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Abstract

TheX RenderExtensionprovidesanew glyphrendering
architecturebasedonclient-sideglyphandfont manage-
ment. While this resolvesmany toughtechnicalissues
relatingto the extensiondesign,it placesthe burdenof
rasterizing,configuringandcustomizingfont usageon
everyX client.

The Xft library was written to provide X applications
a convenient interface to the FreeType font rasterizer
andtheRenderextension.As FreeTypeprovidesfor no
configurationor customization,Xft also performsthis
task. Xft provides new font namingconventions,so-
phisticatedfont matchingandselectionmechanismsand
sufficientabstractionsto permitcommonapplicationsto
benefitfrom Renderextensionbasedtext outputwhile
still working on X serverswithout supportfor this ex-
tension.

1 Intr oduction

TheX RenderExtension[Pac01] movesfont accessand
glyphimagegenerationfrom theX serverto theX client.
Client-sideglyph managementprovidesseveral advan-
tagesfor X applications:accessto every detail of the
font-file, application-specificfonts, incrementalrasteri-
zation and the ability to shareknown fonts with other
partsof theenvironment,suchasprinters.Additionally,
as the underlyingrenderingmechanismrefersonly to
imagesandnot glyphs,the glyph rasterizationtechnol-
ogyandeventhefont file formatitself nolongerdepends
on thecapabilitiesof theX server. Integratingnew font
technologiescannow move at the rapid speedof indi-
vidual applicationdevelopmentrather than the glacial
speedof the generalavailability of new X server en-
hancements.

With theX server no longerin chargeof managingfont
file accessandrasterization,anew library wasneededto
performthis taskon the client sideof the wire. As the
Renderextensionwas designedto supportanti-aliased

graphics,this new library neededto provide supportfor
high-qualityanti-aliasedglyph rasterization.

The FreeType project[TT00] hasdevelopeda complete
font rasterizationenginefor most outline font formats
alongwith standardX PCFbitmapfonts. The Render
extensiontakesglyph imagesandpresentsthemon the
screen. All that was neededwas a thin layer of glue
codeto fit betweenFreeTypeandthe Renderextension
to enableapplicationsto presenthigh-qualitytext on the
screen.

For X serversnot supportingthe Renderextension,the
library shouldprovide accessto “core” fonts (fonts ac-
cessedthroughthe original coreX protocol). This per-
mits applicationsto move to the new library without
leaving legacy X serversupportbehind.

The FreeType library shiesfrom specifying how font
filesarelocated;insteadit requiresthatapplicationspro-
videfile namesfrom whichfontsareloaded.Thisplaces
the burden of configuring and customizingthe set of
availablefontsoutsideof theFreeTypelibrary. Thisnew
“glue” layer would have to provide someconfiguration
to beusablein adesktopenvironment.

2 X RenderExtensionGlyph Management

TheX Renderextensionprovidesacoupleof simpleab-
stractionsfor applicationmanagementof glyphs. Each
Glyphcontainsan“alpha” mask(arectangularimageof
opacityvalues)coveringtheglyphshape,anoffsetfrom
theorigin of thealphamaskto thenominalglyphorigin
anda default escapement(with bothhorizontalandver-
tical offsets)to the next glyph. A collectionof Glyphs
are containedin a GlyphSetand are numberedby the
applicationwith arbitrary32-bit indices.

Applicationsdraw text by sendinga GlyphSetidentifier
andalist of indicesin thatset.Theserversetseachglyph
by renderingthealphamaskat thespecifieddrawing lo-
cationadjustedby the glyph offset. Successive glyphs
are positionedby addingthe escapementvector to the



currentorigin. Justaswith the corePolyText requests,
sequencesof glyphs can be alternatedin the samere-
questwith positionadjustmentsandGlyphSetchanges.
This allows a complex string to be renderedin a single
operation.

As therequiredsetof operatingsystemlanguageandlo-
calesupportexpandsto cover moreof theworld’s peo-
ples, the numberof glyphsincludedin most fonts also
increases. Popularoutline fonts contain thousandsof
glyphs today. Where incrementallyrenderingglyphs
wasconsideredareasonableoptimizationtenyearsago,
it isnow anessentialpartof any fontmechanismto mini-
mizethememoryusageof eachfont andreducethetime
takenwhenaccessinganew font. TheRenderextension
providesfor suchincrementalrasterizationby allowing
Glyphsto be addedwhenneededto anexisting Glyph-
Set.No informationflowsfrom theX serverto theclient
whenaddingnew Glyphswhich makesthe processen-
tirely asynchronous.This asynchrony permitsreason-
ableperformanceeven in the faceof high network la-
tency.

As applicationstransmitimagesof eachglyph they dis-
play, the X server conservesmemoryby sharingiden-
tical glyphs wherever possible. This eliminatesdupli-
categlyphsbothwhensentby separateapplicationsand
evenwithin eachapplication..While theRenderexten-
sionalsoprovidestheability for applicationsto sharethe
job of rasterizingglyphs,this hasn’t yet beenexploited
andoffersthepossibilityof futureperformanceenhance-
ments.

3 FreeType Library

The FreeType projectwasoriginally formed to build a
freely availablerasterizerfor TrueType fonts. The first
versionof the FreeType library provideda high-quality
TrueType rasterizeressentiallymatchingexisting sys-
tems.

The secondversionof the FreeType library generalizes
therasterizerinternalsto providesupportfor many more
formats—Type-1, OpenType and CID outline formats
are now supportedalong with the current standardX
“PortableCompiledFormat”usedfor bitmapfonts.

FreeTypeprovidesinterfacesfor measuringandrasteriz-
ing glyphsaswell asmechanismsto accesstableswithin
thefont file for kerningandglyphsubstitutionof various
forms. This providesapplicationswith thedataneeded
to positionglyphsfor a varietyof locales,aslong asthe
underlyingfont includesthenecessarytables.

As the FreeType project was clearly building a gen-
eral font library, theburdenof developinga new library
within XFree86was significantly reducedby adopting
this existing systemandproviding “glue code” to adapt
theFreeTypedatastructuresto thoseneededby theRen-
derextension.This doesexposeapplicationsto changes
in the FreeType library, but as FreeType is a mature
project, suchchangesare likely to be lesssevere than
would be requiredfrom any new library developedby
XFree86.

Font naming and configurationare not a part of the
FreeTypelibrary. This particularchoreis left to theap-
plication. As FreeType is usedin many environments,
someof whichdon’t evenhaveafile system,thisdesign
serves to ensurethat FreeType remainsfree of system
policy while providing for thewidestpossibleuse.Pro-
viding suchsupportturnedout to be thehardestpartof
Xft, andthepartwhichwill likely bereplacedin thenear
future.

4 XLFD Font Naming

The coreprotocolprovidesfor unstructuredstring font
names.TheX Logical FontDescription[SG92] (XLFD)
wasdesignedto placesomestructureon the format of
thesestring names.As outline fonts for desktopcom-
putingwasarelativenoveltywhenX wasdeveloped,the
coreprotocolandthe XLFD wereboth designedbased
onbitmappedfonts.Thesemanticsandsyntaxsurround-
ing scalablenameswasaddedaftera significantperiod
of XLFD-baseddevelopmenthadalreadyoccurred.

The intent of the font namesyntax in the XLFD was
to provide applicationssufficient informationaboutthe
font from the namealonepermittingfont selectionand
font list presentationto beperformedwithout reference
to theunderlyingfont dataitself.

The XLFD alsoprovide a standardpolicy for opening
fonts using namescontaining‘?’ and ‘*’. For such
names,the font selectedis thatwhich would have been
returnedfirst in responseto a requestto list fontsusing
thesamepattern.Unfortunately, this doesn’t ensurethat
‘*’ is a reasonabledefault valueastheserverkeepsfont
namesinternallysortedwithin eachfont directoryfor ef-
ficient searching.For example,whenattemptingto use
‘*’ for the font weight the server will list ‘bold’ before
‘normal’.

Wherethis policy really failed was in the mappingof
point sizesto pixel sizes. XLFD provides pixel size,
point sizeandresolutionin bothaxesin the font name.



ThestandardX fontsaresegregatedby resolution,sepa-
rate‘75dpi’ and‘100dpi’ directoriescontainfontsatvar-
iouspoint sizesfor thoseresolutions.Additional direc-
toriesof fontsaregenerallyrasterizedfor 75dpiscreens.

TheprotocoldirectstheX serverto searchthefontdirec-
toriesin theorderpresentedby thefontpath.Thismakes
thefont pathdictatewhich resolutionis preferred.If the
100dpi directory is listed first, applicationsspecifying
‘*’ for theresolutionfieldswill use100dpifontswhere
they exist and75dpifontsotherwise.

Applicationsspecifying only point size and using ‘*’
for resolutionendup with a collectionof randomsized
fonts—thosefound in the 100dpidirectorywill be ras-
terizedfor a 100dpiscreen,the remainderof the fonts
are generallyrasterizedfor a 75dpi screenand appear
smallerasa result.

The end result is that XLFD font matchingis fraught
with peril; applicationsattemptingit oftenresortto list-
ing available fonts and then presentingfully qualified
XLFD namesbackto theserver.

Onefurther issuewith the XLFD is that it includesthe
averagewidth of theglyphsasapartof thename.While
this is a usefulpieceof informationfor applicationsin-
terestedin selectingamongvarioussetwidths,andiseas-
ily computedfor bitmappedfonts, outline fonts can’t
generallycomputethis without rasterizingall glyphsat
the desiredsize. Simply listing the fonts availableat a
particularsizeinvolvesrasterizingeveryglyph for every
font.

XLFD providesuseful information aboutthe available
fonts, and except for the averagewidth field, this in-
formationis easilycomputedanddeliveredbackto ap-
plications. Applications using XLFD namesshould
avoid usingserver-sidefont matchingandinsteadman-
ageXLFD nameslocally, generatingappropriatefully
qualifiednamesusinginformationgleanedfrom listing
theavailablefonts.

As XLFD namesdon’t provide for reasonablematching
semantics,a new schemewasrequiredto permittheun-
derlyingfont systemto locatea suitablefont givena set
of constraintsprovidedby the application. Sucha sys-
temneededto beflexible enoughto encompassunimag-
inednew font propertieswhile not requiringthatappli-
cationsfully specifyeveryaspectof thefont.

5 Designinga NewLibrary

Xft interactswith its environmentin threeareas;with
applicationsthrougha programminginterface,with the

systemthroughconfigurationfilesandwith usersasthey
provide font names. While thesethree areasinteract
within the library, they are separablefrom the design
perspective.

5.1 Application Interface Design

Theprimarygoalof Xft wasto connecttheoutputof the
FreeType rasterizerwith the Renderextension. How-
ever, to gain someacceptanceof Xft asa replacement
for the existing Xlib text output routines,a secondary
goalwasto alsosupportcoreX fonts,albeitwith some
compromiseon applicationfunctionality.

BecauseFreeType doesn’t provide for font selection,a
portionof Xft providesfor font matching.Adoptingthe
existing XLFD mechanismwould have significantlyre-
strictedthe capabilitiesfor font matching,so Xft pro-
vides a new format. This selectionmechanismis de-
signedto alwaysmatchsomefont, permittingapplica-
tions to assumethat suitablefonts exist and avoiding
fallbackmechanismsatevery level.

Anotherrequirementis that the library provide reason-
able matches,suchas substitutingoblique fonts when
italic is requestedandusingmediumweightfontswhen
no weight is specified. This permits applicationsto
specifyfontswithout all of their characteristicsandex-
pect reasonableresults. In caseswherethe application
requestcontainsconflicting requirements,policy about
which characteristicsaremostimportantprovidesreso-
lution.

To simplify text encodingoptionsat thelibrary level, all
text outputroutinesacceptonly Unicode-encodeddata.
Otherencodingsareconvertedby theapplication,either
attheboundarywith theoperatingsystemorbetweenthe
applicationandXft. As existing fontsgenerallyprovide
aUnicodeencoding,or oneeasilyconvertedto Unicode,
this dramaticallysimplifies the internalsof the library
while exposingaconsistentview to theapplication.

Another importantgoal was to minimize the exposure
of internaldatastructuresto applications.As theRender
extensionpermitsincrementaldownloadsof new glyphs,
Xft is designedto rasterizenew glyphsondemand.This
requiresthat metric information be requestedthrough
a function rather than directly accessedfrom the data
structuresasis donein Xlib.

Finally, asXft is not designedasa completefont access
library, theunderlyingFreeTypedatatypesareexposed
for applicationsto usedirectlywith FreeTypeitself. This
reducesthecomplexity of Xft while still allowing appli-
cationsfull accessto theavailablefont information.



5.2 Font Naming Design

Thedesignof font namesfor Xft startedwith thenotion
that font namesrepresentpropertiesof the font, either
propertiesdesiredby an applicationor propertiespre-
sentedby the font itself. As the requirementsof anap-
plication are not fixed, and the characteristicsof fonts
continueto beenhanced,an ideaemergedof represent-
ing a font nameasa variablelist of namedproperties,
eachwith an associatedset of values. Allowing more
thanonevaluefor eachpropertyprovidesthe ability to
specifyalternative acceptablevaluesfor aspectsof the
font like family namesor styles.

This design unifies the representationof application
font requestsand available fonts. An “XftPattern” is
a collection of namedproperties;eachpropertyholds
one or more values. Eachavailable font is described
as an XftPattern providing characteristicsof the font.
Applicationsbuild XftPatternsdescribingtheir require-
mentswhich are then matchedagainstthe XftPatterns
describingall of the availablefonts. The availablefont
mostcloselymatchingtheapplicationspecificationisse-
lected. This nearest-matchingmechanismensuresthat
everyapplicationfont requestwill bematchedby afont,
althoughtheprecisecharacteristicsof thatfont maydif-
fer from theapplication’s request.

Finally, a textual representationfor XftPatternswasde-
signed.Thispermitsapplicationsto beconfiguredmuch
asthey aretodayby usinga stringto selecta font.

XftPatternsprovide a simpleandextensiblemechanism
for communicatingrequirementsand capabilitiesbe-
tweentheapplicationandthefonts it uses.Their usage
is describedin Section6.

5.3 Font Listing Design

Thecoreprotocolprovidesprimitive supportfor query-
ing thesetof availablefonts;asimpleshell-stylepattern
is passedto theX serverandthesetof fontnamesmatch-
ing thatpatternis returned.Thereis no way of discov-
ering the setof available font families without getting
a list which includesessentiallyall of the fonts in the
system.Applicationsareresponsiblefor extractingthe
informationthey needfrom this massof data.

Whatwasneeded,instead,wastheability to askthesys-
temfor specificrelevant informationandto have it dis-
cardredundantdata. Applicationscould thenfocuson
examiningandmanipulatingtheinformation,ratherthan
expendsignificanteffort parsingXLFD strings.

Xft splits the information neededto return dataabout
available fonts into two pieces. The first is a pattern

whichis usedto selectfrom theavailablefonts.Thesec-
ondis asetof propertynamesusedto determinewhatin-
formationtheapplicationis interestedin receiving. The
list of matchingfontswouldbeparedto eliminateentries
with duplicatevaluesin theselectedproperties.

Finally, the notion of “best match” isn’t useful in list-
ing fonts; applicationsusefont lists to generatedialogs
for the useror to discover capabilitiesof a family of
fonts. Insteadof measuringthe distancefrom the re-
questedpatternto theavailablefonts,anexactmatchis
requiredfor all elementsof thepattern.

5.4 Configuration Design

To avoid thepossibleproliferationof incompatiblefont
configurationandcustomizationmechanisms,astandard
was needed. As no existing standardexisted, adding
configurationto Xft at leastensuredthatX applications
couldsharefontsandnamethemin thesameway.

An essentialcustomizationrequirementis to allow one
font to stand-infor another. These“aliases”helpmain-
tain the generalappearanceof text by selectingfaces
with similar characteristicsto unavailable faces. An-
otherusefulrole is in supportinggeneric‘mono’, ‘sans’
and‘serif’ faceswhichapplicationscanuseto follow the
userspreferencein eachof thesecommoncases.

Anothergoalwasto makeaddingfontsaseasyaspossi-
ble. ThecoreX font configurationmechanismusesthe
X serverfont pathto list thesetof directoriesin whichto
find fonts. In eachof thesedirectories,two separatecon-
figurationfilesmustbegeneratedwhichmapfont names
to file names.If thesefilesaremissingor corrupted,font
selectionwill not work properly. By eliminating such
configurationfiles,theoverallsystemwouldbemorero-
bust.

Finally, usersandadministratorsneedto customizethe
rasterizationof specificfonts. Someuserswish to avoid
anti-aliasedtext at a rangeof sizes,or for specificfaces.
Othersneedto adjustthesizeor spacingof certainfonts.

As it turns out, Xft is not quite the right placefor all
suchconfiguration—Xapplicationsaren’t theonly ones
interestedin accessingfontsandfont information.Mov-
ing this configurationmechanismout of Xft andinto a
library usableby non-X applicationswill be a focusof
developmentin thenearfuture.

6 Xft Font Names

Font namesin Xft are representedas a list of named
properties,eachof which carriesa list of typedvalues.



Name Type C Name
family String XFT FAMILY
style String XFT STYLE
slant Int XFT SLANT
weight Int XFT WEIGHT
size Double XFT SIZE
pixelsize Double XFT PIXEL SIZE
encoding String XFT ENCODING
spacing Int XFT SPACING
foundry String XFT FOUNDRY
core Bool XFT CORE
antialias Bool XFT ANTIALIAS
xlfd String XFT XLFD
file String XFT FILE
index Int XFT INDEX
rasterizer String XFT RASTERIZER
outline Bool XFT OUTLINE
scalable Bool XFT SCALABLE
rgba Int XFT RGBA
scale Double XFT SCALE
render Bool XFT RENDER
minspace Bool XFT MINSPACE
dpi Double XFT DPI
charwidth Int XFT CHAR WIDTH
charheight Int XFT CHAR HEIGHT
matrix Matrix XFT MATRIX

Table1: Xft Font NameProperties.

This collection of propertiesis storedin an XftPattern
datastructure.Thereareroutinesto createXftPatterns,
edit themandperformmatchingoperationsagainstthe
list of availablefonts.Xft hasa list of properties,shown
in Table1, which it supportsinternally; thereis no re-
strictionthatapplicationsuseonly these,Xft will ignore
thoseit doesn’t understand.

To permit XftPatternsto be transmittedand stored,a
stringrepresentationexistswhich cancapturethestruc-
tureof apattern.Theformatof thesestringsis shown in
Figure1. Eachof the supportednameshasan implicit
type which is usedto parsethe associatedvalues.This
reducestheneedfor quotingorotherlexicalmechanisms
to distinguishamongstthe varioustypes. As is shown,
namedconstantscan take the placeof eithervaluesor
completename=valuepairs. As the constantsuniquely
determinetheir associatedproperty name,there is no
needto supply that aswell. Refer to Table2 for a list
of the available constants. Eachof theseconstantsis
representedinternally by a numericvalue; this permits
similar matchesby comparingthevaluefrom theavail-
able fonts with the valuerequestedby the application.
An applicationrequesting‘demibold’ will select‘bold’
insteadof ‘medium’. This helpsensurethat the intent

Name Constant Value
weight light 0

medium 100
demibold 180
bold 200
black 210

slant roman 0
italic 100
oblique 110

spacing proportional 0
mono 100
charcell 110

rgba rgb 1
bgr 2
vrgb 3
vbgr 4

Table2: Xft Font NameConstants.

of the applicationis fulfilled, even when the available
fontsdon’t matchthosepresentduringdevelopmentand
testing.

Additionally, while XLFD namesarenot ideal,they are
commonin existing X applicationsanddo representa
set of desiredfont characteristics.Xft can convert an
XLFD nameinto anXftPatternwhich canthenbeused
to selecta font usingXft matchingrulesratherthanthe
XLFD matchingrulesdescribedin Section4.

Xft font namesare designedto be extensibleso that
existing applicationswill continue to to operatecor-
rectly evenwhile theXft/FreeType2interfacecontinues
to grow andprovidepatternelementsfor newersystems.

7 Xft Configuration File

Using the coreprotocol,all applicationsareensuredof
having accessto all of the availablefonts asit is the X
servers responsibilityto locate them. With font man-
agementnow moving to the client side, locating fonts
becomestheresponsibilityof theapplication.Withouta
centralsharedconfigurationmechanism,thesetof avail-
ablefontsfor eachapplicationmaywell bedifferent.In-
stallingandselectingfontswouldbeproblematicander-
ror prone.

The main job, then, of the Xft configurationfile is to
specifythelocationof availablefont files. Secondaryto
this is therole of adjustingfont selectionandcustomiz-
ing rasterizationparameters.

By default, the Xft configurationfile ‘XftConfig’ is
found in /usr/X11R6/lib/X11. This can be overridden



name : families sizes properties
families : family-names�

family-names : family-names , string�
string

sizes : - size-list�

size-list : size-list , number�
number

properties : properties : property�

property : string = value�
named-constant

value : string�
number�
boolean�
named-constant�
matrix

matrix : number number number number

Examples:

times,serif-12:italic
courier,mono-14:matrix=1 .1 0 1

Figure1: Xft FontNameSyntax.

by specifyinganalternatefilenamein theXFT CONFIG
environmentvariable.

Commentscanbe placedanywherein the file with the
‘#’ characterandextendto the endof the line. The re-
mainingsyntaxwill beexposedin subsequentsections.

7.1 Font Dir ectories

Xft takesa simplistic view in configuringwherefonts
are to be found. A list of directoriesarespecifiedand
Xft searchesthosefor font files, all of the font files it
findsareaddedto thelist of availablefontsfor matching.
Theorderwithin thedirectoriesis irrelevant;Xft always
searchesfor thebestmatchamongall of the fonts. Di-
rectoriesarespecifiedin theconfigfile with a line of the
form:

dir "/usr/X11R6/lib/X11/fonts/Type1"

No specialconfigurationof thedirectoryis required,Xft
scansthedirectorylooking for font filesautomatically.

7.2 NestedConfiguration Files

To split theconfigurationfile into manageableparts,and
to allow for per-usercustomizationof thelibrary, theXft
configurationfile allows for linesof theform:

include "/usr/local/lib/XftAliases"

includeif "˜/.xftconfig"

Theonly differenceis that the first form will causeXft
to emit a warningmessagewhenthe referredfile can’t
be found. The ‘ ˜ ’ characterrefersto the user’s home
directory; asthe Xft configurationfile is parsedby the
user’sapplicationsthemselves,thispermitsper-usercus-
tomizationwithout referringto theX display.

7.3 Font Pattern Editing

To provide for font substitutionand other adjustments
in thefont matchingprocessalongwith allowing for the
configurationof therasterizationprocess,theXft config-
urationfile cancontainoperationswhichmodify theXft-
Patternbeforethematchingprocessis done.Theseop-
erationsarecalled“editing commands”andoperateby



command � match tests edit edits
tests � test tests�

test � any
�
all name compare value

compare � ==
�
!=

�
<

�
<=

�
>

�
>=

edits � edit edits�

edit � name eqop expr ;
eqop � =

�
+=

�
=+

expr
�
value�
name�
expr binop expr�
! expr�
expr ? expr : expr

binop � ||
�
&&

�
==

�
!=

�
<

�
<=

�
>

�
>=

�
+

�
-

�
*

�
/

Examples:

# Use LuciduxSerif as default serif’ed font
match any family == "serif"
edit family += "LuciduxSerif";
# Avoid using anti-aliasing at some sizes for LuciduxSerif face
match any family == "LuciduxSerif" any size < 14 any size > 8
edit antialias = false;

Figure2: Xft PatternEditingSyntax.

matchingthe incomingpatternandmodifying it. Each
commandis executedin theorderit appearsin thecon-
figurationfile. Thesyntaxfor thesecommandsis found
in Figure2.

Thematchclausesselectwhich patternsareselectedfor
editing; all must be true for the edit to be performed.
Matchesprefixed with ‘any’ are true if any of the val-
uesassociatedwith thenamedfield satisfythecondition.
Matchesprefixedwith ‘all’ aretrueonly whenall of the
valuessatisfythecondition.

Theedit clausesoperateon thefieldsof thepatternand
caneitherreplaceor amendthevaluesfoundfor theas-
sociatedfield. If the matchclausecontainsa reference
to thesameelementof thepattern,thematchingvalueis
marked.

Edits usingthe ‘+=’ operatorwill inserttheir valuebe-
forethemarkedvalue.Editsusingthe‘=+’ operatorwill
insert their value after the marked value. Edits using
the‘=’ operatorwill replacethemarkedvaluewith their
value. If no valueis marked, the ‘+=’ and‘=+’ opera-
torsprepend/appendtheir associatedvalueto the list of
valueswhile the‘=’ operatorreplacesall existingvalues
with its associatedvalue.

Theoperatorswithin theexpressionsoperatein theob-

viousmanner, onepossiblyunexpectedoperationis that
the‘+’ operatorcanoperateonstringsandwill concate-
nate them. Fields within the font may be referredto
within anexpression;thefirst valueassociatedwith the
field is used.

After usingthismechanismfor severalmonths,it hasbe-
comeclearthat it is very complex andyet incapableof
performingexpectedtasks.Onedeficiency is thattheed-
its affectonly theincomingpatternanddonotoperateon
thematchedfont. This makestheexampleof disabling
anti-aliasingfor LuciduxSeriffontsproduceunexpected
resultswhenpresentedwith a nameof theform:

Times,LuciduxSerif,serif-10

The‘match’ clausewill succeedwith this pattern,caus-
ing thisTimesfont to bedisplayedwithoutanti-aliasing.

Anotherissueis that font aliasesaredifficult to specify
andstill don’t provide preciselythe desiredsemantics.
Therearetwopossiblesemanticsdesiredfor fontaliases;
thefirst is thatcertainfacesshouldalways besubstituted
for others,thesecondis thatcertainfacesmay besubsti-
tutedfor otherswhenthosearenot found. An explicit
statementof this kind would bothclarify thefile format
while improving thefont matchingsemantics.



X Resource Type Effect Default
Xft.render Bool DirectsXft to useclient-sidefonts HasRender
Xft.core Bool DirectsXft to useserver-sidefonts !HasRender
Xft.antialias Bool Selectswhetherglyphsareanti-aliased True
Xft.rgba Number Specifiessub-pixel orderon LCD screens 0
Xft.minspace Bool Eliminatesextra leadingbetweenlines False
Xft.scale Number Scalespoint sizeof all fonts 1.0
Xft.dpi Number Usedto convertpoint sizeinto pixel size Verticalscreendpi

Table3: AdjustingXft valueswith X Resources.

Order Name Type
1 foundry String
2 encoding String
3 antialias Bool
4 family String
5 spacing Number
6 pixelsize Number
7 style String
8 slant Number
9 weight Number

10 rasterizer String
11 outline Bool

Table4: MatchingOrderof Xft FieldComparisons.

8 Font Matching

Thegoal for font matchingin Xft is to accepta collec-
tion of characteristicsfrom theapplicationandreturnthe
best font from all of thoseavailable. The application
providesafont specificationin theform of anXftPattern
to the XftFontMatchfunction. The patternis editedas
describedin Section7.3. X resourcesarethenusedto
modify the patternasshown in Table3. If a pixel size
wasnot specifiedby the application,it is computedby
taking the specifiedpoint size (if specified,else12.0),
multiplying thatby thescalefactorandthenconverting
it from pointsto pixelsusingthespecifieddpi value.The
otherX resourcesareusedasdefault valuesfor the as-
sociatedpatternelements.

The fully specifiedpatternis then comparedwith all
availablefonts.Only thefieldsshown in table4 areused
in this comparison.The orderof fields in this table is
significant;any mismatchin elementsearlierin thetable
overrideall matchesin laterelements.Missingelements
in a patternor font are tacitly matched. Numbersare
measuredby the magnitudeof their difference.This is
how ‘oblique’ selects‘italic’ insteadof ‘roman’.

Field with multiple valuesare biasedto prefer fonts
which matchearlierin thelist; this way thename

Times,LuciduxSerif,serif-10

will preferto match‘Times’over ‘LuciduxSerif’.

Once a font has beenselected,an XftPattern is built
which describesthat font preciselyallowing the appli-
cationto discover whatfont wasactuallyselected.This
patternincludesinformationaboutthe underlyingfont
file itself allowing applicationsdirect accessto any in-
formationunavailablethroughFreeType. Fields found
in thepatternthatdon’t occurin thefont areadded;this
allows applicationsto communicateinformationin font
patterns,both to rasterizersandalsowithin theapplica-
tion itself.

9 Core X Font Handling

While the main goal of Xft is to provide client-side
font supportusingFreeType andthe Renderextension,
it seemedreasonableto also provide someapplication
compatibility by usingcoreX fonts wherethe Render
extensionwasunavailable. This, by necessity, restricts
the capabilitiesof the library, but even so,many appli-
cationscanuseXft functionswith eithercoreor Ren-
der fonts without change.Othersneedonly minor ad-
justmentsto noticewhenFreeType functionscannotbe
used.

Corefont handlingtakestwo pieces;selectionof fonts
andrendering.Theselectionof fonts is doneby listing
the availableX fonts andconverting thoseinto XftPat-
tern datastructuresandthenacceptingapplicationpat-
ternsfor matching.As thematchingis basedona“near-
ness”metric insteadof simple shell patternmatching,
theresultingmatchingis generallymoreusefulthanthat
specifiedby the XLFD. This cansimplify applications
whichbeforehadsignificantmechanismdevotedto core
X font matching.

Onceacorefont is selected,renderingbecomesasimple
matterof having the Xft routinescall thestandardXlib
text drawing routines.Theonly difficulty is in mapping



theUnicodeglyphsprovidedby theapplicationinto the
encodingsupportedby thefont.

Oneeffect of this merging is that the generalXft ren-
dering routinesexposeno capabilitiesnot provided by
bothRenderandcorefonts. Applicationsmayspecifya
translucentcolorvaluefor drawing,but it will beignored
whenusingcore fonts. Similarly, there’s no provision
for selectinga rasteroperationor compositingoperator
aseachis supportedby only oneunderlyingrenderer.

Theresultis a new way of usingthecorefontswhich is
in many wayseasierto useandmorepowerful thanthe
Xlib equivalents.

10 An Overview of Xft Interfaces

The Xft programminginterfacecanbeeasilyseparated
into threedistinctareas:thosedealingwith XftPatterns
andmatchingfonts, thosedealingwith drawing glyphs
on thescreenanda smallsectionproviding aninterface
to theunderlyingFreeTypelibrary.

10.1 Xft Data Structur es

XftValue
typedef enum _XftType {

XftTypeVoid,
XftTypeInteger,
XftTypeDouble,
XftTypeString,
XftTypeBool,
XftTypeMatrix

} XftType;

typedef struct _XftValue {
XftType type;
union {

char *s;
int i;
Bool b;
double d;
XftMatrix *m;

} u;
} XftValue;

An XftValueholdsonevaluefor an elementof an
XftPattern. It shouldbe treatedasa taggedunion;
setandcheckthe‘type’ field beforeusingtheunion
elements. Storagefor the string and matrix ele-
mentsis separate.Xft alwayscopiesthedatafrom
thesepointerswhenreceiving XftValuestructures
from the application,this leavesapplicationsfree
to usestaticor stack-basedstorageasappropriate.

XftPattern
typedef struct _XftPattern

XftPattern;

An XftPatternis anopaquestructureholdinga list
of namedelements,eachof which holds a list of
XftValues. Xft provides interfacesto build and
querythesepatterns.

XftF ont
typedef struct _XftFont {

int ascent;
int descent;
int height;
int max_advance_width;
Bool core;
XftPattern *pattern;
union {

struct {
XFontStruct *font;

} core;
struct {

XftFontStruct *font;
} ft;

} u;
} XftFont;

TheXftFont datastructureis returnedwhenopen-
ing fontsandis usedin drawing glyphs.Thevisible
membersprovide a modicumof informationabout
the font. The ‘core’ valuewill be True if the un-
derlying font is a core X font, in which casethe
u.core.fontfield will point at anXFontStruct.Oth-
erwise,the underlyingfont is a FreeType font and
theu.ft.font field refersto anXftFontStruct.

XftF ontStruct
typedef struct _XftFontStruct

XftFontStruct;

struct _XftFontStruct {
FT_Face face;
GlyphSet glyphset;
int min_char;
int max_char;
FT_F26Dot6 size;
int ascent;
int descent;
int height;
int max_advance_width;
int spacing;
int rgba;
Bool antialias;
int charmap;
XRenderPictFormat *format;
XGlyphInfo **realized;



int nrealized;
Bool transform;
FT_Matrix matrix;

};

This structure should probably becomeopaque
with suitableaccessorfunctionsto reachtheappro-
priate internalfields. The mostusefulmemberis
likely to be the ‘f ace’which refersto the underly-
ing FreeType object,however, askeepingthat ob-
ject residentin memoryis ratherexpensive, it may
bethat this needsto becomecachedandloadedon
demand.Applicationswantingto usethis field are
wise to preparefor its eventualdisappearanceby
wrappingaccessin a macro. An audit of which
other fields of this structureshould be visible is
needed.

XftDraw
typedef struct _XftDraw

XftDraw;

An XftDraw encapsulatesthestateneededto render
glyphsto anX drawable.For theRenderextension,
a Pictureis neededwhile for coreX, a GC andas-
sociatedpixel valuesarerequired.

XftColor
typedef struct _XftColor {

unsigned long pixel;
XRenderColor color;

} XftColor;

The RenderextensionneedsRGBA while coreX
requiresapixel value.An XftColor holdsboth,and
routinesexist to initialize and free any associated
resources. For TrueColor visuals, the allocation
routineavoidsa roundtrip by computingthepixel
valuelocally, sothere’s no performancepenaltyin
that case.Whenit is know that the Renderexten-
sionwill beused,the‘color’ membercanbeinitial-
izedmanuallyleaving the‘pixel’ valueunset.

XftObjectSet
typedef struct _XftObjectSet

XftObjectSet;

The font listing mechanismwithin Xft usesan
XftObjectSetto restricttheamountof datareturned
to the application.An XftObjectSetholdsa list of
field names.

XftF ontSet
typedef struct

_XftFontSet {
int nfont;
int sfont;
XftPattern **fonts;

} XftFontSet;

XftFontSetsreferenceasetof patternsandareused
asthereturnvaluefrom thefont listing functions.

XftResult
typedef enum _XftResult {

XftResultMatch,
XftResultNoMatch,
XftResultTypeMismatch,
XftResultNoId

} XftResult;

Functionsthat return a searchresult usethis data
typeto presenttheirfindings.XftResultMatchindi-
catesthattheobjectwasfound,XftResultNoMatch
saysthatnomatchingobjectwasfound.XftResult-
TypeMismatchsaysthat an objectwas found, but
it wasof thewrongtypewhile XftResultNoIdsays
thatanobjectwasfound,but that therewerefewer
valuesthanrequested.

10.2 Font Pattern Manipulation

Many Xft operationsinvolve XftPattern objects. As
thoseshouldnotbedirectlyaccessedby theapplication,
a setof routinesexist to manipulatethem.

XftPatternCreate
XftPattern *
XftPatternCreate (

void)

Thiscreatesanemptypattern.

XftPatternDuplicate
XftPattern *
XftPatternDuplicate (

XftPattern *p)

A new patternis createdwhich containsall of the
valuesfrom ‘p’. Valuesreferringto othermemory
(stringsandmatrices)arecopiedto newly allocated
storageaswell.

XftPatternDestroy
void
XftPatternDestroy (

XftPattern *p)

All referencedstorage,including any stringsand
matricesreferredto by valueswithin the pattern,
is freed.

XftPatternAdd
Bool
XftPatternAdd (

XftPattern *p,



const char *object,
XftValue value,
Bool append)

‘value’is addedto thelist of valuesfor thefield ‘ob-
ject’. If ‘append’is True,thevalueis addedto the
endof the list, otherwiseit is insertat thehead.If
‘value’ refersto a string or matrix, XftPatternAdd
will allocatenew storageandcopy the object into
it. XftPatternAddreturnsFalseonly whenallocat-
ing spacefor this operationfails. This function
forms the basisfor the remainingXftPatternAdd
functions.

Bool
XftPatternAddInteger (

XftPattern *p,
const char *object,
int i)

Bool
XftPatternAddDouble (

XftPattern *p,
const char *object,
double d)

Bool
XftPatternAddString (

XftPattern *p,
const char *object,
const char *s)

Bool
XftPatternAddMatrix (

XftPattern *p,
const char *object,
const XftMatrix *s)

Bool
XftPatternAddBool (

XftPattern *p,
const char *object,
Bool b)

Eachof thesefunctionscreatesa temporaryXft-
Value with the appropriatetype and value and
passesit to XftPatternAddwith the‘append’value
setto True.

XftPatternGet
XftResult
XftPatternGet (

XftPattern *p,
const char *object,
int id,

XftValue *v)

XftPatternGetsearchesthe indicatedpatternfor an
elementwhose name matches‘object’. It then
searchesalongthe list of valuesfor that namefor
the ‘id’ th element(startingat zero)andstoresthe
resultingvaluein v. It doesnotallocatenew storage
for stringsor matrices,soapplicationsmustensure
thatthereturnedvaluenotbereferencedbeyondthe
life of theXftPatternitself. This functionformsthe
basisfor theremainingXftPatternGetfunctions.

XftResult
XftPatternGetInteger (

XftPattern *p,
const char *object,
int n,
int *i)

XftResult
XftPatternGetDouble (

XftPattern *p,
const char *object,
int n,
double *d)

XftResult
XftPatternGetString (

XftPattern *p,
const char *object,
int n,
char **s)

XftResult
XftPatternGetMatrix (

XftPattern *p,
const char *object,
int n,
XftMatrix **s)

XftResult
XftPatternGetBool (

XftPattern *p,
const char *object,
int n,
Bool *b)

Eachof theseconveniencefunctionscalls XftPat-
ternGet. If the datatypeof the resulting value
doesn’t match the type of the function, these
functions return XftResultTypeMismatch, other-
wisethey returnthesamethingasXftPatternGet.



XftPatternBuild
XftPattern *
XftPatternBuild (

XftPattern *orig,
...)

The argumentsafter ‘orig’ form a list of pattern
names,typesandvaluesto addto thespecifiedpat-
tern.If ‘orig’ is null, anew patternis allocated.The
patternargumentsareof theform:

char *object,
XftType type,
union {

char *s;
int i;
Bool b;
double d;
XftMatrix *m;

} u

The list is terminatedwith a NULL object. Here’s
anexample:

p = XftPatternBuild (
0,
XFT_FAMILY,

XftTypeString,
"mono",

XFT_SIZE,
XftTypeDouble,
12.0,

0);

This functionis aconveniencefunctionencapsulat-
ing severalcallsto XftPatternAddin onestatement,
thesemanticsareidenticalto makingtheequivalent
setof XftPatternAddcalls.

XftPattern *
XftPatternVaBuild (

XftPattern *orig,
va_list va)

This takes the a varargs list of argumentsin the
sameformat asXftPatternBuild,yielding identical
results.

10.3 Font Selection

Xft exposesseveral levels of font selectionfunctions.
Thepatternsinvolvedcaneitherbeimplicitly generated
usingasimplefont namestring,or they canbeexplicitly
managedby theapplicationandmanipulatedbeforebe-
ing presentedto the underlyinginterfacefor matching.
Startingwith themostprimitive level, Xft provides:

XftF ontMatch
XftPattern *
XftFontMatch (

Display *dpy,
int screen,
XftPattern *pattern,
XftResult *result)

This function takesthe application-generatedXft-
Pattern, performsthe config file edits and X re-
sourcesubstitutionsand then matchesthe result
against the set of available fonts. The closest
matchingfont nameis returnedasanotherXftPat-
ternwhichcontainsenoughinformationto openthe
fontwith thenext function,XftFontOpenPattern.In
caseof failure, the returnvalueis 0 andanindica-
tion of theerroris placedin result.

XftF ontOpenPattern
XftFont *
XftFontOpenPattern (

Display *dpy,
XftPattern *pattern)

XftFontOpenPatternacceptsamatchedfont pattern
andcreatesan XftFont structurefor the font. The
returnedXftFontcontainsa referenceto thepassed
pattern,thispatternwill bedestroyedwhentheXft-
Font is passedto XftFontClose.

XftF ontOpen
XftFont *
XftFontOpen (

Display *dpy,
int screen,
...)

Argumentsafter ‘screen’ form an implicit XftPat-
ternasseenin thedescriptionof XftPatternBuildin
Section10.2.Here’sanexample:

f = XftFontOpen (
dpy,
DefaultScreen(dpy),
XFT_FAMILY,

XftTypeString,
"mono",

XFT_SIZE,
XftTypeDouble,
12.0,

0);

A patternis createdfrom theargumentsandpassed
to XftFontMatch,theresultof thatis passedto Xft-
FontOpenPatternwhich producesthe returnvalue
for this function.



XftF ontOpenName
XftFont *
XftFontOpenName (

Display *dpy,
int screen,
const char *name)

Similar to XftFontOpen, the ‘name’ argument
forms an implicit XftPattern, XftFontMatcn and
XftFontOpenPatternare usedin the samefashion
to produceamatchingXftFont.

XftF ontOpenXlfd
XftFont *
XftFontOpenXlfd (

Display *dpy,
int screen,
const char *xlfd)

This functionspreciselyasXftFontOpenNameex-
ceptthattheXftPatternis generatedby parsingthe
XLFD name‘xlfd’.

XftF ontClose
void
XftFontClose (

Display *dpy,
XftFont *font)

The underlying core or FreeType font object is
closedandthepatternreferencedby thefont is de-
stroyed.

10.4 XftDraw Manipulation

Xft provides an abstraction that masks the differ-
encesbetweencore X and Renderextension render-
ing. The XftDraw objectprovidesthe target for either
mode,wrappingsuitableinformationfor either render-
ing model.

XftDrawCr eate
XftDraw *
XftDrawCreate (

Display *dpy,
Drawable drawable,
Visual *visual,
Colormap colormap)

This routinecreatesanXftDraw objectreferencing
mentioneddrawable along with its associatedvi-
sualandcolormap.Thevisualargumentis required
evenfor pixmaprenderingasit specifiestheeven-
tual formatfor thepixel values.

XftDrawCr eateBitmap
XftDraw *

XftDrawCreateBitmap (
Display *dpy,
Pixmap bitmap)

When the renderingtarget is a 1-bit bitmap, this
functionis usedin placeof XftDrawCreate.

XftDrawChange
void
XftDrawChange (

XftDraw *draw,
Drawable drawable)

This function switchesthe underlying rendering
targetwithout affectingany otherpropertiesof the
XftDraw object. Applicationsare responsiblefor
ensuringthat thedrawableusesthe samevisualas
theoriginaldrawable.

XftDrawDisplay ,XftDrawDrawable,
XftDrawColormap,XftDrawV isual

Display *
XftDrawDisplay (

XftDraw *draw)

Drawable
XftDrawDrawable (

XftDraw *draw)

Colormap
XftDrawColormap (

XftDraw *draw)

Visual *
XftDrawVisual (

XftDraw *draw)

Thesefunctionssimply returntheassociatedvalue
from theopaqueXftDraw structure.

XftDrawDestr oy
void
XftDrawDestroy (

XftDraw *draw)

This destroys the XftDraw objectandany private
dataallocatedtherein. TheX drawablereferenced
is not destroyed..

10.5 Glyph Rendering

With anXftFontandanXftDraw in hand,thenext stepis
to usethemtogetherandpresentsometext onthescreen.
This is relatively simpleastheencodingis alwaysUni-
codeandtheonly thingthatchangesis how thoseglyphs
arestored.Thissectionalsodocumentsafew othercon-
veniencefunctionsfor applicationswantingto usesimi-
lar datastructuresfor otheroperations.



XftTextExtents
void
XftTextExtents<8,16,32,Utf8> (

Display *dpy,
XftFont *font,
XftChar<8,16,32,8> *string,
int len,
XGlyphInfo *extents)

Thesefunctionsmeasurethe extentsof the speci-
fied string andreturnsthe metricsin the ‘extents’
structure.

XftDrawString
void
XftDrawString<8,16,32,Utf8> (

XftDraw *d,
XftColor *color,
XftFont *font,
int x,
int y,
XftChar<8,16,32,8> *string,
int len)

Eachof thesefunctionsdisplaysasinglestring.For
Rendertext, thestringis paintedusingtheOverop-
erator. For coretext, it is paintedwith GXcopy and
a full planemask.

XftDrawRect
void
XftDrawRect (

XftDraw *d,
XftColor *color,
int x,
int y,
unsigned int width,
unsigned int height)

Thissimplefunctionpaintsasinglerectanglein the
specifiedcolor.

XftDrawSetClip
Bool
XftDrawSetClip (

XftDraw *d,
Region r)

The clip list for the specifiedXftDraw is set from
the specifiedregion. Alternative functionstaking
lists of rectanglesshouldprobablybeadded.

10.6 Font Listing

Xft providesa relatively complex mechanismfor listing
availablefonts. This allows thesamemechanismto list
availablefacesaswell asavailablestylesfor aparticular

facewithout returningextraneousdata. This is accom-
plishedby having theapplicationdeclarewhichfieldsof
thefont patternsareimportantandseparatelyprovide a
patternto selectmatchingfonts.For eachmatchingfont,
an entry for the returnedlist is generatedby extracting
only thosefieldsselectedby theXftObjectList provided
by the application. A uniquesetof suchentriesis re-
turnedto theapplication.

Becauselisting fonts is a fundamentallyseparatepro-
cessfrom openinga singlefont, the semanticsfor how
patternsmatchfonts in this processis differentthanin
Section10.3.Matchingin thiscontext requiresthateach
of theelementsof thepatternmusthaveonevaluewhich
preciselymatchestheassociatedfont element.

XftObjectSetCreate
XftObjectSet *
XftObjectSetCreate (

void)

CreatesanemptyXftObjectSet.

XftObjectSetAdd
Bool
XftObjectSetAdd (

XftObjectSet *os,
const char *object)

Add a singlefield nameto an XftObjectSet.Stor-
ageis allocatedfor thenameandit is copiedfrom
the argumentpermittingthe applicationto release
or reuseits own copy.

XftObjectSetDestroy
void
XftObjectSetDestroy (

XftObjectSet *os)

TheXftObjectSetis destroyedalongwith any other
referencedstorage.

XftObjectSetBuild, XftObjectSetVaBuild
XftObjectSet *
XftObjectSetBuild (

const char *first,
...)

XftObjectSet *
XftObjectSetVaBuild (

const char *first,
va_list va)

XftObjectSetBuildcreatesanXftObjectSetfrom a
list of object namesterminatedwith NULL. This
permitsthe quick constructionof a constantsetof
nameswithout a long sequenceof calls andis se-
manticallyequivalent to sucha sequenceof calls.



XftObjectSetVaBuild takesan existing varargs list
anddoesthesamething.

XftListF ontsPatternObjects
XftFontSet *
XftListFontsPatternObjects (

Display *dpy,
int screen,
XftPattern *pattern,
XftObjectSet *os)

For eachfont matching‘pattern’, a new patternis
generatedincluding only thoseelementsspecified
in ‘os’. This functionthenmergeseachnew pattern
into thereturnvaluesothatonly uniquepatternsare
included.

XftListF onts
XftFontSet *
XftListFonts (

Display *dpy,
int screen,
...)

Thevariableargumentsincludea list of patternele-
mentsasseenin thedescriptionof XftPatternBuild
in Section10.2 followed by a NULL. Following
that,alist of field namesasdescribedbyXftObject-
SetBuild in this sectionfollowed by anothernull.
With thepatternandobjectsetgenerated,this func-
tion callsXftListFontPatternObjectsandreturnsthe
sameresult.

10.7 FreeType Access

Wheremore complex interactionswith the underlying
FreeType library or Renderextensionarerequired,Xft
providessomefunctionsto accessthosemoredirectly.

XftFr eeTypeGet
XftFontStruct *
XftFreeTypeGet (

XftFont *font)

ThisreturnstheunderlyingXftFontStructobjectfor
thegivenfont,orNULL if theunderlyingfont isnot
a FreeTypefont.

XftRenderString
void
XftRenderString<8,16,32,Utf8> (

Display *dpy,
Picture src,
XftFontStruct *font,
Picture dst,
int srcx, int srcy,
int x, int y,

XftChar<8,16,32,8> *string,
int len)

Thesefour relatedfunctionsall provide a bit more
controloverthedrawingof text with theRenderex-
tension.In particular, they provide for anarbitrary
sourcepicturewhichcanbeusedto patternthetext.
Applicationsmightalsobeableto performmoreef-
ficientcachingof thesourcePicturedatawith these
routines;

11 Font Inf ormation Cache

As describedin Section7.1,thelibrary generatestheset
of available fonts by scanningeachof the directories
listed in the configurationfiles. Discovering the prop-
ertiesof a font requiresthat the font file be openedby
FreeTypeanda significantamountof thefile processed.
This can take quite sometime, especiallywith a large
numberof fonts.

To improve the performanceof this operation, Xft
cachesthe resultsof this searchin two places. Each
directorymay containa file namedXftCache which
containsa list of fonts, one per line with the font file
name,the index within thefile of thefont andinforma-
tion aboutthefont representedasanXftPatternin string
form. For any fonts not found in an XftCache file,
Xft generatesa .xftcache file in the usershomedi-
rectorycontainingthefont file name,font index, thefile
modificationtimeandtheXftPattern.

XftCachefiles arebuilt by the xftcache program,a
standardpartof theXFree86release.Usersareencour-
agedto runthisonotherdirectoriesaddedto theXft con-
figurationfile, andto re-runit whenever thecontentsof
thosedirectorieschange.Xft will automaticallymanage
the contentsof eachper-user.xftcache file to save
unknown fontswhile eliminatinginformationpresentin
anXftCache file.

Xft still scanseachdirectoryat startuptime, but it first
checkstheper-directoryandper-usercachesfor thefile-
namebeforeattemptingto openit with FreeType. This
dramaticallyreducesapplicationsstartuptime while re-
tainingtheaccuracy providedby queryingdirectorycon-
tents.

12 Future Dir ections

Xft startedasarelatively smalleffort to bind theX Ren-
derextensionwith theFreeTyperasterizer. It gainednew



capabilitiesasneededto providesupportfor moreappli-
cations. All of this new functionality hasbeenneces-
sary, but someof it hasoutgrown this X-centric library.
In particular, thefont configurationmechanismmustbe
extractedfrom Xft and placedin a separatelibrary to
besharedwith printerdriversandothernon-X font con-
sumers.Thiswill ensurethatfontscanbeeasilyinstalled
andmanagedfor thebenefitof all applications,not just
thosedisplayinginformationon thescreen.

Xft also needsadditionalcapabilitiesto supportinter-
nationalization.Right now, theXftFont objectrefersto
a singleFreeType font. If that font doesn’t containall
of theglyphsnecessaryto rendera particulardocument,
themissingglyphswill notbedisplayedcorrectly. Some
mechanismfor finding replacementglyphs is needed.
The XftFont structureshouldbe extendedto optionally
performautomaticglyphsubstitutionusingmultipleun-
derlyingFreeTypefaces.

For applicationsnot wanting automaticsubstitution,it
should be possibleto match fonts basedon required
subsetsof Unicodeglyphs;theinformationaboutglyph
coverageis presentin eachfont file, applicationsshould
be ableto specifytheneededrangeof glyphsandhave
Xft matchfontsbasedon thoserequirements.

13 Conclusion

Thedevelopmentof Xft hasfolloweda differentmodel
from mostof X development.Early versionsof the li-
brary were releasedand integratedinto other projects;
otherX projectshave waiteduntil they wereessentially
stablebeforebeingreviewedby thecommunityat large.

As useof the library hasgrown, somemajor improve-
mentshave beenaddedwithout significantly impact-
ing thoseotherprojects. Futureenhancementsmay re-
quirechangesto existingapplications,but thatshouldbe
viewedasa partof this process;muchof this library is
breakingnew groundfor the XFree86communityand
only throughwidespreadreview andusecanappropriate
architecturebedeveloped.

The designand implementationof Xft hasprogressed
rapidly. EventhoughXft wasstartedonly oneyearago
it hasalreadybecomeanessentialpartof many current
X projects.
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