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Preface

Thismanualis addressedto thosewhowish to becomeexpertusersof theLout document
formattingsystem.An expert useris someonewho understandsthe principlesof document
formattingthat Lout embodies,andis ableto apply them,for exampleto designa document
formator aspecial-purposepackage.In contrast,anon-expertuserissomeonewhosimplyuses
Lout to formatdocuments.

Chapter1explainstheseprinciples,andit shouldbereadcarefullyandin sequence.Chap-
ters2 and3 arefor reference;respectively, they containdescriptionsof thedetailedoperation
of Lout’smajorcomponents,anda completedescriptionof eachpredefinedsymbol. Thefinal
chapterpresentsacollectionof advancedexamples.

ThismanualpresentsVersion3of BasserLout,publicly releasedin September1994[3] and
developedcontinuouslysincethen. Thismanualwasrenderedinto PostScriptby Version3.24
of theBasserLout interpreter, usingthesymbolsdescribedin theUser’sGuide[4].

Acknowledgment. Version3 hasbenefitedfrom hundredsof commentsreceived sincethe
releaseof Version1 in October1991. Not every suggestioncouldbefollowed,but many have
been,andtheencouragementwasgreatlyappreciated.
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Chapter 1. Principles

TheLoutdocumentformattinglanguageisbasedonjustfourkey ideas:objects,definitions,cross
references,andgalleys. Thischapterconcentrateson them,postponingtheinevitabledetails.

1.1. Objects

Sinceour aim is to produceneatlyformatteddocuments,we shouldbegin by lookingat a
typicalexampleof suchadocument:

PURCELL1

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

1Blom, 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
considereda freak.

Such a freak is
HenryPurcell. Yet if we

make a choiceof fifteen
of the world’s musical
classics,ashere,we find
that we cannotomit this
Englishmaster.

It is a large rectanglemadefrom threesmallerrectangles– its pages.Eachpageis madeof
lines;eachline is madeof words,althoughit makessensefor any rectangle(evena complete
document)to bepartof a line,providedit is not toolarge.

Lout dealswith somethinga little morecomplicatedthanrectangles:objects. An objectis
a rectanglewith at leastonecolumn mark protrudingabove andbelow it, andat leastonerow

1
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mark protrudingto theleft andright. Thesimplestobjectscontainwordslikemetempsychosis,
andhaveonemarkof eachtype:

metempsychosis

Therectangleexactly enclosestheword; its columnmark is at the left edge,andits row mark
passesthroughthemiddleof thelower-caseletters.Therectangleandmarksdonot appearon
theprintedpage,but to understandwhatLout is doingyouhaveto imaginethem.

To placetwo objectssideby side,weseparatethemby thesymbol|, whichdenotestheact
of horizontal concatenation. So,if wewrite

USA  |  Australia

theresultwill betheobject

USAAustralia

Notice that this objecthastwo columnmarks,but still only onerow mark,because| merges
the two row markstogether. This merging of row marksfixes the vertical position of each
objectwith respectto theother, but it doesnot determinehow far apartthey are. Thisdistance,
or gap, maybegiven just after thesymbol,asin |0.5i for example,which specifieshorizontal
concatenationwith agapof half aninch. If nogapis given,it is assumedto be0i.

Vertical concatenation, denotedby /, is thesameapartfrom thechangeof direction:

Australia  /0.1i  USA

hasresult

Australia
USA

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

USA |0.2i Australia
/0.1i Washington | Canberra

hasresult

USA Australia
Washington Canberra

Thereare several things to note carefully here. White space(including tabsand newlines)
adjacenttoaconcatenationsymbolis ignored,soit maybeusedto layouttheexpressionclearly.
Thesymbol| takesprecedenceover /, whichmeansthattherowsareformedfirst, thenvertically
concatenated.Thesymbol/ will mergetwo or morecolumnmarks,creatingmultiple columns
(and| will mergetwo or morerow marks).Thisimpliesthatthegap0.2i usedabove is between
columns,not individualitemsin columns;agapin thesecondrow wouldthereforeberedundant,
andsois omitted.

A variantof / called// left-justifiestwo objectsinsteadof mergingtheirmarks.
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By enclosingan object in braces,it is possibleto overridethe setprecedences.Here is
anotherexpressionfor thetableabove,in which thecolumnsareformedfirst:

{ USA /0.1i Washington }
|0.2i { Australia / Canberra }

Braceshavenoeffectotherthanto alterthegrouping.

Paragraph breaking occurswhenanobjectis too wide to fit into thespaceavailableto it;
bybreakingitsparagraphsinto lines,itswidth is reducedtoanacceptableamount.Theavailable
spaceis determinedby the@Wide symbol,whoseform is

length @Wide object

andwhoseresultis thegivenobjectmodifiedto haveexactlythegivenlength. For example,

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 inchwideobject[7]:

Macbethwasveryambitious.This
ledhim to wishto becomeking of
Scotland. The witches told him
that this wish of his would come
true. Theking of Scotlandat this
timewasDuncan.Encouragedby
hiswife, MacbethmurderedDun-
can. He wasthusenabledto suc-
ceedDuncanasking. (51words)

Encouragedby his wife, Macbeth
achieved his ambition and real-
ized thepredictionof thewitches
by murderingDuncanandbecom-
ing king of Scotlandin his place.
(26words)

A paragraphof text canbeincludedanywhere,andit will bebrokenautomaticallyif necessary
to fit theavailablespace.Thespacesbetweenwordsareconvertedinto concatenationsymbols.

Theseare the most significantof Lout’s object-building symbols. Thereareothers,for
changingfonts,controllingparagraphbreaking,printinggraphicalobjectslikeboxesandcircles,
andsoon,but they donotaddanythingnew in principle.

1.2. Definitions

Thefeaturesof Lout areverygeneral.They donotassumethatdocumentsarecomposedof
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pages,northattherearesuchthingsasmarginsandfootnotes,for example.Definitionsbridgethe
gapbetweenLout’sgeneralfeaturesandthespecialfeatures– footnotes,equations,pages– that
particulardocumentsrequire. They hold the instructionsfor producingthesespecialfeatures,
convenientlypackagedreadyfor use.

For example,considerthechallengeposedby ‘TEX’, which is thenameof oneof Lout’s
mostillustriousrivals[5]. Lout solvesit easilyenough,like this:

T{ /0.2fo E }X

but to typethis every time TEX is mentionedwould betediousanderror-prone. Sowe placea
definitionat thebeginningof thedocument:

def  @TeX  {  T{ /0.2fo E }X  }

Now @TeX standsfor theobjectfollowing it betweenbraces,andwemaywrite

consider the challenge posed by ‘@TeX’, …

astheauthordid earlierin thisparagraph.

A symbolisaname,like@TeX, whichstandsfor somethingotherthanitself. Theinitial @
isnotcompulsory,but it doesmakethenamestandoutclearly. A definitionof asymboldeclares
anameto beasymbol,andsayswhatthesymbolstandsfor. Thebodyof adefinitionis thepart
following thename,betweenthebraces.To invokeasymbolis to makeuseof it.

Anotherexpressionripefor packagingin adefinitionis

@OneRow {  |  -2p @Font n  ^/0.5fk  2  }

whichproduces n2 (seeChapter2). But thistimewewould liketo beableto write

object @Super object

so that a @Super 2 would comeout as 2a , and so on, for in this way the usefulnessof the
definitionis greatlyincreased.Hereis how it is done:

def @Super
   left x
   right y
{ @OneRow {  |  -2p @Font y  ^/0.5fk  x  }
}

This definitionsaysthat @Super hastwo parameters, x andy. When@Super is invoked,all
occurrencesof x in thebodywill bereplacedby theobjectjust to the left of @Super, andall
occurrencesof y will bereplacedby theobjectjust to theright. So,for example,theexpression

2  @Super  { Slope @Font n }

is equalto

@OneRow {  |  -2p @Font { Slope @Font n }  ^/0.5fk  2  }
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andsocomesoutas n2 .

Lout permitsdefinitionsto invoke themselves,a peculiarlycircularthingto dowhichgoes
by thenameof recursion. Hereis anexampleof a recursivedefinition:

def  @Leaders  {  ..   @Leaders  }

Theusualruleis thatthevalueof aninvocationof asymbolisacopy of thebodyof thesymbol’s
definition,sothevalueof @Leaders mustbe

..   @Leaders

But now thisruleappliesto thisnew invocationof @Leaders; substitutingits bodygives

..   ..   @Leaders

andsoon forever. In orderto make thisuseful,aninvocationof a recursivesymbolis replaced
by its bodyonly if sufficientspaceis available. So,for example,

4i @Wide { Chapter 7  @Leaders   62 }

hasfor its resulttheobject

Chapter7 .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. 62

with Lout checkingbeforeeachreplacementof @Leaders by .. @Leaders thatthetotallength
afterwards,includingtheotherwords,wouldnotexceedfour inches.

TheremainingissueiswhathappenswhenLout decidesthatit is timetostop. Theobvious
thingto dois to replacethelastinvocationby anemptyobject:

..    ..    ..    ..    ..    ..    ..    ..    {}

As theexampleshows,thiswould leaveasmalltrailing space,which is amajorheadache.Lout
fixesthis by replacingthe last invocationwith a differentkind of emptyobject,called@Null,
whoseeffect is to make anadjacentconcatenationsymboldisappear, preferablyonepreceding
the@Null. Thus,whenLout replaces@Leaders by @Null in theexpression

..    ..    ..    ..    ..    ..    ..    ..    @Leaders

thetrailing space,which is reallyahorizontalconcatenationsymbol,disappearsaswell. Thisis
takeninto accountwhendecidingwhetherthereis roomto replace@Leaders by its body.

Theremainderof thissectionisdevotedto showinghow definitionsmaybeusedto specify
thepagelayoutof adocument.To begin with, wecandefineapagelikethis:

def @Page
{
    //1i  ||1i
    6i @Wide 9.5i @High
    { @TextPlace  //1rt  @FootSect }
    ||1i  //1i
}
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Now @Page is aneightby elevenanda half inch object,with oneinch margins,a placeat the
top for text, anda sectionat thebottomfor footnotes(since//1rt bottom-justifiesthefollowing
object). It will beconvenientfor usto show theeffectof invoking@Page like this:

@Page ⇒

@TextPlace

@FootSect

with theinvokedsymbolappearingto theleft of thearrow, andits bodyto theright.

Thedefinitionof averticallist of pagesshouldcomeasnosurprise:

def @PageList
{
    @Page  //  @PageList
}

Thisallowsinvocationslikethefollowing:

@PageList ⇒

@TextPlace

@FootSect

@PageList

⇒

@TextPlace

@FootSect

@TextPlace

@FootSect

@PageList

⇒

@TextPlace

@FootSect

@TextPlace

@FootSect

setting @PageList to @Null on thelaststep.Any numberof pagescanbegenerated.

A definitionfor @TextPlace isbeyondusatpresent,since@TextPlace mustbereplacedby
differentpartsof thetext of thedocumentondifferentpages.But wecandefine@FootSect to
beasmallspacefollowedby ahorizontalline followedby a list of placeswherefootnotesgo:



1.2. Definitions 7

def @FootList         
{                     
   @FootPlace  //0.3v  @FootList
}                     
                      
def @FootSect
{                        
   //0.3v 1i @Wide @HLine
   //0.3v @FootList      
}                        

assumingthat@HLine will produceahorizontallineof theindicatedwidth. With thisdefinition
wecangeneratepageslikethis:

@TextPlace

@FootSect

⇒

@TextPlace

@FootList

⇒

@TextPlace

@FootPlace
@FootList

andsoon for arbitrarilymany footnotes.

Wewill seein thenext sectionhow invocationsof @PageList, @FootSect and@FootList
arereplacedby their bodiesonly whentheneedto inserttext andfootnotesobligesLout to do
so;otherwisethe invocationsarereplacedby @Null. In this way, the right numberof pages
is made,thesmall line appearsonly on pagesthathave at leastonefootnote,andunnecessary
concatenationsymbolsdisappear.

Thisapproachto pagelayoutis themostoriginalcontributionLout hasmadeto document
formatting. It is extraordinarilyflexible. Two-columnpages?Use

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

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

1.3. Cross references

A crossreferencein commonterminologyissomethinglike‘seeTable6’ or ‘seepage57’–
a referencewithin a documentto someotherpartof it. Readersfind themveryuseful,but they
areamajorproblemfor authors.As thedocumentis revised,Table6 becomesTable7,thething
onpage57movesto page63,andall thecrossreferencesmustbechanged.

TheScribedocumentformatter, developedby Brian K. Reid [6], introduceda schemefor
keepingtrackof crossreferences.It allowsyouto givenamesto tables,figures,etc.,andto refer
to themby name.Theformatterinsertstheappropriatenumbersin placeof thenames,sothatas
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thedocumentis revised,thecrossreferencesarekeptuptodateautomatically. Lout hasadopted
andextendedthisscheme.

In Lout,automaticcrossreferencingworksin thefollowingway. Firstdefineasymbolwith
aparameterwith thespecialname@Tag:

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

Whenthis symbolis invoked,thevaluegiven to @Tag shouldbea simpleword like cities, or
severalsimplewordsjuxtaposedlikecities compare; it servesto nametheinvocation:

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

We may now refer to this invocationelsewherein the document,using the cross reference
@Table&&{ cities compare }. Here && is the cross reference symbol; its left parameteris a
symbolandits right parameteris thevalueof the@Tag parameterof someinvocationof that
symbol. Of courseit’ssimplestif youusejustaone-word tag;thennobracesareneeded.

A crossreferenceisnotanobject;thereadershouldthinkof it asanarrow in thefinalprinted
document,beginningat thecrossreferenceandendingat thetopof thetargetinvocation.Three
specialvaluesmaybegivento theright parameterof &&: preceding, following, andfoll_or_prec.
The crossreference@Table&&preceding points to sometable appearingearlier in the final
printeddocumentthan itself; that is, the arrow is guaranteedto point backwardsthroughthe
document.Usuallyit pointsto thenearestprecedinginvocation.Similarly, @Table&&following
pointsforwards,usuallyto thenearestfollowing invocation.@Table&&foll_or_prec is thesame
as@Table&&following if it exists,otherwiseit is thesameas@Table&&preceding.

Thissectionhasbeenconcernedwith whata crossreferenceis – anarrow from onepoint
in adocumentto another– but notwith how it is used.Onesimplewayto useacrossreference
is to put it whereanobjectis expected,like this:

a  |  @Table&&cities  |  c

In thiscasethecrossreferencewill bereplacedby a copy of theinvocationit pointsto: in the
examplejust given,a tablewill appearbetweena andc. Otherapplicationsof crossreferences
maybefoundin Chapter4, includingfindingthenumberof thepagewheresomethingappears,
producingrunningpageheadersandfooters,andaccessingdatabasesof Romannumerals,refer-
ences,etc. Crossreferencesarealsousedby galleys,aswill beexplainedin thenext section.

The implementationof crossreferencingcopiesevery symbol invocationwith a @Tag
parameterinto thecross-reference database, acollectionof fileswhosenamesendin .ld indexed
byonefile whosenameis lout.li. It isgenerallythecasethatthebulk contentof asymbolsuchas
thetableaboveiscontainedin itsrightor bodyparameter,andthatthisbulk contentisnotneeded
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by crossreferencesto thesymbol. Hence,to savespacein thedatabase,Lout replacestheright
parameterof eachsymbolit writesinto it by theword???whenever theright parameterappears
to belarge. Thetableabove would appearas???becauseof this optimization,andin general,
the usermustensurethat any contentrequiredby crossreferencesis containedin parameters
otherthantheright or bodyparameter. Thisoptimizationdoesnotapplywhenthesymbolbeing
written into thecross-referencedatabaseis agalley.

1.4. Galleys

It is time to pauseandaskourselveshow closewe areto achieving our aim of producing
neatlyformatteddocuments.Wecancertainlyproducethepiecesof adocument:

PURCELL1

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
considereda freak.

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

1Blom,Eric. Some Great
Composers. Oxford,
1944.

@TextPlace

@FootSect

@TextPlace

@FootSect

@TextPlace

@FootSect

@PageList

but whenwetry to mergethemtogether, weencountertwo obstacles.

First,whenanobjectis enteredat a certainplacein thedocument,it appearsat thatplace.
Butafootnoteisnaturallyenteredimmediatelyafterthepointit refersto(‘PURCELL’ in thiscase),
yet it appearssomewhereelse:at thebottomof apage.

Second,all our featuresbuild uplargerobjectsoutof smallerones,but thePURCELLobject,
for example,mustbebrokendown intopage-sizedpieces.Thisoccurswhentheavailablespace
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at the‘somewhereelse’is insufficientto hold theentireobject,sothissecondobstaclearisesout
of thefirst.

Lout’slastmajorfeature,whichweintroducetoovercometheseobstacles,is thegalley (the
nameisborrowedfrom thegalleysusedin manualtypesetting).A galley isanobjectplusacross
referencewhichpointsto wheretheobjectis to appear. Theexampleabovehasthreegalleys:

PURCELL1

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
considereda freak.

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

@TextPlace

@FootSect

@TextPlace

@FootSect

@TextPlace

@FootSect

@PageList

to printer

1Blom,Eric. Some Great
Composers. Oxford,
1944.

A galley replacestheinvocationpointedto by its crossreference.If spaceis notsufficientthere
toholdit all, theremainderof thegalley issplit off (theverticalconcatenationsymbolpreceding
it beingdiscarded)andit replaceslater invocationsof thesamesymbol.This is exactlywhat is
requiredto gettext andfootnotesontopages.

To createagalley, first defineasymbolwith aspecialinto clause,like this:

def @FootNote into { @FootPlace&&following }
   right x
{
   8p @Font x
}
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An invocationof suchasymbolwill thenbeagalley whoseobjectis theresultof theinvocation,
andwhosecrossreferenceisgivenby theinto clause.Theright parameterof thecrossreference
mustbeoneof preceding, following, andfoll_or_prec.

A symbol,like@FootPlace,whichis thetarget of agalley,mustcontainthespecialsymbol
@Galley exactlyoncein its body;oftenthisis all thatthebodycontains:

def  @FootPlace  {  @Galley  }

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

A symbolwhich contains@Galley, eitherdirectlywithin its bodyor indirectlywithin the
bodyof asymbolit invokes,is calleda receptive symbol,meaningreceptiveto galleys. @Foot-
Place is receptive, which makes@FootList, @FootSect and @PageList receptive sincethey
invoke @FootPlace. If no galley replacesany @Galley within someinvocationof a receptive
symbol,that invocationis replacedby @Null. Theadvantagesof thisrule for pagelayoutwere
explainedat theendof Section1.2.

Let usnow follow throughtheconstructionof ourexampledocument.Initially thereis just
theoneroot galley, containinganunexpandedinvocationof @PageList:

@PageList to printer

Then the PURCELL galley appears,targetedto a @TextPlace. Lout knows that there is a
@TextPlace hiddeninside@PageList, soit expands@PageList:

PURCELL1

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
considereda freak.

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

@TextPlace

@FootSect

@PageList

to printer

After promotingthe first line into @TextPlace, the footnotegalley attachedto it appearsand
demandsan invocationof @FootPlace following its attachmentpoint (‘PURCELL’). Sucha
@FootPlace is found at thebottomof thefirst page,inside@FootSect, which is accordingly
expanded,andthefootnoteis promotedontothepage:
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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
considereda freak.

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

PURCELL1

@TextPlace

1Blom, Eric. Some
Great Composers.
Oxford,1944.
@FootList

@PageList

to printer

Now thepromotionof thePURCELLgalley resumes.Whenthefirst pageis filled, Lout searches
forwardsfor another@TextPlace to receivetheremainder, onceagainexpandinga @PageList:

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
considereda freak.

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

PURCELL1

In theworld of music
Englandis supposedto
beamereprovince. If
she produces an
indifferentcomposeror

1Blom, Eric. Some
Great Composers.
Oxford,1944.

@TextPlace

@FootSect

@PageList

to printer

andsoon. All theseexpansionsandreplacementsaredonewith total integrity. For example,if
Lout findsafterexpanding@FootSect thatthepageis toofull to accepteventhefirst line of the
footnote,@FootSect is resetto unexpandedandthesearchfor a target for thefootnotemoves
on. And thecrossreferencedirection,preceding or following, isalwaysobeyed(althoughlackof
spacesometimespreventsLout from choosingthenearesttarget). Only therootgalley contains
receptivesymbolsin our runningexample,but any galley maycontainthem.
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2.1. Lexical structure (words, spaces, symbols) and macros

TheinputtoLout consistsof asequenceof textualunits,whichmaybeeitherwhitespaces,
identifiers,delimiters,or literal words. Eachis asequenceof characterschosenfrom:

letter @ab-zAB-Z_
whitespace spaceformfeedtab newline
quote "
escape \
comment #
other !$%&’()*+,-./0123456789:;<=>?[]^‘{|}~

Notice that @ and _ are classedas letters. BasserLout acceptsthe accentedlettersof the
ISO-LATIN-1 characterset (dependingon how it is installed),and thesearealsoclassedas
letters. Thetendigitsareclassedas‘other’ characters,andin fact the‘other’ classcontainsall
8-bit characters(exceptoctal0) notassignedto previousclasses.

A whitespaceisasequenceof oneor morewhitespacecharacters.Lout treatstheformfeed
characterexactlylikethespacecharacter;it isusefulfor gettingpagebreakswhenprintingLout
sourcecode.

A delimiter is asequenceof oneor more‘other’characterswhich is thenameof asymbol.
For example,{ and // aredelimiters. Whendefininga delimiter, the namemust be enclosed
in quotes:

def  "^"  { {}  ^&  {} }

but quotesarenotusedwhenthedelimiteris invoked. A delimitermayhavedelimitersandany
othercharactersadjacent,whereasidentifiersmaynot beadjacentto lettersor otheridentifiers.
Thecompletelist of predefineddelimitersis

/
//
^/
^//

|
||
^|
^||

&
^&

&&
{
}

A longerdelimiterlike<= will berecognisedin preferenceto ashorteronelike<.

An identifier is a sequenceof oneor moreletterswhich is the nameof a symbol. It is
conventionalbut not essentialto begin identifierswith @; BasserLout will print a warning
messageif it findsanunquotedliteral word(seebelow) beginningwith @, sincesuchwordsare
usuallymisspeltidentifiers.Thetendigitsarenot lettersandmaynot appearin identifiers;and

13
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althoughtheunderscorecharacterisa letterandmaybeusedin identifiers,it isnotconventional
to doso. Thecompletelist of predefinedidentifiersis

@BackEnd
@Background
@Begin
@BeginHeaderComponent
@Break
@Case
@ClearHeaderComponent
@Common
@Char
@CurrFace
@CurrFamily
@CurrLang
@CurrYUnit
@CurrZUnit
@Database
@End
@EndHeaderComponent
@Enclose
@Filter
@FilterErr
@FilterIn
@FilterOut
@Font
@ForceGalley
@Galley
@Graphic
@HAdjust
@HContract
@HCover
@HExpand
@High
@HLimited
@HScale

@HShift
@HSpan
@Include
@IncludeGraphic
@Insert
@KernShrink
@Key
@Language
@LClos
@LEnv
@LInput
@LVis
@LUse
@LinkSource
@LinkDest
@Meld
@Merge
@Minus
@Moment
@Next
@NotRevealed
@Null
@OneCol
@OneOf
@OneRow
@Open
@Optimize
@Outline
@PAdjust
@PageLabel
@PlainGraphic
@Plus
@PrependGraphic

@RawVerbatim
@Rotate
@Rump
@Scale
@SetColor
@SetColour
@SetHeaderComponent
@Space
@StartHSpan
@StartHVSpan
@StartVSpan
@SysDatabase
@SysInclude
@SysIncludeGraphic
@SysPrependGraphic
@Tag
@Tagged
@Target
@Underline
@Use
@VAdjust
@VContract
@VCover
@Verbatim
@VExpand
@VLimited
@VScale
@VShift
@VSpan
@Wide
@Yield
@YUnit
@ZUnit

plus the namesof the parametersof @Moment. The symbols@LClos, @LEnv, @LInput,
@LVis and @LUse appearin crossreferencedatabasesgeneratedby Lout and are not for
useelsewhere.

A sequenceof characterswhich is neithera white space,an identifier, nor a delimiter, is
by default a literal word, which meansthat it will passthroughLout unchanged.An arbitrary
sequenceof charactersenclosedin doublequotes,for example"{  }", isalsoaliteralword. Space
charactersmaybeincluded,butnottabsornewlines. Therearespecialcharactersequences,used
only betweenquotes,for obtainingotherwiseinaccessiblecharacters:
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\" produces"
\\ \
\ddd thecharacterwhoseASCII codeis

theupto threedigit octalnumberddd

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

Whenthecommentcharacter# is encountered,everythingfrom thatpoint to theendof the
line is ignored.Thisis usefulfor includingremindersto oneself,like this:

# Lout user manual
# J. Kingston, June 1989

for temporarilydeletingpartsof thedocument,andsoon.

Macros provide a meansof definingsymbolswhich standfor a sequenceof textual units
ratherthananobject. For example,themacrodefinition

macro  @PP  {  //1.3vx  2.0f @Wide  &0i }

makesLout replacethesymbol@PP by thegiventextualunitsbeforeassemblingits input into
objects.A similarmacroto thisoneis usedto separatetheparagraphsof thepresentdocument.
The enclosingbracesandany spacesadjacentto themaredropped,which canbe a problem:
@PP2i hasresult//1.3vx 2.0f @Wide &0i2i which is erroneous.

The meaningof symbolsusedwithin the body of a macrois determinedby wherethe
macrois defined,not by whereit is used. Due to implementationproblems,@Open symbols
will notwork within macros.Namedandbodyparameterswill work if thesymbolthatthey are
parametersof isalsopresent.Thereisnowaytogetaleft or right braceinto thebodyof amacro
without thematchingbrace.

Macrosmaybenestedwithin otherdefinitionsandexported,but they maynot beparame-
ters. They maynot haveparametersor nesteddefinitionsof their own,andconsequentlya pre-
cedingexport clause(Section2.3)wouldbepointless;however, an import clauseis permitted.

2.2. Named parameters

In additionto left andright (or body)parameters,asymbolmayhaveany numberof named
parameters:

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

Theirdefinitionsappearin betweenthoseof any left andright parameters,andeachis followed
by adefault value betweenbraces.When@Chapter is invoked,its namedparametersaregiven
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valuesin thefollowing way:

@Chapter
    @Tag { intro }
    @Title { Introduction }
{
    ...
}

Thatis,alist of namedparametersappearsimmediatelyfollowingthesymbol,eachwith itsvalue
enclosedin braces.Any right parameterfollowsafterthem. They donot have to appearin the
orderthey weredefined,andthey canevenbeomittedaltogether, in whichcasethedefaultvalue
from thedefinitionis usedinstead.

If thekeywordcompulsory appearsafternamed andbeforetheparameter’sname,Loutwill
print awarningmessagewheneverthisparameterismissing.Howeverit will still usethedefault
valueasjustdescribed.

A named@Tag parameterdoesnot take its default valuefrom thedefinition;instead,if a
default valueis needed,Lout inventsa simpleword which differsfrom everyothertag. This is
important,for example,in theproductionof numberedchaptersandsections(Section4.4). The
samethingoccursif thereis a @Tag parameterbut its valueis theemptyobject: thevaluewill
bereplacedby aninventedone.

Namedparametersmayhaveparameters,asin thefollowing definition:

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

Thenamedparameter@Format hasright parameter@Val, andthedefault valueof @Format is
thisparameterenclosedin brackets. When@Format is invokedit mustbesuppliedwith aright
parameter, whichwill replace@Val. Thus,

@Strange 27

equals@Format 27 andsohasresult

[27]

The@Format symbolis likeadefinitionwith parameterswhosebodycanbechanged:

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

still equals@Format 27, but thistimetheresultis

27.
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In practice,examplesof namedparameterswith parametersall havethisflavourof formatbeing
separatedfrom content;running headers(Section4.3) and printing stylesfor bibliographies
(Section4.5)aretwo majorones.

2.3. Nesteddefinitions,body parameters,extend,import, and export

A definitionmaycontainotherdefinitionsat thebeginningof its body:

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

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

A parameterlikex maybeinvokedanywherewithin thebodyof thesymbolit isaparameterof,
includingwithin nesteddefinitions. A nestedsymbollike @Three maybe invokedanywhere
from thebeginningof itsown bodyto theendof thebodyof thesymbolit isdefinedwithin. So,
assuminganappropriatedefinitionof @Box,

@NineSquare @Box

hasresult

Nesteddefinitionsmaythemselvescontainnesteddefinitions,to arbitrarydepth.

Therearethreespecialfeatureswhich permita nestedsymbolor parameterto beinvoked
outsideitsnormalrange;thatis,outsidethebodyof theenclosingsymbol.Thefirst andsimplest
of thesefeaturesis thebody parameter, analternativeform of right parameter. TheEqequation
formattingpackage[4,Chapter7] isaclassicexampleof theuseof abodyparameter. In outline,
it lookslikethis:
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export "+" sup over

def @Eq
    body x
{
    def "+" ...
    def sup ...
    def over ...
    ...

    Slope @Font x
}

First we list thosenestedsymbolsandparametersthat we intendto refer to outsidethe body
of @Eq in anexport clause,precedingthedefinitionasshown. Only exportedsymbolsmaybe
invokedoutsidethebodyof @Eq. Thebodyparameteris likea right parameterexceptthatthe
exportedsymbolsarevisiblewithin it:

@Eq { {x sup 2 + y sup 2} over 2 }

callson thenesteddefinitionsof @Eq to producetheresult

2x + 2y
2

Thebodyparameter’svaluemustbeenclosedin braces.Theterm‘bodyparameter’isareminder
thatthevalueis interpretedasif it waswithin thebodyof thesymbol.

A bodyparametermaynotbeexported,andin factabodyparametermaybeinvokedonly
within thebodyof theenclosingsymbol,notwithin any nesteddefinitions.Forexample,x above
maynot beinvokedwithin sup. This restrictionis neededto avoid thepossibilityof recursion,
whentheactualbodyparameterinvokesanexportednesteddefinitionwhich invokesthebody
parameter, etc.

The secondplacewhereexportedsymbolsmay be usedis in the right parameterof the
@Open symbol,andfollowing its alternativeform,@Use (Section3.36).

Exported nestedsymbols and parametersmay be made visible within a subsequent
definitionor macroby precedingit with an import clause,like this:

import @Eq
def pythag { sqrt { x sup 2 + y sup 2 } }

Note however that pythag canonly be usedwith someinvocationof @Eq: within the body
parameterof an invocationof @Eq, within the right parameterof an @Eq&&tag @Open, or
following a @Use { @Eq ... }. Theremaybeseveralsymbolsin theimport clause.

In a similar way to import, a definition may be precededby extend followed by a sym-
bol name:
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extend @Eq
def pythag { sqrt { x sup 2 + y sup 2 } }

Theeffectof thisis justasthoughthedefinitionof pythag hadoccurreddirectlyaftertheexisting
definitionswithin @Eq, with pythag addedto @Eq’sexport list. Thisis usefulfor extendingthe
capabilitiesof apackageof definitionslike@Eq withoutmodifyingitssourcefile. Theessential
differencesto import arethatall thesymbolsof @Eq becomevisiblewithin pythag, not just the
exportedones,andonly onesymbolmayfollow theextend keyword.

Actually, morethanonesymbolmayfollow extend, but thisusageindicatesa ‘pathname’
of thesymbol. For example,

extend @DocumentLayout @ReportLayout
def @Keywords ...

causesthedefinitionof @Keywords to occurdirectlyaftertheexistingdefinitionsof @Report-
Layout, which itself lieswithin @DocumentLayout.

A namedparametermayalsobeprecededbyanimport clause.Asusual,themeaningis that
thevisiblelocaldefinitionsof theimportsymbol(s)arevisiblewithin thebody(thedefaultvalue)
of thenamedparameter. But furthermore,thosesymbolswill bevisible within all invocations
of theparameter. For example,supposewedefine

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

Then,if @Algebra exportssymbols+, -, andsoon,wemaywrite

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

usingthesymbolsfrom @Algebra. Theremaybeseveralsymbolsaftertheimport keyword. All
thesesymbolsshareanimportantrestriction: they maynot have parameters.This is necessary
becauseLout would be unableto determinesuitablevaluesfor any suchparameters,if they
did exist.

As an exceptionto the rule just given,a namedparametermay import thesymbolit is a
parameterof:

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

In this examplethe exporteddefinitionsof @Tbl (i.e. @Cell) will bevisible within @Format.
However, they may only be usedin actualparameters,not in the default valueof the named
parameter. Thisisowing to implementationproblems:at thetimethedefaultvalueof @Format
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is read,theexportedsymbolshavenotbeenreadandareconsequentlynot known.

Since@Cell is nestedwithin @Tbl, thevalueof aninvocationof @Cell maydependonthe
valueof parametersof @Tbl. If @Cell is usedwithin anactual@Format parameter, its value
dependsonthevalueof parametersof theinvocationof @Tbl of whichthe@Format parameter
is apart.

A definition,macro,or namedparametermayhaveseveralalternativenames,like this:

macro @CD @CentredDisplay @CenteredDisplay { ... }

This is usefulfor abbreviatedandalternative spellings,asshown. Thenamesappeartogether,
andthey maysubsequentlybeusedinterchangeably.

If onenameof asymbolappearsin anexportor importlist, itsothernamesareautomaticaly
includedaswell, andshouldnotalsoappearin thelist.

2.4. Filtered right and body parameters

A right or bodyparametermaybefilteredby someothercomputerprogrambeforebeing
includedby Lout. As anexampleof suchaprogramwewill usetheUnix sort command:

sort  -o outfile  infile

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

def @Sort
    named @Options {}
    right x
{
    def @Filter { sort @Options  -o @FilterOut  @FilterIn }

    lines @Break x
}

Thepresencewithin @Sort of a definitionof a symbolcalled@Filter tells Lout that theright
parameterof @Sort is to be filtered before inclusion. When @Sort is invoked, @Filter is
evaluatedandits valueexecutedasa systemcommand.In additionto thesymbolsordinarily
availablewithin thebodyof @Filter, therearethreeothers:

@FilterIn thenameof a file which will, at thetime thesystemcommandis executed,
contain the actual right or body parameterof the symbol,exactly as it
appearsin theinputfile;

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

@FilterErr thenameof a file thatLout will attemptto readafterthesystemcommand
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hasfinished,containingerrormessagesproducedby thecommandthatLout
will passon to theuserasnon-fatalerrors.Useof thisfile is optional.

It is a fatalerrorfor thesystemcommandto returnanon-zerostatus.

Now thesort commandhasoptions-u for deletingduplicatelines,and-r for reversingthe
sortingorder. Sotheresultof

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

is

Hardy, Thomas
Eliot, George
Dickens,Charles
Brontë,Charlotte
Austen,Jane

Unlikeall theotherexamplesin thismanual,thisoutputis simulated.Thiswasdonesothatthe
ability to formatthismanualis notdependentontheexistenceof theUnix sort command,andit
highlightsthefactthatfilteredactualparametersareby theirnatureof uncertainportability.

Thereis no needfor an actualfiltered parameterto obey the lexical rulesof Lout, since
it is passeddirectly to theotherprogram.However, Lout mustbeableto work out wherethe
parameterends,which givesrise to the following rules. As with a body parameter, a symbol
@Sym with a filtered parametermustbe invoked in either the form @Sym { ... } or the form
@Sym @Begin ... @End @Sym, plus optionsasusual. In the former case,braceswithin the
actualparametermustmatch;in thelattercase,theactualparametermaynotcontain@End.

If anactualfilteredparametercontains@Include, this is taken to begin a Lout @Include
directivein theusualform (Section3.43):

@Sort {
Austen, Jane
@Include { authors }
Hardy, Thomas
}

Theincludedfile becomespartof @FilterIn, but any braces,@Include, or @End within it arenot
noticedby Lout.
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The first characterof file @FilterIn will be the first non-whitespacecharacterfollowing
theopening{ or @Begin, or thefirst characterof anincludedfile if @Include comesfirst. The
second-lastcharacterof file @FilterIn will bethelastnon-whitespacecharacterprecedingthe
closing} or @End @Sym, or thelastcharacterof anincludedfile if @Include comeslast. One
newline characteris alwaysappendedand is the last characterof file @FilterIn. This effects
a compromisebetweenthe Lout convention,that spacesfollowing { or preceding} are not
significant,with theUnix conventionthatall text filesendwith anewline character.

2.5. Precedence and associativity of symbols

Every symbol in Lout hasa precedence, which is a positive whole number. When two
symbolscompetefor anobject,theonewith thehigherprecedencewinsit. For example,

a  |  b  /  c

is equivalentto { a | b } / c ratherthana | { b / c }, because| hashigherprecedencethan/ andthus
winstheb.

When the two competingsymbolshave equalprecedence,Lout appliesa secondrule.
Eachsymbolis eitherleft-associative or right-associative. Thevalueof a op1b op2 c is taken
to be { a op1b } op2 c if thesymbolsareboth left-associative,anda op1 { b op2 c } if they are
right-associative. In casesnotcoveredby thesetwo rules,usebraces.

It sometimeshappensthattheresultisthesameregardlessof how theexpressionisgrouped.
For example,{ a | b } | c anda | { b | c } arealwaysthesame,for any combinationof objects,gaps,
andvariantsof |. In suchcasesthesymbolsaresaidto beassociative, andwe canconfidently
omit thebraces.

User-definedsymbolsmaybegivenaprecedenceandassociativity:

def @Super
   precedence 50
   associativity right
   left x
   right y
{
   @OneRow { | -2p @Font y ^/0.5fk x }
}

They comejustafterany into clauseandbeforeany parameterdefinitions.Theprecedencemay
beany wholenumberbetween10and100,andif omittedis assignedthevalue100. Thehigher
the number, the higher the precedence.The associativity may be left or right, and if omitted
defaultsto right. Lout’ssymbolshavethefollowing precedencesandassociativities:
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Precedence Associativity Symbols

5 associative /  ^/  //  ^//
6 associative |  ^|  ||  ^||
7 associative &  ^&
7 associative & in theform of oneor morewhitespacecharacters

10-100 left or right user-definedsymbols
100 right @Wide, @High, @Graphic, etc.
101 - &&
102 associative & in theform of 0 spaces
103 - Bodyparametersandright parametersof @Open

Actually theprecedenceof juxtaposition(two objectsseparatedby zerospaces)is a little more
complicated.If eitherof thetwo objectsis enclosedin braces,theprecedenceis 7 asfor oneor
morespaces.If neitherobjectisenclosedin braces,theprecedenceis102asshown above. This
complicatedruleseemstoaccordbetterwith whatpeopleexpectandneedin practicethanapure
precedencerulecando.

2.6. The style and size of objects

Thissectionexplainshow Loutdeterminesthestyleandsizeof eachobject.Together, these
attributesdeterminetheobject’sfinal appearancein theoutput.

Thestyleof anobjectcomprisesthefollowing:

• Whichfont family, faceandsizeto use(alsodefiningthef unit);

• Whethersmallcapitalsarein effector not;

• Whatgapto replaceasinglespacebetweentwo objectsby (alsodefiningthes unit);

• Theinterpretationtoplaceonwhitespaceseparatingtwoobjects(lout, compress,separate,
troff, or tex asin Section3.5);

• Thecurrentvalueof they andz unitsof measurement(Section3.6);

• Thekind of paragraphbreakingto employ (adjust, ragged, etc.)

• Whatgapto insertbetweenthelinesof paragraphs(alsodefiningthev unit);

• Whetherto permithyphenationor not;

• Whatcolourtheobjectis to appearin;

• Whether@Outline is in effect;

• Thelanguageof theobject;

• Whether@VAdjust, @HAdjust and@PAdjust arein effect.
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Thestyleof anobjectdependsonwhereit appearsin thefinal document.For example,thestyle
of a parameterdependson whereit is used;thestyleof a galley is thestyleof thefirst target
thatit attemptsto attachitself to. Of course,thestyleof any objectcanbechangedby usingthe
@Font, @Break, @Space, @SetColour or @SetColor, @Outline, and@Language symbols.

Thereareno standarddefault valuesfor style,exceptthatsmallcapitalsandoutliningare
initially off, theinterpretationof whitespaceis initially lout, andthevaluesof they andz units
arezero. Thereforeonemustensurethat theroot galley or eachof its componentsis enclosed
in @Font, @Break, @SetColour or @SetColor, and@Language symbols.Fromtherethestyle
ispassedto incominggalleysandtheobjectswithin them. Enclosurein @Space isnot required
becausethes unit is alsosetby @Font (Section3.5).

Theremainderof thissectionexplainshow thesizeof eachobject(itswidth andheighton
theprintedpage)is determined.Wewill treatwidth only, sinceheightis determinedin exactly
thesameway, exceptthatthecomplicationsintroducedby paragraphbreakingareabsent.

With threeexceptions(seebelow), thewidth of anobjectis aslargeasit possiblycouldbe
withoutviolatinga@Wide symbolor intrudinginto thespaceoccupiedbyneighbouringgapsor
objects.As anaid to investigatingthisrule,wewill usethedefinition

def @TightBox right x
{
  "0 0 moveto xsize 0 lineto xsize ysize lineto 0 ysize lineto closepath stroke"
  @Graphic x
}

which draws a box aroundtheboundaryof its right parameter(Section3.39)with no margin.
Theresultof

5c @Wide @TightBox metempsychosis

is

metempsychosis

Thewidestthat@TightBox metempsychosis couldpossiblybeis fivecentimetres,andaccord-
ingly that is its width. Thesameappliesto metempsychosis, which is five centimetreswide as
well. Notecarefullythat thereis no objectin thisexamplewhosewidth is equalto thesumof
thewidthsof thelettersof metempsychosis.

Thefirst of thethreeexceptionsto the‘aswideaspossible’ruleis the@HContract symbol,
whichcausesthewidth of its right parameterto bereducedto a reasonableminimum(a formal
definitionwill notbeattempted):

5c @Wide @HContract @TightBox metempsychosis

produces

metempsychosis

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

Thesecondof the threeexceptionsis thehorizontalconcatenationsymbol| (andalso&).
Considerthisexample:

5c @Wide @TightBox { A  |1c  B  |1c  C }

As usual,theright parameterof @Wide is fivecentimetreswide,andtheresultlookslikethis:

A B C

Lout hasto apportionthesizeminusinter-columngapsamongthethreecolumns.

If thecolumnsarewideenoughto requireparagraphbreaking,Lout will assignsizesto the
columnsin sucha wayasto leavenarrow columnsunbrokenandbreakwider columnsto equal
width,occupying thefull size. Otherwise,paragraphbreakingis not required,andeachcolumn
will beassigneda reasonableminimumsizein themannerof @HContract, exceptthatthelast
columnreceivesall theleftoverwidth. For example,

5c @Wide { @TightBox A  |1c  @TightBox B  |1c  @TightBox C }

hasresult

A B C

If it is desiredthat theleftover width remainunused,ratherthangoinginto thelastcolumn,an
emptycolumncanbeappended,or thelastcolumncanbeenclosedin @HContract. Two other
waysto apportionthe leftover width areprovided by the @HExpand and@HAdjust symbols
(Sections3.13and3.16).

Thethird andfinal exceptionto the‘aswide aspossible’rule concernsthecomponentsof
therootgalley. Eachis consideredto beenclosedin @HContract and@VContract symbols.

Up to this point we have treatedwidth asa singlequantity, but of courseit hastwo parts:
width to left andright of themark. The‘aswideaspossible’ruleappliesto bothdirections:

@HContract { @TightBox 953^.05 /0.5c @TightBox 2^.8286 }

hasresult

953.05

2.8286

Leftoverwidthusuallygoesto theright,aswehaveseen,but heresomewidthwasavailableonly
to theleft of 2.8286 owing to thecolumnmarkalignment.

2.7. Galleys and targets

Thebehaviour of galleysandtheir targets,asdescribedin Section1.4,canbesummarized
in threelaws:

First Law: The first target is the closestinvocationof the target symbol,eitherprecedingor
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following theinvocationpointof thegalley asrequired,whichhassufficientspaceto receivethe
first component;

Second Law: Eachsubsequenttarget is theclosestinvocationof the targetsymbol,following
theprevioustargetandlying within thesamegalley,whichhassufficientspacetoreceivethefirst
remainingcomponent;

Third Law: A receptive symbolthat doesnot receive at leastonecomponentof any galley is
replacedby @Null.

Theterms‘closest,’ ‘preceding,’ and‘follo wing’ referto positionin thefinal printeddocument.
Thissectionexplainstheoperationof theselawsin BasserLout.

Whenagalley cannotbefittedinto justonetarget,Lout mustfind pointsin thegalley where
it canbesplit in two. Theobjectlying betweentwo neighbouringpotentialsplit pointsis called
a component of thegalley. By definition,acomponentcannotbesplit.

To determinethe componentsof a galley, expandall symbolsother than recursive and
receptiveones,discardall @Font,@Break,@Space,@SetColor,@SetColour,and@Language
symbols,performparagraphbreakingasrequired,anddiscardall redundantbraces.Thenview
the galley asa sequenceof oneor moreobjectsseparatedby verticalconcatenationsymbols;
thesearethe componentsandsplit points,except that concatenationsymbolswhosegapsare
unbreakable(Section3.2)arenoteligibleto besplit points. For example,giventhedefinition

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

thegalley

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

becomes

Introduction
//0.7f
{}
//
This is a subject that really needs
//1vx
no introduction.
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with four components.If @Body hadbeenprecededby |1.0c in thedefinition,theresultwould
havebeen

Introduction
//0.7f
{}
//
|1.0c { This is a subject that really needs //1vx no introduction. }

with //1vx buried within one componentand hencenot a potentialsplit point. If 0.7f had
been0.7fu, thegapwould have beenunbreakableand //0.7fu would not have beena potential
split point.

Version3.03 hasliberalizedthis somewhat in the following way. When a component
consistsof a horizontalsequenceof two or moreobjectsA1, … , An separatedby | (not ||, not &),
Lout will investigatethecomponenttoseewhetherit canbebrokenup. It looksateachAi tosee
whetherit is a verticalconcatenationof objectsAi1, … , Aim; if two or moreof theAi satisfythis
condition,thecomponentwill notbebrokenup. Sonow supposewehavejustoneAi whichis a
verticalconcatenation.Lout will breakthecomponentintoonecomponentfor eachof theAi1,…
,Aim, providedthatthey areseparatedby // symbols(not /),andprovidedthiscanbedonewithout
introducingany apparentchangeinto theappearanceof thecomponent(thissecondrulewill be
satisfiedif theotherAj arenot very large). Theexampleabove satisfiesall theserulesandwill
bebrokenupinto two components,sothe//1vx becomesapotentialsplit pointafterall.

Thelinesof a paragraphbecomeseparatecomponentsif theparagraphoccupiesanentire
componentbeforebreaking;otherwisethey areenclosedin a @OneRow symbolwithin one
component.Thesameis trueof incomingcomponentsof othergalleys. If a @Galley symbol
occupiesanentirecomponentby therulesabove,thentheincomingcomponentsthatreplaceit
becomecomponentsof theirnew home:

An example
//0.5c
@Galley
//0.5c
@SomethingList

⇒
An example
//0.5c
Incoming components
//0.2c
from some other galley
//0.5c
@SomethingList

Otherwisethe incomingcomponentsaregroupedwithin a @OneRow symboland lie within
onecomponent.

This distinctionhasa marked effect on the vertical concatenationsymbol //1.1b, which
calls for morespacethanis available(Section3.2). Thereis no room for this symbolwithin
any component,soit will forcea split andbediscardedin thatcase.But it canbepromotedto
betweentwo components.

Componentsmaybeseparatedby / aswell asby //, giving riseto columnmarkalignment
betweenadjacentcomponents:
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When aligned componentsare promotedinto different targets, the meaningof alignment
becomesverydoubtful. For example,whatif thetargetsarein differentcolumnsof onepage,or
whatif onelieswithin 90d @Rotate?

Thetruth is that/ causesall theobjectsthatshareamarkto haveequalwidth:

This is a consequenceof the ‘as wide aspossible’rule (Section2.6). Mark alignmentoccurs
incidentally, whenever thefragmentsareplacedinto similarcontexts.

In thisconnectionwemustalsoconsiderthespecialcaseof a@Galley symbolwhichshares
its columnmarkwith someotherobject:

@Galley
/0.2c
@SomethingList

(The@Galley mayor maynotoccupy anentirecomponent;thatdoesn’t matterhere.) If incom-
ing componentsareseparatedby // ratherthanby /, themeaningissodoubtfulthatthisis forbid-
den. In fact,agalley whosecomponentsreplacesucha@Galley musthaveasinglecolumnmark
runningitsfull length;thatis,itscomponentsmustall shareasinglecolumnmark. Thismarkwill
bemergedwith thecolumnmarkpassingthrougheach@Galley thatthesecomponentsreplace;
all theobjectson theresultingmergedmarkwill haveequalwidth.

Therootgalley, whereeverythingcollectsimmediatelyprior to output,is createdautomati-
cally, notby adefinition. Its targetis theoutputfile, andits objectis theentireinput,whichtyp-
ically lookslikethis:

@PageList
//
@Text {
  Body text of the document ...
}

where@PageList expandsto asequenceof pagescontaining@TextPlace symbols(seeSection
1.2),and@Text is agalley:
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def @TextPlace { @Galley }

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

Thespotvacatedby agalley – its invocationpoint– becomesa@Null object,sothisrootgalley
is effectively @PageList alone,asrequired.The@Text galley will find its first targetpreceding
its invocationpoint,within @PageList.

Printingtheroot galley on theoutputfile is somewhatproblematical,becauseLout hasno
way of knowing how largethepaperis. BasserLout simply printsoneroot galley component
perpage(exceptit skipscomponentsof heightzero),andtheuserisresponsiblefor ensuringthat
eachcomponentis page-sized.Gapsbetweenroot galley components,evenunbreakableones,
havenoeffecton theresult.

BasserLout will promotea componentonly after any receptive symbolswithin it have
beenreplaced,eitherby galleysor by @Null, sinceuntil thenthecomponentis not complete.A
componentwhichsharesamarkwith followingcomponentsisheldupuntil they areall complete,
sinceuntil thentheirwidth is uncertain.

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

BasserLout is keento write out pagesassoonaspossible,to save memory, andit cannot
afford towait foreverfor non-existentfootnotes.A variantof thegalley concept,calleda forcing
galley, is introducedto solvethisproblem.A forcinggalley is definedlikethis:

def @Text force into { @TextPlace&&preceding }
   ...

andsoon. Whensuchagalley replacesa@Galley symbol,Lout replaceseveryreceptivesymbol
precedingthe@Galley by @Null, thusensuringthatassoonastext entersa page,for example,
everythingupto andincludingtheprecedingpagecanbeprinted. Thisdoesnot takecareof the
very lastpage,but BasserLout replacesall receptivesymbolsby @Null whenit realizesthatits
inputhasall beenread,thusallowing thelastpageto print.

A forcinggalley causestheThird Law to beappliedearlierthanexpected,andthiscreates
two problems.First, the replacementby @Null maybepremature:a galley mayturn up later
wanting one of the defunct targets. Such galleys (entriesin tablesof contentsare typical
examples)arecopiedinto thecrossreferencedatabaseandreadin duringthenext runjustbefore
theirtargetsareclosed,andsothey find theirtargetsin theend.Caremustbetakentoensurethat
largegalleyssuchaschaptersandsectionsdonothavedefuncttargets,sincethecostof copying
themto andfrom thedatabaseis unacceptablyhigh.

It is actuallyanover-simplificationto saythat thesereplacementsoccurwhentheforcing
galley replacesits @Galley. Whatreallyhappensis thatfrom thismomentonLout understands
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thatit hastheright to makethesereplacements,andit will doeachoneat thefirst momentwhen
not doingit would hold thingsup. Sothereis a shortperiodof gracewhengalleys,suchasthe
entriesin tablesof contentsjustalludedto,cansneakinto thesereceptivesymbols.

Theinto andforce into formsareactuallyjustabbreviationsfor thetruewaythatgalleysare
defined,whichisby giving thesymbolthatis tobeagalley aparameteror nesteddefinitionwith
thespecialname@Target:

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

    x
}

A forcinggalley is obtainedby using&&& insteadof &&. @Target maybeanarbitraryobject,
providedthatit yieldssucha crossreferencewhenevaluated.In thisway, differentinvocations
mayhavedifferenttargets.

Theforcinggalley effectcanbeobtainedin anotherway, by replacingthe@Galley symbol
to which thegalley is attachedby @ForceGalley. Theadvantageof this form is thatthegalley
canthenbeforcingatsomeplacesandnotatothers,usingtheformula

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

Now agalley mayhave@SomePlace for its target,andif it happensto attachto

@SomePlace force

it will havetheeffectof a forcinggalley, while if it happensto attachto

@SomePlace noforce

it will not.

Althoughit doesn’t matterwhetheragalley isdeclaredasaforcinggalley or merelyarrives
at a @ForceGalley symbolfrom thepoint of view of theeffect on nearbytargets,thereis one
wayin whichLout treatsthetwocasesdifferently. If a forcinggalley’sfirst componentdoesnot
fit into theavailablespace,thatcomponentwill bescaledverticallyuntil it does.Therationale
for this is thatforcinggalleysaremeantto carrythebulk of thedocumentandcannotafford to
beheldup becausetheuserhasinadvertentlyincludedanover-high component,which for all
Lout knowsto thecontrarymaynot fit onany page.If thisscalingis not wantedbut forcingis,
thegalley maybedeclarednot forcingbut all its targetsmaybesetto contain@ForceGalley.
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Within a galley, a symbolwhosenameis @Enclose hasa specialmeaning:whencompo-
nentsof thegalley replacea @Galley or @ForceGalley symbol,thatsymbolis first replacedby
@Enclose @Galley or @Enclose @ForceGalley. For example,

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

    @Body
}

causeseach@Galley or @ForceGalley symbol that receivescomponentsof galley @Figure
to bereplacedby @Box @Galley or @Box @ForceGalley, assuminganappropriatedefinition
of @Box. This is useful, for example,when producingmulti-pageboxed displays,figures,
andtables.

An @Enclose symbolmay have only one parameter, which must be a right parameter.
It would not make senseto allow moreparameters,sincethereis no suitablevalueto assignto
them.However, the@Enclose symbolmaycontaininnerdefinitions,andit maymakeuseof any
symbolthatis availableat thatpoint,in theusualway. The@Enclose symbolmaybea named
parameter(itself with a right parameter)of thegalley symbol,ratherthananinnerdefinitionas
shown above,if desired.

It makessensefor sortedgalleyscontaininga @Merge symbol(Section2.8) to alsohave
an@Enclose symbol. Themeaningis thatafterall mergingisdone,eachresultinggalley hasan
@Enclose symbolwhich is appliedin theusualway. Thevalueof this@Enclose symbolwill
bethevalueof an@Enclose symbolfrom oneof thecontributinggalleys,but exactlywhichone
is notdefined.Soit is safestif all such@Enclose symbolsproducethesameresult.

A following galley mayfail to find afirst targetlying in a following componentof thesame
galley asits invocationpoint. Thisis adeficiency of BasserLout,whichoccursif thetargethas
notbeenreadfrom inputatthetimethegalley triestofind it. A workaroundis touseapreceding
galley instead,definedlikethis:

def @AGalley into { @AGalleyPlace&&preceding }
    right @Body
{
    //1.1b
    @Body
}

andinvokedlikethis:
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@AGalleyPlace | @AGalley { content of galley }
//
...
@AGalleyPlace

Thefirst @AGalleyPlace receivesonly theinitial emptyobject,sincethe//1.1b forcesasplit;and
theSecondLaw putsBasserLout on theright trackthereafter.

2.8. Sorted galleys

Whenfootnotesareplacedat the bottomof a page,they appeartherein first come,first
servedorder. Tomakegalleysappearin sortedorder,asisneededin bibliographiesandindexes,
a parameteror nesteddefinitionwith thespecialname@Key is addedto thegalley definition,
like this:

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

@Key mustbe set to a simpleword, or several wordswith nothingmorecomplex than font
changeswithin them,whenthegalley is invoked:

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

andthiskey is usedto sortthegalleys.

If severalsortedgalleyswith thesamekey aresentto thesameplace,thedefaultbehaviour
is to print only the first of them; the assumptionis that the othersare probablyunwanted
duplicates.This holdsgoodfor sortedreferencelists, for example: we don’t want two copies
of a referencejust becausewehappento cite it twice. However, theothercommonexampleof
sortedgalleys,index entries,requiressomethingdifferent: merged galleys.

Supposethatat somepointof thedocumentweinserttheindex entry

aardvarks @IndexEntry { Aardvarks, 23 }

while atanotherpointwe insert

aardvarks @IndexEntry { Aardvarks, 359 }

How thepagenumbersareworkedoutisnotrelevanthere.Clearlywewouldliketomergethese
two entriesinto oneentrythatcomesoutas

Aardvarks, 23, 359

Thefollowing definitionwill mergetwo objectsin thisway:
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def @Merge left x right y
{
    {x @Rump y} @Case
    {
        ""      @Yield x
        else   @Yield { x, x @Rump y }
    }
}

The@Rump symbolis thesubjectof Section3.24;thissays‘if thetwo thingsto bemergedare
equal,theresultis oneof them;otherwiseit is thefirst followedby acommaandspaceandthen
therumpof thesecond.’ Our only problemis that thissymbolhasto beappliedto two galleys
from widely separatedpartsof thedocument.

Lout makesthispossibleby thefollowing specialrule: if a sortedgalley containsa nested
definitionof asymbolwhosenameis@Merge (@Merge musthavejusttwoparameters,left and
right),andif thatsortedgalley is precededin thelist of sortedgalleysdestinedfor sometarget
by anothersortedgalley with thesamekey, thenratherthanbeingdiscarded,thesecondgalley
is mergedinto thefirst usingthe@Merge symbol.

Thenaturalthingto dowhenmorethantwo galleyshavethesamekey is to mergethefirst
two, thenmergethethird with theresultof that,thenthefourth with theresultof that,andso
on. For efficiency reasonsbeyondourscopehere,Lout doesthemergingin adifferentorder: it
mergesn galleysby mergingthefirst n/2 together, thenthelast n/2 together, thenmerging
theresult.Of course,if the@Merge symbolisassociativethishasthesameeffect. The@Merge
symbolaboveis notstrictlyassociative,but it is closeenoughin practice.Thetotaltimeit takes
to mergen galleys with equalkeys is O( 2n ) or somewhathigher(but alwayspolynomialin n)
dependingonhow many timestheparametersoccurwithin thebodyof @Merge; to do it in the
naturallinearorderwould takeLout exponentialtime.

2.9. Horizontal galleys

All thegalleyssofar have beenvertical galleys: galleyswhosecomponentsareseparated
by vertical concatenationsymbols. Therearealsohorizontalgalleys, whosecomponentsare
separatedby thehorizontalconcatenationoperator& (or equivalently,byspaces).Thesework in
thesamewayasverticalgalleys,exceptfor thechangeof direction. For example,thefollowing
definestheequivalentof anordinaryoutdentedparagraph,exceptthatanoptionis providedfor
varyingthesizeof theoutdent:

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

    def @LineList
    {
        outdent @Wide {} | @PAdjust @ParPlace
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        //1vx @LineList
    }

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

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

Noticetheuseof &1rt to canceltheeffect of @PAdjust on thelast line of theparagraph.This
definitionhasaproblemin thattherewill beaconcludingunexpanded@LineList symbolwhich
will hold uppromotionof theenclosinggalley; thisproblemmaybefixedby thesamemethod
usedto enda list.

In anidealworld,therewouldbenothingfurtherto sayabouthorizontalgalleys. However
therearea few differenceswhich arisefrom variouspracticalconsiderationsand limitations.
Perhapssomedayamoreperfectsymmetrywill beimplemented.

Eachverticalgalley hasa fixedfinite width,andeverycomponentis brokento thatwidth.
This is neededbasically to trigger paragraphbreaking. However, there is no equivalent of
paragraphbreakingin theverticaldirection,sohorizontalgalleysdonothaveany particularfixed
height. Instead,eachcomponenthasits own individualheight.

Whentwoobjectsareseparatedby /, they areassignedthesamewidth(Section2.7),andthis
holdstrueevenif thetwo objectsaresubsequentlyseparatedby beingpromotedinto different
targets.For example,twoalignedequationswill havethesamewidth,andhencetheiralignment
will bepreserved,evenif they appearin differentcolumnsor pages.However, eventhough&
alignsthemarksof its two parameters,it doesnot assignthema commonheight. This means
thattheheightof any componentof ahorizontalgalley promotedinto onetargetdoesnotaffect
theheightconsumedby thecomponentspromotedinto any othertarget. Theotherhorizontal
concatenationoperator, |, doesassigna commonheightto its two parameters;but sequencesof
objectsseparatedby thisoperatorcannotbethecomponentsof ahorizontalgalley.

Lout isableto readverticalgalleysoneparagraphatatime;in thiswayit processesthedoc-
umentin smallchunks,never holdingmorethana few pagesin memoryat any time. However,
horizontalgalleysarealwaysreadin completely, sothey shouldnotbeextremelylong.

In principleLout shouldbeableto hyphenatethecomponentsof horizontalgalleyswhen
they aresimplewords,but thisis not implementedatpresent.

In anidealworld,everyparagraphwouldbetreatedasa horizontalgalley. However, to do
soin practicewouldbetooslow andwouldleadtoexcessiveclumsinessin notation,soatpresent
Lout hastwo competingmechanismsin thisarea:thebuilt-in paragraphbreakerwith its limited
setof optionsasgivenunderthe@Break operator,andhorizontalgalleys. Astheexampleabove
shows,horizontalgalleysarein principlecapableof implementingmany moreparagraphstyles
thanthebuilt-in paragraphbreakercouldeverhopeto do. Therecommendedpracticalstrategy
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is to usethebuilt-in paragraphbreaker mostof thetime,andswitchto horizontalgalleys only
for occasionaltricks,suchasparagraphswith dropcapitals,circularoutlines,etc.

2.10. Optimal galley breaking

As explainedin Section2.7, thecomponentsof a galley arepromotedoneby oneinto a
target. Whenspacerunsout there,thegalley searchesfor anew targetandpromotionresumes.

This processis exactly analogousto placingwordsontoa line until spacerunsout, then
moving toanotherline. But,asweknow, thatsimplemethodis inferior to theoptimalparagraph
breakingusedby Lout (copiedfrom theTEX system),whichexaminestheentireparagraphand
determinesthemostevenassignmentof wordsto lines.

Lout offers optimal galley breaking, the equivalent for galleys of optimal paragraph
breaking.Optimalgalley breakingcanreducethe sizeof ugly blank spacesat the bottomof
pagesprecedinglargeunbreakabledisplays,sometimesquitedramatically.

Optimalgalley breakingis appliedto eachgalley, horizontalor vertical,that possessesa
parameteror nestedsymbolcalled@Optimize whosevalueis Yes. Like crossreferencing,it
takestwo runsto haveeffect. Onthefirst run,Lout recordsthesizesof thegalley’scomponents
andgaps,andalsothespaceavailableateachof itstargets.At endof runthisinformationisused
tofind anoptimalbreak,whichiswrittento thecross-referencedatabase.Onthesecondrun,the
optimalbreakis retrievedandused.

Consideringthat this processmustcopewith floating figures,new pageandconditional
new pagesymbols,breaksfor new chapters,andevolving documents,it is surprisinglyrobust.
If it doesgo badlywrong,removing file lout.li thenrunningLout twice without changingthe
documentmay solve the problem. However, casesareknown wherethe optimizationnever
converges. Theseare usually relatedto figuresand footnoteswhoseanchorpoints fall near
pageboundaries.
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3.1. @Beginand @End

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

def @Section
    named @Title {}
    right @Body
@Begin
    @Title //2v @Body
@End @Section

They mayalsoenclosetheright or bodyparameterof asymbolinvocation:

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

Apart from their utility as documentationaids, theseforms allow BasserLout to pinpoint
mismatchedbraces,whichcanotherwisecreatetotalhavoc. For thisreason,they shouldenclose
themajorpartsof documents,suchaschaptersandsections.Notethatbracescannotbereplaced
by @Begin and@End in general.

3.2. Concatenationsymbolsand paragraphs

Therearetenconcatenationsymbols,in threefamilies:

/ ^/ // ^// Verticalconcatenation
| ^| || ^|| Horizontalconcatenation
& ^& In-paragraphconcatenation

Each symbol producesan object which combinestogetherthe two parameters.The right
parametermustbeseparatedfrom thesymbolby at leastonewhitespacecharacter.

Theverticalconcatenationsymbol/ placesits left parameteraboveits right parameterwith
their columnmarksaligned. If oneparameterhasmorecolumnmarksthanthe other, empty
columnsareinsertedat theright to equalizethenumbers.Thevariant// ignorescolumnmarks
andleft-justifiestheobjects.

Thehorizontalconcatenationsymbols|and||arehorizontalanaloguesof / and//: they place

36
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theirtwoparameterssidebyside,with row markalignmentor top-justificationrespectively. The
in-paragraphconcatenationsymbol& produceshorizontalconcatenationwithin aparagraph;its
specialpropertiesaretreatedin detailat theendof thissection.

Theconcatenationsymbolsin any onefamily aremutually associative, whichmeansthat

{ x |p y } |q z

is alwaysthesameas

x |p { y |q z }

for any objectsx, y, andz, any gapsp andq (definedbelow), andany choiceof |, ^|, ||, and^||. In
practicewealwaysomit suchbraces,sincethey areredundantandcanbemisleading.Theresult
of thecompletesequenceof concatenationswill becalledthewhole concatenation object, and
theobjectswhichmakeit upwill becalledthecomponents.

Onemarkis designatedastheprincipal mark, usuallythemarkof thefirst component.A
latermarkcanbechosenfor thishonourby attachinĝ to theprecedingconcatenationsymbol.
SeeSection3.10for examples.

A gap, specifyingthedistancebetweenthetwo parameters,mayfollow any concatenation
symbol. Theremaybenospacesbetweenaconcatenationsymbolanditsgap. A missinggapis
takento be0ie. Thegapiseffectivelyathird parameterof theconcatenationsymbol,andit may
beanarbitraryobjectprovidedthat it evaluatesto a juxtapositionof simplewords. In general,
thegapmustbeenclosedin braces,like this:

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

but thebracesmaybeomittedwhentheobjectisajuxtapositionof simplewordsoraninvocation
of asymbolwithoutparameters,asin //0.3vx and||@Indent.

A gapconsistsof a lengthplusagapmodeplusanoptionalindicationof unbreakability. A
length is representedby andecimalnumber(which maynot benegative) followedby a unit of
measurement.For example,2.5c representsthelength2.5centimetres.Figure3.1givesthefull
selectionof unitsof measurement.

After thelengthcomesanoptionalgap mode, which is a singleletterfollowing thelength,
indicatinghow the lengthis to be measured.As shown in Figure3.2,with edge-to-edgegap
modethe lengthl is measuredfrom the trailing edgeof thefirst objectto the leadingedgeof
thesecond.Edge-to-edgeis thedefaultmode: thee maybeomitted. Hyphenationgapmodeis
similar, exceptasexplainedat theendof thissection.

Mark-to-mark,overstrike,andkerningmeasurethe lengthfrom the last mark of thefirst
objectto thefirst markof thesecond.In thecaseof mark-to-mark,if thelengthis toosmallto
preventtheobjectsalmostoverlapping,it is wideneduntil they no longerdo. (Theextra l/10 is
notappliedwhenplaintext outputis in effect.) Kerningalsowidens,with theaimof preventing
the mark of eitherobject from overlappingthe otherobject;this modeis usedfor subscripts
andsuperscripts.

Tabulation ignoresthefirst objectandplacesthe leadingedgeof thesecondobjectat a
distancel from theleft edgeof thewholeconcatenationobject. It is themainuserof theb and
r unitsof measurement;for example,|1rt will right-justify thefollowing component,and|0.5rt
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c Centimetres.

i Inches.

p Points(72p = 1i).

m Ems(12m = 1i).

f Onef equalsthesizeof thecurrentfont,asspecifiedbythe@Font symbol(Section3.3).
Thisunit is appropriatefor lengthsthatshouldchangewith thefont size.

s Ones equalsthepreferredgapbetweentwowordsin thecurrentfont,asspecifiedin the
definitionof thefont,or by the@Space symbol(Section3.4).

v Onev equalsthecurrentgapbetweenlinesintroducedduringparagraphbreaking,as
specifiedbythe@Break symbol(Section3.4). Thisunit isappropriatefor lengths,such
asthespacesbetweenparagraphs,whichshouldchangewith theinter-line gap.

w One w equalsthe width of the following component,or its height if the symbol is
verticalconcatenation.

b Oneb equalsthewidth of thewholeconcatenationobject,or its heightif thesymbolis
verticalconcatenation.

r One r equalsone b minus one w. This unit is usedfor centring,and for left and
right justification.

d Degrees.Thisunit mayonly beusedwith the@Rotate symbol.

y Oney equalsthecurrentvaluesetby the@YUnit symbol(Section3.6). Thisunit isnot
usedinternallyby Lout; it is includedfor theconvenienceof applicationpackages.

z Onez equalsthecurrentvaluesetby the@ZUnit symbol(Section3.6). Thisunit isnot
usedinternallyby Lout; it is includedfor theconvenienceof applicationpackages.

Figure 3.1. Thethirteenunitsof measurementprovidedby Lout.

will centreit.

Thevalue|0rt separatingthefirst andseconditemsin a sequenceof horizontallyconcate-
natedobjectsissomewhatspecialin thatit denotesleft justificationof theobjectto its left in the
availablespace.Thisis identicalwith |0ie whentheobjectto theleft alsohastheprincipalmark;
but whenit doesnot,|0rt will causetheobjectto theleft toappearfurtherto theleft thanit would
otherwisehavedone,if spaceto dosois available.

A gap is optionally concludedwith an indication of unbreakability, which is a letter u
appendedto thegap. A paragraphwill neverbebrokenatanunbreakablegap,norwill a galley
bebrokenacrosstwo targetsat sucha gap. BasserLout’s implementationis slightly defective
in thatit ignoresany unbreakableindicationin thegapseparatingthefirst componentpromoted
into any targetfrom thesecond.

Whentwo objectsareseparatedonly by zeroor morewhitespacecharacters(spaces,tabs,
newlines,and formfeeds),Lout inserts&ks betweenthe two objects,wherek is the number
of spaces.Precisely, k is determinedby discardingall spacecharactersandtabsthat precede
newlines(theseareinvisible soarebetterignored),thencounting1 for eachnewline, formfeed
or space,and8 for eachtabcharacter. Thegapwill beunbreakableif k is zero.



3.2. Concatenation symbols and paragraphs 39

Edge-to-edge |le

Hyphenation |lh

Overstrike |lo

Mark-to-mark |lx

Kerning |lk

Tabulation |l t

l

l

l

max( l, a+b+l/10)

a b

max( l, a, b)

a b

l

current bound

Figure 3.2. The six gap modes provided by Lout.

A sequence of two or more objects separated by & symbols is a paragraph. Lout breaks
paragraphs into lines automatically as required, by converting some of the & symbols into //1vx.
Unbreakable gaps are not eligible for this conversion. ‘Optimal’ line breaks are chosen, using a
method adapted from TEX [5].

If an & symbol whose gap has hyphenation mode is chosen for replacement by //1vx, a
hyphen will be appended to the preceding object, unless that object is a word which already ends
with a hyphen. For example,

Long words may be hyph &0ih enat &0ih ed.

could have the following result, depending where the line breaks fall:

Long words may be hyphenat-
ed.

Basser Lout inserts hyphenation gaps automatically as required, again following the method of
TEX, which approximates the hyphenations in Webster’s dictionary. To prevent the hyphenation
of a single word, enclose it in quotes. Further control over paragraph breaking and hyphenation
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is providedby the@Break and@Space symbols(Sections3.4and3.5).

3.3. @Font, @Char, and @FontDef

A font is a collectionof characterswhich maybeprinted. Many fontscomein families,
whicharegroupsof fontsthathavebeendesignedtogotogether. For example,theTimesfamily
includesthefollowing fonts:

TimesBase
TimesSlope
Times Bold
Times BoldSlope

Thus,eachfont hastwo names:its familyname(Times,Helvetica,etc.)andits facename(Base,
Slope,etc.). TimesBaseis morecommonlycalledTimesRoman,and TimesSlopeis more
commonlycalledTimesItalic. Lout avoidsthesenamesin favour of genericnameswhich can
beappliedto many font families.

Ligatures,suchasfl for f l andfi for f i, areconsideredby BasserLout to beanintegralpart
of thefont: if thefontdefinition(seebelow)mentionsthem,they will beused.Similarly,kerning
(fine adjustmentof thespacebetweenadjacentcharactersto improve theappearance)is done
whenever indicatedin thefont definition. Enclosingoneof thelettersin @OneCol is onesure
wayto disablea ligatureor kern.

The@Font symbolreturnsits right parameterin a font andsizespecifiedby its left:

{ Times Base 12p } @Font object

Thefamily andfacenamesmusthaveappearedtogetherin a @FontDef (seebelow); thesizeis
arbitraryandmaybegivenin any oneof thec, i, p, m, f, s, andv unitsof measurement(Section
3.2),although10p and12p arethemostcommonsizesfor text. Theremaybeemptyobjectsand
@Null objectsin theleft parameterof @Font; theseareignored.

Whena @Font symbolis nestedinsidetheright parameterof another@Font symbol,the
inneronedeterminesthefont of its own right parameter. However, it maybeabbreviatedsoas
to inheritpartof 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
inheritstheouterfamilyandface.Whenafamilynameisgiven,it mustbefollowedimmediately
by a facename.A sizechangemayappearfirst or last.

Sizesof theform +lengthand–lengthmayalsobeused,meaningthatthefont sizeis to be
lengthlargeror smallerthantheinheritedvalue. For example,–2p isoftenusedfor superscripts
andsubscripts.Theseformsarehighly recommended,sincethey don’t needto bechangedif a
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decisionis madeto alterthefont sizeof thedocumentasawhole.

The@Font symbolalsoswitchesto andfrom smallcapitals:

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

Thesemaybenested,andthey cooperatewith otherfont changes.Thepreciseeffect depends
onthefont (seebelow). Thereisadefaultvalue(nosmallcaps), soit isnotnecessaryto mention
thisattributewhengiving aninitial font.

Therearetwopredefinedsymbols,@CurrFamily and@CurrFace,whichrespectivelyreturn
thefamilyandfacenamesof thecurrentfont. Forexample,rightnow @CurrFamily isTimesand
@CurrFace is Base.

To inform Lout that certainfontsexist, it is necessaryto createa databaseof @FontDef
symbols.A typicalentryin suchadatabaselookslikethis:

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

ThisentryinformsLout of theexistenceof a font whosefamily nameis thevalueof @Family
andwhosefacenameis thevalueof @Face. The@Tag valuemustbeexactlyequalto@Family
followedby ahyphenfollowedby @Face. Thereareafew fontswhicharetheonlymembersof
theirfamilies;eventhoughthesefontsdonotneedafacename,they mustbegivenone,probably
Base, by their@FontDef.

The other fields are implementation-dependent,but in BasserLout Version3 they are
@Name, a PostScriptfont name;@Metrics, anAdobefont metrics(formerlyAFM) file whose
FontNameentrymustagreewith thePostScriptfont namejust mentioned;and@Mapping, the
nameof a Lout CharacterMapping(LCM) file. Thefiles aresearchedfor in standardplaces.
ConsultthePostScriptReferenceManual[1] for generalinformationaboutfontsandencoding
vectors;briefly,an8-bit charactercodec in Lout’sinput ismappedto thecharacterin theAdobe
font metricsfile whosenameappearson theline labelledc in theLCM file. TheLCM file also
definesvariouscharacter-to-charactermappings,suchasupper-caseto lower-case,which are
usedfor suchpurposesastheproductionof smallcapitals.

The optionsshown above areall compulsory, but therearetwo otheroptionswhich are
optional. The@Recode option,if given,musthavevalueYes (thedefault,sorarelyseen)or No.
If @Recode { No } is given,Lout assumesthat thegivenencodingvectoris alreadyassociated
with thisfont in thePostScriptinterpreter, andoptimizesits outputaccordingly.

The otheroptionaloption,@ExtraMetrics, hasvalueequalto the nameof a secondfont
metricsfile which, if given,is addedto themainonedefinedby @Metrics. This extra metrics
file containsC (definecharacter)andCC (definecompositecharacter)entriesin thesameformat
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asin AFM files;Lout will build compositecharactersdeclaredin thisextra file from thegiven
pieces,which it doesnot do for compositecharactersin themainAFM file. Thereareexample
extrametricsfilesin thecurrentLout distributionwhichshow thepreciseformatof thesefiles.

It is not possibleto have two @FontDef databaseentrieswith the samefamily andface
names,becausethenthey musthavethesame@Tag,whichisnotallowed. However,aPostScript
font nameandfile may appearin two or morefont definitions,allowing onePostScriptfont
to have two or moreequallyvalid Lout names.The LCM files may be equalor differentas
desired.

The@Char symbolallowsa characterto bespecifiedby its name(its PostScriptnamein
BasserLout) ratherthanby its code:

@Char  nine

is equivalentto 9 in mostfonts. This is usefulasa documentationaid andto besureof getting
theright characterevenif theencodingvectorof thefont is changed.However@Char will fail
if thecharacternamedis not in theencodingvectorof thecurrentfont.

3.4. @Break

The@Break symbolinfluencestheappearanceof paragraphs(Section3.2),offeringafixed
setof ninestyles:

adjust @Break object Break the paragraphsof object into lines, and apply
@PAdjust (Section3.16) to every line except the last in
eachparagraph;

outdent @Break object Like adjust, except that 2.0f @Wide {} &0i is insertedat
the beginning of every line except the first, creatingan
outdentedparagraph;

ragged @Break object Breaktheparagraphsof objectinto lines,but donotadjust
thelines(‘raggedright’);

cragged @Break object Like ragged, except that eachline will be centredwith
respectto theothers;

rragged @Break object Like ragged, except that eachline will be right-justified
with respectto theothers(‘raggedleft’);

oragged @Break object Theobviouscombinationof ragged andoutdent;

lines @Break object Break the paragraphsof object into lines at the same
pointsthatthey arebrokeninto linesin theinput,andalso
atconcatenationsymbolsof theform&kb for any k greater
than1. Do not adjustthelines. Any spacesat thestartof
a line otherthanthefirst line will appearin theoutput;

clines @Break object Break the paragraphsof object into lines as for lines
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@Break, thencentreeachline with respectto theothers;

rlines @Break object Break the paragraphsof object into lines as for lines
@Break, then right-justify eachline with respectto the
others.

If theparagraphwasanentirecomponentof a galley, sowill eachof its linesbe;otherwisethe
linesareenclosedin a @OneRow symbolafterbreaking.

Thelengthof thegapusedto separatethelinesproducedby paragraphbreakingis always
1v. However, thev unit itself andthegapmodemaybechanged:

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

+gap @Break object Within object, take thevalueof thev unit to belargerby
thelengthof gap thanit wouldotherwisehavebeen;

–gap @Break object Within object, takethevalueof thev unit to besmallerby
thelengthof gap thanit wouldotherwisehavebeen.

In eachcase,themodeof gap is adoptedwithin object.

The@Break symbolalsocontrolshyphenation:

hyphen @Break object Permithyphenationwithin theparagraphsof object;

nohyphen @Break object Prohibithyphenationwithin theparagraphsof object; all
hyphenationgaps without exception revert to edge-to-
edgemode.

The@Break alsohasoptionswhichcontrolwidow andorphanlines:

unbreakablefirst @Break ob-
ject

Prevent column and pagebreaks(i.e. prevent a galley
from splitting) betweenthe first andsecondlinesof the
paragraphsof object;

unbreakablelast @Break ob-
ject

Prevent column and pagebreaksbetweenthe last and
secondlastlinesof theparagraphsof object.

Theseoptions work by adding the u (unbreakable)suffix to the appropriategaps during
paragraphbreaking,sotheir preciseeffect is asdescribedfor thissuffix. Theseoptionsmaybe
countermandedby breakablefirst @Break andbreakablelast @Break.

Several options may be given to the @Break symbol simultaneously, in any order.
For example,

{ adjust 1.2fx hyphen }  @Break  ...

is a typical initial value. Theremaybeemptyobjectsand@Null objectsin theleft parameterof
@Break; theseareignored.
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3.5. @Space

The@Space symbolchangesthevalueof thes unit of measurement(Section3.2)within
its right parameterto thevaluegivenby theleft parameter:

1c @Space { a b c d }

hasresult

a b c d

As for the@Break symbol,theleft parameterof @Space maybegivenrelativeto theenclosing
s unit,andit mayincludeagapmode.Notethatthe@Font symbolalsosetsthes unit.

Theleft parameterof the@Space symbolmayalsoholdany oneof thefivespecialvalues
lout, compress, separate, troff, andtex, which controltheway in which Lout treatswhitespace
separatingtwo objects.Thenamestroff andtex indicatethat thebehaviour of theseoptionsis
inspiredby theseotherdocumentformattingsystems.

Thedefaultsetting,lout,producesasmany spacesin theoutputastherearein theinput. The
compress settingcausesall sequencesof two or morewhite spacecharactersto betreatedthe
sameasonewhite spacecharacter. Theseparate settingis like compress but alsocauseszero
whitespacesbetweentwo objects(but not within oneword)to betreatedthesameasonewhite
spacecharacter.

Thetroff settingis thesameaslout exceptthatwhereverasentenceendsat theendof a line,
oneextra spaceis added.Formally, whentwo objectsareseparatedby white spacecharacters
which includeat leastonenewline character, andthe first object is a word endingin any one
of a certainsetof sequencesof characters,theextra spaceis added.Thesetof sequencesof
charactersdependson thecurrentlanguageandis definedin the langdef for that language(see
Section3.9).

The tex option is the mostcomplicated.First, the compress option is applied. Then,at
everysentenceending,whetheror notat theendof a line,oneextraspaceis added.A sentence
endingis definedasfor troff exceptthat,in additionto theprecedingword having to endin one
of acertainsetof sequencesof characters,thecharacterprecedingthatsequencemustexist and
mustbea lower-caseletter. A characteris a lower-caseletterif, in theLout CharacterMapping
file (Section3.3) associatedwith the currentfont, an upper-caseequivalent of the character
is defined.

3.6. @YUnit, @ZUnit, @CurrYUnit, and @CurrZUnit

The@YUnit symbolchangesthevalueof they unit of measurement(Section3.2)within
its right parameterto thevaluegivenby theleft parameter:

1c @YUnit { ... }

ensuresthatthevalueof 1y within theright parameterwill be1c. The@ZUnit symbolissimilar,
settingthevalueof thez unit in its right parameter. Bothunitshavedefaultvaluezero. Theleft
parametermaynot includeagapmode,normayit usethew, b, r, or of coursed units,but it may
beginwith + or - to indicatethatvalueis tobeaddedtoor subtractedfrom thecurrentvalue.Any



3.6. @YUnit, @ZUnit, @CurrYUnit, and @CurrZUnit 45

negativeresultof using- will besilentlyreplacedby zero.

The@CurrYUnit and@CurrZUnit symbolsreportthevalueof they andz units,in points,
truncatedto thenearestinteger. For example,

1i @YUnit { The current value of the y unit is @CurrYUnit }

produces

1i @YUnit { The current value of the y unit is @CurrYUnit }

sincethereare72pointsin oneinch(at least,Lout thinksthereare).

Theseunitsarenot usedinternallyby Lout. They aresuppliedaspart of thestyle infor-
mationfor theconvenienceof applicationpackages.For example,theEq equationformatting
packageusesthemto fine-tunetheappearanceof equations.

3.7. @SetColour and @SetColor

The @SetColour and@SetColor symbols,which have identicaleffect, returntheir right
parameterin the colour specifiedby their left parameter. The form of the left parameteris
implementation-dependent;in BasserLout it mustbean objectwhosevalueis a sequenceof
wordscomprisingaPostScriptcommandfor settingcolour. For example,

{ 1.0 0.0 0.0 setrgbcolor } @SetColour { hello, world }

producestheredresult

hello,world

Of course,acolouroutputdeviceis neededto seetheeffect;onamonochromedevicetheresult
will besomeshadeof grey. The@SetColour commandwill notacceptanemptyleft parameter
(it refusesto believe thatthiscouldcausea changeof colour),but otherwiseit truststheuserto
supplysomethingsensible.

The@SetColour commandacceptsthespecialvaluenochange for theleft parameter. This
valuecausestheright parameterto have thecolour it would have hadwithout the@SetColour
command.

Thereis no default colour, so the usermust ensurethat the root galley or eachof its
componentsis enclosedin a @SetColour symbolwhoseleft parameteris not nochange.

Lout makesno attemptto understandcolour, it simply prints the PostScriptcommands
whenappropriate.This hasthe advantageof permittingaccessto any of PostScript’s colour
models(somerequireinitialization which canbe suppliedusing@PrependGraphic), but the
disadvantageof offeringnowayto makerelativechanges(‘asbeforeonly redder,’ andsoon).

For thosewhowish to obtaincolourwithoutworkingveryhard,thesetrgbcolor command
usedaboveis availablein everyversionof PostScript,requiresnoinitialization,andis simpleto
use.Thethreenumbers,which rangefrom 0.0to 1.0,determinetheintensityof red,green,and
bluerespectively. Someusefulvaluesfor theleft parameterare
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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
0.5 0.5 0.5 setrgbcolor grey

0.0 0.0 0.0 setrgbcolor black

Colouringan objectwhite is usefulfor producingan emptyspacewhosesizeis that of some
object.

3.8. @Outline

The@Outline symbolcausesall thewordsin therightparameter(whichmaybeanarbitrary
object)to beprintedin outline,ratherthanfilled asis usual.For example,

@Outline @Box 24p @Font HELP

produces

HELP
Outlining is partof thestyle information,in thesameway ascolour, font, underlining,andso
forth. Outliningcanbeappliedto any font likely to beusedin practice.At thetimeof writing,
thereisnowayto controlthethicknessof theoutline,and@Outline hasnoeffect in PDFoutput.
Thesizeof outlinedwordsis takenby Lout to bethesameasif they hadnotbeenoutlined,even
thoughthey arein realityslightly larger.

3.9. @Language and @CurrLang

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

Danish  @Language  { ... }

BasserLout Version3 usesthis informationin two ways: to hyphenatewordsappropriatelyto
thatlanguage,andto changethevalueof the@CurrLang symbol(seebelow). Otheruses,such
asright-to-left formattingof certainlanguages,maybeaddedin thefuture.

The left parametermust either be empty (which meansto leave the current language
unchanged)or elseit musthavebeengivenin a langdef languagedefinitionat thebeginningof
theinput:

langdef  Danish  Dansk  { implementation-dependent}

After langdef comesa sequenceof oneor moresimplewords,which arealternativenamesfor
thelanguagebeingdefined.Following themcomesanimplementation-dependentpartbetween
braces.In BasserLoutVersion3thispartcontainsthenameof theLouthyphenationinformation
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file (minusits .lh suffix) to be usedwhenhyphenatingwordsin this language,followed by a
sequenceof wordswhichdefinetheendsof sentences.For example:

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

definesa languagecalledEnglishwith hyphenationpatternsfile english.lh andseven waysto
enda sentence.The useof thesesentenceendingsis describedin Section3.5. If thereis no
hyphenationfile available,thisis indicatedby writing - for thefile name;if therearenosentence
ends,they aresimplyomitted.

The@CurrLang symbol,which hasnoparameters,evaluatesto thefirst namegivenin the
langdef of thelanguagein forceat thepointwhereit is invoked:

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
}

Thisexampleevaluatesto thenameof thethird dayof theweekin thecurrentlanguage.

Thecurrentlanguageis partof thestyleof anobject,like its font. As explainedin Section
2.6,style is inheritedthroughthepoint of appearance,which for languagecanbeunexpected.
For example,anindex entrywhichoriginatesin aFrenchchapterbut appearsin anEnglishindex
will haveEnglishfor its language,somustbeexplicitly setto Frenchusing@Language.

3.10. @OneCol and @OneRow

The@OneRow symbolreturnsits right parametermodifiedsothatonly theprincipalrow
markprotrudes.Thisisnormallythefirst row mark,but anotheronemaybechosenbypreceding
it with ^/ or ^//. For example,

@OneRow {  |0.5rt  Slope @Font x + 2  ^//1p  @HLine  //1p  |0.5rt  5 }

hasresult

x + 2
5

with onerow markprotrudingfrom thebarasshown. Comparethiswith

@OneRow {  |0.5rt  Slope @Font x + 2  //1p  @HLine  //1p  |0.5rt  5 }
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wherethemarkprotrudesfrom thenumerator:

x + 2
5

@OneCol hasthesameeffectoncolumnsas@OneRow doesonrows,with thesymbolŝ | and
^|| (or ^&) determiningwhichmarkis chosen.

3.11. @Wide and @High

The@Wide symbolreturnsits right parametermodifiedto have thewidth givenby its left
parameter, which mustbea length(Section3.2)whoseunit of measurementis c, i, p, m, f, s, or
v. If theright parameteris not aswide asrequired,whitespaceis addedat theright; if it is too
wide, its paragraphsarebroken(Section3.4)sothat it fits. A @OneCol operationis included
in theeffect of @Wide, sinceit doesnot make sensefor anobjectof fixedwidth to have two
columnmarks.

The@High symbolsimilarly ensuresthat its resultis of a givenheight,by addingwhite
spaceatthebottom. In thiscaseit isanerrorfor therightparametertobetoolarge. A @OneRow
operationis included.

3.12. @HShift and @VShift

The@HShift symbolreturnsits right parameterwith principalmarkshiftedasprescribed
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 measurementof lengthmaybec, i, p, m, f, s, v, or w. In thelattercase,1w is
takento bethewidth of theright parameter, sothat,for example,0.5w @HShift will centrethe
principalcolumnmarkwithin theright parameter.

The@VShift symbolis similar exceptthat it appliesvertically to theprincipalrow mark:
+lengthshiftsit down, -lengthshiftsit up,andlengthshiftsit to lengthbelow thetopedgeof the
object. With @VShift, 1w is takento betheheightof theright parameter.

3.13. @HExpand and @VExpand

The @HExpand symbolcausesits right parameterto beaswide asit possiblycould be
withoutviolatinga@Wide symbolor intrudinginto thespaceoccupiedbyneighbouringgapsor
objects.The@VExpand symbolis similar, but it affectsheight. For example,in theobject



3.13. @HExpand and @VExpand 49

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

objectx couldhave any sizeup to six incheswide by nineincheshigh,sothe@HExpand and
@VExpand symbolscauseit to have exactly thissize. This is important,for example,if x con-
tains|1rt or /1rt; without theexpansionthesemightnotmoveasfaracrossor down asexpected.

As Section2.6explainsin detail,mostobjectsarealreadyaslargeasthey possiblycould
be. Consequentlythesesymbolsareneededonlyrarely. @HExpand includesa@OneColeffect,
and@VExpand includesa @OneRow effect.

3.14. @HContract and @VContract

The@HContract symbolreducesthesizeof its right parameterto a reasonableminimum
(afterparagraphbreaking).For example,

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

hasresult

AB

in whichtheB ismuchcloserto theA thanit wouldotherwisehavebeen.@VContract issimilar,
but in averticaldirection. SeeSection2.6for amoreextensivediscussion.

3.15. @HLimited and @VLimited

The @HLimited symbol limits the width available to recursive and receptive symbols
within its right parameterto whatever is availablewithout increasingthe existing sizeof the
@HLimited object. Sothissymbolactslike@Wide with respectto limiting thespaceoccupied
by recursive andreceptive symbols,except that insteadof enforcinga fixed constantlimit, it
enforceswhateversizeis alreadyin place.

The@VLimited symbolisexactlythesame,exceptthatit appliesverticallyratherthanhor-
izontally.

3.16. @HAdjust, @VAdjust, and @PAdjust

Thesesymbolsspreadtheir right parameterapartuntil it occupiesall thespaceavailable
to it; @HAdjust adjusts| sequences,@VAdjust adjusts/ sequences,and @PAdjust adjusts&
sequences.For example,

4i @Wide @PAdjust { 1 2 3 4 5 6 7 8 }

hasresult

1 2 3 4 5 6 7 8
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Moreprecisely, thewideningiseffectedby enlargingthesizeof eachcomponentexceptthelast
byanequalfractionof thespacethatwouldotherwisebeleft over– justtheoppositeof theusual
procedure,whichassignsall theleftoverspaceto thelastcomponent(Section2.6).

@PAdjust is usedby theadjust andoutdent optionsof the@Break symbol(Section3.4).
It hasa slight peculiarity: it will not enlargecomponentswhentheimmediatelyfollowing gap
haswidth 0. This is to prevent spacefrom appearing(for example)betweena word andan
immediatelyfollowing comma.Theothertwo symbolswill enlargesuchcomponents.

3.17. @HScale and @VScale

@HScale causesits right parameterto expandto fill thespaceavailable,by geometricallly
scalingit:

4i @Wide @HScale { 1 2 3 4 5 6 7 8 }

hasresult

12 34 56 7 8

and

0.5i @Wide @HScale { 1 2 3 4 5 6 7 8 }

hasresult

12 34 56 7 8

@HScale first applies@HContract to its parameter, thenhorizontallyscalesit to theactualsize.
Theprincipalmarkof theright parameterhasnoeffect on theresult;theparameteris scaledto
theactualsizeandpositionedto fill thespaceavailable. (Takingaccountof alignmentof the
principalmarkonly causestroublein practice.)

@VScale is similar, but in a verticaldirection. @HScale and@VScale eachhave botha
@OneCol anda @OneRow effect.

3.18. @HCover and @VCover

The@VCover symbolverticallyscalesitsrightparametersothatit coverseveryobjectthat
sharesits row mark. For example,

@VCover ( 45d @Rotate Hello @VCover )

produces

( Hell
o )

Therow markhasbeenaddedto show clearlywhereit lies. Thisshouldbecomparedwith
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@VScale ( 45d @Rotate Hello @VScale )

whichproduces

( Hell
o )

Scalingabandonsmark alignmentandso is ableto exactly cover the restof the row, whereas
coveringpreservesmarkalignmentandsois obligedin generalto morethancover therestof
therow.

If theparameterof @VCover haszeroverticalsize,thisis takentomeanthatcoveringisnot
requiredafterall andthe@VCover is silently ignored. If however theparameterhasnon-zero
sizeabove themarkbut zerosizebelow, or vice versa,this is takento beanerrorsincescaling
cannotmaketheparametercover therestof therow.

@HCover is similar, horizontallycoveringall objectsthatshareits columnmark. Neither
symbolworkswell neargalley targets,becausethescalefactortoapplyisdeterminedbeforeany
galley flushingtakesplace.

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

Thesesymbolswork togetherto producespanningcolumnsandrows in a moreflexible
waythanis possiblein practicewith // and||. An object

@StartHSpan object

causesobject to beprinted,but occupying all thehorizontalspaceto theright on therow mark
onwhichit liesuptoandincludingtherightmost@HSpan symbolonthatmarknotprecededby
@StartHVSpan, @StartHSpan, @StartVSpan, or @VSpan. Thecolumnmarkof thisspanning
objectis not constrainedto alignwith any of thecolumnmarksof thecolumnsit spans.

If thereis no @HSpan symbolanywhereto the right of @StartHSpan, then the object
spansonly its own column. Thismeansthatit occupiesthatcolumnasusualbut its markis not
constrainedto alignwith thoseof theotherobjectsin thecolumn.

Similarly, the@StartVSpan symbolcausesitsobjectto occupy all theverticalspacebelow
it onthecolumnmarkonwhich it lies,down to andincludingthebottommost@VSpan symbol
onthatmarknotprecededby a@StartHVSpan, @StartHSpan, @StartVSpan, or @HSpan; and
if thereisno@VSpan symbolanywherebelow it onthatmark,thentheobjectspansonly itsown
row, occupying its row but with its marknotconstrainedto alignwith therow mark.

The @StartHVSpan symbol combinesthe effects of @StartHSpan and @StartVSpan,
allowing anobjectto spanbothcolumnsandrowssimultaneously. For example,in

@StartHVSpan x  |  | @HSpan
/
@VSpan   |  |

the object x will occupy a rectangularareaspanningthreecolumns,two rows, and the gaps
betweenthem.
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Theobjectslying in theregionspannedshouldall beempty, or the@HSpan and@VSpan
symbolscanbeusedto documentthespanningthat is occurring. At presenttheremaybeno
galley targetsor recursivesymbolswithin theright parameterof @StartHSpan, @StartVSpan,
or @StartHVSpan. However, therightparametermayotherwisebeanarbitraryobject,including
paragraphsof text thatrequirebreaking.

If theright parameterof @StartHSpan, @StartVSpan, or @StartHVSpan occupiesmore
horizontalor verticalspacethanall of thespannedcolumnsor rowscombinedrequire,theextra
spacegoesinto the last spannedcolumnor row. Overlappingspanningrows andcolumnsare
permitted.Gapsspannedby spanobjectsareunbreakable(their u indicatoris setautomatically
andcannotberevoked).

3.20. @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 Hello Hello

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

{0.5 2.0} @Scale Hello

hasresult

Hello
Theleft parametermaybeempty, in which caseLout will scaletheobjectby a commonfactor
horizontallyandverticallysoasto occupy all availablehorizontalspace:

{} @Scale { Hello world }

hasresult

Hello world
Theright parametermaybeany object. @Scale hasbotha @OneCol anda @OneRow effect,
andthemarksof theresultcoincidewith theprincipalmarksof theright parameter.
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3.21. @Rotate

The@Rotate symbolwill rotateits right parametercounterclockwiseanamountgivenin
degrees(positiveor negative)by its left parameter. For example,

30d  @Rotate  { hello, world }

hasresult

hello,world

Beforerotatingtheobject,@OneCol and@OneRow areappliedto it. Theresultis a rectangle
whosemarkspassthroughthepointwheretheoriginalmarkscrossed:

⇒

As thisexampleshows,rotationby anangleotherthana multipleof ninetydegreesintroduces
quitea lot of whitespace.So,for example,theresultof

-30d @Rotate 30d @Rotate object

is amuchlargerobjectthanobject, despitethefactthatonerotationcancelstheother.

Rotationof objectscontainingreceptiveandrecursivesymbolsis permitted,but for angles
otherthanmultiplesof ninetydegreesit is bestto make thesizeof therotatedobjectclearwith
@Wide and@High symbols:

30d @Rotate 5i @Wide 4i @High
{   //1i @TextPlace
    //1i
}

This is becausefor anglesother than multiples of ninety degreesthe spaceavailable for
@TextPlace to occupy is indeterminate,andtheresultis poor.

3.22. @Background

The @Background symbol will print its left parameterin the backgroundof its right
parameter. That is, theresulthasthesizeof theright parameter, but theleft parameterwill be
printedfirst in thesamespace,with its marksalignedwith themarksof theright parameter.

3.23. @KernShrink

Thissymbolreturnsits right parameterunchangedin appearancebut occupying a slightly
smallerboundingbox. Thereductionis by theamountof kerningthatwould beappliedif the
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right parameterwasimmediatelyfollowedby theleft parameter. For example,

. @KernShrink P

hasresult

P

wherea box of size0 hasbeendrawn aroundtheresultto make its extentclear. Comparethis
with ‘P’ alone:

P

in which theboundingboxexactlyenclosestheobject,or at leastis supposedto. Thebounding
box is smalleron theright by theamountof kerningthatwouldbeappliedbetween‘P’ and‘.’.

Theonly known usefor thissymbolis to producetucked-insubscriptsin theEq equation
formattingpackage.

3.24. @Common, @Rump, and @Meld

The@Common and@Rump symbolscomparetwo paragraphobjects:

{ Aardvark, 29 } @Common { Aardvark, 359 }

If eitherparameteris not a paragraphobject,it is convertedinto a single-objectparagraphfirst.
Theresultof @Common is thecommonprefixof thetwoparagraphs;thatis,thoseinitial objects
whichareequalin thetwo paragraphs.In theexampleabove,theresultis Aardvark,. Theresult
of @Rump is thatpartof thesecondobjectwhich is not includedin @Common; theresultof

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

is 359.

If thetwoobjectshavenothingin common,theresultof @Commonwill beanemptyobject
andtheresultof @Rump will bethesecondobject. 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 symbol returnsthe minimum meld of two paragraphs,that is the shortest
paragraphthatcontainsthetwo originalparagraphsassubsequences.For example,

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

produces

Aardvark , 1, 2 , 3

The result is relatedto the well-known longestcommonsubstring,in that the meld contains
everythingnot in thelcsplusonecopy of everythingin thelcs. This functionis well-suitedto
meldingcomplex index entries.Notethattheremustbeanon-zeroamountof spacebeforeeach
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comma,otherwiseeachwill becomepartof theprecedingword,and,since@Meld comparesthe
two paragraphswordby word,theresultwill bedifferentandlesssatisfactory.

3.25. @Insert

The@Insert symbolinsertsits left parameterat thebeginningof thefirst paragraphof its
right parameter:

X @Insert { A B // C // D }

is equivalentto

{ XA B // C // D }

Noticethata zero-widthspaceseparatesX from thefirst paragraph,so if somewider spaceis
requiredit mustbeplacedat theendof X. The@Insert operationis appliedto thevalueof the
right parameterafterevaluation.

Theonly known usefor thissymbolis to attachsomethinglike Figure 6 to thefront of a
multi-paragraphcaption.

3.26. @OneOf

The@OneOf symbolreturnsoneof thesequenceof objectswhichis its right parameteras
its result:

@OneOf {
    @ResultA
    @ResultB
    @ResultC
}

The choiceis madeto ensurethat whatever galley target is requiredat the momentis found.
For example,if weareevaluating@OneOf aspartof anattemptto attacha galley whosetarget
is @SomeTarget, thentheresultabove will be@ResultA if it contains@SomeTarget, or else
@ResultB if it contains@SomeTarget, or else@ResultC (whetheror not it containsthetarget,
or if thereis notarget).

Useof @OneOf in conjunctionwith recursive symbolscanleadto problems.Consider
thisexample:

def @Recursive {

    def @ChoiceA { @APlace // @Recursive }

    def @ChoiceB { @BPlace // @Recursive }

    @OneOf {
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        @ChoiceA
        @ChoiceB
    }
}

Lout believesthatexpanding@Recursive is theright thing to do whensearchingfor eitherof
the galley targets@APlace and @BPlace. When searchingfor @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 expansionuntil a decisionhas
beenmadeto expandthesymbolthey lie within. In thisparticularexampleit wouldbesimpler
to write

def @Recursive {

    @OneOf {
        @APlace
        @BPlace
    }
    // @Recursive
}

but this factoringis not possiblewhenthe recursive callshave parametersthat arerequiredto
differ in thetwo cases.

3.27. @Next

The@Next symbolreturnsitsparameterplusone. It is rathercleveratworkingthisout: it
huntsthroughtheparameterfrom right to left, lookingfor anumberto increment:

@Next (3.99)

hasresult (3.100). If @Next cannotfind a digit inside its parameter, it is an error. Roman
numeralsarehandledby storingthemin adatabase,asexplainedin Section4.2;@Next will not
incrementaRomannumeral.

3.28. @Case

The@Case symbolselectsits resultfrom a list of alternatives,dependingona tag:

@Day @Case {
    { 1 21 31 }  @Yield  st
    { 2 22 }  @Yield  nd
    { 3 23 }  @Yield  rd
    else  @Yield th
}
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In thisexampletheresultwill best if @Day is 1,21,or 31,andnd if @Day is 2 or 22,etc. The
effect is similar to accessingadatabase,thoughin amorecompactform. Theright parameteris
a sequenceof @Yield symbols,eachwith a left parameterwhosevalueis a sequenceof oneor
morejuxtapositionsof simplewords,anda right parameterwhichmaybeany object.

We first describethe behaviour when the value of the left parameterof @Case is a
juxtapositionof oneor moresimplewords. Thentheresultof the@Case is theright parameter
of thefirst @Yield whoseleft parametercontainseitherthevalueof the left parameterof the
@Case, or thespecialvalueelse. If thereis nosuch@Yield it is anerror.

Whenthe left parameterof @Case is not a juxtapositionof simplewords,the result is
theright parameterof thefirst @Yield whoseleft parameteris else, or anerrorotherwise.This
permitsexampleslike

@RunningTitle @Case {
    dft @Yield @Title
    else @Yield @RunningTitle
}

wherea runningtitle is returnedunlessit hasthe valuedft (which presumablymeansthat no
runningtitle wassupplied),in whichcaseanordinarytitle is returnedinstead.

Whena receptive symbolis placedwithin a @Case, it shouldbe includedin eachalter-
native,sinceotherwiseBasserLout maybecomeconfusedwhentrying to predictwhetherthe
symbolwill beapartof theresultor not. Alternatively, if it canbeguaranteedthatthereceptive
symbolwill never besearchedfor whenthecasesthatit doesnot lie within areselected,that is
all right too.

3.29. @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 maybeusedlikeany othersymbol. Lout providesaninvocationof @Moment with tagnow,
whoseotherparametersarenumbersencodingthecurrentdateandtime:
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@Second the current second, usually between 00 and 59
@Minute the current minute, between 00 and 59
@Hour the current hour, between 00 and 23
@Day the current day of the month, between 1 and 31
@Month the current month, between 1 (January) and 12 (December)
@Year the current year of the century, between 00 and 99
@Century the current century, e.g. 19 or 20
@WeekDay the current day of the week, between 1 (Sunday) and 7 (Saturday)
@YearDay the current day of the year, between 0 and 365
@DaylightSaving an implementation-dependent number that may encode the daylight

saving currently in effect

Unix manual entries state that @Second can be as high as 61, to allow for leap seconds.
Judicious use of databases can convert these numbers into useful dates. For example,

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

produces something like 17 December, 2000 given a suitable database of months.

3.30. @Null

This symbol provides a convenient way to remove unwanted concatenation symbols. If
there is a concatenation symbol preceding @Null, the @Null and the concatenation symbol are
both deleted. Otherwise, if there is a following concatenation symbol, it and the @Null are both
deleted. Otherwise, @Null becomes an empty object.

These rules apply to a fully parenthesized version of the expression. For example, in

...  //1vx @Null |0.5i ...

it is the horizontal concatenation symbol following @Null that disappears, because in the fully
parenthesized version

...  //1vx { @Null |0.5i ... }

there is no concatenation symbol preceding the @Null.

3.31. @Galley and @ForceGalley

These symbols both act as a placeholder for a galley. That is, they may be replaced by
components of a galley. In the case of @ForceGalley the galley will then have a forcing galley
effect at this point although it need not be declared using force into. See Section 2.7 for a detailed
discussion of galleys, forcing galleys, and targets.



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

59

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

Informally, headercomponentsarerunningheadersthatappearat thetopof thedisplayed
segmentsof galleys. They areused,for example,by the@Tbl tableformattingpackageto place
runningheadersat thetopof eachpageof amulti-pagetable,afterthefirst page.

Formally,aheadercomponentof agalley isanordinarycomponentof agalley (Section2.7)
togetherwith anindicationthatthecomponentis a headercomponent.Whenprinted,a header
componentlooksexactly like it wouldhavedoneasanordinarycomponent;thedifferenceis in
whetherthecomponentis printedatall, andif sowhere.

Everynon-headercomponentof everygalley hasassociatedwith it a sequenceof zeroor
moreheadercomponents.Whenever a galley attachesto a target,andthetargetdoesnot itself
occupy anentirecomponentof theenclosinggalley,copiesof theheadercomponentsassociated
with thefirst ordinarycomponentto bepromotedinto thattargetarepromotedinto it first.

Thecondition‘and thetargetdoesnot itself occupy anentirecomponentof theenclosing
galley’ ensuresthat,for example,whenpartof a sectionhasheadercomponents,thesearenot
printedwherethesectionis promotedinto its chapter, but ratherwherethechapteris promoted
ontopages.If thetargetoccupiesthewholecomponent,thentheincominggalley will not split
atall, soheaderswouldbeof nointerestthere.

Theoneremainingquestionis ‘How isthesequenceof headercomponentsof eachordinary
componentdetermined?’By default,theheadercomponentsof onecomponentarethesameas
thoseof thepreviouscomponent.Wecanshow thisgraphicallyasfollows:

Ci : H1, H2, … , Hn
/
Ci+1 : H1, H2, … , Hn

whichmayberead:‘If ordinarycomponentCi hasheadercomponentsequenceH1, H2, … , Hn,
thenits successorcomponentCi+1 hasheadercomponentsequenceH1, H2, … , Hn also.’ Using
thisnotation,wemaynow definethefour symbolsthataffectheadercomponentsequences:

Ci : H1, H2, … , Hn
/
gap @BeginHeaderComponent Hn+1
/
Ci+1 : H1, H2, … , Hn, Hn+1

Thatis,@BeginHeaderComponentoccupyinganentirecomponentappendsaheadercomponent
to thesequenceof the following ordinarycomponents.Whenprinted,this headercomponent
is separatedby gap from thefollowing component;if gap is emptyit denotes0ie asusualwith
concatenationgaps. Theappearanceof theheadercomponentwill beexactlyasit would have
beenhadit occurredaloneat thatpoint,ratherthanafter@BeginHeaderComponent.

Next comes@EndHeaderComponent:
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Ci : H1, H2, … , Hn, Hn+1
/
@EndHeaderComponent
/
Ci +1 : H1, H2, … , Hn

That is, @EndHeaderComponent (which hasno parameters)occupying an entirecomponent
deletesthelastheadercomponent.If thesequenceis empty, a warningmessageis printedand
it remainsempty. @BeginHeaderComponent and@EndHeaderComponent arenaturallyused
in matching(possiblynested)pairs,to introduceandsubsequentlyretractaheadercomponent.

Next comes@SetHeaderComponent:

Ci : H1, H2, … , Hn
/
gap@SetHeaderComponent Hn+1
/
Ci +1 : Hn+1

@SetHeaderComponent clearsany currentheadercomponentsandreplacesthemby oneof its
own. Finally wehave@ClearHeaderComponent:

Ci : H1, H2, … , Hn
/
@ClearHeaderComponent
/
Ci +1 :

Thissymbolclearsany headercomponents,leavingthesequenceempty. Theselasttwosymbols
combinelesscleanlythanthefirst two (eitherwill wreckany enclosing@BeginHeaderCompo-
nent – @EndHeaderComponent pair),but they areusefulin situationswheretherangeof one
headeris terminatedby thestartof therangeof thenext.

All four symbolsyield the value@Null wherethey appear. If they do not occupy entire
componentsof theirgalley, they aresilently ignored.

3.33. @NotRevealed

The @NotRevealed symbolexertsfine control over the processof expandingreceptive
symbols.It mayappearonlywithin thebodyof adefinition,immediatelyfollowing thenameof
a receptivesymbol. For example:
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def A { @Galley }

def B { @Galley }

def ABList
{
    A
    //  B @NotRevealed
    //  ABList
}

Themeaningis thatthesymbolimmediatelypreceding@NotRevealed, B in thisexample,isnot
revealedtogalleyswhichencounterABList whilesearchingfor targets;tosuchgalleysit appears
thatABList containsA only,notB,henceonlygalleystargetedtoA will expandABList. However,
afterABList is expandedby suchagalley, B will beavailableasa targetin theusualway.

Apart from thismeaning,@NotRevealed hasnoeffectatall, andthebodyof thedefinition
may be understoodby deleting@NotRevealed and any precedingspace.Thus,the symbol
preceding@NotRevealed mayhavenamedandright parametersin theusualway;thesewould
follow afterthe@NotRevealed symbol.

Thissymbolwasintroducedtoovercomeaproblemwith floatingfigurestreatedasdisplays.
It turnedout to beessentialto specifythelayoutof acolumn(in part)as

@BodyTextPlace
//  @FigurePlace
//  @BodyTextPlace
//  @FigurePlace
//  @BodyTextPlace
...

sothatfigurescouldalternatewith bodytext down thecolumn.However,somemeanswasneed-
edto ensurethat in theabsenceof any figurestherecouldonly beone@BodyTextPlace in the
column,sinceotherwisevariousproblemsarose,for examplethe@NP symbolmerelycausing
a skip from one@BodyTextPlace to thenext in thesamecolumn,ratherthanto thefirst in the
next column. Also, without this featurethe optimalpagebreaker’s attemptsto enda column
earlywould befrustratedby Lout thendiscoveringthatplentyof spaceexistedat a following
@BodyTextPlace in thesamecolumn.ThesolutionisbasedonABList above;eachoccurrenceof
@BodyTextPlace aftera@FigurePlace isnotrevealedin theenclosingdefinition,andsocannot
befoundby bodytext galleysunlessa figurehaspreviouslyattachedto thepreceding@Figure-
Place.

3.34. The cross reference symbols && and &&&

The crossreferencesymbol && takes the nameof a symbol (not an object) for its left
parameter, andanobjectwhosevaluemustbea simpleword,or severalsimplewords,for its
right parameter. Theresultis a crossreference,which maybethoughtof asanarrow pointing
from thecrossreferencesymbolto thebeginningof aninvocationof thenamedsymbol.
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Theinvocationpointedto,knownasthetargetof thecrossreference,isgenerallyonewhose
@Tag parameterhasvalueequalto the right parameterof the crossreferencesymbol. Three
specialtags,preceding, following, and foll_or_prec, point respectively to the first invocation
precedingthecrossreferencein thefinal printeddocument,to thefirst invocationfollowing it,
andto thefirst following it if suchexistselseto thefirst precedingit.

A crossreferencemaybeusedin four ways: whereanobjectis expected,in whichcaseits
valueis a copy of thetarget;with the@Open and@Use symbols;with the@Tagged symbol;
andin the into clauseor @Target symbolof a galley definition,in which casethevalueof the
tagmustbepreceding, following, or foll_or_prec.

Within an into clauseor @Target symbol, the alternative form &&& is acceptableand
indicatesa forcinggalley (Section2.7).

Exceptwithin aninto clauseor @Target symbol,thesymbolreferredto musthavea@Tag
parameter. Thisissoevenif theright parameterof thecrossreferenceispreceding, following, or
foll_or_prec.

3.35. @Tagged

The@Tagged symboltakesa crossreferencefor its left parameterandanobject,whose
valuemustbea juxtapositionof simplewords,or severalwords,or anemptyobject,for its right
parameter. It hastheeffectof attachingits right parameterasanadditionaltagto theinvocation
denotedby its left parameter, unlesstheright parameteris empty, in whichcase@Tagged does
nothing. Theresultof @Tagged is always@Null, whichmakesit effectively invisible.

3.36. @Open and @Use

The@Open symboltakesacrossreferenceor symbolinvocationfor its left parameter,and
anarbitraryobject,whichmustbeenclosedin braces,for itsrightparameter. Therightparameter
mayreferto theexportedparametersandnesteddefinitionsof theinvocationdenotedby theleft
parameter, andits valueis the@Open symbol’sresult. Thetargetof thecrossreferencemaylie
in anexternaldatabase(Section3.38). Any symbolavailableoutsidethe@Open whichhappens
to havethesamenameasoneof thesymbolsmadeavailableby the@Open will beunavailable
within the@Open.

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

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

is equivalentto
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definitions
x @Open
{ y @Open

{ restof input
}

}

The@Use symbolallowsasetof standardpackagesto beopenedwithout theinconvenienceof
enclosingtheentiredocumentin @Open symbols.SuchenclosurecouldcauseBasserLout to
runoutof memory.

3.37. @LinkSource and @LinkDest

Thesetwo symbolswork togetherto createlinks in adocument,thatis,pointswhereauser
viewing thedocumentonscreencanclick andbetransportedto anotherpoint in thedocument.
Wecall thepointwheretheuserclicksthesourceof thelink, andthepointwheretheuserarrives
thedestinationof thelink.

To createasourcepoint,place

tag @LinkSource object

atsomepoint in thedocument,wherethevalueof tag isa legal crossreferencetag,andobjectis
anarbitraryLout object. Theresultof thisis justobject, but if theuserof ascreenviewerclicks
onany pointwithin therectangularboundingboxof thatobject,a link will beentered.

To createadestinationpoint,place

tag @LinkDest object

atsomepointin thedocument.Again,tagmustevaluatetoalegalcrossreferencetag,andobject
maybeany Lout object. All @LinkSource symbolswhosetagis equalto thisonearelinkedto
thisdestinationpoint.

For every sourcepoint theremust be exactly one destinationpoint with the sametag,
otherwiseit will not be clear wherethe link is supposedto take the user. Lout will print a
warningif thisconditionisviolatedanywhere;it will refuseto insertadestinationpointwith the
samenameasa previousone,but it is not ableto refrainfrom insertinga sourcepoint with no
correspondingdestinationpoint,andsuchpointsmustcauseerrorsof somekind whenviewed
(exactlywhaterrorwill dependon theviewer).

At present,objectabove is treatedasthoughit wereenclosedin @OneCol, which means
thata long link sourceor destinationpoint will not breakover two linesaspartof anenclosing
paragraph.Thisdeficiency mightbecorrectedin thefuture.

3.38. @Database and @SysDatabase

The@Database symbolisusedtodeclaretheexistenceof afile of symbolinvocationsthat
Lout mayreferto whenevaluatingcrossreferences.In BasserLout, for example,
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@Database @Months @WeekDays { standard }

meansthat thereis a file calledstandard.ld containinginvocationsof the previously defined
symbols@Months and@WeekDays. A @Database symbolmayappearanywhereadefinition
or a@Use symbolmayappear. Differentdefinitionspackagesmayrefertoacommondatabase,
provided the definitionsthey give for its symbolsarecompatible.An entry is interpretedas
thoughit appearsat the point wherethe crossreferencethat retrievesit does,which allows
symbolslike @I for Slope @Font to beusedin databases.Thedatabasefile maynot contain
@Database or @Include symbols,andeachinvocationwithin it mustbeenclosedin braces.

BasserLout constructsan index file, which in this exampleis calledstandard.li, the first
timeit everencountersthedatabase,asanaid to searchingit. If thedatabasefile is changed,its
index file mustbedeletedby theusersothatBasserLout knowsto reconstructit. Thereis also
an installationoptionwhich allows this deletionto bedoneautomaticallyon suitablesystems
(includingUnix).

BasserLout searchesfor databasesin the currentdirectoryfirst, then in a sequenceof
standardplaces.To searchthestandardplacesonly, use@SysDatabase.

3.39. @Graphic

Lout doesnot provide thevastrepertoireof graphicalobjects(lines,circles,boxes,etc.)
requiredbydiagrams.Instead,it providesanescaperoutetosomeotherlanguagethatdoeshave
thesefeatures,via its @Graphic symbol:

{ 0 0 moveto
  0 ysize lineto
  xsize ysize lineto
  xsize 0 lineto
  closepath
  stroke
}
@Graphic
{ //0.2c
  ||0.2c hello, world ||0.2c
  //0.2c
}

Theresultof theabove invocationof thesymbol@Graphic is

hello,world

Theright parameteralwaysappearsaspartof theresult,andindeedtheresultis alwaysan
objectwhosesizeis identicalto thesizeof theright parameterwith @OneCol and@OneRow
appliedto it. Fromnow onwereferto thispartof theresultasthebase.

Theleft parameteris implementation-dependent:thatis,itsmeaningisnotdefinedbyLout,
anddifferentimplementationscould requiredifferentvaluesfor it. The following description
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applies to Basser Lout,which uses the PostScript page description language [1]. Similar but more
restricted possibilities exist with the PDF back end (see a separate document distributed with
Lout); to include both, use the @BackEnd symbol like this:

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

Returning to PostScript, the left parameter refers to a coordinate system whose origin is the
bottom left-hand corner of the base. It may use the symbols xsize and ysize to denote the
horizontal and vertical size of the base; similarly, xmark and ymark denote the positions of the
base’s column and row marks:

ysize

ymark

0
0 xmark xsize

In addition to these four symbols and 0, lengths may be denoted in centimetres, inches, points,
ems, f’s, v’s and s’s using the notation

l cm instead of Lout’s lc
l in instead of Lout’s li
l pt instead of Lout’s lp
l em instead of Lout’s lm
l ft instead of Lout’s lf
l vs instead of Lout’s lv
l sp instead of Lout’s ls

Note that there must be a space between the number and its unit, unlike Lout proper.

A point within the base (and, with care, a point outside it) may be denoted by a pair of
lengths. For example,
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xmark  ymark

is thepointwherethemarkscross,and

0   2 cm

isapointontheleft edge,twocentimetresabovethebottomleft-handcorner. Thesetwonumbers
arecalledthex coordinateandthey coordinateof thepoint.

Thefirst stepin specifyingagraphicobjectis to defineapath. A pathcanbethoughtof as
thetrackof a penmoving over thepage.Thepenmaybeup(not drawing)or down (drawing a
line or curve)asit moves. Theentirepathis asequenceof thefollowing items:

x y moveto Lift thepenandmoveit to theindicatedpoint.

x y lineto Put the pen down and draw a straight line to the indicat-
edpoint.

x y r angle1angle2arc Putthependown anddraw a circulararcwhosecentrehasco-
ordinatesx andy andwhoseradiusis r. Thearcbeginsat the
angleangle1measuringcounterclockwisefrom the point di-
rectlyto theright of thecentre,andproceedscounterclockwise
to angle2. If thearcis not thefirst thingon thepath,a straight
line will bedrawn connectingthecurrentpoint to thestartof
thearc.

x y r angle1angle2arcn As for arc,but thearcgoesclockwisefrom angle1to angle2.

closepath Draw astraightline backto thepointmostrecentlymovedto.

Thefirst itemshouldalwaysbea moveto, arc, or arcn. It shouldbeclearfrom thisthatthepath
givenearlier:

0 0 moveto
0 ysize lineto
xsize ysize lineto
xsize 0 lineto
closepath

tracesaroundtheboundaryof thebasewith thependown.

Onceapathis setup,wearereadyto paint it ontothepage.Therearetwo choices:wecan
eitherstroke it, which meansto displayit asdescribed;or we canfill it, which meansto paint
everythinginsideit grey or black. For strokingthetwo mainoptionsare

lengthsetlinewidth Thepenwill draw linesof thegivenwidth.

[ length] 0 setdash Thepenwill draw dashedlineswhenit is down, with the
dasheseachof thegivenlength.
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Theseoptionsarefollowedby thewordstroke. So,for example,

{ 0 0 moveto xsize 0 lineto
  2 pt setlinewidth [ 5 pt ] 0 setdash stroke
}
@Graphic { 3i @Wide }

hasresult

Whenfilling in theregionenclosedby apath,themainoptionis setgray, whichdetermines
theshadeof grey to use,onascalefrom 0 (black)to 1(white). So,for example,

{ 0 0 moveto xsize 0 lineto 0 ysize lineto closepath
  0.8 setgray fill
}
@Graphic
{ 2c @Wide  2c @High }

hasresult

Therearemany otheroptions. Thevalueof the left parameterof @Graphic maybeany
fragmentof thePostScriptpagedescriptionlanguage[1]. Herearetwo otherexamples:

xsize 2 div

denotinga lengthequalto half thehorizontalsizeof thebase,and

gsave fill grestore stroke

which bothfills andstrokesthepath. SinceBasserLout doesnot checkthat theleft parameter
is valid PostScript,it is possibleto causemysteriouserrorsin theprintingdevice,resultingin no
output,if anincorrectvalueisgiven. It isagoodideatoencapsulategraphicsobjectsin carefully
testeddefinitions,like thoseof the Diag figure drawing package[4, Chapter9], to be sureof
avoidingtheseerrors.

PostScriptexpertsmay find the following informationhelpful whendesigningadvanced
graphicsfeatures.Theleft parameterof @Graphic mayhavetwo parts,separatedby //:

{ first part // secondpart } @Graphic object

If thereis no //, thesecondpartis takento beempty. ThePostScriptoutputhastheform
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gsave
x y translate
Codewhich definesxsize,ysize,xmark,ymark, ft,vs,andsp
gsave
first part
grestore
Codewhich renderstheright parameterin translatedcoordinates
secondpart
grestore

wherex,y is thepositionof thelowerleft cornerof thebase.Havingtwopartspermitsbracketing
operations,like save andrestore or begin andend, to encloseanobject. Seethesourcefile of
theDiagpackagefor examples.

3.40. @PlainGraphic

The @PlainGraphic symbol is avery rudimentaryanaloguefor plain text outputof the
@Graphic symbolfor PostScriptoutput. Its resultis its right parameterprintedonabackground
createdby repeatedprintingsof its left parameter, whichmustbeasimpleword. For example,

"." @PlainGraphic 5s @Wide

would producefive dots. @PlainGraphic is usedin the tbl table-drawing packageto produce
plain-text rules.

3.41. @IncludeGraphic and @SysIncludeGraphic

ThesesymbolsinstructLout to incorporateaseparatelycreatedillustration:

@IncludeGraphic  "myportrait.eps"

The parameteris implementation-dependent;in BasserLout it is an objectwhosevalue is a
simpleword denotingthenameof a file. This file shouldideally bea PostScriptEPSVersion
3.0file [1], sincethenLout will keepcarefultrackof whatresourcesarerequiredfor printingthat
file. However, any PostScriptfile containingthe%%BoundingBox: commentandnot requiring
unusualresourcesis likely to work.

Theresultof @IncludeGraphic is anordinaryLout objectwith marksthroughits centre.
It mayberotated,scaled,andgenerallytreatedlikeany otherobject. BasserLout determinesits
sizeby consultingtheboundingbox informationin thefile. If thiscannotbefound,a warning
messageis printedandtheresultobjecthaszerosize.

@IncludeGraphic searchesthesamedirectoriesthat@Include does(Section3.43). @Sys-
IncludeGraphic is the sameas@IncludeGraphic, except that it searchesonly the directories
searchedby @SysInclude.

If thefile nameendsin any of .gz, -gz, .z, -z, _z, or .Z, thefile will first beuncompressed
usingthegunzip commandintoatemporaryfile calledlout.eps in thecurrentdirectory. Thisfile
is removedimmediatelyafterit is copiedinto theoutputfile.
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3.42. @PrependGraphic and @SysPrependGraphic

Thesesymbols,which may appearanywhere that a definition or @Use symbol may
appear, tell Lout to includethecontentsof a file in thepreambleof its output. For BasserLout
this meansthat the file mustcontainPostScript(andideally it would begin andendwith the
%%BeginResource and%%EndResource commentsof DSC3.0). For example,

@SysPrependGraphic { diagf.lpg }

appearsat the start of the Diag package;the file diagf.lpg containsa numberof PostScript
definitionsusedbyDiagfor drawingdiagrams.It savesalot of spaceto includethemjustonceat
thestartlikethis,ratherthanwith everydiagram.@PrependGraphic and@SysPrependGraphic
searchfor thefile in thesameplacesas@Include and@SysInclude respectively.

3.43. @Include and @SysInclude

ThesesymbolsinstructLout to temporarilyswitch to readinganotherfile, whosename
appearsin bracesfollowing thesymbol. For example,

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

will causethe contentsof file /usr/lout/langdefsto be readat the point it occurs. After that
file is read,the current file is resumed.The includedfile may containarbitrary Lout text,
includingother@Include commands.Thefile is searchedfor first in thecurrentdirectory, then
in a sequenceof standardplaceswhich arenot necessarilythesameplacesthat databasesare
searchedfor. @SysInclude searchesthestandardplacesonly.

3.44. @BackEnd and the PlainText and PDF back ends

The@BackEnd symbol,which takesno parameters,hasfor its resulta stringnamingthe
backendcurrentlyin use. Threebackendsareavailable,PostScript,PDFandPlainText. The
symbolis generallyusedlikethis:

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

to obtaindifferentobjectsdependingon thebackend. No else is requiredsincethesearethe
only possiblevalues.

Whena@Case symbolhas@BackEnd for its left parameterandtheleft parameterof each
@Yield symbolwithin it consistsof a sequenceof oneor moreliteral words(includingelse),
Lout will optimizeby evaluatingthe @Case symbolat the time it is read. This optimization
ensuresthat thereis only a small once-onlyperformancepenaltyfor multiple backends,and
it permitsthese@Case symbols(but no othersymbols)to appearwithin theobjectfollowing
@Include and@PrependGraphic symbols.
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ThePlainText backenddiffersfrom thePostScriptonein two mainrespects.First, there
is effectively just onefont: althoughall the font commandswork exactly asusual,they don’t
actuallychangeanything. Eachcharacterin this font is takento beonetenthof oneinch wide
and20pointshigh. Second,theoutputis anordinarytext file, notaPostScriptfile.

Clearly, with ordinary text output the possibility of advancedgraphicsfeaturessuchas
rotationandscalingis curtailed. Nevertheless,all symbolshave well-defined(possiblynull)
effectsin the PlainText backend,so thereis no additionaldangerof crashingthe systemor
obtaininggrosslyunreasonableoutputby achangeto PlainText.

ThePlainText backendis obtainedby the-p optionto BasserLout. Thecharactersizecan
bechangedby addingtwo lengthsto the-p option,like this:

lout -p0.1i12p ...

which invokesthePlainText backendwith eachcharacterbeing0.1incheswide and12 points
high. However, experiencesuggeststhatthebestapproachis to defineall horizontallengthsas
multiplesof thes unit (thewidth of a space,hencethewidth of all characters)andto defineall
verticallengthsasmultiplesof the f unit (thefont size,equalto theheightof every character),
andnot to changethecharactersizein thecommandline.

Thereis a -P optionwhich is identicalwith the-p optionexceptthat it insertsa form-feed
characterbetweeneachtwo componentsof theoutput,but notbeforethefirst or afterthelast.

ThePDFbackendis obtainedby typing lout -Z. It is similar to PostScriptbut muchmore
limited in functionality. Consulta separatedocumentdistributedwith Lout for further infor-
mation.

3.45. @Verbatim and @RawVerbatim

ThesesymbolsinstructLout to readthefollowing text (enclosedin braces)verbatim,that
is, turningoff all specialcharactermeanings.For example,

@Verbatim { "hello" }

produces

"hello"

@Verbatim ignoresall charactersafter the openingbraceup to but not including the first
non-white-spacecharacter. @RawVerbatim differsfrom @Verbatim only in that it ignoresall
charactersaftertheopeningbraceupto but not includingthefirst non-white-spacecharacter, or
up to andincludingthefirst newline character, whichever comesfirst. Thisvariantis usefulin
casessuchas

@RawVerbatim {
     var x: Real
begin
}

wherethe first line of the verbatimtext beginswith white spacewhich would be ignoredby
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@Verbatim. Bothsymbolsignoreall whitespacesat theendof theverbatimtext, precedingthe
closingbrace.

3.46. @Underline

The@Underline symbolunderlinesits right parameter,but only if thatparameterisaword
or aparagraph:

We @Underline { really do } mean this.

produces

Wereallydomeanthis.

It is notpossibleto underlineanarbitraryobjectusingthissymbol;the@Underline symbolwill
beignoredif thisis attempted.

It is very easyto definea symbol which will underlinean arbitrary object,using the
@Graphic symbol. Thisraisesthequestionof why @Underline is neededat all. Theansweris
that@Underline hastwo propertiesthatdistinguishit from symbolsbasedon@Graphic.

First,when@Underline bothcontainsaparagraphandis usedwithin aparagraph,asin the
exampleabove, the innerandouterparagraphsaremergedinto one,permittingtheunderlined
text to breakoverseverallines. Thisis how the@Font symbolworkstoo,but symbolsbasedon
@Graphic donotpermitthismerging.

Second,Adobefont filesspecifythecorrectpositionandthicknessof underliningfor each
font, andthe@Underline symbolfollows thesespecifications.Thefont usedis thefont of the
first objectunderlined,if it is asimpleword,or elsethefont of theenclosingparagraph.

3.47. @PageLabel

The@PageLabel symbolassociatesapagelabelin thePostScriptoutputfile with thepage
within which (or just beforewhich) the symboloccurs,so that PostScriptviewersareableto
index thepageby this label. (Thelabelis printedin the%%Page commentprecedingthepage
in thePostScriptoutputfile.) For example,

@PageLabel iv

associatesthe label iv with thepage.Thelabelmaybeanarbitraryobject;if its valueis not a
simpleword,it will bereplacedby ?.

@PageLabel is unrelatedto Lout’s crossreferencingmechanism;it is for communicating
a labelto thePostScriptoutputfile, not to otherpartsof Lout. Theresultof @PageLabel is a
null object.
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This chapterpresentssomeexamplestaken from the variouspackagesavailablewith Basser
Lout. The readerwho masterstheseexampleswill be well preparedto read the packages
themselves. Theexampleshavenotbeensimplifiedin any way, sinceanimportantpartof their
purposeis to show Lout in actualpractice.

Although all theseexampleshave beentaken from real code,they do not necessarily
representthecurrentstateof theLout packages.

4.1. An equation formatting package

In this sectionwe describethedesignandimplementationof theEq equationformatting
package.Equationformattingmakesa naturalfirst example,partly becauseits requirements
have stronglyinfluencedthedesignof Lout, andpartly becauseno crossreferencesor galleys
arerequired.

To theauthor’sknowledge,Eqis thefirst equationformatterto beimplementedasacollec-
tion of high-level definitions.Thisapproachhassignificantadvantages:thebasicsof language
andlayout aretrivial, so the implementorcanconcentrateon fine-tuning;andthe definitions,
beingreadilyavailable,canbeimproved,extended,or evenreplaced.

As describedin theUser’sGuide[4], anequationis enteredin a formatbasedon theone
introducedby theeqnlanguageof KernighanandCherry[2]:

@Eq { { x sup 2  +  y sup 2 }  over  2 }

Theresultis

2x + 2y
2

In outline,thedefinitionof the@Eq symbolis

export  sup  over "+"  "2"  "<="
def @Eq
   body @Body
{
   def sup precedence 60 left x right y { ... }
   def over precedence 54 left x right y { ... }
   def "2" { Base @Font "2" }
   def "+" { {Symbol Base} @Font "+" }
   def "<=" { {Symbol Base} @Font "\243" }
   ...

72
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   Slope @Font 1.2f @Break 0c @Space @Body
}

A body parameteris usedto restrict the visibility of the equationformattingsymbols(there
arehundredsof them). The equationasa whole is set in Slope(i.e. Italic) font, andsymbols
suchas"2" and"+" aredefinedwhenotherfontsareneeded.Precedencesareusedto resolve
ambiguitiessuchasa sup b over c. Eq takesall spacingdecisionson itself,soto preventwhite
spacetypedbytheuserfrominterfering,theequationisenclosedin 0c @Space. Wewill discuss
the1.2f @Break later.

Thushavewedisposedof thelanguagedesignpartof theequationformattingproblem;it
remainsnow to definethetwentyor sosymbolswith parameters,andgetthelayoutright.

Every equationhasanaxis: an imaginaryhorizontalline throughthecentreof variables,
throughthebarof built-up fractions,andsoon. Wecansatisfythisrequirementby ensuringthat
theresultof eachsymbolhasa singlerow mark,on theaxis. For example,thesuperscripting
symbolis definedasfollows:

def sup
    precedence 60
    associativity left
    left x
    named gap { @SupGap }
    right y
{
    @HContract @VContract {
        |  @Smaller y
        ^/gap  x
    }
}

The@VContract and^/ symbolstogetherensurethattheaxisof theresultis theaxisof theleft
parameter. A gap parameterhasbeenprovided for varyingtheheightof thesuperscript,with
defaultvalue@SupGap definedelsewhereas0.40fk. It is importantthatsuchgapsbeexpressed
in unitsthatvarywith thefont size,sothatthey remaincorrectwhenthesizechanges.Collecting
thedefault valuesinto symbolslike@SupGap ensuresconsistency andassistswhentuningthe
values.Hereis anothercharacteristicdefinition:

def over
    precedence 54
    associativity left
    left x
    named gap { 0.2f }
    right y
{
    @HContract @VContract {
        |0.5rt  @OneCol x
        ^//gap  @HLine
        //gap  |0.5rt @OneCol y
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    }
}

Bothparametersarecentred,sincewedonotknow whichwill bethewider;weuse@OneCol to
makesurethattheentireparameteris centred,not just its first column,and@HContract ensures
that thefractionwill never expandto fill all theavailablespace,asLout objectshave a natural
tendency to do(Section2.6). @HLine is ahorizontalline of thewidth of thecolumn:

def @HLine
    named line { "0.05 ft setlinewidth" }
{  
    { "0 0 moveto xsize 0 lineto" line "stroke" } @Graphic {}
}

Herewearerelyingon theexpandingtendency justmentioned.

Theremainingsymbolsarequitesimilar to theseones.Weconcludewith a few finepoints
of mathematicaltypesettingmentionedby a leadingauthority, D. E.Knuth [5].

Somesymbols,suchas≤ and≠, shouldhave a thick spaceon eachside;others,suchas+
and−, haveamediumspace;othershaveathin spaceontheright only. Thiswouldbeeasytodo
exceptthatthesespacesarenotwantedin superscriptsandsubscripts:

n+1r − 1

In effect, thedefinitionof suchsymbolschangesdependingon thecontext; but Lout doesnot
permitsuchachange.Luckily, theso-called‘style’ informationsetby the@Font, @Break, and
@Space symbolscanchangein thisway. Accordingly,Equsesthey unit,whichispartof style,
for thesespaces:

def @MedGap { 0.20y }

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

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

In theequationasa whole,they unit is initially setto 1f, andso@MedGap ordinarilysupplies
20%of this amount.But superscriptsandsubscriptsareenclosedin the@HSqueeze symbol,
which, by changingthe y unit, ensuresthat any @MedGap within them is much smaller
thanusual.

4.2. Paragraphs, displays, and lists

Theremainingsectionsof thischapterareall basedon Version2 of theDocumentLayout
package.Version3,whichissimilarbut moreelaborate,isdescribedfrom theuser’sperspective
in theUser’sGuide[4]. In 26pagesof Lout, theDocumentLaytoutpackagedefinesmany fea-
turesrequiredin theformattingof simpledocuments,technicalreports,andbooks,includingdis-
plays,lists,pagelayout,crossreferences,tablesof contents,footnotes,figures,tables,references,
chapters,sections,andsortedindexes.
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The symbolsusedfor separatingparagraphsand producingdisplaysand lists may lack
theexcitementof moreexotic features,but they canteachsomeimportantlessonsaboutrobust
design.Thefollowingmacrofor separatingparagraphsproducesa0.3cmverticalspaceanda1
cmindenton thefollowing line,andis clearlyon theright track:

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

Neverthelessit hasseveralmajorproblems.

The & symbolis subjectto wideningduring line adjustment,so it shouldbe replacedby
1c @Wide {}. But thenwhite spacefollowing thesymbolwill affect theresult,soanextra &0i
mustbeadded.If thedocumentis printeddoublespaced,thisparagraphgapwill fail to widen:
it shouldbeexpressedin termsof thev unit, with mark-to-markspacingmode. Similarly, the
paragraphindentshouldprobablybemadeproportionalto thefont size.

‘Magic numbers’like0.3c shouldnotbeburiedin definitionswherethey cannotbechanged
easily, or keptconsistentwith similardefinitionsduringtuning. They aremuchbetterplacedas
symbols,possiblyparametersof theenclosingpackage:

def @DocumentLayout
    named @ParaGap { 1.3vx }
    named @ParaIndent { 2f }
    ...
@Begin

    macro @PP { //@ParaGap @ParaIndent @Wide &0i }
    macro @LP { //@ParaGap }
    ...
@End @DocumentLayout

andwehavearrivedat thedefinitionof @PP asit appearsin theDocumentLayoutpackage.

A displayis a tablein which thefirst columnis blank:

preceding text
//@DispGap |@DispIndent display
//@DispGap
following text

Edge-to-edgeis theappropriatespacingmodebeforeandafterdisplays,sincethedisplaycould
beatableor figurewhosemarkdoesnotcorrespondtoabaseline.Thus,1v isareasonablevalue
for @DispGap.

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

preceding text
@IndentedDisplay { display }
following text

This presentsa problem: if @IndentedDisplay is madea definitionwith a right parameter, its
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resultwill beanobjectseparatedfrom thesurroundingtext only by white space,hencepartof
theparagraph;while if it isamacro,thefinal //@DispGap cannotbeincludedin it. Thesolution
adoptedin theDocumentLayoutpackageusesagalley andamacro:

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

    macro @IndentedDisplay
    {
        //@DispGap  |@DispIndent  @DispPlace  |
        //@DispGap  //  @Disp
    }

@DispPlace and@Disp arenotexported,sothereisnodangerof anameclashwith someother
symbol. Theordinaryuser’ssyntaxexpandsto

preceding text
//@DispGap  |@DispIndent  @DispPlace  |
//@DispGap  //  @Disp { display }
following text

andthe@Disp galley appearsatthepreceding@DispPlace, beingitself replacedby @Null. The
// symbolprotectsthepreceding//@DispGap from beingdeletedby this@Null whenthereis no
following text.

An automaticallynumberedlist could have an arbitrarily large numberof items,so,by
analogywith sequencesof pages,weseeimmmediatelythatrecursionmustbeinvolved:

def @List right num
{
    @DispIndent @Wide num.  |  @ItemPlace
    //@DispGap @List @Next num
}

Noticehow the@Next symbolworksin conjunctionwith therecursionto produceanascending
sequenceof numbers;theresultof @List 1will be

1.   @ItemPlace
2.   @ItemPlace
3.   @ItemPlace
...

Wecanfollow thiswith itemswhicharegalleystargetedto@ItemPlace&&preceding, and@List
will expandjustenoughto accommodatethem.

Theusualproblemwith recursive-receptivesymbolsnow arises:thereis alwaysoneunex-
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panded@List, anduntil it canberemovedthegalley containingit will appearto beincomplete
andwill bepreventedatthatpointfromflushinginto itsparent(seepage29). Weadopttheusual
solution: a forcinggalley into a latertargetwill replacethelast@List by @Null. Thisbringsus
to thedefinitionsasthey appearin DocumentLayout:

def @ItemPlace { @Galley }
def @ListItem into { @ItemPlace&&preceding }
    right x
{ x }

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

def @RawIndentedList
   named style right tag {}
   named indent { @DispIndent }
   named gap { @DispGap }
   named start { 1 }
{
    def @IList right num
    {
        indent @Wide {style num} | @ItemPlace
        //gap @IList @Next num
    }

    @IList start  //  @EndListPlace
}

Now giventheinput

@RawIndentedList
@ListItem { first item }
@ListItem { second item }
...
@ListItem { last item }
@EndList

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

The indent, gap, andstart parametersarestraightforward(notethattheburdenof typing1
hasbeenlifted from theordinaryuser),but thestyle parameterhasa parameterof its own (see
page16). It is usedlikethis:

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

In @RawNumberedList, style is given the value tag., wheretag is its own right parameter, so
thevalueof {style num} within @IList is num.; while in @RawParenNumberedList, {style num}
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is (num). In thisway we achieve anunlimitedvarietyof numberingformatswithout having to
rewrite @RawIndentedList overandover.

Theselist symbolsareobjectswithout surroundingspace,somacrossimilar to thoseused
for displaysareneeded:

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

andsoon.

Listsnumberedby Romannumeralspresentaproblem,because@Next will not increment
Romannumerals.Instead,they mustbestoredin adatabase:

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

@SysDatabase @Roman { standard }

@SysDatabase is preferredover @Database herebecausethis databaseshouldbe kept in a
standardplaceandsharedby everyone.Thedatabaseitself, a file calledstandard.ld in Basser
Lout,containsinvocationsof @Roman, eachenclosedin braces:

{ 1 @Roman i }
{ 2 @Roman ii }
...
{ 100 @Roman c }

Then@Roman&&12 for examplehasvaluexii, and

def @RawRomanList { @RawIndentedList style { {@Roman&&tag}. } }

producesa list numberedby Romannumerals.Thecountingstill proceedsin Arabic,but each
Arabic numeralis convertedto Romanby thecrossreference.Sincearbitraryobjectsmaybe
storedin databases,arbitraryfinite sequencesof objectsmaybe‘counted’in thisway.

4.3. Page layout

Thepagelayoutdefinitionsgiven in Section1.2,althoughcorrect,arevery basic. In this
sectionwepresentthedefinitionsusedby theDocumentLayoutpackagefor layingoutthepages
of books,includingrunningpageheadersandfooters,differentformatsfor oddandevenpages,
andsoon. Thepresentdocumentis producedwith thesedefinitions.

Webegin with a few definitionswhichpermittheuserto createcrossreferencesof the‘see
page27’ varietywhichwill bekeptupto dateautomatically. Theusermarksthetargetpageby
placing@PageMark intro, for example,at thepointof interest,andrefersto 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 seebelow that an invocationof @PageMarker appearsbeforeeachpage,with @Tag
parameterequalto thepagenumber. Supposethat@PageMark intro, whichexpandsto

@PageMarker&&preceding @Tagged intro

happensto fall on page27 of the final printeddocument(of course,its valueis @Null which
makesit invisible). Thenthe effect of @Tagged is to attachintro asan extra tag to the first
invocationof @PageMarker precedingthat final point, and this must be @PageMarker 27.
Thereforetheexpression

@PageMarker&&intro @Open { @Tag }

will opentheinvocation@PageMarker 27 andyield thevalueof its@Tag parameter,27. Thus,
@PageOf intro appearinganywherein thedocumentyields27.

Next we have somelittle definitionsfor variouspartsof thepage.@FullPlace will bethe
targetof full-width bodytext:

def @FullPlace { @Galley }

@ColPlace will bethetargetof bodytext within onecolumn:

def @ColPlace { @Galley }

@TopList will bethetargetof figuresandtables:

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

We have taken a shortcuthere,avoiding an unnecessary@TopPlace symbol. @FootList and
@FootSect defineasequenceof full-width targetsatthefoot of thepagefor footnotes,preceded
by ashorthorizontalline:

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

def @FootSect
{
    @FootLen @Wide @HLine
    //@FootGap  @FootList 1  ||@FootLen
}

Similarly, @ColFootList and@ColFootSect provide a sequenceof targetsfor footnoteswithin
onecolumn:

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

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

Thenext definitionprovidesahorizontalsequenceof 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 }
    }
}

Eachcolumnconsistsof a @ColPlace at thetopanda @FootSect at thefoot. The@VExpand
symbolensuresthatwhenever a columncomesinto existence,it will expandvertically sothat
thebottom-justification//1rt hasasmuchspaceaspossibleto work within. Thecol parameter
determineswhethertheresulthasasinglecolumn,doublecolumns,or multiplecolumns.

The@Page symbolplacesits parameterin apageof fixedwidth,height,andmargins:
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def @Page right x
{
    @PageWidth @Wide @PageHeight @High {
        //@PageMargin  ||@PageMargin
        @HExpand @VExpand x
        ||@PageMargin  //@PageMargin
    }
}

@HExpand and@VExpand ensurethattheright parameteroccupiesall theavailablespace;this
is importantwhentheright parameteris unusuallysmall. The@High symbolgivesthepagea
singlerow mark,ensuringthatit will beprintedonasinglesheetof paper(page29).

Next wehave@OnePage, defininga typicalpageof abookor otherdocument:

def @OnePage
    named @Columns {}
    named @PageTop {}
    named @PageFoot {}
{
    @Page {
        @PageTop
        //@MidGap  @TopList
        //@MidGap  @FullPlace
        //@MidGap  @ColList @Columns
        // //1rt   @OneRow { //@MidGap @FootSect //@MidGap @PageFoot }
    }
}

Thepagetopandpagefoot,andthenumberof columns,areparametersthatwill begivenlater
when@OnePage is invoked. Thebodyof thepageisastraightforwardcombinationof previous
definitions.The// symbolprotectsthefollowing //1rt from deletionin theunlikely eventthatall
theprecedingsymbolsarereplacedby @Null. Thefollowingobjectisenclosedin @OneRow to
ensurethatall of it is bottom-justified,not just its first component.

Beforepresentingthedefinitionof a sequenceof pages,we mustdetourto describehow
runningpageheadersandfooters(like thosein thepresentdocument)areproduced.Theseare
basedon the@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 parameterscontrol theformatof runningheadersandfooterson oddandevenpages
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respectively. Invocationsof @Runner, for example

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

will beembeddedin thebodytext of thedocument,and,aswewill seein amoment,areaccessed
by @Runner&&following crossreferenceson thepages.Noticehow the@PageNum parameter
of eachparameterallowstheformatof therunningheadertobespecifiedwhile leaving thepage
numberto besubstitutedlater.

Wemaynow define@OddPageList, whoseresultisasequenceof pagesbeginningwith an
odd-numberedpage:

def @OddPageList
    named @Columns {}
    right @PageNum
{
    def @EvenPageList ...

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

Ignoring@EvenPageList for themoment,noticefirst that theinvocationof @OnePage is en-
closedin @Runner&&following @Open. Since@Runner&&following refersto thefirst invoca-
tion of @Runner appearingafteritself in thefinalprinteddocument,thesymbols@TopOdd and
@FootOdd will take their valuefrom thefirst invocationof @Runner following thetop of the
page,eventhough@FootOdd appearsat thefoot of thepage.Their@PageNum parametersare
replacedby @PageNum, theactualpagenumberparameterof @OddPageList.

After producingtheodd-numberedpage,@OddPageList invokes@EvenPageList:

def @EvenPageList
    named @Columns {}
    right @PageNum
{
        @PageMarker @PageNum
    //  @Runner&&following @Open {
            @OnePage
                @Columns { @Columns }



4.3. Page layout 83

                @PageTop { @TopEven @PageNum }
                @PageFoot { @FootEven @PageNum }
        }
    //  @OddPageList
            @Columns { @Columns }
            @Next @PageNum
}

Thisproducesaneven-numberedpage,thenpassestheballbackto@OddPageList – adelightful
exampleof whatcomputerscientistscall mutualrecursion.Thetwo pagetypesdiffer only in
their runningheadersandfooters,but otherchangescouldeasilybemade.

It wasforeshadowedearlierthataninvocationof @PageMarker wouldprecedeeachpage,
andthishasbeendone. Althoughthis@PageMarker is a componentof theroot galley, it will
not causeapageto beprinted,becauseBasserLout skipscomponentsof heightzero.

4.4. Chapters and sections

Thedefinitionsof chaptersandsectionsfrom theDocumentSetuppackageof Version2 (in
Version3, theBookSetupextensionof DocumentSetup)form thesubjectof thissection.They
allow achapterto beenteredlikethis:

@Chapter
    @Title { ... }
    @Tag { ... }
@Begin
    ...
@End @Chapter

Within thechapterasequenceof sectionsmaybeincludedby writing

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

Thesearenumberedautomatically, andanentryis madefor eachin a tableof contents.

Theuserof theDocumentSetuppackagecanfind thenumberof thechapteror sectionwith
a giventagby writing @NumberOf tag at any point in thedocument.This featureis basedon
thefollowing definitions:

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

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

A sequenceof placesfor receiving chaptersis easilydefined:

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

@ChapterGap will usuallybe 1.1b, ensuringthat eachchapterbegins on a new page. The
@Chapter galley itself 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
    //  @NumberMarker {
            @ChapterList&&@Tag @Open { @Tag }
        }
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    //  @ChapterList&&preceding  @Tagged @Tag
    //  @NumberMarker&&preceding @Tagged @Tag
    //  @PageMarker&&preceding   @Tagged @Tag
    //  { @ChapterTitle } @MajorContentsEntry {@PageOf @Tag}
    //  @Runner
            @FootEven { |0.5rt 0.8f @Font @B @PageNum }
            @FootOdd  { |0.5rt 0.8f @Font @B @PageNum }
    //  @Body
    //@SectionGap @ChapRefSection
    //  @Runner
            @TopEven { @B @PageNum |1rt @I @ChapterNum }
            @TopOdd  { @I {@RunningTitle @OrElse @Title} |1rt @B @PageNum }
}

Wewill seethesymbolsfor sectionsshortly. Noticehow their usehasbeenrestrictedto within
theright parameterof @Chapter, by nestingthemandusingabodyparameter.

The meaningof @FootNote within @Chapter hasbeenset to @ColFootNote, which
producesafootnotetargetedto@ColFootList (seeSection4.3). In otherwords,footnoteswithin
chaptersgoat thefoot of thecolumn,not at thefoot of thepage.(Of course,in single-column
booksthisdistinctionis insignificant.)@ChapterTitle and@ChapterNum aretrivial definitions
whichvarydependingonwhethertheuserhasrequestednumberedchaptersor not.

Eachinvocationof @Chapter hasits own unique@Tag, eithersuppliedby theuseror else
insertedautomaticallyby Lout. We now tracethe crossreferencingof chapternumberson a
hypotheticalthird chapterwhosetagis euclid.

@ChapterList&&preceding @Tagged euclidattacheseuclid asanextratagto thefirst invo-
cationof @ChapterList precedingitself in thefinal printeddocument.But this @ChapterList
mustbethetargetof thechapter, andso

@ChapterList&&euclid @Open { @Tag }

is3,thenumberof thechapter(@Tag refersto theparameterof @ChapterList,nottheparameter
of @Chapter). Consequentlytheinvocationof @NumberMarker within thechapteris equalto
@NumberMarker 3.

@NumberMarker&&preceding @Tagged euclid attacheseuclid to @NumberMarker 3 as
anextra tag,andso@NumberOf euclid, whichexpandsto

@NumberMarker&&euclid @Open { @Tag }

mustbeequalto 3, asrequired.This schemecouldbesimplifiedby placingthe invocationof
@NumberMarker within @ChapterList ratherthanwithin @Chapter, but it turnsout that that
schemedoesnotgeneralizewell to sectionsandsubsections.

Thereis a trap for the unwary in the useof preceding and following. Supposethat the
invocationof @NumberMarker within @Chapter is replacedby theseeminglyequivalent

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

Now supposethat@NumberOf euclid appearssomewherewithin Chapter7. It will expandto
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@NumberMarker&&euclid @Open { @Tag }

whichwouldnow beequalto

@ChapterList&&preceding @Open { @Tag }

whosevalue,evaluatedasit iswithin Chapter7,is7,not3. Useof preceding or following within
theparameterof asymbol,ratherthanwithin thebody, is likely to beerroneous.

Much of the remainderof thedefinitionof @Chapter is fairly self-explanatory: thereis
a heading,a tagsentto mark thepageon which thechapterbegins,a @ContentsEntry galley
sent to the table of contents,galleys for the figuresand tablesof the chapterto collect in,
@Body wherethebodyof thechaptergoes,and@ChapRefSection to holdaconcludinglist of
references.Thisleavesonly thetwo invocationsof @Runner to explain.

The first @Runner is just below the heading. It will be the target of the @Run-
ner&&following crossreferenceat thebeginningof thefirst pageof thechapter(seeSection4.3),
whichconsequentlywill havenull runningheadersandthegivenfooters.

The second@Runner appearsat the very end of the chapter, henceon its last page.
Sinceno invocationsof @Runner lie betweenit andthefirst @Runner, it will bethetargetof
@Runner&&following on every pagefrom thesecondpageof thechapterto thelast,inclusive,
andwill supplytheformatof theirheadersandfooters.

Theinterestedreadermightcareto predicttheoutcomein unusualcases,suchaswhenthe
headingoccupiestwo pages,or whenachapteroccupiesonly one,or (assumingachangeto the
gapbetweenchapters)whenachapterstartshalfwaydownapage.Suchpredictionscanbemade
with greatconfidence.

Theexpression@RunningTitle @OrElse @Title appearingin thesecond@Runner returns
thevalueof the@RunningTitle parameterof @Chapter if this is not equalto thedefault value
dft, or @Title otherwise:

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

Thisproducestheeffectof

named  @RunningTitle  {  @Title  }

which unfortunatelyis not permissibleas it stands,because@Title is not visible within the
defaultvalueof @RunningTitle.

Finally, thedefinitionsfor sectionsomittedearlierareasfollows:

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

The@BeginSectionsmacroinvokes@SectionList,precededbytheappropriategapandfollowed
byan@EndSectsPlace for closingthelist of sectionswhenthe@EndSections symbolis found.
@Section itself is justacopy of @Chapter with slightchangesto theformat. Theparameterof
@NumberMarker is a simplegeneralizationof theonewithin @Chapter. Noticethatwe have
takencarethatthevalueof thisparameterbea juxtapositionof simplewords: although

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

is formally equivalent,& wasnotpermittedwithin a @Tag parameteruntil recently.

The DocumentSetuppackagealsocontainsdefinitionsfor subsectionsin the samestyle.
They raisethe questionof whetherLout is capableof producingsubsectionsshouldthe user
place@BeginSections,@Section,and@EndSectionswithin asection,andwhethersuchnesting
couldproceedto arbitrarydepth.Arbitrary nestingof sectionswithin sectionsis availablenow,
althoughthenumberingwouldof coursebewrong. Theauthorhasworkedoutdefinitionswhich
providecorrectnumberingtoarbitrarydepth,with anarbitraryformatfor eachlevel. Thesewere
not incorporatedinto DocumentSetupbecausetheauthorconsiderssub-subsectionsto bepoor
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style,andheprefersseparatenamesfor thesymbolsateachlevel.

4.5. Bibliographies

Thefirst stepin theproductionof abibliography is tocreateadatabaseof referencesbased
on thedefinition

export @Type @Author @Title @Institution @Number @Publisher
       @Year @Proceedings @Journal @Volume @Pages @Comment

def @Reference
   named @Tag { TAG? }
   named @Type { TYPE? }
   named @Author { AUTHOR? }
   named @Title { TITLE? }
   named @Institution { INSTITUTION? }
   named @Number { NUMBER? }
   named @Publisher { PUBLISHER? }
   named @Year { YEAR? }
   named @Proceedings { PROCEEDINGS? }
   named @Journal { JOURNAL? }
   named @Volume { VOLUME? }
   named @Pages { PAGES? }
   named @Comment { @Null }
{ @Null }

For example,thedatabasemightcontain

{ @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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Sincenamedparametersareoptional,we have onefor every conceivabletypeof attribute,and
simplyleaveout thosethatdonotapplyin any particularreference.Wecanprint a referenceby
usingthe@Open symbolto getat its attributes:

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

Theright parameterof @Open mayusetheexportedparametersof theleft, andsotheresultis

William StrunkandE.B. White, The Elements of Style. Macmillan,1979.

Incidentally, wearenot limited to just onedatabaseof references;several@Database symbols
cannominatethesamesymbol,andinvocationsof thatsymbolcanappearin thedocumentitself
aswell if wewish.

The secondstepis to createa databaseof print stylesfor the varioustypesof reference
(Book,TechReport,etc.),basedon thefollowing definition:

export @Style
def @RefStyle
   left @Tag
   named @Style right reftag {}
{}

Noticethatthenamedparameter@Style hasarightparameterreftag. Thestyledatabasehasone
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 printsthereferencewhosetagis strunk1979style in theBook style:

@RefStyle&&Book @Open { @Style strunk1979style }

It hasresult

William StrunkandE.B. White. The Elements of Style. Macmillan. Third Edition, 1979.

Noticehow the@Style parameterof @RefStyle is giventheparameterstrunk1979style, which
it usesto opentheappropriatereference.



90 Chapter 4. Examples

We canconsultthe@Type attributeof a referenceto find out its style,which bringsusto
thefollowing definitionfor printingouta referencein thestyleappropriateto it:

def @RefPrint
   right reftag
{  @RefStyle&&{ @Reference&&reftag @Open { @Type } }
   @Open { @Style reftag }
}

For example,to evaluate@RefPrint strunk1979style, Lout first evaluates

@Reference&&strunk1979style  @Open  { @Type }

whoseresultis Book, andthenevaluates

@RefStyle&&Book @Open { @Style strunk1979style }

asbefore. Complicatedasthis is, with its two databasesandclever passingaboutof tags,the
advantagesof separatingreferencesfrom printingstylesareconsiderable:printingstylesmaybe
changedeasily, andnon-expertusersneedneverseethem.

Finally,wecometo theproblemof printingoutanumberedlist of references,andreferring
to themby numberin thebodyof thedocument.Thefirst stepis to createa numberedlist of
placesthatgalleyscontainingreferencesmayattachto:

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
        //gap @RefList @Next num
    }

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

We placetheexpression@ReferenceSection at thepoint wherewe want thelist of references
to appear;its valueis somethinglike

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

where@RefPlace is @Galley asusual. We canscattermultiple listsof referencesthroughthe
documentif wewish(at theendof eachchapter, for example),simplyby placing@Reference-
Section ateachpoint.

Our taskis completedby 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 }

plusthegalley sendref strunk1979style. Wefirst follow whathappensto thegalley.

Accordingto its into clause,thegalley will replacea @RefPlace in thenearestfollowing
@ReferenceSection. If everysuchgalley is a sortedgalley whosekey is thereference’stag,as
thisoneis, they will appearsortedby tag. Thegalley’sobjectis

@NumberMarker&&preceding @Tagged strunk1979style  &
@PageMarker&&preceding @Tagged strunk1979style  &
@RefPrint strunk1979style

Theresultof the@Tagged symbolis always@Null, sothisprintsthestrunk1979style reference
in theappropriatestyleat the@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 received the galley, and so this invocationof @NumberMarker is given
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strunk1979style as an additional tag by the @Tagged symbol. Its original tag was the number of
the reference place, which means that

@NumberMarker&&strunk1979style @Open { @Tag }

has for its result the number of the reference place that received the strunk1979style galley, and
this is the desired result of @Ref strunk1979style.

It might seem that if we refer to the strunk1979style reference twice, two copies will be sent
to the reference list and it will appear twice. However, when more than one sorted galley with
the same key is sent to the same place, only one of them is printed (Section 1.4); so provided that
sorted galleys are used there is no problem.
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