection.

Sincebuilding evena simpletexturetakesalot of PostScripandis quiteerror-pronel.out
definegwo symbolsn thePostScripprologuecalledLoutMakeTexture andLoutSetTexture that
you canuseto makeandsetatexture like this:

{ "1110dg0pt0 pt"
"2[002pt3pt]2pt3pt{..}"
"LoutMakeTexture LoutSetTexture"

} @SetTexture ...

We’'ll explainboth symbolsin detailin a moment,but just briefly, LoutMakeTexture makesa
texture,leavinga patterndictionary asreturnedby makepattern on the executionstack,and
LoutSetTexture installsthistextureinto thecurrentgraphicsstatejike setpattern butwithoutany
mentionof colour.

LoutMakeTexture is just a convenienceadefinition that constructsa patternmatrix and
dictionary,populatinghemwith thestackelementso its left, thencallsmakepattern. You don'’t
haveto useit if you don’t wantto. The aboveexampleof LoutMakeTexture setsthe pattern
matrixanddictionaryasfollows.

Thefirst numberis a scalefactor,andthe secondandthird arehorizontalandverticalscale
factors. Thefourth (0 dg) is anangleof rotation. Thefifth andsixth arehorizontalandvertical
shifts. Thesesix numbergdeterminghe patterntransformatiomatrix passedo makepattern.

Theremainingelementgo into the patterndictionary. PaintType is setto thefirst of them,
or theseventhtemoverall(2in ourexampledenotinganuncolouredpatternwhichwill usually
be the bestchoice;the patternwill be paintedin the currentcolour),BBox is setto the eighth
item, here[0 0 2 pt 3 pt], XStep is setto the ninth item, here2 pt, YStep is setto thetenthitem,
here3 pt, andPaintProc is setto theeleventhandlastitem,which shouldbeanexecutablarray
asshown. All non-zerdengthsmustbein absoluteunits,thatis, followed by in, cm, pt, or em,
otherwisetheresultswill beunpredictable.

LoutSetTexture installsthe given textureinto the graphicsstate,preservingthe current
colour. You must use LoutSetTexture and you must not use setcolorspace, setcolor, and
setpattern, becausé.out considergolourandtextureto beindependentf eachother,andthese
PostScriptommandsion’t.

Anotheradvantag®ef LoutMakeTexture andLoutSetTexture is thattheybehavesensiblyon
Level1PostScriptnterpreterswhich do not havepatterns.Ratherthanfailing altogetherthese
commandsvill makesureeverythingappears solidcolour. Beawarethoughthatinterpreters
exist(e.ggv ca.1997)which appeato beLevel 2 but actuallyleavetexturedareaslank.

Forinformationon howthesesymbolsareimplementedgonsultAppendixA.
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3.9. @Outline

The@Outline symbolcausesll thewordsin theright parametewhichmaybeanarbitrary
object)to beprintedin outline,ratherthanfilled asis usual. Forexample,

@Outline @Box 24p @Font HELP

produces

HELP

Outlining is partof the style information,in the sameway ascolour,font, underlining,andso
forth. Outlining canbeappliedto anyfont likely to beusedin practice. At thetime of writing,
thereis nowayto controlthethicknes®f theoutline,and@Outline hasno effectin PDFoutput.
Thesizeof outlinedwordsis takenby Lout to bethesameasif theyhadnotbeenoutlined,even
thoughtheyarein reality slightly larger.

3.10. @Languageand @CurrLang

The @Language symbolinformsLout thatits right parameters writtenin thelanguageof
its left parameter:

Danish @Language { ...}

Basserlout Version3 useghisinformationin two ways: to hyphenatevordsappropriatelyto
thatlanguageandto changehevalueof the @CurrLang symbol(seebelow). Otherusessuch
asright-to-leftformattingof certainlanguagesnaybeaddedn thefuture.

The left parametemust either be empty (which meansto leave the currentlanguage
unchangedr elseit musthavebeengivenin alangdef languagelefinitionat the beginningof
theinput:

langdef Danish Dansk {implementation-dependent

After langdef comesa sequencef oneor moresimplewords,which arealternativenamedor

thelanguagéeingdefined. Followingthemcomesanimplementation-dependepartbetween
braces.In Bassetout Version3thispartcontainghenameof theLout hyphenatiorinformation
file (minusits .Ih suffix) to be usedwhenhyphenatingvordsin this languagefollowed by a

sequencef wordswhich definetheendsof sentencesFor example:

langdef English {english . : 21 ) ?) ) }

definesa languagecalled Englishwith hyphenatiorpatterngile english.lh and sevenwaysto
enda sentence.The useof thesesentenceendingsis describedn Section3.5. If thereis no
hyphenatioriile availablethisis indicatedoy writing - for thefile namejf therearenosentence
endstheyaresimply omitted.

The @CurrLang symbol,which hasno parametersvaluateso thefirst namegivenin the
langdef of thelanguagen forceatthe pointwhereit is invoked:
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Dansk @Language { This is @CurrLang.}
hasresult
Thisis Danish.

It is typically usedwith the @Case symbollike this:

@CurrLang @Case {
Danish @Yield tirsdag
English @Yield Tuesday
French @Yield Mardi

}

Thisexampleevaluates$o thenameof thethird dayof theweekin thecurrentlanguage.

Thecurrentlanguages partof thestyleof anobject,like its font. Asexplainedn Section
2.6, styleis inheritedthroughthe point of appearanceyhich for languagecanbe unexpected.
Forexampleanindexentrywhichoriginatesn aFrenchchaptetbutappears anEnglishindex
will haveEnglishfor its languagesomustbeexplicitly setto Frenchusing@Language.

3.11. @OneColand @OneRow

The @OneRow symbolreturnsits right parametemodifiedsothatonly the principalrow
markprotrudes.Thisis normallythefirstrow mark,butanothelonemaybechoserby preceding
it with ~/ or ~//. Forexample,

@OneRow { |0.5rt Slope @Fontx +2 ~/1p @HLine //1p |0.5rt 5}

hasresult

with onerow mark protrudingfrom thebarasshown. Comparehiswith
@OneRow { |0.5rt Slope @Fontx +2 //1p @HLine //1p |0.5rt 5}

wherethe mark protrudedrom thenumerator:

@OneCol hasthe sameeffecton columnsas@OneRow doeson rows,with the symbols?| and
7| (or ~&) determiningvhich markis chosen.

3.12. @Wide and @High

The @Wide symbolreturnsits right parametemodifiedto havethewidth givenby its left
parametemnvhich mustbe alength(Section3.2) whoseunit of measuremernsc, i, p, m, f, s, or
v. If theright parameters not aswide asrequiredwhite spacds addedat theright;if it is too
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wide, its paragrapharebroken(Section3.4) sothatit fits. A @OneCol operationis included
in the effectof @Wide, sinceit doesnot makesenseor anobjectof fixed width to havetwo
columnmarks.

The @High symbolsimilarly ensureshatits resultis of a givenheight,by addingwhite
spacatthebottom. In thiscasat isanerrorfor theright parameteto betoolarge. A @OneRow
operationsincluded.

3.13. @HShift and @V Shift

The @HShift symbolreturnsits right parametewith principalmark shiftedasprescribed
by its left parameter:

+length@HShift object Principalmarkshiftedto theright by length
-length@HShift object Principalmarkshiftedto theleft by length

length@HShift object Principalmarkshiftedsoasto lie lengthto theright of the
left edgeof object

In eachchase@HShift includesa @OneCol effect.

Theunitsof measuremeraf lengthmaybec, i, p, m, f, s, v, or w. In thelattercaselw is
takento bethewidth of theright parametersothat,for examplep.5w @HShift will centrethe
principalcolumnmarkwithin theright parameter.

The @VShift symbolis similar exceptthatit appliesvertically to the principalrow mark:
+lengthshiftsit down,-lengthshiftsit up,andlengthshiftsit to lengthbelowthetop edgeof the
object. With @VShift, 1w is takento bethe heightof theright parameter.

3.14. @HExpand and @VExpand

The @HExpand symbolcausests right parameteto be aswide asit possiblycould be
withoutviolatinga @Wide symbolor intrudinginto thespacenccupiedoy neighbouringyapsor
objects. The @VExpand symbolis similar,butit affectsheight. Forexamplejn theobject

8i @Wide 11i @High {
/11i ||1i @HExpand @VExpand x ||1i
111i

}

objectx could haveanysizeup to six incheswide by nineincheshigh, sothe @HExpand and
@VExpand symbolscausdt to haveexactlythis size. Thisis important,for examplejf x con
tains|1rt or /1rt; withoutthe expansiorthesemight not moveasfar acrosor downasexpected.

As Section2.6 explainsin detail,mostobjectsarealreadyaslargeasthey possiblycould
be. Consequentlyhesesymbolsareneedednly rarely. @ HExpand includesa @OneCol effect,
and@VExpand includesa @OneRow effect.
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3.15. @HContract and @VContract

The @HContract symbolreduceghesizeof its right parameteto areasonableninimum
(afterparagraptbreaking).Forexample,

5i @Wide @HContract { A |1rt B }

hasresult
AB

in whichtheB ismuchclosertotheA thanit would otherwiseéhavebeen.@VContract is similar,
butin averticaldirection. SeeSection2.6for a moreextensivaliscussion.

3.16. @HLimited and @VLimited

The @HLimited symbol limits the width availableto recursiveand receptivesymbols
within its right parameteto whateveris availablewithout increasingthe existingsize of the
@HLimited object. Sothissymbolactslike @Wide with respecto limiting the spaceoccupied
by recursiveandreceptivesymbols,exceptthat insteadof enforcinga fixed constantimit, it
enforcesvhateversizeis alreadyin place.

The @VLimited symbolis exactlythe samegxcepthatit appliesverticallyratherthanhor-
izontally.

3.17. @HAdjust, @VAdjust, and @PAdjust

Thesesymbolsspreadheir right parameterapartuntil it occupiesall the spaceavailable
to it; @HAdjust adjusts| sequences@VAdjust adjusts/ sequencesand @PAdjust adjusts&
sequencesk-or example,

4i @Wide @PAdjust {12345678}

hasresult
1 2 3 4 5 6 7 8

More preciselythewideningis effectedby enlarginghesizeof eachcomponenexcepthelast
by anequalfractionof thespacehatwould otherwisebeleft over—justtheoppositeof theusual
procedurewhich assignsll theleftoverspaceo thelastcomponen{Section2.6).

@PAdjust is usedby the adjust andoutdent optionsof the @Break symbol(Section3.4).
It hasa slight peculiarity: it will not enlargecomponentsvhentheimmediatelyfollowing gap
haswidth 0. Thisis to preventspacefrom appearingfor example)betweena word and an
immediatelyfollowing comma. The othertwo symbolswill enlargesuchcomponents.

3.18. @HScaleand @VScale

@HScale causedts right parameteto expandofill thespaceavailable by geometricallly
scalingit:
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4i @Wide @HScale {12345678}

hasresult
aa = = =1 5SS PR =
and

0.5i @Wide @HScale {12345678}

hasresult
12345678

@HScale first applies@HContract to its parametetthenhorizontallyscalest to theactualsize.
Theprincipalmark of theright parametehasno effecton theresult;the parameters scaledto
the actualsizeandpositionedto fill the spaceavailable. (Takingaccountof alignmentof the
principalmarkonly causesroublein practice.)

@VScale is similar, butin a verticaldirection. @HScale and @VScale eachhavebotha
@OneCol anda @OneRow effect.

3.19. @HMirror and @VMirror

@HMirror and@VMirror causeheir right parameteto bereflectedeitherhorizontallyor
vertically. Forexample,

@HMirror AMBULANCE

hasresult

and
@VMirror AMBULANCE

hasresult

Theparameteref thesesymbolanaybearbitraryLout objectsasusual Bothsymbolshaveboth
a@O0neCol anda @OneRow effect.

In eachcasehereflectionis aboutthemarkof theobject(thatis, thereflectedobjectshave
thesamemarksastheoriginals),sothat,for examplewhenusedwithin aline of texttheresults
are and respectively.

3.20. @HCoverand @VCover

The@VCover symbolverticallyscalestsright parametesothatit coverseveryobjectthat
sharests row mark. Forexample,

@VCover ( 45d @Rotate Hello @VCover)
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produces

Therow markhasbeenaddedo showclearlywhereit lies. Thisshouldbecomparedvith
@VScale (45d @Rotate Hello @VScale )

which produces

Scalingabandonsnark alignmentandsois ableto exactlycovertherestof the row, whereas
coveringpreservesnark alignmentandsois obligedin generako morethancovertherestof
therow.

If theparameteof @VCover haszeroverticalsize thisis takento mearthatcoveringis not
requiredafterall andthe @VCover is silentlyignored. If howeverthe parametehasnon-zero
sizeabovethe mark but zerosizebelow,or vice versathisis takento beanerrorsincescaling
cannotmakethe parametecovertherestof therow.

@HCover is similar, horizontallycoveringall objectsthatshareits columnmark. Neither
symbolworkswell neargalleytargetshbecause¢hescalefactorto applyis determinedeforeany
galleyflushingtakesplace.

3.21. @StartHSpan,@StartVSpan,@ StartHVSpan, @HSpan,and @VSpan

Thesesymbolswork togetherto producespanningcolumnsandrowsin a moreflexible
way thanis possiblen practicewith // and||. An object

@StartHSpan object

cause®bject to be printed,but occupyingall the horizontalspaceto the right on therow mark

onwhichit liesupto andincludingtherightmost@HSpan symbolonthatmarknot precededby

@StartHVSpan, @StartHSpan, @StartVSpan, or @VSpan. Thecolumnmarkof thisspanning
objectis not constrainedo align with anyof the columnmarksof thecolumnsit spans.

If thereis no @HSpan symbolanywhereto the right of @StartHSpan, thenthe object
spannly its own column. Thismeanghatit occupieghatcolumnasusualbutits markis not
constrainedo alignwith thoseof the otherobjectsin thecolumn.

Similarly,the @StartVSpan symbolcausess objectto occupyall theverticalspacebelow
it onthecolumnmarkonwhichit lies,downto andincludingthe bottommost@VSpan symbol
onthatmarknot precededy a @StartHVSpan, @ StartHSpan, @ StartVSpan, or @HSpan; and
if thereisno @VSpan symbolanywheréelowit onthatmark,thentheobjectspan®nlyitsown
row, occupyingits row but with its mark not constrainedo align with therow mark.

The @StartHVSpan symbol combinesthe effectsof @StartHSpan and @StartVSpan,
allowinganobjectto spanbothcolumnsandrowssimultaneouslyForexamplejn

@StartHVSpan x | | @HSpan
/
@VSpan | |
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the objectx will occupya rectangularareaspanningthree columns,two rows, and the gaps
betweerthem.

Theobjectdying in theregionspannedhouldall beempty,or the @HSpan and@VSpan
symbolscanbe usedto documenthe spanninghatis occurring. At presentheremaybe no
galleytargetsor recursivesymbolswithin theright parameteof @StartHSpan, @StartVSpan,
or @StartHVSpan. Howevertheright parametemayotherwisebeanarbitraryobject,ncluding
paragraphsf textthatrequirebreaking.

If theright parametepnf @StartHSpan, @StartVSpan, or @ StartHVSpan occupiesnore
horizontalor verticalspacehanall of thespanneaolumnsor rowscombinedequire theextra
spacegoesinto thelast spannedcolumnor row. Overlappingspanningowsandcolumnsare
permitted. Gapsspannedy spanobjectsareunbreakabldétheir u indicatoris setautomatically
andcannotberevoked).

3.22. @Scale

This symbol geometricallyscalesits right parameterby the scalefactor given in its
left parameter:

1.0 @Scale Hello 2.0 @Scale Hello 0.5 @Scale Hello

hasresult

Hello H e”O Hello

Theleft parametecanbetwo scalefactors,in which casethefirst applieshorizontally,andthe
secondvertically:

{0.5 2.0} @Scale Hello

hasresult

i

Theleft parametemaybeempty,in which caselLout will scalethe objectby a commonfactor
horizontallyandvertically soasto occupyall availablehorizontalspace:

{} @Scale { Hello world }

hasresult

Hello world

Theright parametemaybe anyobject. @Scale hasbotha @OneCol anda @OneRow effect,
andthemarksof theresultcoincidewith the principalmarksof theright parameter.
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3.23. @Rotate

The @Rotate symbolwill rotateits right parametecounterclockwis@anamountgivenin
degreegpositiveor negativey its left parameterFor example,

30d @Rotate { hello, world }

hasresult

O
X\e\\o‘\N

Beforerotatingthe object,@OneCol and@OneRow areappliedto it. Theresultis arectangle
whosemarkspasghroughthe pointwheretheoriginalmarkscrossed:

O

As this exampleshows rotationby anangleotherthana multiple of ninetydegreesntroduces
quitealot of white space.So,for exampletheresultof

-30d @Rotate 30d @Rotate object

isamuchlargerobjectthanobject despitethefactthatonerotationcancelgheother.

Rotationof objectscontainingreceptiveandrecursivesymbolsis permitted put for angles
otherthanmultiplesof ninetydegreest is bestto makethesizeof therotatedobjectclearwith
@Wwide and@High symbols:

30d @Rotate 5i @Wide 4i @High
{ /li @TextPlace
/11i

}

This is becausefor anglesother than multiples of ninety degreesthe spaceavailable for
@TextPlace to occupyis indeterminateandtheresultis poor.

3.24. @Background

The @Background symbolwill print its left parameteiin the backgroundof its right
parameter.Thatis, theresulthasthe sizeof theright parameterbut the left parametewill be
printedfirst in thesamespacewith its marksalignedwith the marksof theright parameter.

3.25. @KernShrink

Thissymbolreturnsits right parameteunchangedh appearancbut occupyinga slightly
smallerboundingbox. Thereductionis by theamountof kerningthatwould be appliedif the
right parametewasimmediatelyfollowedby theleft parameterFor example,

. @KernShrink P
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hasresult
P
wherea box of size0 hasbeendrawnaroundthe resultto makeits extentclear. Comparehis
with ‘P’ alone:
B
in whichtheboundingbox exactlyenclosesheobject,or atleastis supposedo. Thebounding

boxis smallerontheright by theamountof kerningthatwould beappliedbetweeriP’ and'..

Theonly knownusefor this symbolis to producetucked-insubscriptsn the Eq equation
formattingpackage.

3.26. @Common,@Rump,and @Meld
The @Common and@Rump symbolscomparawo paragraplobjects:
{ Aardvark, 29 } @Common { Aardvark, 359 }

If eitherparameters nota paragraplobject,it is convertednto a single-objeciparagrapHirst.
Theresultof @Common isthecommonprefixof thetwo paragraphghatis, thosenitial objects
whichareequalin thetwo paragraphsin theexampleabovetheresultis Aardvark, Theresult
of @Rump is thatpartof thesecondbjectwhichis notincludedin @ Common; theresultof

{ Aardvark, 29 } @Rump { Aardvark, 359 }

IS 359.

If thetwo objectshavenothingin commontheresultof @ Commonwill beanemptyobject
andtheresultof @Rump will bethesecondbject. If thetwo objectsareidentical theresultof
@Common will bethefirst object,andtheresultof @Rump will beanemptyobject.

The only known usefor @Rump and @Common is to implementmergedindex entries
(Section2.8).

The @Meld symbolreturnsthe minimum meld of two paragraphsthat is, the shortest
paragraphhatcontainghetwo original paragraphassubsequences:or example,

{ Aardvark , 1,2} @Meld { Aardvark , 2,3}
produces
Aardvark,1,2,3

Theresultis relatedto the well-known longestcommonsubstring,in that the meld contains
everythingnotin thelcsplusonecopyof everythingn thelcs. Wherethereareseveraminimum

melds,@Meld returnsthe onein which the component®f the first parameteiare asfar left

aspossible.

Determiningthe valuesof all thesesymbolsrequirestestingwhetherone componentf
the first paragraphs equalto one componenbf the second.SinceVersion 3.25,the objects
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involved may be arbitraryandLout will performthe necessargetailedcheckingfor equality;
previouslyonly simplewordswereguaranteetb betesteccorrectly.Two wordsareequalf they
containthesamesequencef charactergegardlessf whethertheyareenclosedn quotesand
regardlessf thecurrentfont or anyotherstyleinformation. Otherwisepbjectsareequalif they
areof thesamaypeandhavethesameparametersncludinggapsn concatenationbjects.The
soleexceptionis @LinkSource, whoseleft parameters ignoredduring equalitytesting,since
otherwisetherewould be problemsn theappearancef meldedclickableindexentries.

Stylechangingoperationg@Font, @SetColour etc.)arenot consideredn equalitytesting,
sincethesehavebeenprocessednddeletedby thetime thatthetestsaredone. Also, Lout tries
hardto getrid of redundanbracesaroundconcatenatioobjectswhichis why

{a{bc}}@Meld{{ab}c}
produces

abc

Thetwo parameterareequalby thetime theyarecomparedy @Meld.

Oneproblematiareain theuseof theseoperatorss thedefinitionof equalitywhenobjects
areimmediatelyadjacent.Lout containsan optimizationwhich mergesmmediatelyadjacent
wordswheneveitheyhavethe samestyle. Forexample,

{Hello{world}
would betreatednternallyasoneword,whereas
{HelloY{yellow @ Colour world}

would be treatedastwo adjacentwords. Thus,although@Font, @SetColour, and the other
style operatorareignoredin equalitytesting they may affectthe structureof the objectsthey
lie within.

At present@Common and @Rump treatall unmergedcomponent®f their paragraph
asseparategvenif oneis immediatelyadjacentto another. @Common and @Rump would
thusseeonecomponentn thefirst exampleandtwo in thesecond.@Meld treatseachgroupof
immediatelyadjacentomponentasa singlecomponentsoit would seeonecomponenin both
examplesbutit would still not reportthemasequal,sinceoneis a singleword andthe otheris
a pair of adjacentwords. Theseconfusingandinconsistenpropertiesnight berevisedin the
future. SeeSection4.6 for an exampleof the practicaluseof theseoperatorsin which very
smallunbreakablgapsareusedto ensurghatapparenthadjacentomponentareseparateand
@OneCol is usedto preventthe word mergingoptimizationfrom taking effectwhenit would
otherwisecauserouble.

3.27. @Insert

The @Insert symbolinsertgts left parameteatthe beginningof thefirst paragraptof its
right parameter:

X @Insert {AB//C//D}
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is equivalento
{XAB//C/ID}

Noticethata zero-widthspaceseparateX from thefirst paragraphsoif somewider spaceis
requiredit mustbeplacedattheendof X. The @Insert operatioris appliedto thevalueof the
right parameteafterevaluation.

Theonly knownusefor this symbolis to attachsomethingdike Figure 6 to thefront of a
multi-paragrapltaption.

3.28. @OneOf

The @OneOf symbolreturnsoneof thesequencef objectswhichisitsright parameteas
its result:

@O0neOf {
@ResultA
@ResultB
@ResultC

}

The choiceis madeto ensurethat whatevergalley targetis requiredat the momentis found.
Forexamplejf we areevaluating@OneOf aspartof anattemptto attacha galleywhosetarget
is @SomeTarget, thenthe resultabovewill be @ResultA if it contains@SomeTarget, or else

@ResultB if it contains@SomeTarget, or else@ResultC (whetheror notit containghetarget,
orif thereis notarget).

Useof @OneOf in conjunctionwith recursivesymbolscanleadto problems. Consider
thisexample:

def @Recursive {
def @ChoiceA { @APlace // @Recursive }
def @ChoiceB { @BPlace // @Recursive }

@O0OneOf {
@ChoiceA
@ChoiceB

}

}

Lout believesthatexpanding@Recursive is the right thing to do whensearchindor eitherof
the galley targets@APlace and @BPlace. When searchingor @BPlace this leadsLout to
expand@Recursive, then @ChoiceA, thenthe @Recursive symbolwithin @ChoiceA, andso
on infinitely. This problemcanbe avoidedby attachinga @NotRevealed symbolto eachof
theinner @Recursive symbols: thesearethennot availablefor expansioruntil a decisionhas
beenmadeto expandhe symboltheylie within. In this particularexamplet would be simpler
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to write

def @Recursive {

@OneOf {
@APlace
@BPlace

}

/I @Recursive

}

but this factoringis not possiblewhenthe recursivecalls haveparametershat arerequiredto
differ in thetwo cases.

3.29. @Next

The @Next symbolreturngts parameteplusone. It is rathercleveratworkingthisout: it
huntsthroughthe parametefrom right to left, looking for anumberto increment:

@Next (3.99)

hasresult(3.100). If @Next cannotfind a digit inside its parameterit is an error. Roman
numeralsaarehandledby storingthemin a databasegsexplainedn Sectiord.2; @Next will not
incrementa Romannumeral.

3.30. @Case

The @Case symbolselectsts resultfrom alist of alternativesgependingnatag:

@Day @Case {
{12131} @Yield st
{222} @Yield nd
{323} @Yield rd
else @Yield th

}

In thisexampletheresultwill bestif @Day is1,21,or 31,andndif @Day is2or 22,etc. The
effectis similarto accessing databasé¢houghin amorecompactform. Theright parameters
asequencef @Yield symbolsgachwith aleft parametewhosevalueis a sequencef oneor
morejuxtapositionof simplewords,andaright parametewhich maybeanyobject.

We first describethe behaviourwhen the value of the left parameterof @Case is a
juxtapositionof oneor moresimplewords. Thentheresultof the @Case istheright parameter
of thefirst @Yield whoseleft parametecontainseitherthe value of the left parametenf the
@Case, or thespecialalueelse. If thereis nosuch@yield it isanerror.

Whenthe left parameteiof @Case is not a juxtapositionof simplewords,the resultis
theright parameteof thefirst @Yield whoseleft parameteis else, or anerrorotherwise.This
permitsexampledike
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@RunningTitle @Case {
dft @Yield @Title
else @Yield @RunningTitle

}

wherea runningtitle is returnedunlessit hasthe valuedft (which presumablymeanghat no
runningtitle wassupplied)jn which caseanordinarytitle is returnednstead.

Whena receptivesymbolis placedwithin a @Case, it shouldbe includedin eachalter
native,sinceotherwiseBasser.out may becomeconfusedwvhentrying to predictwhetherthe
symbolwill beapartof theresultor not. Alternatively,if it canbeguaranteethatthereceptive
symbolwill neverbesearchedor whenthe caseghatit doesnot lie within areselectedthatis
all right too.

3.31. @Moment
Thepredefinedsymbol@Moment hasthefollowing definition:

def @Moment
named @Tag {}
named @Second {}
named @Minute {}
named @Hour {}
named @Day {}
named @Month {}
named @ Year {}
named @Century {}
named @WeekDay {}
named @ YearDay {}
named @DaylightSaving {}

{}

It maybeusedlike anyothersymbol. Lout providesaninvocationof @Moment with tagnow,
whoseotherparameterarenumberencodinghe currentdateandtime:

@Second thecurrentsecondusuallybetweerD0and59

@Minute thecurrentminute betweerD0and59

@Hour thecurrenthour,betweer00and23

@Day thecurrentdayof themonth,betweernland31

@Month thecurrentmonth,betweeri (Januaryand12 (December)
@Year thecurrentyearof the centurybetweer00and99

@Century thecurrentcenturye.g.190or 20

@WeekDay thecurrentdayof theweek,betweerl (Sundayynd7 (Saturday)
@YearDay thecurrentdayof theyear,betweer0 and365

@DaylightSaving  animplementation-dependentumberthat may encodethe daylight
savingcurrentlyin effect
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Unix manuakntriestatethat@ Second canbeashighas61,to allowfor leapsecondsJudicious
useof databasesanconvertthesenumbersnto usefuldates.For example,

@Moment&&now @Open { @Day {@Months&&@Month}, @Century{@ Year} }

producesomethindike 6 Septembe005givena suitabledatabasef months.

3.32. @Null

This symbolprovidesa convenientway to removeunwantedconcatenatiorsymbols. If
thereis a concatenatiosymbolpreceding@Null, the @Null andthe concatenatioisymbolare
bothdeleted.Otherwiseijf thereis afollowing concatenatiosymbol,it andthe @Null areboth
deletedOtherwise@Null becomesnemptyobject.

Theserulesapplyto afully parenthesizedersionof theexpressionForexamplejn

... [[lvx @Null |0.5i ...

it is the horizontalconcatenatioisymbolfollowing @Null thatdisappeardyecausen thefully
parenthesizedersion

.. lIvx { @Null [0.5i ...}

thereis no concatenatiosymbolprecedinghe @Null.

3.33. @Galleyand @ForceGalley

Thesesymbolsboth act asa placeholderfor a galley. Thatis, they may be replacedby
componentsf agalley. In thecaseof @ForceGalley thegalleywill thenhaveaforcing galley
effectatthispointalthought neednotbedeclaredisingforce into. SeeSectiorn2.7for adetailed
discussiorof galleys forcinggalleysandtargets.

3.34. @BeginHeaderComponent@EndHeaderComponent@ SetHeaderComponent,
and @ClearHeaderComponent

Informally, headelcomponentarerunningheadershatappearat thetop of thedisplayed
segmentsf galleys. Theyareusedfor exampleby the @Thl tableformattingpackageo place
runningheaderstthetop of eachpageof a multi-pagetable afterthefirst page.

Formally,aheadecomponenof agalleyisanordinarycomponenof agalley(Sectior2.7)
togethemwith anindicationthatthe components a headeccomponentWhenprinted,a header
componentooksexactlylike it would havedoneasanordinarycomponentthedifferenceis in
whetherthecomponents printedatall, andif sowhere.

Everynon-headecomponenbf everygalleyhasassociateavith it a sequencef zeroor
moreheadercomponentsWhenevera galleyattacheso a target,andthetargetdoesnot itself
occupyanentirecomponenbf theenclosinggalley,copiesof theheadecomponentassociated
with thefirst ordinarycomponento be promotednto thattargetarepromotednto it first.

Thecondition‘and thetargetdoesnot itself occupyanentirecomponentf theenclosing
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galley’ ensureghat,for examplewhenpartof a sectionhasheadercomponentsthesearenot
printedwherethe sectionis promotednto its chapterput ratherwherethe chapteis promoted
ontopages.If thetargetoccupiegshewholecomponentthentheincominggalleywill not split
atall, soheadersvould be of nointerestthere.

Theoneremainingguestions ‘How isthesequencef headecomponentsf eachordinary
componentletermined?By default,theheadecomponentsf onecomponenarethesameas
thoseof thepreviouscomponentWe canshowthis graphicallyasfollows:

/Ci ‘H,H,, ... ,H

C., HyH, .. H

n

n

whichmayberead:If ordinarycomponentC; hasheadecomponensequencéd;, H,, ... , H,,

thenits successocomponent, , ; hasheadecomponensequencéd,;, H,, ... , H,also." Using

this notationwe maynow definethefour symbolsthataffectheadeicomponensequences:
C:H,H, .. ,H

n

/

gap @BeginHeaderComponent H__,
/

C, sH H, o HLH

Thatis, @BeginHeaderComponent occupyinganentirecomponenappendsheadecomponent
to the sequencef the following ordinarycomponents Whenprinted,this headercomponent
Is separatetby gapfrom thefollowing componentif gapis emptyit denote®ie asusualwith
concatenatiogaps. The appearancef the headercomponentvill be exactlyasit would have
beenhadit occurredaloneatthatpoint,ratherthanafter @BeginHeaderComponent.

Nextcomes@EndHeaderComponent:

C:H,H,...,H ,H

/
@EndHeaderComponent
/

C, HLH, .. H]

Thatis, @EndHeaderComponent (which hasno parameterspccupyingan entirecomponent
deleteghelastheadercomponent.If thesequencés empty,a warningmessages printedand
it remainseempty. @BeginHeaderComponent and @EndHeaderComponent arenaturallyused
in matching(possiblynested)airs,to introduceandsubsequentlyetracta headecomponent.

Nextcomes@ SetHeaderComponent:

C :H,H, .. H

n

/
/gap @SetHeaderComponent H |
C..:H

1+1 n+1
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@SetHeaderComponent clearsanycurrentheadeicomponentandreplaceshemby oneof its
own. Finally we have@ClearHeaderComponent:

C:H,H, .. ,H
/

@ClearHeaderComponent
/
C

n

i+1 "

Thissymbolclearsanyheadecomponentdeavingthesequencempty. Thesdasttwo symbols
combinelesscleanlythanthefirst two (eitherwill wreckanyenclosing@BeginHeaderCompo-

nent — @EndHeaderComponent pair), but theyareusefulin situationsvheretherangeof one
headeis terminatedy thestartof therangeof thenext.

All four symbolsyield the value @Null wherethey appear.If theydo not occupyentire
componentsf theirgalley,theyaresilentlyignored.

Owingto limitationsin theway headeicomponentareimplementedthefollowing object
typesarenotallowedinsidethem,andBasseiout will complainandquitif it findsanyof them:
galleysyreceptiveor recursivesymbolscrosseferences@Pagelabel, @HExpand, @ VExpand,
@HCover, @VCover, and @Scale whenit hasan emptyleft parameterin addition,if more
thanthreecopiesof the samerunning headerare printed on the samepage,their horizontal
positionswill becomeconfusedprobablyresultingin theapparentlisappearancef all butthe
lastthreecopies. (The magicnumber3 canbeincreasedy recompilingthe Lout sourcewith
theMAX_HCOPIES onstanincreased.)

3.35. @NotRevealed

The @NotRevealed symbol exertsfine control over the processof expandingreceptive
symbols. It mayappeaonly within thebodyof adefinition,immediatelyfollowing thenameof
areceptivesymbol. Forexample:

def A{ @Galley }
def B { @Galley }

def ABList

{
A
/I B @NotRevealed
/I ABList

}

Themeanings thatthesymbolimmediatelypreceding@NotRevealed, B in thisexamplejs not
revealedo galleyswhichencounteABList while searchindor targetsto suchgalleysit appears
thatABList containsA only, notB, henceonly galleystargetedo A will expandABList. However,
afterABList is expandedy suchagalley,B will beavailableasatargetin theusualway.

Apartfrom thismeaning@NotRevealed hasno effectatall, andthebodyof thedefinition
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may be understoodby deleting @NotRevealed and any precedingspace. Thus,the symbol
preceding@NotRevealed mayhavenamedandright parameterg the usualway;thesewould
follow afterthe @NotRevealed symbol.

Thissymbolwasintroducedo overcomeaproblemwith floatingfigurestreatedasdisplays.
It turnedoutto beessentiato specifythelayoutof acolumn(in part)as

@BodyTextPlace
/I @FigurePlace
/I @BodyTextPlace
/I @FigurePlace
/I @BodyTextPlace

sothatfigurescouldalternatevith bodytextdownthecolumn. Howeversomemeansvasneed
edto ensurehatin theabsenc®f anyfigurestherecould only be one @BodyTextPlace in the
column,sinceotherwisevariousproblemsarosefor examplethe @NP symbolmerelycausing
a skip from one @BodyTextPlace to the nextin the samecolumn,ratherthanto thefirstin the
next column. Also, without this featurethe optimal pagebreaker’sattemptsto enda column
earlywould be frustratedby Lout thendiscoveringthat plenty of spaceexistedat a following
@BodyTextPlace in thesamecolumn. ThesolutionisbasednABList abovepachoccurrencef
@BodyTextPlace aftera @FigurePlace is notrevealedn theenclosingdefinition,andsocannot
befoundby bodytext galleysunlessafigure haspreviouslyattachedo the preceding@Figure-
Place.

3.36. The crossreferencesymbols&& and &&&

The crossreferencesymbol && takesthe nameof a symbol (not an object)for its left
parameterand an objectwhosevaluemustbe a simpleword, or severalsimplewords,for its
right parameter.Theresultis a crossreferenceywhich maybe thoughtof asanarrowpointing
from thecrossreferencesymbolto the beginningof aninvocationof thenamedsymbol.

Theinvocationpointedto,knownasthetargetof thecrosseferences generallyonewhose
@Tag parametehasvalue equalto the right parametenf the crossreferencesymbol. Three
specialtags, preceding, following, and foll_or_prec, point respectivelyto the first invocation
precedinghe crossreferencan thefinal printeddocumentto thefirst invocationfollowing it,
andto thefirst following it if suchexistselseto thefirst precedingt.

A crossreferencenaybeusedin four ways: whereanobjectis expectedin which casets
valueis a copy of thetarget;with the @Open and @Use symbolswith the @ Tagged symbol;
andin theinto clauseor @Target symbolof a galleydefinition,in which casethe valueof the
tagmustbe preceding, following, or foll_or_prec.

Within aninto clauseor @Target symbol, the alternativeform &&& is acceptableand
indicatesaforcinggalley(Section2.7).

Exceptwithin aninto clauseor @Target symbol,thesymbolreferredto musthavea @Tag
parameterThisis soevenif theright parameteof thecrosseferences preceding, following, or
foll_or_prec.
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3.37. @Tagged

The @Tagged symboltakesa crossreferencdor its left parameteandan object,whose
valuemustbeajuxtapositionof simplewords,or severalvords,or anemptyobject for its right
parameterlt hastheeffectof attachingts right parameteasanadditionaltagto theinvocation
denotedoy its left parameteninlesgheright parameteis empty,in which case@Tagged does
nothing. Theresultof @Tagged is always@Null, which makest effectivelyinvisible.

3.38. @Open and @Use

The @Open symboltakesacrosseferencer symbolinvocationfor its left parameterand
anarbitraryobjectwhichmustbeenclosedn bracesfor itsright parameterTheright parameter
mayreferto theexportedparameterandnestediefinitionsof theinvocationdenotedoy theleft
parametendits valueis the @Open symbol'sresult. Thetargetof thecrossreferencemaylie
in anexternadatabaséSection3.40). Any symbolavailableoutsidethe @ Open whichhappens
to havethesamenameasoneof thesymbolsmadeavailableby the @Open will beunavailable
within the @Open.

The @Use symbolis an@Open symbolin adifferentform. It mayonly appeaamongor
afterthedefinitionsin Lout’s input,andit is equivalentto enclosinghe remaindeiof theinput
in an@Open symbol. For example,

definitions
@Use {x}
@Use{y}
restof input

is equivalento

definitions

X @Open

{ Yy@Open
{restof input
}

}

The @Use symbolallowsa setof standargackage$o beopenedvithouttheinconveniencef
enclosingheentiredocumenin @Open symbols. Suchenclosurecould causeBasselLout to
runoutof memory.

3.39. @LinkSource, @LinkDest,and @URLLink

The two symbols@LinkSource and @LinkDest work togetherto createcrosslinks in
a documentthat is, pointswherea userviewing the documenton screencan click and be
transportedo anothempointin thedocument.We call the pointwheretheuserclicksthesource
of thelink, andthe pointwherethe userarrivesthedestinatiorof thelink.

To createa sourcepoint,place
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tag @LinkSource object

atsomepointin thedocumentwherethevalueof tagis alegalcrossreferencaag,andobjectis
anarbitraryLout object. Theresultof thisis justobject butif theuserof a screerviewerclicks
onanypointwithin therectangulaboundingbox of thatobject,alink will beentered.

At presentpbjectaboveis treatedasthoughit wereenclosedn @OneCol. This means
thatalonglink sourceor destinatiompointwill not breakovertwo linesaspartof anenclosing
paragraph.

To createa destinatiorpoint, place
tag @LinkDest object

atsomepointin thedocument.Again,tag mustevaluatego alegalcrosseferenceag,andobject
maybeanyLout object. All @LinkSource symbolswhosetagis equalto thisonearelinked to
thisdestinatiorpoint.

For every sourcepoint there must be exactly one destinationpoint with the sametag,
otherwiseit will not be clearwherethe link is supposedo take the user. Lout will print a
warningif thisconditionis violatedanywhereit will refuseto insertadestinatiorpointwith the
samenameasa previousone,but it is not ableto refrainfrom insertinga sourcepoint with no
correspondinglestinatiorpoint,andsuchpointsmustcauseerrorsof somekind whenviewed
(exactlywhaterrorwill dependontheviewer).

The @URLLIink symbolis similar to @LinkSource in beingthe sourcepoint of a link, but
insteadof atagyou supplya URL to someotherdocumentltogether:

"http://snark.ptc.spbu.ru/~uwe/lout/lout.ntml" @URLLIink { Lout Home Page }

The URL will needto be enclosedn quotesbecausef the/ charactersvhich areotherwise
takento be concatenatiomperations.As for @LinkSource, the resultis just the objectto the
right, like this:

Lout HomePage

butif theuserclickson this objecton the screertheyenteralink thattakesthemto the given
URL location,assuminghatthesoftwarewhichtheyareusingto displaythedocuments clever
enoughto dothis.

For the purposesof @Common, @Rump, and @Meld, two @LinkSource objectsare
consideredo beequalif theirright parameterareequalitheleft parameterarenotconsidered.
Thisbehaviours neededfor examplefo makeindexentriedook reasonablevhenmelded. If
two @LinkSource objectswith equalright parameterbut differentleft parameteraremelded
intoone,oneof thetwowill betheresultbutwhichoneisundefined.Noticethatmeldingcannot
produceanundefinedink, sincetheworstit candois deletea @LinkSource.

Practically speaking the right parameter®f @LinkSource and @URLLink needto be
non-null, non-emptyobjects,sinceotherwisethereis nothingvisible for the userto click on.
(Thisconditionis notcheckedr enforcedy Lout.) Howevertheright parameteof @LinkDest
couldreasonablypeemptyor null. Usually,when@Null liesinsidea non-concatenatioobject,
for example
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@OneCol @Null

the effect of the @Null is lost — the resultin this exampleis equivalentto an empty object.
Howeverwhentheright parameteof @LinkDest is @Null:

@LinkDest @Null

or when it is someobject treatedlike @Null by Lout (e.g.a @Tagged symbol), then the
@LinkDest itself hastheeffectonsurroundingoncatentationperatorshat@Null has allowing
it to bemadeeffectivelyinvisible in the printeddocumentthoughstill reallythere.

3.40. @Database and @SysDatabase

The@Database symbolis usedo declargheexistencef afile of symbolinvocationghat
Lout mayreferto whenevaluatingcrossreferencesln Bassetout, for example,

@Database @Months @WeekDays { standard }

meansthat thereis a file called standard.ld containinginvocationsof the previouslydefined
symbols@Months and@WeekDays. A @Database symbolmayappeaanywhereadefinition
or a@Use symbolmayappear.Differentdefinitionspackagesayreferto acommondatabase,
providedthe definitionsthey give for its symbolsare compatible. An entry is interpretedas
thoughit appearsat the point wherethe crossreferencethat retrievesit does,which allows
symbolslike @I for Slope @Font to be usedin databasesThe databasdile may not contain
@Database or @Include symbolsandeachinvocationwithin it mustbeenclosedn braces.

BasserLout constructsan indexfile, which in this exampleis called standard.li, the first
time it everencountershedatabaseasanaidto searchingt. If thedatabaséle is changedits
indexfile mustbe deletedby theusersothatBasselout knowsto reconstructt. Thereis also
aninstallationoption which allowsthis deletionto be doneautomaticallyon suitablesystems
(includingUnix).

BasserLout searchegor databases the currentdirectoryfirst, thenin a sequencef
standarglaces.To searctthe standarglacesonly, use@SysDatabase.

3.41. @Graphic

Lout doesnot providethe vastrepertoireof graphicalobjects(lines, circles,boxes.etc.)
requiredby diagrams.Insteadit providesanescape&outeto someotherlanguagehatdoeshave
thesefeaturesyia its @Graphic symbol:
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{0 0 moveto
0 ysize lineto
Xsize ysize lineto
xsize 0 lineto
closepath
stroke

}

@Graphic

{/10.2c
[]0.2c hello, world ||0.2¢c
1/0.2c

}

Theresultof theaboveinvocationof thesymbol@Graphic is

hello,world

Theright parametealwaysappearsaspartof theresult,andindeedtheresultis alwaysan
objectwhosesizeis identicalto the sizeof theright parametewith @OneCol and @OneRow
appliedtoit. Fromnowonwereferto thispartof theresultasthebase

Theleft parameteisimplementation-dependerthatis, its meanings notdefinedby Lout,
anddifferentimplementationgould requiredifferentvaluesfor it. The following description
appliegoBasset out,whichuseghePostScrippagedescriptiolanguagg¢l]. Similarbutmore
restrictedpossibilitiesexist with the PDF back end (seea separatelocumentdistributedwith
Lout); to includeboth,usethe @BackEnd symbollike this:

{ @BackEnd @Case {
PostScript @Yield

{

}
PDF @Yield

{

}
}
@Graphic
{

}
}

Returningto PostScriptthe left parameterefersto a coordinatesystemwhoseorigin is the
bottom left-handcornerof the base. It may usethe symbolsxsize andysize to denotethe
horizontalandverticalsizeof the basesimilarly, xmark andymark denotethe positionsof the
base’scolumnandrow marks:
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In additionto thesefour symbolsandO, lengthsmay be denotedn centimetresinches points,
emsf’s, v's ands’susingthenotation

| cm insteadof Lout’s
| in insteadof Lout’s
| pt insteadof Lout’s
| em insteadof Lout’s
| ft insteadof Lout’s
| vs insteadof Lout’s
| sp insteadof Lout’s

Ic
li
Ip
Im
If
lv
Is

Notethattheremustbea spacéetweerthe numberandits unit, unlike Lout proper.
A point within the base(and,with care,a point outsideit) may be denotedby a pair of

lengths. Forexample,

xmark ymark

IS the pointwherethe markscrossand

0 2cm

isapointontheleft edgetwo centimetresabovethebottomleft-handcorner. Thesdéwo numbers
arecalledthex coordinateandthey coordinateof thepoint.

Thefirst stepin specifyinga graphicobjectis to definea path A pathcanbethoughtof as
thetrackof a penmovingoverthepage. Thepenmaybeup (notdrawing)or down (drawinga
line or curve)asit moves. Theentirepathis a sequencef thefollowing items:

XYy moveto
XY lineto

Xy r anglelangle2arc

Xy r anglelangle2arcn
closepath

Lift thepenandmoveit to theindicatedpoint.

Put the pen down and draw a straightline to the indicat
edpoint.

Putthependownanddrawa circulararcwhosecentrehasco-
ordinatesx andy andwhoseradiusis r. Thearcbeginsatthe
angleanglelmeasuringcounterclockwisdrom the point di-
rectlyto theright of thecentreandproceedsounterclockwise
toangle2 If thearcis notthefirst thing onthe path,a straight
line will be drawnconnectinghe currentpoint to the startof
thearc.

As for arc,butthearcgoesclockwisefrom anglelto angle2

Draw a straightline backto the point mostrecentlymovedto.

Thefirst item shouldalwaysbea moveto, arc, or arcn. It shouldbeclearfrom thisthatthe path

givenearlier:



3.41. @Graphic 69

0 0 moveto

0 ysize lineto
xsize ysize lineto
xsize 0 lineto
closepath

tracesaroundtheboundaryof the basewith thependown.

Oncea pathis setup,we arereadyto paintit ontothepage. Therearetwo choiceswe can
eitherstrokeit, which meango displayit asdescribedpr we canfill it, which meando paint
everythinginsideit greyor black. For strokingthetwo mainoptionsare

lengthsetlinewidth Thepenwill drawlinesof thegivenwidth.

[ length] 0 setdash Thepenwill drawdashedineswhenit is down,with the
dasheachof thegivenlength.

Theseoptionsarefollowed by theword stroke. So,for example,

{ 0 0 moveto xsize 0 lineto
2 pt setlinewidth [ 5 pt ] 0 setdash stroke

}
@Graphic { 3i @Wide }

hasresult

Whenfilling in theregionenclosedy a path,themainoptionis setgray, which determines
theshadeof greyto use onascalefrom O (black)to 1 (white). So,for example,

{ 0 0 moveto xsize 0 lineto O ysize lineto closepath
0.8 setgray fill

}
@Graphic
{2c @Wide 2c @High}

hasresult

Therearemanyotheroptions. The valueof the left parameteof @Graphic may be any
fragmentof the PostScrippagedescriptionanguagdl]. Herearetwo otherexamples:

xsize 2 div

denotingalengthequalto half the horizontalsizeof thebaseand
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gsave fill grestore stroke

which bothfills andstrokeshe path. SinceBasseout doesnot checkthatthe left parameter
is valid PostScriptit is possibleto causemysteriouserrorsin the printing device resultingin no
output,if anincorrectvalueisgiven. It isagoodideato encapsulatgraphicbjectdan carefully
testeddefinitions,like thoseof the Diag figure drawingpackagd4, Chapter9], to be sureof
avoidingtheseerrors.

PostScriptexpertsmay find the following information helpful whendesigningadvanced
graphicdeatures.Theleft parameteof @Graphic mayhavetwo parts separatedby //:

{first part// secondpart } @Graphic object

If thereis no//, thesecondartis takento beempty. The PostScripputputhastheform

gsave
XY translate

Codewhichdefinesize, ysize, xmark, ymark, ft, vs,and sp

gsave

first part

grestore

Codewhichrenderstheright parameterin translatedcoordinates
secondpart

grestore

wherex,y isthepositionof thelowerleft cornerof thebase.Havingtwo partspermitsbracketing
operationslike save andrestore or begin andend, to enclosean object. Seethe sourcefile of
theDiag packagdor examples.

3.42. @PlainGraphic

The @PlainGraphic symbolis averyrudimentaryanaloguefor plain text outputof the
@Graphic symbolfor PostScripbutput. Itsresultis itsright parameteprintedonabackground
createdy repeategbrintingsof its left parametenvhich mustbea simpleword. Forexample,

"" @PlainGraphic 5s @Wide

would producefive dots. @PlainGraphic is usedin the thl table-drawingoackageo produce
plain-textrules.

3.43. @IncludeGraphic and @SysIncludeGraphic
ThesesymbolsinstructLout to incorporatea separatelgreatedllustration:
@IncludeGraphic "myportrait.eps"

The parameteiis implementation-dependernty BasserLout it is an objectwhosevalueis a
simpleword denotingthe nameof afile. Thisfile shouldideally be a PostScripEPSVersion
3.0file [1], sincethenLout will keepcarefultrackof whatresourcearerequiredor printingthat
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file. However,anyPostScripfile containingthe %%BoundingBox: commeniandnot requiring
unusuaresourcess likely to work.

Theresultof @IncludeGraphic is anordinaryLout objectwith marksthroughits centre.
It mayberotatedscaledandgenerallytreatedike anyotherobject. BasselLout determiness
sizeby consultingthe boundingbox informationin thefile. If this cannotbefound,awarning
messagés printedandtheresultobjecthaszerosize.

@IncludeGraphic searchethesamedirectorieghat @Include doeg(Section3.46). @Sys-
IncludeGraphic is the sameas @IncludeGraphic, exceptthat it searche®nly the directories
searchedby @SyslInclude.

If thefile nameendsin anyof .gz, -gz, .z, -z, _z, or .Z, thefile will first beuncompressed
usingthegunzip commandnto atemporaryfile calledlout.eps in thecurrentdirectory. Thisfile
is removedmmediatelyafterit is copiedinto the outputfile.

3.44. @IncludeGraphicRepeatedand @ SyslIncludeGraphicRepeated

Thesesymbolswhich areallowedonly at the startof adocumenttell Lout thatthe EPS
file nameds likely to beincludedrepeatedly:

@IncludeGraphicRepeated { myportrait.eps }

To actuallyseethegraphicyouuse@IncludeGraphic asusual. Thepurposeof @IncludeGraphi-
cRepeated is not to displaythe graphicbut ratherto instructLout to includeits EPSfile in the
outputfile just once at the start,ratherthanoverandoveragainfor everytimeit appearsn an
@IncludeGraphic, aswould otherwiseoccur.

Any numberof @IncludeGraphicRepeated and@SysIncludeGraphicRepeated directives
mayppearatthestartof thedocument.Thefilesinvolved maybecompressedsfor @Include-
Graphic. Thefile namegjivenwithin @IncludeGraphicRepeated mustbeidenticalto thename
usedwithinthecorrespondin@IncludeGraphic symbolspr elsethe@IncludeGraphicRepeated
will beineffective. If @SysIncludeGraphicRepeated is used(asopposedo @IncludeGraphi
cRepeated) thenall correspondingncludesmust use @SysincludeGraphic ratherthan @In-
cludeGraphic.

Useof @IncludeGraphicRepeated doesnotchangeheappearancef theoutputatall, but,
if the EPSfile would otherwisebeincludedmanytimesover,theresultwill bea muchshorter
PostScripffile which will usuallyprint significantlyfasteraswell. However,Lout usesLevel
2 PostScripfeaturego implement@IncludeGraphicRepeated, which may not be availablein
someold printers,andthe contentof the EPSfile haveto be storedin the printerfor theentire
durationof theprintjob,sothereis arisk thatmemorywill runoutif @IncludeGraphicRepeated
isused.

The implementationof @IncludeGraphicRepeated usescode given by the authorsof
PostScriptvhich employsPostScripformsto savethe EPSfiles [adobe1996epsforms).out’s
versionof this codeis somewhatnodified,partly for simplicity andpartly to correcta possible
bugcausedy their useof asinglefilter to readall the EPSfiles, ratherthana separatédilter for
eachone.



72 Chapter3. Predefinedsymbols

3.45. @PrependGraphic and @SysPrependGraphic

Thesesymbols,which may appearanywherethat a definition or @Use symbol may
appeartell Lout to includethe contentf afile in the preambleof its output. For Basselout
this meanghat the file mustcontainPostScript(andideally it would beginand endwith the
%%BeginResource and%%EndResource comment®f DSC3.0). Forexample,

@SysPrependGraphic { diagf.lpg }

appearsat the startof the Diag packagethe file diagf.lpg containsa numberof PostScript
definitionsusedby Diagfor drawingdiagrams.It saveslot of spacdoincludethemjustonceat
thestartlike this,ratherthanwith everydiagram.@PrependGraphic and@ SysPrependGraphic
searclfor thefile in thesameplacesas@Include and@Sysinclude respectively.

If thesamdile nameappear two @PrependGraphic or @SysPrependGraphic symbols,
the secondoccurrencds silently ignored. This allows severalpackagedo sharePostScript
resourceseachincludegheappropriat@rependile, butin theendonly onecopyotit is printed
to Lout’s output.

3.46. @Include and @SysInclude

ThesesymbolsinstructLout to temporarilyswitch to readinganotherfile, whosename
appears bracedollowing thesymbol. Forexample,

@Include { "/usr/lout/langdefs" }

will causethe contentsof file /usr/lout/langdef$o be readat the point it occurs. After that
file is read,the currentfile is resumed.The includedfile may containarbitrary Lout text,
includingother@Include commands.Thefile is searchedbor first in thecurrentdirectory,then
in a sequenc®f standardplaceswhich arenot necessarilyhe sameplacesthat databaseare
searchedor. @Sysinclude searchethestandarglacesonly.

From Version 3.27,a specialbehaviourhasbeeninstitutedwhen an attemptis madeto
@Include or @SyslInclude thesamdfile twice.If asecondr subsequerdttemptoccursafterthe
endof definitions,@Use clausesand@Database clausegi.e.if it occurswithin thecontentof
thedocument)it will goaheadthusallowingtherepeatednclusionof filescontainingobjects-
not necessarilyecommendedut certainlyoneway of repeatingnformation. But if asecond
or subsequenattemptoccurswithin the regionof definitions,@Use clausesand @Database
clausesthenthatattemptwill besilentlyignored.

Thisbehaviouris usefulfor situationsvheretwo packageslependnathird, caled say,C.
We canthenplace

@SysInclude {C }

atthestartof bothpackageslIf neitherpackagesincludedthenC won't beeither. Butif oneor
bothisincludedthenC will beincludedjustonceatthestartof thefirst. Any patternof acyclic
dependenciegsetweerpackagesanbeexpresseavith thismechanismjust by includingevery
packagdhata givenpackagalepend®sn atthestartof thefile containingthatpackage.Cyclic
dependenciegrebeyondLout’s one-passomprehensioanyway.
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3.47. @BackEndand the PlainText and PDF back ends

The @BackEnd symbol,which takesno parameterdyasfor its resulta stringnamingthe
backendcurrentlyin use. Threebackendsareavailable PostScriptPDF andPlainText. The
symbolis generallyusedlike this:

@BackEnd @Case {
PlainText @Yield { ... }
PostScript @Yield { ... }
PDF @Yield { ...}

}

to obtaindifferent objectsdependingon the backend. No else is requiredsincethesearethe
only possiblevalues.

Whena @Case symbolhas@BackEnd for its left parameteandtheleft parameteof each
@Yield symbolwithin it consistf a sequenc®f oneor moreliteral words(includingelse),
Lout will optimizeby evaluatingthe @Case symbolat thetime it is read. This optimization
ensureghatthereis only a small once-onlyperformancegenaltyfor multiple back ends,and
it permitsthese@Case symbols(but no othersymbols)to appeamwithin the objectfollowing
@Include and@PrependGraphic symbols.

The PlainTextbackenddiffers from the PostScripbnein two mainrespects First, there
is effectively just onefont: althoughall the font commandsvork exactlyasusual,theydon’t
actuallychangeanything. Eachcharactein thisfont is takento be onetenthof oneinchwide
and20 pointshigh. Secondtheoutputis anordinarytextfile, nota PostScripfile.

Clearly, with ordinarytext outputthe possibility of advancedyraphicsfeaturessuchas
rotation and scalingis curtailed. Neverthelessall symbolshave well-defined(possiblynull)
effectsin the PlainTextback end,so thereis no additionaldangerof crashingthe systemor
obtaininggrosslyunreasonableutputby a changeo PlainText.

ThePlainTextbackendis obtainedby the-p optionto BasselLout. Thecharactesizecan
bechangedy addingtwo lengthsto the-p option,like this:

lout -p0.1i12p ...

which invokesthe PlainTextbackendwith eachcharactebeing0.1lincheswide and12 points
high. However,experiencesuggestshatthe bestapproachs to defineall horizontallengthsas
multiplesof thes unit (thewidth of a spacehencethewidth of all charactersandto defineall
verticallengthsasmultiplesof thef unit (the font size,equalto the heightof everycharacter),
andnotto changehecharactesizein thecommandine.

Thereis a -P optionwhichis identicalwith the -p optionexceptthatit insertsa form-feed
charactebetweereachtwo componentsf the output,but not beforethefirst or afterthelast.

The PDFbackendis obtainedby typinglout -Z. It is similarto PostScripbut muchmore
limited in functionality. Consulta separatelocumentistributedwith Lout for furtherinfor-
mation.
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3.48. @Verbatim and @RawVerbatim

ThesesymbolsinstructLout to readthefollowing text (enclosedn bracesyerbatim that
is, turningoff all specialcharactemeanings.Forexample,

@Verbatim { "hello" }
produces

"hello"

@Verbatim ignoresall charactersafter the openingbraceup to but not including the first
non-white-spaceharacter.@RawVerbatim differs from @Verbatim only in thatit ignoresall
characteraftertheopeningbraceupto but notincludingthefirst non-white-spaceharacterpr
up to andincludingthefirst newlinecharacterwhichevercomedirst. Thisvariantis usefulin
casesuchas

@RawVerbatim {
var x: Real

begin

}

wherethefirst line of the verbatimtext beginswith white spacewhich would be ignoredby
@Verbatim. Both symbolsgnoreall white spacesttheendof theverbatimtext,precedinghe
closingbrace.

3.49. @Underline

The@Underline symbolunderlinests right parametelhutonly if thatparameteisaword
or aparagraph:

We @Underline { really do } mean this.
produces
Wereallydo mearthis.

It is not possibleto underlineanarbitraryobjectusingthis symbol;the @Underline symbolwill
beignoredif thisis attempted.

It is very easyto definea symbol which will underlinean arbitrary object, using the
@Graphic symbol. Thisraiseshe questionof why @Underline is neededatall. Theanswetis
that@Underline hastwo propertieghatdistinguishit from symbolsbasedn @Graphic.

First,when@Underline bothcontainsa paragraptandis usedwithin aparagraphasin the
exampleabove theinnerandouterparagraphare mergedinto one,permittingthe underlined
textto breakoverseveralines. Thisis howthe @Font symbolworkstoo, but symbolsbasedn
@Graphic do not permitthismerging.

SecondAdobefont files specifythe correctpositionandthicknesof underliningfor each
font, andthe @Underline symbolfollows thesespecifications.The font usedis thefont of the
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first objectunderlinedif it is asimpleword,or elsethefont of theenclosingoaragraph.

3.50. @PageLabel

The@PageLabel symbolassociatea pagdabelin thePostScripputputfile with thepage
within which (or just beforewhich) the symboloccurs,so that PostScriptviewersare ableto
indexthe pageby thislabel. (Thelabelis printedin the %%Page commentprecedinghe page
in the PostScripbutputfile.) Forexample,

@PagelLabel iv
associatethe labeliv with the page. Thelabelmaybe an arbitraryobject;if its valueis nota

simpleword, it will bereplacedy ?.

@PageLabel is unrelatedo Lout’s crossreferencingnechanismit is for communicating
alabelto the PostScripbutputfile, not to otherpartsof Lout. Theresultof @PageLabel is a
null object.
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This chapterpresentsomeexamplegakenfrom the variouspackagesvailablewith Basser
Lout. The readerwho masterstheseexampleswill be well preparedto readthe packages
themselvesTheexamplesiavenotbeensimplifiedin anyway, sinceanimportantpartof their
purposés to showLout in actualpractice.

Although all theseexampleshave beentakenfrom real code,they do not necessarily
representhecurrentstateof theLout packages.

4.1. An equationformatting package

In this sectionwe describethe designandimplementatiorof the Eq equationformatting
package.Equationformatting makesa naturalfirst example partly becausets requirements
havestronglyinfluencedthe designof Lout, andpartly becauseno crossreference®r galleys
arerequired.

To theauthor’'sknowledgeEqis thefirst equatiorformatterto beimplementedsacollec
tion of highdeveldefinitions. Thisapproacthassignificantadvantagesthebasicsof language
andlayout aretrivial, so the implementorcan concentraten finetuning; andthe definitions,
beingreadilyavailable canbeimproved extendedor evenreplaced.

As describedn the User'sGuide[4], anequationis enteredn a formatbasedon the one
introducedby theegnlanguagef KernighanandCherry[2]:

@Eq{{xsup2 + ysup2} over 2}
Theresultis

X2 +y2
2

In outline,thedefinitionof the @Eq symbolis

export sup over "+" "2" "<="

def @Eq
body @Body

{
def sup precedence 60 left x righty { ...}
def over precedence 54 left x righty { ...}
def "2" { Base @Font "2" }
def "+" { {Symbol Base} @Font "+" }
def "<=" { {Symbol Base} @Font "\243" }

76
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Slope @Font 1.2f @Break Oc @Space @Body
}

A body parameteis usedto restrictthe visibility of the equationformattingsymbols(there
arehundred=f them). The equationasa wholeis setin Slope(i.e. Italic) font, and symbols
suchas"2" and"+" aredefinedwhenotherfonts areneeded.Precedenceare usedto resolve
ambiguitiessuchasa sup b over ¢. Eqtakesall spacingdecisionsonitself, soto preventwhite
spacdypedbytheuserfrominterfering theequatiorisenclosedn 0Oc @Space. Wewill discuss
thel.2f @Break later.

Thushavewe disposedf thelanguagealesignpartof the equatiorformattingproblemjit
remainsnow to definethetwentyor sosymbolswith parametersandgetthelayoutright.

Everyequationhasanaxis animaginaryhorizontalline throughthe centreof variables,
throughthebarof built-upfractionsandsoon. We cansatisfythisrequiremenby ensuringhat
theresultof eachsymbolhasa singlerow mark,on the axis. For examplethe superscripting
symbolis definedasfollows:

def sup
precedence 60
associativity left
left x
named gap { @SupGap }
righty

@HContract @VContract {
| @Smallery
~Ngap X
}
}

The @VContract and”~/ symbolstogetherensurahatthe axisof theresultis the axisof theleft
parameterA gap parametehasbeenprovidedfor varyingthe heightof the superscriptwith
defaultvalue@SupGap definedelsewher@as0.40fk. It isimportantthatsuchgapsbeexpressed
in unitsthatvarywith thefont size sothattheyremaincorrectwhenthesizechangesCollecting
thedefaultvaluesinto symboldike @SupGap ensuregonsistencyndassistavhentuningthe
values.Hereis anothercharacteristicefinition:

def over
precedence 54
associativity left
left x
named gap { 0.2f }

righty

@HContract @VContract {
[0.5rt @OneCol x
ANlgap @HLine
/lgap [0.5rt @OneCol y
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}
}

Both parameterarecentredsincewe donotknowwhichwill bethewider;we use@OneCol to
makesurethattheentireparameters centrednotjustits first column,and@HContract ensures
thatthefractionwill neverexpandto fill all the availablespaceaslLout objectshavea natural
tendencyto do (Section2.6). @HLine is a horizontalline of thewidth of thecolumn:

def @HLine
named line { "0.05 ft setlinewidth" }
{

{ "0 0 moveto xsize 0 lineto" line "stroke" } @Graphic {}

}

Herewe arerelyingontheexpandingendencyust mentioned.

Theremainingsymbolsarequitesimilarto theseones. We concludewith afew fine points
of mathematicatypesettingnentionedy aleadingauthority,D. E. Knuth [5].

Somesymbols suchas< and#, shouldhavea thick spaceon eachside;others suchas+
and-, havea mediumspacepthershaveathin spaceontheright only. Thiswould beeasyto do
exceptthatthesespacesrenotwantedin superscriptandsubscripts:

rM*l-q

In effect,the definition of suchsymbolschangeslependingon the context;but Lout doesnot
permitsucha change.Luckily, theso-calledstyle’ informationsetby the @Font, @Break, and
@Space symbolscanchangen thisway. Accordingly,Equseghey unit,whichis partof style,
for thesespaces:

def @MedGap { 0.20y }
def "+" { &@MedGap plus &@MedGap }

def @HSqueeze right x { 0.2f @YUnit x }

In theequationasa whole,they unitisinitially setto 1f, andso @MedGap ordinarily supplies
20%of thisamount. But superscriptandsubscriptareenclosedn the @HSqueeze symbol,
which, by changingthe y unit, ensuresthat any @MedGap within them is much smaller
thanusual.

4.2. Paragraphs,displays,and lists

Theremainingsectionf this chapterareall basedon Version2 of the DocumentLayout
package Version3,whichis similarbutmoreelaborateis describedrom theuser’'sperspective
in theUser'sGuide[4]. In 26 page<f Lout, the DocumentLaytoupackagelefinesmanyfea
turesrequiredn theformattingof simpledocumentdechnicakeportsandbooksjncludingdis
plays,lists,pagdayout,crosgeferencedablesof contentsfootnotesfigurestablesyeferences,
chapterssectionsandsortedindexes.
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The symbolsusedfor separatingparagraph&nd producingdisplaysand lists may lack
theexcitemenbf moreexoticfeaturesbut theycanteachsomeimportantlessonsboutrobust
design. Thefollowing macrofor separatingparagraphproduces 0.3cmverticalspaceanda 1
cmindentonthefollowing line,andis clearlyon theright track:

macro @PP {//0.3c &1c}

Neverthelesg hasseveralmajorproblems.

The & symbolis subjectto wideningduring line adjustmentsoit shouldbe replacedby
1c @Wide {}. But thenwhite spacefollowing the symbolwill affectthe result,soan extra&O0i
mustbeadded.If thedocumenis printeddoublespacedihis paragraplgapwill fail to widen:
it shouldbe expressedn termsof thev unit, with mark-to-markspacingmode. Similarly, the
paragraphndentshouldprobablybe madeproportionato thefont size.

‘Magic numberslike 0.3c shouldnotbeburiedin definitionswheretheycannotechanged
easily,or keptconsistentvith similar definitionsduringtuning. Theyaremuchbetterplacedas
symbolspossiblyparametersf theenclosingpackage:

def @DocumentLayout
named @ParaGap { 1.3vx }
named @Paralndent { 2f }

@Begin

macro @PP { //@ParaGap @Paralndent @Wide &0i }
macro @LP { //@ParaGap }

@End @DocumentLayout

andwe havearrivedatthedefinitionof @PP asit appearsn the DocumentLayoupackage.
A displayis atablein which thefirst columnis blank:

precedingext

//@DispGap |@Dispindent display
//@DispGap

followingtext

Edge-to-edgés theappropriatespacingnodebeforeandafterdisplays sincethedisplaycould
beatableor figurewhosemarkdoesnotcorrespondo abaseline.Thus,1v isareasonablgalue
for @DispGap.

The ordinary user cannotbe expectedto type the Lout sourceshown above;a more
appropriatesyntaxis

precedingext
@IndentedDisplay { display }
followingtext

This presents problem: if @IndentedDisplay is madea definitionwith a right parameterits
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resultwill beanobjectseparatedrom the surroundingext only by white spacehencepart of
theparagraphwhileif it isamacrothefinal /@DispGap cannotbeincludedin it. Thesolution
adoptedn theDocumentLayoupackagaisesa galleyandamacro:

def @DispPlace { @Galley }

def @Disp into { @DispPlace&&preceding }
right x

{
@OneRow Xx

}

macro @IndentedDisplay

{
//@DispGap |@Displndent @DispPlace |
//@DispGap // @Disp

}

@DispPlace and@Disp arenotexportedsothereis nodangerof anameclashwith someother
symbol. Theordinaryuser’ssyntaxexpandgo

precedingext

//@DispGap |@Dispindent @DispPlace |
//@DispGap /I @Disp {display}
followingtext

andthe @Disp galleyappearstthepreceding@DispPlace, beingitself replacedy @Null. The
/I symbolprotectghepreceding/@DispGap from beingdeletedoy this @Null whenthereis no
following text.

An automaticallynumberedist could havean arbitrarily large numberof items,so, by
analogywith sequencesf pagesyve seeimmmediatelythatrecursiormustbeinvolved:

def @List right num

{
@Displndent @Wide num. | @IltemPlace

//@DispGap @List @Next num
}

Noticehowthe @Next symbolworksin conjunctionwith therecursiorto produceanascending
sequencef numberstheresultof @List 1will be

1. @IltemPlace
2. @ltemPlace
3. @ltemPlace

We canfollow thiswith itemswhicharegalleystargetedo @ItemPlace&&preceding, and@List
will expandustenoughto accommodatéhem.

Theusualproblemwith recursivereceptivesymbolsnow arises:thereis alwaysoneunex
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pandedaList, anduntil it canberemovedhegalleycontainingt will appeato beincomplete
andwill bepreventedatthatpointfrom flushinginto its parentseepage28). We adopttheusual
solution: aforcinggalleyinto a latertargetwill replacehelast@List by @Null. Thisbringsus
to thedefinitionsastheyappeain DocumentLayout:

def @ItemPlace { @Galley }

def @Listltem into { @ItemPlace&&preceding }
right x

{x}

def @EndListPlace { @Galley }
def @EndList force into { @EndListPlace&&preceding }

{}

def @RawlndentedList
named style right tag {}
named indent { @Dispindent }
named gap { @DispGap }
named start{ 1}

{
def @IList right num

{
indent @Wide {style num} | @ltemPlace

/lgap @IList @Next num
}

@IList start // @EndListPlace
}

Now giventheinput

@RawlndentedList
@Listltem { first item }
@Listltem { second item }

@Listltem { last item }
@EndList

@RawIndentedList will expando receivetheitems,andwill beclosedoff by @EndList.

Theindent, gap, andstart parameterarestraightforwardnotethatthe burdenof typing 1
hasbeenlifted from the ordinaryuser) but the style parametehasa parametenf its own (see
pagel6). It is usedlike this:

def @RawNumberedList { @RawlIndentedList style { tag. } }
def @RawParenNumberedList { @RawlIndentedList style { (tag) } }

In @RawNumberedList, style is given the valuetag., wheretag is its own right parameterso
thevalueof {style num} within @IList is num.; while in @RawParenNumberedList, {style num}
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Is (num). In thisway we achieveanunlimited variety of numberingformatswithout havingto
rewrite @RawlndentedList overandover.

Thesdist symbolsareobjectswithout surroundingspacesomacrossimilar to thoseused
for displaysareneeded:

macro @NumberedList { //@DispGap @RawNumberedList //@DispGap }
macro @ParenNumberedList { //@DispGap @RawParenNumberedList //@DispGap }

andsoon.

Listsnumberedy Romannumeralgpresent problem becauseNext will notincrement
Romannumerals.Insteadtheymustbestoredin a database:

def @Roman
left @Tag
right @Val
{ @Val }

@SysDatabase @Roman { standard }

@SysDatabase is preferredover @Database herebecauséhis databasehouldbe keptin a
standardplaceandsharedby everyone.The databaséself, a file calledstandard.ld in Basser
Lout, containgnvocationof @Roman, eachenclosedn braces:

{1 @Romani}
{2 @Roman ii }

{100 @Roman c }
Then@Roman&&12 for examplehasvaluexii, and
def @RawRomanList { @RawlIndentedList style { {@Roman&&tag}. } }

produces list numberedoy Romannumerals.The countingstill proceedsn Arabic,buteach
Arabic numeralis convertedo Romanby the crossreference.Sincearbitraryobjectsmay be
storedin databasesyrbitraryfinite sequencesf objectsmaybe‘counted’in thisway.

4.3. Pagelayout

The pagelayoutdefinitionsgivenin Sectionl.2,althoughcorrect,arevery basic. In this
sectionwe presenthedefinitionsusedby theDocumentLayoupackagédor layingoutthepages
of books,includingrunningpageheaderandfooters differentformatsfor oddandevenpages,
andsoon. Thepresentlocumenis producedvith thesedefinitions.

We beginwith a few definitionswhich permittheuserto createcrossreferencesf the‘see
page27’ varietywhichwill bekeptupto dateautomatically. Theusermarksthetargetpageby
placing@PageMark intro, for exampleatthepoint of interestandrefersto themarkedpageas
@PageOf intro elsewhere:
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export @Tag
def @PageMarker right @Tag { @Null }

def @PageMark right x

{
@PageMarker&&preceding @Tagged x

}

def @PageOf right x

{
@PageMarker&&x @Open { @Tag }

}

We will seebelowthataninvocationof @PageMarker appeardeforeeachpage with @Tag
parameteequalto thepagenumber. Supposehat @PageMark intro, which expandgo

@PageMarker&&preceding @Tagged intro

happengo fall on page27 of the final printeddocument(of coursejts valueis @Null which
makesit invisible). Thenthe effect of @Tagged is to attachintro asan extratag to the first
invocationof @PageMarker precedingthat final point, and this must be @PageMarker 27.
Thereforgheexpression

@PageMarker&&intro @Open { @Tag }

will opentheinvocation@PageMarker 27 andyield thevalueof its @Tag paramete27. Thus,
@PageOf intro appearinganywherean thedocumentields27.

Next we havesomelittle definitionsfor variouspartsof the page. @FullPlace will bethe
targetof full-width bodytext:

def @FullPlace { @Galley }
@cColPlace will bethetargetof bodytextwithin onecolumn:

def @ColPlace { @Galley }
@TopList will bethetargetof figuresandtables:

export @Tag
def @TopList right @Tag
{
@Galley
//@TopGap @TopList @Next @Tag
}

We havetakena shortcuthere,avoidingan unnecessar@TopPlace symbol. @FootList and
@FootSect defineasequencef full-width targetsatthefoot of thepagefor footnotespreceded
by a shorthorizontalline:

export @Tag
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def @FootList right @Tag
{
@Galley
l/@FootGap @FootList @Next @Tag

}

def @FootSect

{
@FootLen @Wide @HLine
//@FootGap @FootList 1 ||@FootLen

}

Similarly, @ColFootList and @ ColFootSect providea sequencef targetsor footnoteswithin
onecolumn:

export @Tag
def @ColFootList right @Tag
{
@Galley
//@FootGap @ColFootList @Next @Tag

}

def @ColFootSect
{
@ColFootLen @Wide @HLine
//@FootGap @ColFootList 1 ||@ColFootLen

}

Thenextdefinitionprovidesa horizontalsequencef oneor morecolumns:

def @ColList right col
{
def @Column
{ @VExpand { @ColPlace //1rt @OneRow { //@MidGap @ColFootSect } } }

col @Case {
Single @Yield @Column
Double @Yield { @DoubleColWidth @Wide @Column [|@ColGap @ColList col }
Multi @Yield { @MultiColWidth @Wide @Column ||@ColGap @ColList col }

}
}

Eachcolumnconsistof a @ColPlace atthetopanda @FootSect atthefoot. The @VExpand
symbolensureghatwhenevera columncomesinto existenceit will expandvertically sothat
the bottom-justification/1rt hasasmuchspaceaspossibleto work within. The col parameter
determinesvhethertheresulthasa singlecolumn,doublecolumnsor multiple columns.

The @Page symbolplacedts parametem a pageof fixed width, height,andmargins:
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def @Page right x
{

@PageWidth @Wide @PageHeight @High {
ll@PageMargin ||@PageMargin
@HExpand @VExpand x
||@PageMargin //@PageMargin

}

}

@HExpand and@VExpand ensurghattheright parameteoccupiesall theavailablespacethis
is importantwhentheright parameters unusuallysmall. The @High symbolgivesthe pagea
singlerow mark,ensuringhatit will be printedon a singlesheef paper(page28).

Nextwe have@OnePage, definingatypical pageof abookor otherdocument:

def @OnePage
named @Columns {}
named @PageTop {}
named @PageFoot {}
{
@Page {
@PageTop
//[@MidGap @TopList
//[@MidGap @FullPlace
l[@MidGap @ColList @Columns
/I11rt @OneRow { //@MidGap @FootSect //@MidGap @PageFoot }
}
}

Thepagetop andpagefoot, andthe numberof columns areparameterthatwill begivenlater
when@OnePage isinvoked. Thebodyof thepages astraightforwarccombinatiorof previous
definitions. The// symbolprotectghefollowing //1rt from deletionin theunlikely eventthatall
theprecedingsymbolsarereplacedy @Null. Thefollowing objectis enclosedn @OneRow to
ensurdhatall of it is bottom-justifiednot justits first component.

Before presentinghe definition of a sequencef pageswe mustdetourto describehow
runningpageheadersandfooters(like thosein the presendocumentiareproduced.Theseare
basednthe @Runner symbol:

export @TopOdd @TopEven @FootOdd @FootEven

def @Runner
named @TopOdd right @PageNum { @Null }
named @TopEven right @PageNum { @Null }
named @FootOdd right @PageNum { @Null }
named @FootEven right @PageNum { @Null }
named @Tag {}

{ @Null }

Thefour parametersontrolthe formatof runningheaderandfooterson odd andevenpages
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respectively.Invocationsof @Runner, for example

@Runner
@TopEven { @B @PageNum |1rt @I { Chapter 4 } }
@TopOdd { @I { Examples } |1rt @B @PageNum }

will beembeddedh thebodytextof thedocumentand,aswewill seein amomentareaccessed
by @Runner&&following crossreferencesn the pages.Notice howthe @PageNum parameter

of eachparameteallowstheformatof therunningheadeto bespecifiedwvhile leavingthepage
numberto be substitutedater.

We maynowdefine@OddPageList, whoseresultis asequencef pagedeginningwith an
odd-numberegage:

def @OddPageList
named @Columns {}
right @PageNum

{
def @EvenPagelList ...

@PageMarker @PageNum
/I @Runner&&following @Open {
@OnePage
@Columns { @Columns }
@PageTop { @TopOdd @PageNum }
@PageFoot { @FootOdd @PageNum }

}
/I @EvenPageList

@Columns { @Columns }
@Next @PageNum
}

Ignoring @EvenPagelList for the momentnoticefirst thattheinvocationof @OnePage is en
closedin @Runner&&following @Open. Since@Runner&&following refersto thefirst invoca
tion of @Runner appearingfteritself in thefinal printeddocumentthesymbols@ TopOdd and
@FootOdd will taketheir valuefrom thefirst invocationof @Runner following thetop of the
pageeventhough@FootOdd appearsatthefoot of thepage. Their @ PageNum parameterare
replacedoy @PageNum, theactualpagenumbermparameteof @OddPageList.

After producingtheodd-numberegpage @OddPageList invokes@EvenPageList:

def @EvenPagelList
named @Columns {}
right @PageNum
{
@PageMarker @PageNum
/I @Runner&&following @Open {
@OnePage
@Columns { @Columns }
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@PageTop { @TopEven @PageNum }
@PageFoot { @FootEven @PageNum }
}
/I @OddPageList
@Columns { @Columns }
@Next @PageNum

}

Thisproducesneven-numberepagethenpassetheball backto @OddPageList —adelightful
exampleof what computerscientistscall mutualrecursion. The two pagetypesdiffer only in
theirrunningheaderaindfooters but otherchangesouldeasilybe made.

It wasforeshadoweearlierthataninvocationof @PageMarker would precedesachpage,
andthis hasbeendone. Althoughthis @PageMarker is a componenbf theroot galley,it will
not causea pageto be printed,becaus®asset_out skipscomponentsf heightzero.

4.4. Chaptersand sections

Thedefinitionsof chapterandsectiongrom theDocumentSetupackagef Version2 (in
Version3, the BookSetupextensiorof DocumentSetudprm the subjectof thissection. They
allow a chaptetto beenteredike this:

@Chapter
@Title { ... }
@Tag{ ...}

@Begin

@End @Chapter
Within the chaptera sequencef sectionsnaybeincludedby writing

@BeginSections

@Section { ... }
@Section { ... }
@EndSections

Thesearenumberedautomaticallyandanentryis madefor eachin atableof contents.

Theuserof theDocumentSetupackageanfind thenumberof thechapteior sectionwith
a giventagby writing @NumberOf tag at any pointin the document.This featureis basedon
thefollowing definitions:

export @Tag
def @NumberMarker right @Tag { @Null }

def @NumberOf right x
{ @NumberMarker&&x @Open { @Tag } }
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Eachchaptelandsectionwill containoneinvocationof @NumberMarker; afull explanatiorwill
begivenlater.

A sequencef placedor receivingchapterss easilydefined:

export @Tag
def @ChapterList right @Tag
{
@Galley
//@ChapterGap @ChapterList @Next @Tag

}

@ChapterGap will usually be 1.1b, ensuringthat eachchapterbeginson a new page. The
@Chapter galleyitself is definedasfollows:

export @FootNote @BeginSections @EndSections @ Section
def @Chapter force into { @ChapterList&&preceding }

named @Tag {}

named @Title {}

named @RunningTitle { dft }

body @Body

def @FootNote right x { @ColFootNote x }

def @BeginSections ...
def @EndSections ...
def @Section ...

def @ChapterTitle
{
@ChapterNumbers @Case {
{Yes yes} @Yield { Chapter {@NumberOf @Tag}. |2s @Title }
else @Yield @Title
}
}

def @ChapterNum
{
@ChapterNumbers @Case {
{Yes yes} @Yield { Chapter {@NumberOf @Tag} }
else @Yield @Null

}
}

ragged @Break @BookTitleFormat @ChapterTitle
/I @NumberMarker {
@ChapterList&&@Tag @Open { @Tag }
}
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/I @ChapterList&&preceding @Tagged @Tag

/I @NumberMarker&&preceding @Tagged @Tag

/I @PageMarker&&preceding @Tagged @Tag

/I { @ChapterTitle } @MajorContentsEntry {@PageOf @Tag}

/I @Runner
@FootEven { |0.5rt 0.8f @Font @B @PageNum }
@FootOdd {]0.5rt 0.8f @Font @B @PageNum }

/I @Body

ll@SectionGap @ChapRefSection

/I @Runner
@TopEven { @B @PageNum |1rt @1 @ChapterNum }
@TopOdd { @! {@RunningTitle @OrElse @Title} |1rt @B @PageNum }

}

We will seethesymbolsfor sectionsshortly. Notice how their usehasbeenrestrictedo within
theright parameteof @Chapter, by nestingthemandusinga bodyparameter.

The meaningof @FootNote within @Chapter hasbeenset to @ColFootNote, which
producesfootnotetargetedo @ColFootList (seeSectiord.3). In otherwords footnoteswithin
chaptergo at thefoot of thecolumn,not atthefoot of the page. (Of coursejn single-column
booksthisdistinctionis insignificant.) @ ChapterTitle and@ChapterNum aretrivial definitions
whichvary dependingnwhethertheuserhasrequesteshumberedhaptersr not.

Eachinvocationof @Chapter hasits own unique@Tag, eithersuppliedby theuseror else
insertedautomaticallyby Lout. We now tracethe crossreferencingof chaptemumberson a
hypotheticathird chaptemwhosetagis euclid.

@ChapterList&&preceding @Tagged euclid attacheguclid asanextratagto thefirstinvo-
cationof @ChapterList precedingtself in thefinal printeddocument.But this @ChapterList
mustbethetargetof thechapterandso

@ChapterList&&euclid @Open { @Tag }

is 3,thenumberof thechapter(@Tag refersto theparameteof @ChapterList, nottheparameter
of @Chapter). Consequentlyheinvocationof @NumberMarker within the chapteris equalto
@NumberMarker 3.

@NumberMarker&&preceding @Tagged euclid attacheseuclid to @NumberMarker 3 as
anextratag,andso@NumberOf euclid, which expandgo

@NumberMarker&&euclid @Open { @Tag }

mustbe equalto 3, asrequired. This schemecould be simplified by placingthe invocationof
@NumberMarker within @ChapterList ratherthanwithin @Chapter, but it turnsout thatthat
schemaloesnot generalizaevell to sectionsandsubsections.

Thereis a trap for the unwaryin the useof preceding and following. Supposehat the
invocationof @NumberMarker within @Chapter is replacedy theseeminglyequivalent

@NumberMarker { @ChapterList&&preceding @Open { @Tag } }

Now supposé¢hat @NumberOf euclid appearsomewherevithin Chapter7. It will expando
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@NumberMarker&&euclid @Open { @Tag }
whichwould now beequalto
@ChapterList&&preceding @Open { @Tag }

whosevalue evaluatedhsit is within Chaptef7,is 7,not 3. Useof preceding or following within
theparameteof a symbol,ratherthanwithin thebodyiis likely to beerroneous.

Much of theremainderof the definition of @Chapter is fairly self-explanatoryithereis
a headinga tag sentto mark the pageon which the chapterbegins,a @ContentsEntry galley
sentto the table of contentsgalleysfor the figuresand tablesof the chapterto collect in,
@Body wherethebodyof thechaptergoesand@ChapRefSection to hold a concludinglist of
referencesThisleaveonly thetwo invocationsof @Runner to explain.

The first @Runner is just below the heading. It will be the target of the @Run-
ner&&following crossreferencatthebeginningof thefirst pageof thechapterseeSectiord.3),
which consequentlyill havenull runningheaderandthegivenfooters.

The second@Runner appearsat the very end of the chapter,henceon its last page.
Sincenoinvocationsof @Runner lie betweent andthefirst @Runner, it will bethetargetof
@Runner&&following on everypagefrom the secondpageof the chapterto thelast,inclusive,
andwill supplytheformatof theirheadersandfooters.

Theinterestedeademight careto predictthe outcomen unusuakasessuchaswhenthe
headingoccupiedwo pagespr whena chapteroccupienly one,or (assuming changeo the
gapbetweerchaptersjvhenachaptesstartshalfwaydownapage.Suchpredictioncanbemade
with greatconfidence.

Theexpressior@RunningTitle @OrElse @Title appearingn thesecond@Runner returns
thevalueof the @RunningTitle parametepnf @Chapter if thisis not equalto the defaultvalue
dft, or @Title otherwise:

def @OrElse
left x
righty
{
X @Case {
dft @Yield y
else @Yield x
}
}

Thisproducesheeffectof
named @RunningTitle { @Title }

which unfortunatelyis not permissibleasit standsbecause@Title is not visible within the
defaultvalueof @RunningTitle.

Finally, thedefinitionsfor sectionmittedearlierareasfollows:

def @EndSectionsPlace { @Galley }
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def @EndSections force into { @EndSectionsPlace&&preceding } {}
macro @BeginSections { //@SectionGap @SectionList 1 // @EndSectionsPlace // }

def @Section force into { @SectionList&&preceding }
named @Tag {}
named @Title {}
named @RunningTitle { dft }
body @Body
{
def @SectionTitle
{
@SectionNumbers @Case {
{Yes yes} @Yield { {@NumberOf @Tag}. |2s @Title }
else @Yield @Title

@Heading @Protect @SectionTitle
/I @NumberMarker {
{@ChapterList&&@Tag @Open { @Tag }}.{
@SectionList&&@Tag @Open { @Tag }}
}
/I @ChapterList&&preceding @Tagged @Tag
/I @SectionList&&preceding @Tagged @Tag
/I @NumberMarker&&preceding @Tagged @Tag
/I @PageMarker&&preceding @Tagged @Tag
Il { &3f @SectionTitle } @ContentsEntry {@PageOf @Tag}
//0io @Body
}

The@BeginSections macranvokes@ SectionList, precededyy theappropriatgapandfollowed
by an@EndSectsPlace for closingthelist of sectionsvhenthe @EndSections symbolisfound.
@Section itself is justa copyof @Chapter with slightchangeso theformat. The parameteof

@NumberMarker is a simplegeneralizatiorof the onewithin @Chapter. Noticethatwe have
takencarethatthevalueof thisparametebea juxtapositionof simplewords: although

{@ChapterList&&@Tag @Open { @Tag }}. &
{@SectionList&&@Tag @Open { @Tag }}

is formally equivalent& wasnot permittedwithin a @ Tag parameteuntil recently.

The DocumentSetupackagealso containsdefinitionsfor subsectiongn the samestyle.
They raisethe questionof whetherLout is capableof producingsubsectionshouldthe user
place@BeginSections, @ Section,and@EndSections within asectionandwhethersuchnesting
couldproceedo arbitrarydepth. Arbitrary nestingof sectionswithin sectiongs availablenow,
althoughthenumberingvould of coursebewrong. Theauthorhasworkedoutdefinitionswhich
providecorrectnumberingo arbitrarydepthwith anarbitraryformatfor eachlevel. Thesewvere
notincorporatednto DocumentSetupecausehe authorconsidersubsubsection$o be poor
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style,andheprefersseparatmamedor thesymbolsateachlevel.

4.5. Bibliographies

Chapter4. Examples

Thefirst stepin theproductionof abibliographyisto createa databasef referencebased

onthedefinition

export @Type @Author @Title @Institution @Number @Publisher

@Year @Proceedings @Journal @Volume @Pages @Comment

def @Reference
named @Tag
named @Type
named @Author
named @Title
named @Institution
named @Number
named @Publisher
named @ Year
named @Proceedings
named @Journal
named @Volume
named @Pages
named @Comment

{ @Null}

{TAG? }
{TYPE?}

{ AUTHOR? }
{TITLE? }
{INSTITUTION? }
{ NUMBER? }

{ PUBLISHER? }
{YEAR?}

{ PROCEEDINGS? }
{ JOURNAL? }

{ VOLUME? }

{ PAGES? }

{ @Null }

For examplethedatabasenight contain

{ @Reference

@Tag { strunk1979style }

@Type { Book }

@Author { Strunk, William and White, E. B. }
@Title { The Elements of Style }
@Publisher { MacMillan, third edition }

@Year {1979 }
}

{ @Reference
@Tag { kingston92 }

@Type { TechReport }

@Author { Kingston, Jeffrey H. }
@Title { Document Formatting with Lout (Second Edition) }

@Number { 449 }

@]Institution { Basser Department of Computer
Science F09, University of Sydney 2006, Australia }

@Year { 1992 }
}
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Sincenamedparameterareoptional,we haveonefor everyconceivablaype of attribute,and
simplyleaveoutthosethatdo notapplyin anyparticularreference We canprint areferencéy
usingthe @Open symbolto getat its attributes:

@Reference&&strunk1979style @Open
{ @Author, {Slope @Font @Title}. @Publisher, @Year. }

Theright parameteof @Open mayusetheexportedparametersf theleft, andsotheresultis
William StrunkandE. B. White, TheElement®of Style Macmillan,1979.

Incidentally,we arenot limited to just onedatabasef referencesseveral@Database symbols
cannominatghesamesymbol,andinvocationf thatsymbolcanappeain thedocumenttself
aswell if wewish.

The secondstepis to createa databasef print stylesfor the varioustypesof reference
(Book, TechReportetc.),basednthefollowing definition:

export @Style
def @RefStyle

left @Tag

named @Style right reftag {}
{

Noticethatthenamedparamete@Style hasaright parametereftag. Thestyledatabasbasone
entryfor eachtypeof reference:

{ Book @RefStyle @Style
{ @Reference&&reftag @Open
{ @Author, {Slope @Font @Title}. @Publisher, @Year. @Comment }
}
}

{ TechReport @RefStyle @Style
{ @Reference&&reftag @Open
{ @Author, {Slope @Font @Title}. Tech. Rep. @Number (@ Year),
@Institution. @Comment }

}
}

andsoon. Thefollowing printsthereferencavhosetagis strunk1979style in theBook style:
@RefStyle&&Book @Open { @Style strunk1979style }

It hasresult

William StrunkandE. B. White. TheElement®f Style Macmillan Third Edition, 1979

Noticehowthe @Style parametepof @RefStyle is giventhe parametestrunk1979style, which
it usedo opentheappropriateeference.
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We canconsultthe @Type attributeof areferenceo find out its style,which bringsusto
thefollowing definitionfor printing outareferencen thestyleappropriateo it:

def @RefPrint
right reftag

{ @RefStyle&&{ @Reference&&reftag @Open { @Type } }
@Open { @Style reftag }

}

Forexamplefo evaluate@RefPrint strunk1979style, Lout first evaluates
@Reference&&strunk1979style @Open { @Type }

whoseresultis Book, andthenevaluates
@RefStyle&&Book @Open { @Style strunk1979style }

asbefore. Complicatedasthis is, with its two databaseandcleverpassingaboutof tags,the
advantagesf separatingeferencefrom printingstylesareconsiderableprintingstylesmaybe
changeceasily,andnon-experuserseedneverseethem.

Finally, we cometo theproblemof printingoutanumberedist of referencesandreferring
to themby numberin the body of the document. Thefirst stepis to createa numberedist of
placeghatgalleyscontainingreferencesnayattachto:

def @ReferenceSection
named @Tag {}
named @Title { References }
named @RunningTitle { dft }
named style right tag { tag. }
named headstyle right @Title { @Heading @Title }
named indent { @Dispindent }
named gap { @DispGap }
named start { 1}

def @RefList right num

{
@NumberMarker num & indent @Wide {style num} | @RefPlace
/lgap @RefList @Next num

}

@Protect headstyle @Title
/I @PageMarker&&preceding @Tagged @Tag
/I @Title @MajorContentsEntry {@PageOf @Tag}
/I @Runner
@FootEven { |0.5rt 0.8f @Font @B @PageNum }
@FootOdd {]0.5rt 0.8f @Font @B @PageNum }
//@DispGap @RefList start
/I @Runner
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@TopEven { @B @PageNum }
@TopOdd { @! {@RunningTitle @OrElse @Title} |1rt @B @PageNum }
}

We placethe expressior@ReferenceSection at the point wherewe wantthelist of references
to appearits valueis somethindike

1. @RefPlace
2. @RefPlace
3. @RefPlace

where@RefPlace is @Galley asusual. We canscattermultiple lists of referenceshroughthe
documentf we wish (attheendof eachchapterfor example)simply by placing@Reference-
Section ateachpoint.

Ourtaskis completedvy thefollowing definition:

def @Ref right x
{
def sendref into { @RefPlace&&following }
right @Key
{
@NumberMarker&&preceding @Tagged x &
@PageMarker&&preceding @Tagged x &
@RefPrint x

}

@NumberMarker&&x @Open { @Tag } sendref x
}

Giventhisdefinition,theinvocation@Ref strunk1979style hasresult
@NumberMarker&&strunk1979style @Open { @Tag }

plusthegalleysendref strunk1979style. Wefirst follow whathappenso thegalley.

Accordingto its into clausethe galleywill replacea @RefPlace in the nearesfollowing
@ReferenceSection. If everysuchgalleyis a sortedgalleywhosekey is thereference’dsag,as
thisoneis, theywill appearsortedby tag. Thegalley’'sobjectis

@NumberMarker&&preceding @Tagged strunk1979style &
@PageMarker&&preceding @Tagged strunk1979style &
@RefPrint strunk1979style

Theresultof the @ Tagged symbolis always@Null, sothis printsthestrunk1979style reference
in theappropriatestyleatthe @RefPlace, asdesired.

Now @NumberMarker&&preceding is the nearestprecedinginvocation of @Number-
Marker in the final document. This must be the invocationof @NumberMarker just before
the @RefPlace that receivedthe galley, and so this invocationof @NumberMarker is given
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strunk1979style asanadditionaltagby the @ Tagged symbol. Its originaltagwasthenumberof
thereferenceplace whichmeanghat

@NumberMarker&&strunk1979style @Open { @Tag }

hasfor its resultthenumberof thereferenceplacethatreceivedhestrunk1979style galley,and
thisisthedesiredresultof @Ref strunk1979style.

It mightseenthatif werefertothestrunk1979style referencewice,two copieswill besent
to thereferencdist andit will appeartwice. Howeverwhenmorethanonesortedgalleywith
thesamekeyis sentto thesameplace only oneof themis printed(Sectionl.4);soprovidedthat
sortedgalleysareusedthereis noproblem.

4.6. Merged index entries

Gettingindex entriesto mergecorrectly hasbeenquite a struggle.lt is easyto specify
whatis wanted,but Lout lacksthe lists and objects(in the object-orientedsense}hat would
make the implementationstraightforward. The whole problem was reanalysedor Version
3.26,reimplementedgestedmorecarefullythanis usuallynecessarin Lout,andprovedcorrect
asfollows.

Weignorepagenumbermrangesn thisproof. It is nothardto showthattheywill behandled
correctlytoo, providedtheydo not overlapwith otherentrieswith the samekey. The effectof
suchoverlapss undefinedleavingusnothingto prove. We alsoassumehateveryentrywith a
givenkey hasthe samedabel,includinganyformat(thatis, the samenitial partbeforethepage
number).If labelsdiffer theresultis undefinedandthereis nothingto prove.

We will provethatraw entriesalwayshavetheform

label &0.03fu {}
andthatnon-rawentriesalwayshavetheform

label &0.03fu {{@OneCol ,} pn1{@OneCol ,} pn2

wherethepatterrmayrepeaftor anynumberof pagenumber$ni, pn2, etc. In addition thepage
numberswill bedistinct, monotoneéncreasingandconsisiof exactlythenumbersn theoriginal
unmergecentries.

Theseexpressionsire not the simplestthat would give the correctappearanceWithout
&0.03fu {} thecodewould notwork correctly,aswill beexplainedbelow. Without @OneCol the
commasvould besubjectto anoptimizationwhich canmergetheminto thepreviousword. It's
toodifficult to explainwhenthis optimizationwill andwill not be applied;sufficeto saythatit
will sometimesiot happernwhenmelding,andthiswill cause@Meld to getits equalitytesting
wrong,soit mustbe preventedrom happeningtall.

Our proof is by induction on the numberof entriesmergedtogether. First, we needto
establishthe basecases.If theindexentryis raw, the following expressioris usedto define
its value:

label &0.03fu {}
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If theindexentryis non-rawthefollowing expressions usedto defineits value:
label &0.03fu {{@OneCol ,} pn

wherepn isthepagenumberor pagenumbemrangeof theentry. In eachcasewe clearlyhavean
entrythatsatisfiesll therequirementsf thetheorem.

Now considemwhathappensvhenwe cometo mergetwo entries. The codeusedto carry
outthismergeis

def @Merge left x right y

{
{x @Rump { x @Meld y } } @Case

{
" @Yield x

else @Yield {{x{@OneCol ,}} @Meld y }
}

}

wherex is thefirst entryandy is thesecond.
We call theexpression

X @Rump {x @Meld y }

thediscriminant sinceit determinesvhich caseto apply. Wewill trackthisin detailbelow,but
approximatelyits functionis to determinewhethery containssomethinghatis differentfrom
anythingin x. If so,thenx @Meld y differs from x andthe discriminantis non-emptyjf not,
x @Meld y is equalto x andthediscriminants empty.

Thefirst entry,x, mayberaw or non-raw,andthe secondy, mayalsobe raw or non-raw,
togethemiving four caseswhich we takein turn.

If bothentriesareraw,thenby assumptiortheyhavethe samelabelsandsoareidentical.
Thusx @Meld y equals, thediscriminants empty,andtheresultis x, whichis correct.

If x israwandy is non-rawthenthediscriminanis non-emptyandtheresultis themeldof
two objectsthefirst havingtheform

label &0.03fu {{@OneCol ,}
beingx with acommaappendedandthe secondeingsomenon-rawentrysuchas
label &0.03fu {{{@OneCol ,} pn1{@0OneCol ,} pn2

wherethe patternmayrepeat.We areassumingy inductionthaty hasthisform. Clearly,this
meldgivesavalueequaltoy, whichis thecorrectresult.

If x isnon-rawandy is raw,the @Meld in thediscriminantmeldstwo valuestypified by
label &0.03fu {{@OneCol ,} pnl{@OneCol ,} pn2

and
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label &0.03fu {}

Theresultof thisis x with anemptyobjectaddedat the end. This emptyobjectis the second
elemenbf y, whichis notequalto anyelemenbf x: theseconcelemenf x is not{} butrather
{{@OneCol ,}, because@Meld treatsimmediatelyadjacentobjectsas single elements.The
resultof @Rump is thenthisextraemptyobject,sothediscriminants theemptyobjectandwe
returnx, correctly. It is this casethatrequiresusto use0.03fu; withoutit we would bemelding

label{@OneCol ,} pn1{@OneCol ,} pn2
with
label

producing
label{@OneCol ,} pn1{@OneCol ,} pn2 label

leadingto a non-emptydiscriminantandthewronganswer.

Thisleavegustthecasewherebothx andy arenon-raw. We will divide thislastcasento
threesub-casedyut first we needsomegenerabbservations.

Indexentriesaresortedfor mergingin theorderin whichtheiranchorpointsappeain the
final printeddocument.This meanghatover the courseof theseentriesthe pagenumbersare
non-decreasinglt is thereforeclearthat,althoughthe orderof mergingis undefinedactually
a balancedreeorderis used),whenevertwo entriesare presentedor merging,all the page
numbersn thefirst entryarenolargerthanall thepagenumbersn theseconcdentry. We arealso
assumingnductivelythatthe pagenumbersn eachentryaredistinctandmonotoneancreasing.
Thus,therecanbe at mostone pagenumbercommonto any two entriesbeingmergedandif
thereis onein commonit is thelastpagenumberof thefirst entryandthefirst of thesecond.

Our first sub-casas whenthe two entrieshaveno pagenumberin common. Sincey is
non-raw,t hasa pagenumbemot equalto anypagenumberin x. Thereforethediscriminants
non-emptyandthe resultis the meld of x{@OneCol ,} with y, which for examplecould be the
meldof

label &0.03fu {{@OneCol ,} pn1{@OneCol ,} pn2{@0OneCaoal ,}
with
label &0.03fu {{@OneCol ,} pn3{@0OneCol ,} pnd

This will give the right answer,since @Meld treatsadjacentobjectsas single elementsand
alwaysincorporateglementdrom thefirst parametefirst whenit hasa choice.

Our secondsub-casés whenthetwo entrieshavea pagenumbernin commonandy hastwo
or morepagenumbers.The commonpagenumbermustbe the last of x andthefirst of y, so
againy hassomethindits lastpagenumber)distinctfrom x, thediscriminants non-emptyand
we endup for examplemelding

label &0.03fu {{@OneCol ,} pn1{@OneCol ,} pn2{@0OneCaol ,}



4.6. Mergedindexentries 99

with
label &0.03fu {{@OneCol ,} pn2{@OneCol ,} pn3

Againit’s clearthatthemeldwill producetheright answerjn fact,this secondsub-caseould
beunifiedwith thefirst sub-case.

Our third sub-casés whenthetwo entrieshavea pagenumberin commonandy hasonly
onepagenumber.In thiscasetypified by x with value

label &0.03fu {{{@OneCol ,} pn1{@0OneCol ,} pn2
andy with value
label &0.03fu {{@OneCol ,} pn2

it is clearthaty offersnothingnew,thediscriminantis empty,andtheresult,quitecorrectly,is x.
Thiscompletegheproof.



Appendix A. Implementation of Textures

Thefollowing notesdetailhow PostScrippatterndhavebeenusedto producetextures.Seethe
PostScriptanguageReferenceManual,seconcedition(PLRM), especiallySectior4.9.

PostScrippatternsareimplementedascolor spaceswhereagrom alogical point of view
theyarereally separatentitiesin thegraphicsstatejndependentf color (exceptthatacolored
textureoverridesanycurrentcolor while it isin effect). To ensurghatLout’s @SetTexture and
@SetColour symbolshavethis desiredndependencef eachother,thefollowing operatorare
definedin theLout prologue:

Lout-definedbperator Whatit replaces
num LoutSetGray - setgray
numnumnum  LoutSetRGBColor setrgbcolor
num numnum  LoutSetHSBColor sethsbcolor
num num num num  LoutSetCMYKColor - setcmykcolor
p LoutSetTexture - setpattern

Thesehavesimilarsignatureso thecorrespondingostScripbperatorshown andtheideais to
usethe Lout-definedversionsvhereyou would normallyusethe PostScrippbnes Thefirst four
setthe color without disturbingany currenttexture;the last setsthe texturewithout disturbing
anycurrentcolor. Herep maybethePostScriphull objectmeaninghotexturei.e.normalfilling,

or elseit mustbeaninstantiategatterndictionary,asreturnedoy makepattern.

Therearethreekey datatypesusedby thiscode:

* A colorspacedenotedcs, is a PostScriptcolorspacearray and may have one of the
following values:

[ /DeviceGray ] Thegreyscalecolorspace
[ /DeviceRGB ] TheRGBcolorspace

[ /DeviceCMYK] TheCMYK colorspace

[ /Pattern ] A coloredpattern

[/Pattern /name ] An uncolored pattern; /name may be /DeviceGray, /De-
viceRGB, or /DeviceCMYK

* A color,denotedt, is anarraycontaininga PostScriphon-patterrcolor andthusmayhave
oneof thefollowing values:

[grey] A /DeviceGray color
[red green blue] A /DeviceRGB color
[cmyk] A /DeviceCMYK color

We enclosecolorsin anarrayto makeit easyfor usto dealwith their varyinglength. The
arrayhasto be unpackedvith aload beforecalling setcolor.

100
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A pattern,denotedp. For us,a patternis either the PostScriptnull object,meaningto
fill with solid color, or elseit is a dictionaryasreturnedby makepattern. Whensucha
dictionaryis installedin the currentgraphicsstate this codeguaranteethatit will contain
two extraentries:

/UnderlyingColorSpace A cs asdefinedabove
/UnderlyingColor A c asdefinedabove

We needtheseextraentriesto makecolorindependentf texture: without themwe would
losethe currentcolor whenwe seta texture. Becauseof thesevariableswe can't share
patterndictionariesamonggraphicsstates.We mustcopythem.

Thisrepresentationbeysthefollowing invariant:

All component®f the PostScripigraphicsstaterelatedto patternandcolor havedefined
values(e.g.thereis neverasituationwherewe setcolor spacebut not color).

If thePostScripgraphicsstatecontainsa/Pattern colorspacethe patterndictionarystored
in the statehas/UnderlyingColorSpace and/UnderlyingColor entriesof typescs andc.

If the graphicsstatecontainsan uncolored/Pattern colorspacethenthe /UnderlyingColk
orSpace and/UnderlyingColor entriesof thepatterndictionarystoredn thestateagreewith
theunderlyingcolor spaceandcolor storedin thegraphicsstate.

And it hasthefollowing abstractiorfunction:

If the graphicsstatecolorspacas /Pattern, thenthe abstracicurrenttextureis the pattern
dictionarystoredin thegraphicsstatecolor. If thegraphicsstatecolorspaceés not/Pattern,
thentheabstracturrenttextureis null.

If the graphicsstatecolorspacas /Pattern, thenthe abstractcolorspaceandcolor arethe
valuesof /UnderlyingColorSpace and/UnderlyingColor in the patterndictionarystoredin
the graphicsstatecolor. If the graphicsstatecolorspaces not /Pattern, thenthe abstract
currentcolorspaceandcolor areasreturnedby currentcolorspace and[ currentcolor ].

Thefollowing functionsareprivatehelperdor the publicfunctions:

% Current pattern (may be null): - LoutCurrentP p
/LoutCurrentP
{ %% -
currentcolorspace %% [ /name etc ]
0 get /Pattern eq %% bool
{ %% - (have pattern)
[ currentcolor ] %% [ compO ... compn p ]
dup length 1 sub get %% p

%% - (no pattern)
null %% null
} ifelse %% p
} def
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% Current color and color space: - LoutCurrentCCS ¢ cs
/LoutCurrentCCS
{
LoutCurrentP dup nulleq %% p bool
{ %% null
pop [ currentcolor ] %% c
currentcolorspace %% c cs
}
{ %% p
dup %% p p
/UnderlyingColor get exch %% ¢ p
/UnderlyingColorSpace get %% c cs

} ifelse %% c cs
} def
% Make c, cs, and p current: ¢ cs p LoutSetCCSP -
/LoutSetCCSP
%% ccsp
dup null eq %% c cs p bool
{ %% ccsp (null pattern)
pop setcolorspace %% c
aload pop setcolor %% -

%% ccsp (non-null pattern)
% copy pattern dictionary
12 dict copy %% ccsp

% record csand cinp
dup /UnderlyingColorSpace %% c cs p p /UCS

3 index put %% ccsp
dup /UnderlyingColor %% ccspp/UC
4 index put %% ccsp

% do setcolorspace and setcolor
dup /PaintType get L eq %% c cs p bool
%% c csp (colored pattern)
[/Pattern] setcolorspace %% c cs p

setcolor %% c cs
pop pop %% -

{ %% c csp (uncolored pattern)
[ /Pattern %% c cs p [ /Pattern
4 -1 roll %% c p [ /Pattern cs
] setcolorspace %% cp
exch aload length 1 add %% p compl ... compm m+1
-1 roll %% compl ... compm p
setcolor %% -

} ifelse %% -

} ifelse %% -
} def

With the helperfunctionsit’'s now easyto derivethe colour andtexturesettingcommandghat
we areoffering to our endusersWhensettingthe color we passit, plusthe currentpatternto
LoutSetCCSP; whensettingthepatternwe passt, plusthecurrentcolor,to LoutSetCCSP. Note
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thatthereis no/DeviceHSB: hsb is a variantof rgb.

% num LoutSetGray -

/LoutSetGray
[21roll] %% c
[ /DeviceGray ] %% c cs
LoutCurrentP %% ccsp
LoutSetCCSP %% -
} def
% r g b LoutSetRGBColor -
/LoutSetRGBColor
%%rgb
[4 1roll] %% C
[ /DeviceRGB ] %% c cs
LoutCurrentP %% ccsp
LoutSetCCSP %% -
} def
% h s b LoutSetHSBColor -
/LoutSetHSBColor
%% hshb
gsave sethsbcolor %% -
currentrgbcolor grestore %% rgb
LoutSetRGBColor %% -
} def
% c my k LoutSetRGBColor -
/LoutSetCMYKColor
{
[51roll] %% c
[ /DeviceCMYK ] %% c cs
LoutCurrentP %% ccsp
LoutSetCCSP %% -
} def
% p LoutSetTexture -
/LoutSetTexture
{
LoutCurrentCCS %% p c cs
3-1roll %% ccsp
LoutSetCCSP %% -
} def

All we neednow is somesampletextures. Texturesarejust patterndictionariesasreturnedoy
makepattern. Hereis a PostScripfunctionthatappearsn the Lout prologue. Its functionisto
simplify the productionof textures.lt first takessix parameterso specifya transformatiorof
thetextureusedto build the matrix takenby makepattern, thenfive parameterthatgointo the
patterndictionary.
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% <scale> <scalex> <scaley> <rotate> <hshift> <vshift>
% <pt> <bb> <xs> <ys> <pc> LoutMakeTexture p

/LoutMakeTexture
{ %% s sx sy rhvptbb xsys pp
12 dict begin %% s sx sy rhvptbbxsyspp
/PaintProc exch def %% s sxsyrhvptbbxsys
/YStep exch def %% s sx sy r hvptbb xs
/XStep exch def %% s sx sy rhvptbb
/BBox exch def %% s sxsyrhvpt
/PaintType exch def %% ssxsyrhv
/PatternType 1 def %% ssxsyrhv
[TilingType 1 def %% ssxsyrhv
currentdict end %% ssxsyrhvp
7 1roll %% pssxsyrhv
matrix translate %% p s SX Sy r matl
51 roll %% p matl s sx sy r
matrix rotate %% p matl s sx sy mat2
41 roll %% p matl mat2 s sx sy
matrix scale %% p matl mat2 s mat3
exch dup matrix scale %% p matl mat2 mat3 mat4
matrix concatmatrix %% p matl mat2 mat34
matrix concatmatrix %% p matl mat234
matrix concatmatrix %% p matl234
/makepattern where
{ %% p matl23 dict
pop makepattern %% p
}
{ %% p matl23
pop pop null %% null
} ifelse %% p (may be null)
} def

Forexample®f textureusingLoutMakeTexture, consultthestandardncludefile coltex. There
is only onebuilt-in texture LoutTextureSolid:

/LoutTextureSolid
{
null
LoutSetTexture
} def
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