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Abstract

TheX RendeiExtensiorprovidesanew glyphrendering
architecturdasedn client-sideglyph andfont manage-
ment. While this resoles mary toughtechnicalissues
relatingto the extensiondesign,it placesthe burdenof
rasterizing,configuringand customizingfont usageon
every X client.

The Xft library was written to provide X applications
a corvenientinterfaceto the Freelype font rasterizer
andthe Renderextension.As Freelype providesfor no

configurationor customization Xft also performsthis

task. Xft provides new font namingcorventions,so-

phisticatedont matchingandselectiormechanismsand
sufficient abstrationgo permitcommonapplicationsto

benefitfrom Renderextensionbasedtext outputwhile

still working on X senerswithout supportfor this ex-

tension.

1 Intr oduction

The X RenderExtension[Rc0] movesfontfile access
and glyph image generationfrom the X sener to the
X client. Client-sideglyph managemenprovides sev-
eraladvantagedor X applications:full font-file access,
application-specifi¢onts, incrementarasterizatiorand
the ability to shareknown fonts with otherpartsof the
ervironment. Additionally, asthe underlyingrendering
mechanisnrefersonly to imagesand not glyphs, the
glyphrasterizatiortechnologyandeventhefont file for-
matitself nolongerdepend®n the capabilitiesof the X
sener. Integratingnew font technologiesannow move
attherapidspeedf individual applicationdevelopment
ratherthanthe glacial speedf the generabvailabilty of
new X senerenhancements.

With the X sener no longerin chage of managingont

file accesandrasterizationa new library wasneededo
performthis task on the client side of the wire. As the
Renderextensionwas designedo supportanti-aliased
graphicsthis new library neededo provide supportfor
high-qualityanti-aliasedjlyph rasterization.

The Freeype project[TTOQ hasdevelopeda complete
font rasterizationenginefor most outline font formats
alongwith standardX PCF bitmapfonts. The Render
extensiontakesglyph imagesand presentgshemon the
screen. All that was neededwas a thin layer of glue
codeto fit betweenFreeype andthe Renderextension
to enableapplicationgo presentigh-qualitytext onthe
screen.

For X senersnot supportingthe Renderextension,the
library shouldprovide accesgo “core” fonts (fonts ac-
cessedhroughthe original core X protocol). This per
mits applicationsto move to the new library without
leaving legagy X senersupportbehind.

The Freeype library shiesfrom specifyinghow font
filesarelocated;nsteadt requireghatapplicationgro-
vide font file namedrom which glyphsareloaded.This
placegheburdenof configuringandcustomizinghe set
of available fonts outsideof this library. Clearly, this
new “glue” layerwould have to includethis ability to be
usablein adesktopenvironment.

2 X RenderExtensionGlyph Management

The X Renderextensionprovides a couple of simple
abstractiondor applicationsto manageglyphs. Each
Glyph containsthe “alpha” mask(a rectangulaimage
of opacity values)covering the glyph shape,an offset
from the origin of the alphamaskto the nominalglyph

origin and a default escapementwith both horizontal
and vertical offsets, to the next glyph. A collection of

Glyphsare containedin a GlyphSetand are numbered



by the applicationwith arbitrary32-bitindices.

Applicationsdraw text by sendinga GlyphSetidentifier
andalist of indicesin thatset. Thesenersetseachglyph
by renderingthe alphamaskat the specifieddrawing lo-
cationadjustedby the glyph offset. Successie glyphs
are positionedby addingthe escapementectorto the
currentorigin. Justaswith the core PolyText requests,
sequencesf glyphs canbe alternatedin the samere-
guestwith positionadjustmentand GlyphSetchanges.
This allows a complex stringto be renderedn a single
operation.

As therequiredsetof operatingsystemlanguageandlo-
calesupportexpandsto cover more of the world’s peo-
ples,the numberof glyphsincludedin mostfonts also
increases. Popularoutline fonts containthousand=of
glyphs today Where incrementallyrenderingglyphs
wasconsidered reasonableptimizationtenyearsago,
it isnow anessentiapartof any font mechanisnto mini-
mizethememoryusageof eachfont andreducethetime
takenwhenaccessing new font. The Renderextension
providesfor suchincrementakasterizatiorby allowing
Glyphsto be addedwhenneededo an existing Glyph-
Set.No informationflows from the X senerto theclient
whenaddingnew Glyphswhich makesthe processen-
tirely asynchronousThis asychroly permitsreasonable
performancevenin thefaceof high network lateng.

As applicationgransmitimagesof eachglyph they dis-
play, the X sener conseresmemoryby sharingidenti-
cal glyphswherererpossible.

3 FreelypeLibrary

The Freeype projectwas originally formedto build a
freely availablerasterizerfor TrueType fonts. The first
versionof the Freelype library provided a high-quality
TrueType rasterizeressentiallymatching existing sys-
tems.

The secondversionof the Freeypelibrary generalizes
therasterizeinternalsto provide supportfor mary more
formats—Type-1, OpenType and CID outline formats
are now supportedalong with the currentstandardX
“PortableCompiledFormat” usedfor bitmapfonts.

Freeypeprovidesinterfacedor measuringandrasteriz-
ing glyphsaswell asmechanism$o accessableswithin

thefontfile for kerningandglyph substitutiorof various
forms. This providesapplicationswith the dataneeded

to positionglyphsfor avariety of locales,aslong asthe
underlyingfont includesthe necessaryables.

As the Freelype project was clearly building a gen-

eralfont library, the burdenof developinga new library

within XFree86was significantly reducedby adopting
this existing systemandproviding “glue code”to adapt
theFreeypedatastructurego thoseneededy the Ren-

derextension.This doesexposeapplicationgo changes
in the Freeype library, but as Freeype is a mature
project, suchchangesarelikely to be lesssevere than

would be requiredfrom ary new library developedby

XFree86.

Font naming and configurationare not a part of the
Freeypelibrary. This particularchoreis left to the ap-
plication. As Freelypeis usedin mary ernvironments,
someof which don't evenhave afile systemthisdesign
senesto ensurethat Freeype remainsfree of system
policy while providing for the widestpossibleuse.Pro-
viding suchsupportturnedout to be the hardestpart of
Xft, andthepartwhichwill likely bereplacedn thenear
future.

4 XLFD Font Naming

The core protocol providesfor unstructuredstring font
names. While font listing specifiesthat ‘2’ and **
behae as the do in the shell, font opening places
no specific meaningon them. The X Logical Font
Description[SG9R(XLFD) wasdesignedo placesome
structureontheformatof thesestringnamesAs outline
fontsfor desktopcomputingwasarelative novelty when
X wasdeveloped the coreprotocolandthe XLFD were
bothdesigneasecdn bitmappedonts. The semantics
andsyntaxsurroundingscalablenamesvasaddedafter
asignificantperiodof XLFD-baseddevelopmenhadal-
readyoccurred.

The intent of the font namesyntaxin the XLFD was

to provide applicationssufficient informationaboutthe

font from the namealonepermittingfont selectionand

font list presentatiorio be performedwithout reference
to theunderlyingfont dataitself.

The XLFD also provide a standardpolicy for opening
fonts using namescontaining‘?’ and **’.  For such
namesthe font selecteds thatwhich would have been
returnedfirst in responseo a requesto list fonts using
the samepattern.Unfortunately this doesnt ensurethat
“*' s areasonablelefault valueasthe sener keepsfont



namesnternallysortedwithin eachfont directoryfor ef-
ficient searching.For example,whenattemptingto use
" for the font weightthe sener will list ‘bold’ before
‘normal’.

Wherethis policy really failed wasin the mappingof
point sizesto pixel sizes. XLFD provides pixel size,
point sizeandresolutionin both axesin the font name.
ThestandardX fontsaresegregatedby resolution sepa-
rate'75dpi’ and'100dpi’ directoriescontainfontsatvar-
ious point sizesfor thoseresolutions.Additional direc-

toriesof fontsaregenerallyrasterizedor 75dpiscreens.

TheprotocoldirectstheX senerto searctthefontdirec-
toriesin theorderpresentedby thefont path. Thismakes
thefont pathdictatewhich resolutionis preferred.If the
100dpidirectory s listed first, applicationsspecifying
** for theresolutionfields will use100dpifontswhere
they exist and75dpifontsotherwise.

Applications specifying only point size and using ‘*’
for resolutionendup with a collectionof randomsized
fonts—thosefound in the 100dpidirectorywill be ras-
terizedfor a 100dpiscreenthe remainderof the fonts
are generallyrasterizedfor a 75dpi screenand appear
smallerasaresult.

The endresultis that XLFD font matchingis fraught
with peril; applicationsattemptingt oftenresortto list-
ing available fonts and then presentingfully qualified
XLFD namedackto thesener.

Onefurtherissuewith the XLFD is thatit includesthe
averagewidth of the glyphsasa partof thename.While

this is a usefulpieceof informationfor applicationsn-

terestedn selectingamongvarioussetwidthsandis eas-
ily computedfor bitmappedfonts, outline fonts cant

generallycomputethis without rasterizingall glyphsat
the desiredsize. Simply listing the fonts availableat a
particularsizeinvolvesrasterizingevery glyph for every
font.

XLFD provides useful information aboutthe available
fonts, and except for the averagewidth field, this in-
formationis easilycomputedanddeliveredbackto ap-
plications. Applications using XLFD namesshould
avoid usingsener-sidefont matchingandinsteadman-
age XLFD nameslocally, generatingappropriatefully
gualifiednamesusinginformationgleanedfrom listing
theavailablefonts.

As XLFD namegdon'’t provide for reasonablenatching
semanticsa new schemewasrequiredto permittheun-
derlyingfont systemto locatea suitablefont givena set

of constraintgrovided by the application. Sucha sys-
temneededo beflexible enoughto encompassnimag-
ined new font propertieswhile not requiringthatappli-
cationsfully specifyevery aspecof thefont.

5 Designinga New Library

Xft interactswith its ervironmentin three areas;with
applicationghrougha programmingnterface,with the
systenthroughconfiguratiorfiles andwith usersasthey
provide font names. While thesethree areasinteract
within the library, they are separabldrom the design
perspectie.

5.1 Application Interface Design

Theprimarygoalof Xft wasto connecthe outputof the
Freelype rasterizerwith the Renderextension. How-
ever, to gain someacceptancef Xft asa replacement
for the existing Xlib text outputroutines,a secondary
goalwasto alsosupportcore X fonts, albeitwith some
compromiseon applicationfunctionality.

Becausd-reeype doesnt provide for font selection,a
portion of Xft providesfor font matching.Adoptingthe
existing XLFD mechanisnwould have significantlyre-
strictedthe capabilitiesfor font matching,so Xft pro-
vides a new format. This selectionmechanisnis de-
signedto alwaysmatchsomefont; this permitsapplica-
tionsto assumehatsuitablefontsexist andavoid requir
ing extensie fallbackmechanismatevery level.

Anotherrequiremenis that the library provide reason-
able matches suchas substitutingoblique fonts when
italic is requestec@ndusingmediumweightfontswhen
no weight is specified. This permits applicationsto

specifyfonts without all of their characteristicand ex-

pectreasonableesults. In caseswherethe application
requestcontainsconflicting requirementspolicy about
which characteristicare mostimportantprovidesreso-
lution.

To simplify text encodingoptionsatthelibrary level, all
text outputroutinesacceptonly Unicode-encodedata.
Otherencodingsarecorvertedby the application either
attheboundarywith theoperatingsystenor betweerthe
applicationandXft. As existing fontsgenerallyprovide
aUnicodeencodingpr oneeasilycorvertedto Unicode,
this dramaticallysimplifies the internalsof the library



while exposinga consistentview to the application.

Anotherimportantgoal wasto minimize the exposure
of internaldatastructurego applications As theRender
extensionpermitsincrementatovnloadsof new glyphs,
Xft is designedo rasterizenew glyphsondemand-This
requiresthat metric information be requestedhrough
a function ratherthan directly accessedrom the data
structuresasis donein Xlib.

Finally, asXft is notdesignedasa completefont access
library, the underlyingFreeype datatypesareexposed
for applicationgo usedirectlywith Freeypeitself. This
reduceghe compleity of Xft while still allowing appli-
cationsfull accesgo theavailablefont information.

5.2 Font Naming Design

Thedesignof font namedor Xft startedwith the notion

that font namesrepresenpropertiesof the font, either

propertiesdesiredby an applicationor propertiespre-

sentedby thefont itself. As therequirement®f anap-

plication are not fixed, and the characteristicof fonts

continueto be enhancedanideaemepgedof represent-
ing a font nameasa variablelist of name/aluespairs.

As a final enhancementyne or more valuescould be

associateavith eachnamesothatan applicationmight

placespecificrequestalongwith moregeneralcharac-
teristics(e.g. requestinghe ‘Times’ face,failing that,

ary font with serifs.)

This unifies the representatiorof applicationfont re-
guestsand available fonts. An “XftPattern” is a col-
lection of namedproperties;each property holds one
or morevalues. Eachavailable font is describedasan
XftPatternproviding characteristicef the font. Appli-
cationsbuild XftPatternsdescribingtheir requirements
which are then matchedagainstthe XftPatternsde-
scribing all of the available fonts. The available font
mostcloselymatchingtheapplicationspecifications se-
lected. This mechanismensureghat every application
font requeswvill be matchedoy afont.

Finally, a textual representatioffior XftPatternswasde-
signed.This permitsapplicationgo be configuredmuch
asthey aretodayby usinga stringto selectafont.

XftPatternsprovide a simpleandextensiblemechanism
for communicatingrequirementsand capabilities be-
tweenthe applicationand the fonts it uses. They are
discussedn additionaldetailin Section6.

5.3 Font Listing Design

The coreprotocolprovidesprimitive supportfor query-
ing the setof availablefonts;a simpleshell-stylepattern
is passedo theX senerandthesetof fontnamesnatch-
ing thatpatternis returned For applicationsnterestedn

discoveringthe setof availablefont families, thelist of

returnedfontsincludesessentiallyall of thefontsin the
system;the applicationis responsiblgor extractingthe
needednformationfrom this massof data.

Whatwasneededinsteadwasthe ability to askthesys-
temfor specificrelevantinformationandto have it dis-
cardredundandata. Applicationscould thenfocuson
examiningandmanipulatingheinformation,ratherthan
expendsignificanteffort parsingXLFD strings.

Xft splits the dataneededto return information about
available fonts into two pieces. The first is a pattern
whichis usedto selectfrom theavailablefonts. Thesec-
ondis asetof propertynamesusedto determinavhatin-
formationthe applicationis interestedn receving. The
list of matchingfontswould beparedto eliminateentries
with duplicatevaluesin the selectedbroperties.

Finally, the notion of “best match” isn’t usefulin list-
ing fonts; applicationsusefont lists to generatedialogs
for the useror to discover capabilitiesof a family of
fonts. Insteadof measuringthe distancefrom the re-
guestedpatternto the availablefonts, an exact matchis
requiredfor all elementof the pattern.

5.4 Configuration Design

To avoid the possibleproliferationof incompatiblefont
configuratiorandcustomizatiomechanisms standard
was needed. As no existing standardexisted, adding
configurationto Xft atleastensuredhatX applications
couldsharefontsandnamethemin the sameway.

An essentiatustomizatiorrequirements to allow one
font to stand-infor another These"aliases”help main-
tain the generalappearancef text by selectingfaces
with similar characteristicdo unavailable faces. An-

otherusefulrole is in supportinggeneric'mono’, ‘sans’
and'serif’ faceswvhichapplicationcanuseto follow the
userspreferencen eachof thesecommoncases.

Anothergoalwasto make addingfontsaseasyaspossi-
ble. ThecoreX font configurationmechanismusesthe
X senerfont pathto list thesetof directoriesn whichto



find fonts. In eachof thesedirectoriestwo separateon-
figurationfiles mustbe generatedvhich mapfont names
to file namesl|f thesefiles aremissingor corruptedfont
selectionwill not work properly By eliminating such
configuratiorfiles, theoverall systemwould bemorero-
bust.

Finally, usersandadministratorsieedto customizethe
rasterizatiorof specificfonts. Someuserswish to avoid
anti-aliasedext atarangeof sizes,or for specificfaces.
Othersneedto adjustthesizeor spacingof certainfonts.

As it turnsout, Xft is not quite the right placefor all

suchconfiguration—Xapplicationsarent theonly ones
interestedn accessindgontsandfont information. Mov-

ing this configurationmechanisnout of Xft andinto a
library usableby non-X applicationswill be a focus of

developmentn the nearfuture.

6 Xft Font Names

Font namesin Xft are representeas a list of named
properties,eachof which carriesa list of typedvalues.
This collection of propertiesis storedin an XftPattern
datastructure. Thereareroutinesto createXftPatterns,
edit them and perform matchingoperationsagainstthe
list of availablefonts. Xft hasalist of propertiesshovn
in Table 1, which it supportsinternally; thereis no re-
strictionthatapplicationsuseonly these Xft will ignore
thoseit doesnt understand.

To permit XftPatternsto be transmittedand stored,a
string representatioexists which cancapturethe struc-
tureof a pattern.Theformatof thesestringsis shavnin
Figure 1. Eachof the supportechameshasanimplicit
type which is usedto parsethe associatedalues. This
reducesheneedfor quotingor otherlexical mechanisms
to distinguishamongstthe varioustypes. As is shawn,
namedconstantantake the placeof eithervaluesor
completename=alue pairs. As the constantuniquely
determinetheir associategproperty name,thereis no
needto supplythataswell. Referto Table?2 for a list
of the available constants. Eachof theseconstantss
representedhternally by a numericvalue; this permits
similar matchesy comparingthe valuefrom the avail-
able fonts with the value requestedy the application.
An applicationrequestingdemibold’ will select'bold’
insteadof ‘medium’. This helpsensurethat the intent
of the applicationis fulfilled, even when the available
fontsdon’t matchthosepresenduringdevelopmentand
testing.

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_SFACING
foundry String  XFT_FOUNDRY
core Bool XFT_CORE
antialias Bool XFT_ANTIALIAS
xIfd 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

Tablel: Xft FontNameProperties.

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 FontNameConstants.




name . families sizes properties
families . family-names
I
family-names : family-names, string
| string
sizes D - sizelist
|
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 d 01

Figurel: Xft Font NameSyntax.

Additionally, while XLFD namesarenotideal,they are
commonin existing X applicationsand do representa
setof desiredfont characteristics.Xft cancornvert an
XLFD nameinto an XftPatternwhich canthenbe used
to selecta font using Xft matchingrulesratherthanthe
XLFD matchingrulesdescribedn Sectior4.

Xft font namesare designedto be extensible so that
existing applicationswill continueto to operatecor-

rectly evenwhile the Xft/FreeType2interfacecontinues
to grow andprovide patternelementgor newver systems.

7 Xft Configuration File

Using the core protocol, all applicationsare ensuredf
having accesgo all of the availablefonts asit is the X
seners responsibilityto locatethem. With font man-
agementow moving to the client side, locating fonts
becomesheresponsibilityof the application.Withouta
centralsharedconfiguratiormechanismthe setof avail-
ablefontsfor eachapplicationmaywell bedifferent.In-
stallingandselectingfontswould beproblematicander-
ror prone.

The main job, then, of the Xft configurationfile is to
specifythelocationof availablefont files. Secondaryo
thisis therole of adjustingfont selectionandcustomiz-
ing rasterizatiorparameters.

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

Commentscan be placedanywherein the file with the
‘# charactelandextendto the endof theline. There-
mainingsyntaxwill beexposedn subsequergections.

7.1 Font Directories

Xft takesa simplistic view in configuringwherefonts
areto befound. A list of directoriesare specifiedand
Xft searcheshosefor font files, all of the font files it
findsareaddedo thelist of availablefontsfor matching.
Theorderwithin thedirectorieds irrelevant; Xft always
searchegor the bestmatchamongall of the fonts. Di-
rectoriesarespecifiedn the configfile with aline of the
form:



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

No specialconfiguratiorof thedirectoryis required Xft
scanghedirectorylooking for font files automatically

7.2 NestedConfiguration Files

To split theconfiguratiorfile into manageablearts,and
to allow for perusercustomizatiorof thelibrary, the Xft
configuratiorfile allows for linesof theform:

include  "/usr/local/lib/XftAliases"

includeif "/ xftconfig"

The only differenceis thatthe first form will causeXft
to emit a warning messagevhenthe referredfile can't
be found. The '™’ characterefersto the users home
directory; asthe Xft configurationfile is parsedby the
usersapplicationghemseles this permitsperusercus-
tomizationwithoutreferringto the X display

7.3 Font Pattern Editing

To provide for font substitutionand other adjustments
in thefont matchingprocessalongwith allowing for the
configuratiorof therasterizatiorprocessthe Xft config-
urationfile cancontainoperationsvhich modify the Xft-
Patternbeforethe matchingprocesss done. Theseop-
erationsare called “editing commands"and operateby
matchingthe incoming patternand modifying it. Each
commands executedn the orderit appearsn the con-
figurationfile. The syntaxfor thesecommandss found
in Figure?2.

Thematchclausesselectwhich patternsareselectedor
editing; all must be true for the edit to be performed.
Matchesprefixed with ‘any’ aretrueif ary of the val-
uesassociateavith thenamedield satisfythecondition.
Matchesprefixedwith ‘all’ aretrueonly whenall of the
valuessatisfythe condition.

The edit clauseoperateon thefields of the patternand
caneitherreplaceor amendthe valuesfoundfor the as-
sociatedfield. If the matchclausecontainsa reference
to the sameelemenif the pattern the matchingvalueis
marked.

Edits usingthe ‘+=" operatomwill inserttheir valuebe-
forethemarkedvalue.Editsusingthe‘=+" operatomill

insert their value after the marked value. Edits using
the‘'=" operatowill replacethe markedvaluewith their
value. If novalueis marked, the ‘+=' and‘=+" opera-
tors prepend/appentheir associatedalueto the list of
valueswhile the‘=" operatoreplacesll existing values
with its associatedalue.

The operatorswithin the expressionperatein the ob-

vious manneyonepossiblyunexpectedoperationis that
the‘'+’ operatorcanoperateon stringsandwill concate-
natethem. Fields within the font may be referredto

within an expressionthefirst valueassociatedvith the

field is used.

After usingthis mechanisnfor severalmonthsjt hasbe-
comeclearthatit is very complex andyet incapableof

performingexpectedasks.Onedeficieny is thattheed-
its affectonly theincomingpatternanddo notoperateon

the matchedfont. This makesthe exampleof disabling
anti-aliasingfor LuciduxSeriffonts produceunexpected
resultswhenpresentedvith a nameof the form:

Times,LuciduxSerif,serif-10

The‘match’ clausewill succeedwith this pattern,caus-
ing this Timesfont to be displayedwithoutanti-aliasing.

Anotherissueis thatfont aliasesaredifficult to specify
andstill don't provide preciselythe desiredsemantics.
Therearetwo possiblesemanticslesiredor fontaliases;
thefirstis thatcertainfacesshouldalways besubstituted
for otherstheseconds thatcertainfacesmay be substi-
tutedfor otherswhenthoseare not found. An explicit
statemenof this kind would both clarify thefile format
while improving thefont matchingsemantics.

8 Font Matching

The goalfor font matchingin Xft is to accepta collec-
tion of characteristicklom theapplicationandreturnthe
bestfont from all of thoseavailable. The application
providesafont specificatiorin theform of anXftPattern
to the XftFontMatchfunction. The patternis editedas
describedn Section7.3. X resourcesrethenusedto
modify the patternasshavn in Table 3. If a pixel size
was not specifiedby the application,it is computedby
taking the specifiedpoint size (if specified,else12.0),
multiplying thatby the scalefactorandthencorverting
it from pointsto pixelsusingthespecifieddpivalue.The



command : match testsedit edits

tests : test tests
|
test zany |all name comparevalue
compare :==|l= |<|<=|>|>=
edits : edit edits
|
edit : hame eqop expr ;
eqop = =)=
expr | value
| name
| expr binop expr
| ! expr
| expr ? expr : expr
binop  :|| |&&|==[1= [<|<=|>[>=|+]- [* |/
Examples:
# Use LuciduxSerif as default  serifed 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 PatternEditing Syntax.

X Resource Type Effect Default
Xft.render Bool DirectsXft to useclient-sidefonts HasRender
Xft.core Bool DirectsXft to usesener-sidefonts IHasRender
Xft.antialias  Bool Selectavhetherglyphsareanti-aliased  True

Xft.rgba Number Specifiessub-pidel orderon LCD screens 0

Xft.minspace Bool Eliminatesextra leadingbetweerines False

Xft.scale Number Scalegointsizeof all fonts 1.0

Xft.dpi Number Usedto corvertpointsizeinto pixel size  Verticalscreendpi

Table3: Adjusting Xft 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 Field Comparisons.

otherX resourcesreusedasdefault valuesfor the as-
sociatedpatternelements.

The fully specifiedpatternis then comparedwith all
availablefonts. Only thefieldsshown in table4 areused
in this comparison. The order of fields in this tableis
significant;any mismatchin elementsarlierin thetable
overrideall matchesn laterelementsMissingelements
in a patternor font are tacitly matched. Numbersare
measuredy the magnitudeof their difference. This is
how ‘oblique’ selectsitalic’ insteadof ‘roman’.

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

Times,LuciduxSerif,serif-10

will preferto match'Times’ over‘LuciduxSerif’.

Once a font has beenselected,an XftPatternis built
which describeghat font preciselyallowing the appli-
cationto discover whatfont wasactuallyselected.This
patternincludesinformation aboutthe underlyingfont
file itself allowing applicationsdirectaccesdo ary in-
formation unavailable throughFreeype. Fieldsfound
in the patternthatdon’t occurin thefont areaddedthis
allows applicationsto communicaténformationin font
patternspothto rasterizerandalsowithin the applica-
tion itself.

9 Core X Font Handling

While the main goal of Xft is to provide client-side
font supportusing Freeype andthe Renderextension,
it seemedreasonableo also provide someapplication

compatibility by using core X fonts wherethe Render
extensionwas unavailable. This, by necessityrestricts
the capabilitiesof the library, but even so, mary appli-

cationscan use Xft functionswith either core or Ren-
der fonts without change. Othersneedonly minor ad-

justmentsgto noticewhenFreeTlype functionscannotbe

used.

Corefont handlingtakestwo pieces;selectionof fonts
andrendering.The selectionof fontsis doneby listing

the available X fonts and corverting thoseinto XftPat-

tern datastructuresandthenacceptingapplicationpat-

ternsfor matching.As thematchingis basedna“near

ness”metric insteadof simple shell patternmatching,
theresultingmatchingis generallymoreusefulthanthat
specifiedby the XLFD. This cansimplify applications
which beforehadsignificantmechanisnaevotedto core
X font matching.

Onceacorefontis selectedrenderingoecomes simple
matterof having the Xft routinescall the standardXlib
text drawing routines.The only difficulty is in mapping
the Unicodeglyphsprovidedby the applicationinto the
encodingsupportedy thefont.

Oneeffect of this meming is that the generalXft ren-
dering routinesexposeno capabilitiesnot provided by
bothRenderandcorefonts. Applicationsmay specifya
translucentolorvaluefor drawing, but it will beignored
whenusing core fonts. Similarly, theres no provision
for selectinga rasteroperationor compositingoperator
aseachis supportedy only oneunderlyingrenderer

Theresultis anew way of usingthe corefontswhichis
in mary wayseasierto useandmore powerful thanthe
Xlib equialents.

10 An Overview of Xft Interfaces

The Xft programmingnterfacecanbe easily separated
into threedistinctareas:thosedealingwith XftPatterns
and matchingfonts, thosedealingwith drawing glyphs

onthe screeranda small sectionproviding aninterface

to theunderlyingFreelypelibrary.

10.1 Xft Data Structures

XftV alue
typedef enum _XftType {
XftTypeVoid,



XftTypelnteger,

XftTypeDouble,
XftTypeString,
XftTypeBool,
XftTypeMatrix
} XftType;
typedef struct  Xftvalue {
XftType type;
union {
char *s;
int i;
Bool b;
double d;
XftMatrix *m;
Py
} XftValue;

An XftValueholdsonevaluefor an elementof an
XftPattern. It shouldbe treatedasa taggedunion;
setandcheckthe‘type’ field beforeusingtheunion
elements. Storagefor the string and matrix ele-
mentsis separateXft alwayscopiesthe datafrom
thesepointerswhenreceving XftValue structures
from the application,this leaves applicationsfree
to usestaticor stack-basedtorageasappropriate.

XftP attern

typedef  struct
XftPattern;

An XftPatternis an opaquestructureholding a list
of namedelements,eachof which holds a list of
XftValues. Xft provides interfacesto build and
guerythesepatterns.

_XftPattern

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;
PO
}ou
} XftFont;

The XftFont datastructureis returnedwhenopen-
ing fontsandis usedin drawing glyphs. Thevisible
membergrovide a modicumof informationabout

the font. The ‘core’ valuewill be Trueif the un-
derlying font is a core X font, in which casethe
u.core.fonffield will pointatanXFontStruct.Oth-
erwise,the underlyingfont is a FreeType font and
theu.ft.fontfield refersto an XftFontStruct.

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;
I3
This structure should probably become opaque
with suitableaccessofunctionsto reachtheappro-
priate internalfields. The mostusefulmemberis
likely to be the ‘f ace’ which refersto the underly-
ing Freeype object, however, askeepingthat ob-
jectresidentn memoryis ratherexpensve, it may
bethatthis needso becomecachedandloadedon
demand.Applicationswantingto usethis field are
wise to preparefor its eventualdisappearancby
wrappingaccessn a macro. An audit of which
other fields of this structureshould be visible is
needed.

XftDraw

typedef  struct
XftDraw;

An XftDraw encapsulatethestateneededo render
glyphsto anX drawable.For the Renderextension,
a Pictureis neededvhile for core X, a GC andas-
sociatedpixel valuesarerequired.

_XftDraw

XftColor

typedef struct _XftColor {
unsigned long pixel;
XRenderColor color;



} XftColor;

The RenderextensionneedsRGBA while core X
requiresapixel value.An XftColor holdsboth,and
routinesexist to initialize andfree ary associated
resources. For TrueColorvisuals, the allocation
routineavoids a roundtrip by computingthe pixel
valuelocally, sotheres no performancepenaltyin
thatcase.Whenit is know that the Renderexten-
sionwill beusedthe‘color membeicanbeinitial-
ized manuallyleaving 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
} XftFontSet;

XftFontSetgeferencea setof patternsaandareused
asthereturnvaluefrom thefont listing functions.

**fonts;

XftResult
typedef enum _XftResult {
XftResultMatch,
XftResultNoMatch,
XftResultTypeMismatch,
XftResultNold
} XftResult;

Functionsthat return a searchresultusethis data
typeto presentheirfindings. XftResultMatchindi-

categhattheobjectwasfound, XftResultNoMatch
saysthatno matchingobjectwasfound. XftResult-
TypeMismatchsaysthat an objectwas found, but

it wasof thewrongtypewhile XftResultNoldsays
thatan objectwasfound, but thattherewerefewer
valuesthanrequested.

10.2 Font Pattern Manipulation

Many Xft operationsinvolve XftPattern objects. As
thoseshouldnot bedirectly accessetly theapplication,
a setof routinesexist to manipulatehem.

XftP atternCreate

XftPattern *
XftPatternCreate (
void)

This createsanemptypattern.

XftP atternDuplicate
XftPattern *
XftPatternDuplicate (
XftPattern *p)

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

XftP atternDestroy
void
XftPatternDestroy (
XftPattern *p)

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

XftP atternAdd
Bool
XftPatternAdd (
XftPattern *p,
const char *object,
XftValue  value,
Bool append)

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

Bool

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

Bool
XftPatternAddDouble (
XftPattern *p,
const char *object,

double d)

Bool
XftPatternAddString (
XftPattern *p,



const
const

char *object,
char *s)

Bool

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

Bool

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

Each of thesefunctions createsa temporaryXft-
Value with the appropriatetype and value and
passedt to XftPatternAddwith the ‘append’value
setto True.

XftP atternGet
XftResult
XftPatternGet (
XftPattern *p,

const char *object,
int id,
XftvValue  *v)

XftPatternGesearcheshe indicatedpatternfor an
elementwhose name matches‘object’. It then
searcheslongthe list of valuesfor that namefor

the ‘id’ th element(startingat zero) and storesthe
resultingvaluein v. It doesnotallocatenew storage
for stringsor matrices soapplicationamustensure
thatthereturnedvaluenotbereferencedbeyondthe
life of the XftPatternitself. Thisfunctionformsthe
basisfor theremainingXftPatternGefunctions.

XftResult
XftPatternGetinteger (
XftPattern *p,
const char *object,
int n,
int  *)

XftResult
XftPatternGetDouble (
XftPattern *p,
const char *object,

int n,
double *d)

XftResult
XftPatternGetString (
XftPattern *p,

const char
int n,

char **s)

*object,

XftResult
XftPatternGetMatrix (
XftPattern *p,

const char *object,
int n,
XftMatrix **s)
XftResult
XftPatternGetBool (
XftPattern *p,
const char *object,
int n,
Bool *b)

Eachof thesecorveniencefunctionscalls XftPat-
ternGet. If the datatypeof the resulting value
doesnt match the type of the function, these
functions return XftResultTypeMismatch, other
wisethey returnthe samething asXftPatternGet.

XftP atternBuild
XftPattern *

XftPatternBuild (
XftPattern *orig,
o)

The argumentsafter ‘orig’ form a list of pattern
namestypesandvaluesto addto the specifiedpat-
tern.If ‘orig’ isnull, anew patternis allocated.The
patternargumentsareof theform:

char *object,
XftType type,
union {
char *s;
int i
Bool b;
double d;
XftMatrix *m;

}u

Thelist is terminatedwith a NULL object. Heres
anexample:

p = XftPatternBuild (
01
XFT_FAMILY,
XftTypeString,
"mono",



XFT_SIZE,
XftTypeDouble,
12.0,

0);

Thisfunctionis acorveniencdunctionencapsulat-
ing severalcallsto XftPatternAddin onestatement,
thesemanticareidenticalto makingtheequivalent
setof XftPatternAddcalls.

XftPattern *

XftPatternVaBuild (
XftPattern *orig,
va_list va)

This takes the a varags list of amgumentsin the
sameformat as XftPatternBuild,yielding identical
results.

10.3 Font Selection

Xft exposesseveral levels of font selectionfunctions.
The patterngnvolved caneitherbeimplicitly generated
usingasimplefont namestring,or they canbeexplicitly
managedy the applicationandmanipulateeforebe-
ing presentedo the underlyinginterfacefor matching.
Startingwith the mostprimitive level, Xft provides:

XftF ontMatch
XftPattern *
XftFontMatch (

Display  *dpy,
int  screen,
XftPattern
XftResult

This function takes the application-generateXft-
Pattern, performsthe config file editsand X re-
sourcesubstitutionsand then matchesthe result
againstthe set of available fonts. The closest
matchingfont nameis returnedasanotherXftPat-
ternwhich containsenoughinformationto openthe
fontwith thenext function,XftFontOpenRttern.In
caseof failure, thereturnvalueis 0 andanindica-
tion of theerroris placedin result.

*pattern,
*result)

XftF ontOpenPattern
XftFont *
XftFontOpenPattern (
Display  *dpy,
XftPattern *pattern)

XftFontOpenRtternacceptsa matchedont pattern
andcreatesan XftFont structurefor the font. The

returnedXftFont containsareferenceo the passed
patternthis patternwill bedestryedwhenthe Xft-
Fontis passedo XftFontClose.

XftF ontOpen
XftFont *
XftFontOpen  (
Display  *dpy,
int  screen,
)

Argumentsafter ‘screen’ form animplicit XftPat-
ternasseenin thedescriptionof XftPatternBuildin
Section10.2.Heresanexample:

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

XftTypeString,
"mono",
XFT_SIZE,
XftTypeDouble,
12.0,
0);

A patternis createdrom theargumentsandpassed
to XftFontMatch theresultof thatis passedo Xft-
FontOpenRtternwhich producesthe returnvalue
for this function.

XftF ontOpenName
XftFont  *
XftFontOpenName  (

Display  *dpy,
int  screen,
const char

Similar to XftFontOpen, the ‘name’ argument
forms an implicit XftPattern, XftFontMatcn and
XftFontOpenRtternare usedin the samefashion
to producea matchingXftFont.

*name)

XftF ontOpenXIfd
XftFont  *
XftFontOpenXlfd (
Display  *dpy,
int  screen,

const char *xIfd)

This functionspreciselyas XftFontOpenNamex-
ceptthatthe XftPatternis generatedvy parsingthe
XLFD name'xIfd’.

XftF ontClose
void
XftFontClose (
Display  *dpy,



XftFont  *font)

The underlying core or Free¥ype font object is
closedandthe patternreferencedy thefont is de-
stroyed.

10.4 XftDraw Manipulation

Xft provides an abstractionthat masks the differ-
encesbetweencore X and Renderextensionrender
ing. The XftDraw objectprovidesthe target for either
mode,wrappingsuitableinformationfor eitherrender
ing model.

XftDrawCr eate
XftDraw *
XftDrawCreate (
Display  *dpy,
Drawable drawable,
Visual  *visual,
Colormap colormap)

Thisroutinecreatesan XftDraw objectreferencing
mentioneddrawable along with its associatedvi-
sualandcolormap.Thevisualargumentis required
evenfor pixmaprenderingasit specifieghe even-
tual formatfor the pixel 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 affecting arny otherpropertiesof the
XftDraw object. Applicationsare responsiblefor
ensuringthat the dravable usesthe samevisual as
theoriginal drawable.

XftDrawDisplay ,XftDrawDrawable,
XftDrawColormap,XftDrawV isual

Display *
XftDrawDisplay (
XftDraw  *draw)

Drawable
XftDrawDrawable (
XftDraw  *draw)
Colormap
XftDrawColormap  (
XftDraw  *draw)
Visual *
XftDrawVisual (
XftDraw  *draw)

Thesefunctionssimply returnthe associatedalue
from the opaqueXftDraw structure.

XftDrawDestr oy
void
XftDrawDestroy (
XftDraw  *draw)

This destrgs the XftDraw objectand ary private
dataallocatedtherein. The X drawablereferenced
is notdestrged..

10.5 Glyph Rendering

With anXftFontandanXftDraw in hand thenext stepis

to usethemtogethemandpresensometext onthescreen.
This is relatively simpleasthe encodingis always Uni-

codeandtheonly thingthatchangess how thoseglyphs
arestored.This sectionalsodocuments few othercon-

venienceunctionsfor applicationsvantingto usesimi-

lar datastructuredor otheroperations.

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

Display  *dpy,
XftFont  *font,
XftChar<8,16,32,8>
int len,
XGlyphinfo

Thesefunctionsmeasurehe extentsof the speci-
fied string and returnsthe metricsin the ‘extents’

*string,

*extents)

structure.
XftDrawString
void
XftDrawString<8,16,32,Utf8> (
XftDraw  *d,
XftColor *color,
*font,

XftFont
int X,



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

Eachof thesefunctionsdisplaysasinglestring. For
Rendettext, thestringis paintedusingthe Overop-
erator For coretext, it is paintedwith GXcopy and
afull planemask.

XftDrawRect

void

XftDrawRect  (
XftDraw  *d,
XftColor *color,
int X,
int vy,
unsigned int
unsigned int

width,
height)

This simplefunctionpaintsasinglerectanglen the
specifiedcolor.

XftDrawSetClip
Bool
XftDrawSetClip (
XftDraw  *d,
Region )

Theclip list for the specifiedXftDraw is setfrom
the specifiedregion. Alternative functionstaking
lists of rectangleshouldprobablybe added.

10.6 Font Listing

Xft providesarelatively complex mechanisnior listing
availablefonts. This allows the samemechanisirio list
availablefacesaswell asavailablestylesfor a particular
facewithout returningextraneousdata. This is accom-
plishedby having theapplicationdeclarewhichfields of
thefont patternsareimportantandseparatelyprovide a
patternto selectmatchingfonts. For eachmatchingfont,
an entry for the returnedlist is generatedy extracting
only thosefields selectedby the XftObjectList provided
by the application. A uniquesetof suchentriesis re-
turnedto the application.

Becausdisting fonts is a fundamentallyseparateoro-
cessfrom openinga singlefont, the semanticgor how

patternsmatchfontsin this processs differentthanin

Section10.3. Matchingin this contet requireghateach
of theelementof thepatternmusthave onevaluewhich
preciselymatcheghe associatedont element.

XftObjectSetCreate

XftObjectSet *

XftObjectSetCreate (
void)

CreatesanemptyXftObjectSet.

XftObjectSetAdd

Bool

XftObjectSetAdd (
XftObjectSet *0s,
const char *object)

Add a singlefield nameto an XftObjectSet. Stor
ageis allocatedfor the nameandit is copiedfrom
the argumentpermitting the applicationto release
Or reuseits own copy.

XftObjectSetDestroy
void
XftObjectSetDestroy (
XftObjectSet *0S)

The XftObjectSets destryedalongwith ary other
referencedtorage.

XftObjectSetBuild, XftObjectSetVaBuild
XftObjectSet *

XftObjectSetBuild (
const char *first,
)

XftObjectSet *

XftObjectSetVaBuild (
const char *first,

va_list va)

XftObjectSetBuildcreatesan XftObjectSetfrom a
list of object namesterminatedwith NULL. This
permitsthe quick constructionof a constantsetof
nameswithout a long sequenc®f callsandis se-
mantically equivalentto sucha sequencef calls.
XftObjectSet\ABuild takes an existing varags list
anddoesthe samething.

XftListF ontsPatternObjects
XftFontSet *
XftListFontsPatternObjects (

Display *dpy,

int screen,
XftPattern
XftObjectSet

For eachfont matching'pattern’, a new patternis
generatedncluding only thoseelementsspecified
in ‘os’. Thisfunctionthenmemgeseachnew pattern
into thereturnvaluesothatonly uniquepatternsare
included.

*pattern,
*0s)

XftListF onts



XftFontSet *
XftListFonts (

Display  *dpy,
int  screen,
)

Thevariableargumentsncludealist of patternele-
mentsasseenin thedescriptionof XftPatternBuild
in Section10.2 followed by a NULL. Following
that,alist of field namesasdescribedy XftObject-
SetBuildin this sectionfollowed by anothernull.
With thepatternandobjectsetgeneratedthisfunc-
tion callsXftListFontPatternObjectandreturnsthe
sameresult.

10.7 FreelypeAccess

Where more complex interactionswith the underlying
Freeype library or Renderextensionarerequired,Xft
providessomefunctionsto accesshosemoredirectly.

XftFr eeTypeGet
XftFontStruct *
XftFreeTypeGet (

XftFont  *font)

ThisreturngheunderlyingXftFontStruciobjectfor
thegivenfont, or NULL if theunderlyingfontis not
aFreelypefont.

XftRenderString

void

XftRenderString<8,16,32,Utf8> (
Display  *dpy,
Picture  src,
XftFontStruct
Picture  dst,
int  srcx, int
int x, int vy,
XftChar<8,16,32,8>
int len)

*font,
srcy,

*string,

Thesefour relatedfunctionsall provide a bit more
controloverthedrawing of text with the Renderex-
tension.In particulay they provide for anarbitrary
sourcepicturewhich canbeusedto patternthetext.
Applicationsmightalsobeableto performmoreef-
ficientcachingof thesourcePicturedatawith these
routines;

11 FontInformation Cache

As describedn Section7.1,thelibrary generatetheset
of available fonts by scanningeachof the directories
listedin the configurationfiles. Discovering the prop-
ertiesof a font requiresthatthe font file be openedby
Freeypeanda significantamountof thefile processed.
This cantake quite sometime, especiallywith a large
numberof fonts.

To improve the performanceof this operation, Xft
cachesthe resultsof this searchin two places. Each
directory may containa file namedXftCache which
containsa list of fonts, one per line with the font file
name theindex within thefile of the font andinforma-
tion aboutthefont representedsan XftPatternin string
form. For ary fonts not found in an XftCache file,
Xft generates .xftcache file in the usershomedi-
rectorycontainingthefont file name font index, thefile
modificationtime andthe XftPattern.

XftCachefiles are built by the xftcache  program,a

standardart of the XFree86release Usersareencour

agedo runthisonotherdirectoriesaddedo theXft con-

figurationfile, andto re-runit whenever the contentsof

thosedirectorieschange Xft will automaticallymanage
the contentsof eachperuser.xftcache file to save

unknown fontswhile eliminatinginformationpresentn

anXftCache file.

Xft still scanseachdirectoryat startuptime, but it first
checkgheperdirectoryandperusercachedor thefile-
namebeforeattemptingto openit with FreeTlype. This
dramaticallyreducesapplicationsstartuptime while re-
tainingtheaccurag providedby queryingdirectorycon-
tents.

12 Future Directions

Xft startedasarelatively smalleffort to bindthe X Ren-
derextensionwith theFreeyperasterizerlt gainednen

capabilitiesasneededo provide supportfor moreappli-

cations. All of this new functionality hasbeenneces-
sary but someof it hasoutgrawn this X-centriclibrary.

In particular the font configurationmechanismmustbe
extractedfrom Xft and placedin a separatdibrary to

be sharedwith printerdriversandothernon-X font con-
sumers.Thiswill ensurghatfontscanbeeasilyinstalled
andmanagedor the benefitof all applicationsnot just
thosedisplayinginformationonthe screen.



Xft also needsadditional capabilitiesto supportinter-
nationalization.Right now, the XftFont objectrefersto
a single Freeype font. If thatfont doesnt containall
of theglyphsnecessaryo rendera particulardocument,
themissingglyphswill notbedisplayedcorrectly Some
mechanismfor finding replacemenglyphs is needed.
The XftFont structureshouldbe extendedto optionally
performautomatiaylyph substitutionusingmultiple un-
derlyingFreeTypefaces.

For applicationsnot wanting automaticsubstitution, it
should be possibleto match fonts basedon required
subset®f Unicodeglyphs;theinformationaboutglyph
coverageis presentn eachfont file, applicationsshould
be ableto specifythe neededangeof glyphsandhave
Xft matchfontsbasednthoserequirements.

13 Conclusion

The developmentof Xft hasfollowed a differentmodel
from mostof X development. Early versionsof the li-

brary were releasedand integratedinto other projects;
otherX projectshave waiteduntil they wereessentially
stablebeforebeingreviewedby the communityat large.

As useof the library hasgrown, somemajorimprove-

ments have beenaddedwithout significantly impact-

ing thoseother projects. Futureenhancementay re-

quirechangeso existingapplicationshut thatshouldbe

viewed asa partof this processmuchof this library is

breakingnew groundfor the XFree86communityand

only throughwidespreadeview andusecanappropriate
architecturebe developed.

The designand implementationof Xft hasprogressed
rapidly. EventhoughXft wasstartedonly oneyearago

it hasalreadybecomean essentiapart of mary current

X projects.
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