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Abstract

This paper describesthe font discovery, subset-
ting, anddownloadingmechanisnin Qt/X11. The
mechanisnaddressea majorusabilityissue:prior

to the implementatiorof this mechanismusersof

Qt applications(and henceusersof KDE) could
not print non-Latintext, andcould only print Latin

text in fonts that are built into mostprinters. The
nenv mechanismallows usersto print text in ary

script that Qt/X11 supports,which includeswest-
ern scripts (primarily Latin, Cyrillic, and Greek),
Arabic, Hebrav, and east-Asianscripts. The nev

mechanisnalsoallows usersto print Latin text us-
ing almostary PostScripfType 1 or TrueType font

that X11 supports. The mechanismusually finds
font files without ary configurationbeyondthatre-

quiredto usethefontsunderx11.

1 Intr oduction

Qt/X11, the X toolkit that KDE uses,includesa
printerdriver thatallows applicationgo rendertext
and graphicson a PostScriptdevice. Prior to Qt
version 2.3.0, this printer driver had very limited
WYSIWYG text-renderingcapabilities. It could
only rendertext if it could guesscorrectly the
PostScripfont namefrom the XLFD name,andif
the font wasresidentat the printer Essentiallythe
driver only supporteda limited rangeof standard
Latin fonts and one symbolfont. This meant,for

example, that userscould use Konqueror KDE's

webbrowser to view Hebrev webpageshut could

not print them. Userscould alsonot usenonstan-
dardLatin fontsin otherwisesophisticate@pplica-
tions, suchasKWord andKPresenterK DE’'s word

processorand presentatiorprograms. This situa-
tion, whichis still quitecommonin X applications,
is clearlybelown the currentlevel of users’expecta-
tions.

Versions2.3.0 and later of Qt/X11 include a font
discorery, subsettinganddownloadingmechanism
thatrectifiesthis problem.The mechanisnmenables
true WYSIWYG text renderingin print jobsfor all
Qt (andthereforeKDE) applicationsunningunder
X, aslongasthe X fontsthatthey usearegenerated
from TrueType or Typelfonts. Figurel demon-
strateghis capability

Thefont downloadingandsubsettingnechanisnin
thedriver

1. Findsthefont file correspondindo a given X
screerfont, and

2. usesthe font file to inserta scalabledescrip-
tion of the glyphsthat are usedin the docu-
mentinto the PostScriptoutput. This opera-
tion is referredto as subsettingthe font and
downloadingit into the print file.

We hadthreemain designgoalsin mind whenwe
designedandimplementedhis mechanism:
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Figurel: A simpleQt exampleprogramrunningunderX11 (left) andits printedoutput(right). Theprinted

outputontheleft shaws only partof the printedpage.

1. Supportfor the most common scalablefont
formats: TrueTypeandPostScripfType 1.

2. Supportfor Unicode,which Qt usesinternally
for almostall strings.

3. The ability to print with ary TrueType or
PostScripfType 1 font that X11 useswithout
ary configurationfiles beyond thoserequired
to simply usethefontsunderxX11.

As the papershaws, we have essentiallyachieved
our goals. While the first two goalsare self ex-

planatory the third requiressomeexplanation. A

mechanismthat requiresadditional configuration
files fails whenthey are missingor defectve. A

mechanisnthatrequiresno configurationis, there-
fore, muchmorerohust. We wantedto maximize
the chanceghat a font that the user seeson the
screenis downloadedcorrectlyto a print job, and
thelack of configurationfiles helpsus achieve this
goal.

The restof the paperis organizedasfollows. Sec-
tion 2 presentdackgroundnfontsandontext ren-
deringin PostScript.Section3 describeghe over
all structureof Qt/X11's printerdriver, to whichwe
have addedhenex mechanismThemechanisnit-
selfis describedn Sectiord. Section5 suggeshtd-
ditional featuresthat would benefitusersif added
to the font-handlingmechanismthat we describe.
Section6 explains why the existenceof multiple

printer driversin the X world, eachwith its own
font-handlingmechanismharmsusers. The sec-
tion suggestshatthesemechanisméeunifiedinto
a single font-subsetting-atdownloadng mecha-
nism. Section7 summarizedhe paper

2 Background

2.1 FontFiles

Digital fontsallow programgo rendertext on out-
putdevicessuchasmonitorsandprinters.A digital
font consistf threemain componentswhich can
residein asingleor in multiplefiles. Thefirst com-
ponentconsistsof glyph descriptions which de-
scribethe shapeof letters,partsof letters,or groups
of letters.The seconccomponenbf afontis anen-
codingor asetof encodingsAn encodingnapsthe
character®f a characteset,suchasAascii or Uni-
code,to glyphs. The third componentconsistsof
metricsandotherlayoutinformation,which assists
theapplicationin laying outtext. Fontsalsocontain
auxiliaryinformation,suchasthenameandstyle of
thefont, copyright information,andsoon.

Most fonts today contain scalableglyph descrip-
tions using either cubic or quadraticsplines. A

software componentalled a rasterizerusesthese
curves to decidewhich pixels are covered by the



glyph andshouldbe paintedand which shouldbe
left unpainted. So-calledantialiased rasterizers
paintpixelsin several colorsto simulatethe effect
of partially-coveredpixels. Glyph descriptionsisu-
ally usuallycontaindatacalled hintsin additionto
the splines. Hints help the rasterizerdrav better
looking glyphs at low resolutions. Bitmap glyph
descriptionghat specify explicitly which pixelsto
paint,andwhichwereoncecommonarebecoming
rarer Somefont formatsallow compositeglyphs,
which represent single characteusing appropri-
ately placedbaseglyphs. For example,the glyph
for thecharacteta with agrave accent’canberep-
resentedby translatedeferenceso theglyphrepre-
sentinga’ andto theglyphrepresentingheaccent.

An encodingmapsthe character®f a characteset
to glyphsin thefont. Glyphsarespecifiedusingin-
dicesor usingsymbolicnames.Somefont formats
avoid the use of encodingsby putting the glyphs
in an arraywhosesizeis the length of the encod-
ing, so glyph indicesdirectly correspondo char
actercodes. But mostfont formatstoday include
explicit encodings. The encodingis usedby the
rasterizer which usesit to draw the correctglyph
for eachcharacterTheapplicationsometimesises
the encodingaswell in orderto accessnetric and
layoutinformationassociateavith specificglyphs.

All fontscontainatleastonekind of glyph-specific
metrics—thewidth of eachglyph. The width of
the glyph allows text-layout applicationsto mea-
suretext in orderto computeline breaksand to
justify text, andit allows therenderetto determine
whereto draw the next glyph. Many fonts con-
tain othermetrics,suchasmetricsfor vertical text
layout, for pair kerning (bringing specificpairs of
glyphsclosertogetheror further apart)andso on.
Somefontsalsocontainadditionaltext-layoutdata,
suchasligaturesubstitutioninformation(replacing
consecutie glyphsby asingleglyphthatrepresents
multiple letters,suchasa glyph representingn’f’
followedby an'i’, asin file), glyph positioningin-
formation(for attachingmultiple diacriticsto a sin-
gle letter, for example),and glyph substitutionin-
formation (when multiple glyphsare available for
representing singleletter).

We now explain the main featuresof the most
widely-usedscalabldfont formatsin usetoday

TrueType Fonts. TrueType fonts [8] storeall the
font informationin a single datafile (usually
with suffix t t f ) containingtables(datastruc-
tures)that containglyph descriptionsgencod-
ings,andsoon. Theglyphsaredescribedis-
ing quadraticsplinesandcompositionof base
glyphs. Glyphsarereferredto usingindices,
although mary TrueType fonts also specify
namesfor the glyphs. TrueType fonts are
hinted using programsin a specialprogram-
ming language Theseprogramscanmove the
control pointsof the splinesto fit bettera low
resolutionpixel grid. The metricsof the font
can also be modified using these programs,
so a 10-pointfont may have different glyph
widths at 100 PPI (pixels per inch) than at
1200PPI1.Most TrueTypefontscontaina Uni-
code encoding,and some contain additional
encodings. TrueType collection fonts (exten-
sion

PostScript Type 1 Fonts. Type 1 fonts [1, 6],
which will be describedin more details be-
low, storefont datain two datafiles. Onedata
file, with sufiix pf b or pf a, storesthe en-
coding,glyph descriptiongin eitherbinaryor
Ascll, hencethe two sufixes),andthe width
of glyphs. Another file containsadditional
metric and layoutinformation. The auxiliary
file may be binary (a pf mfile) or Ascil (a
af mfile). Glyphsarereferredto usingsym-
bolic namesandthey aredescribedusingcu-
bic splinesor using translatedcompaosition.
Hints in Type 1 fonts are declaratre, which
meansthat the font designerdeclaresexplic-
itly certainimportantfeaturesof theglyph, but
it is up to the rasterizerto decidehow to use
this information. For example,a hint may de-
clarethat the two counters(empty spacesjn
theletter'm’ shouldbe exactly equalin width.
Type 1 fontsare8-bit fonts, which meanghat
they usean encodingthat mapscharactersn
therange0—255to namedylyphs.Most Typel
fontscontainunencodedlyphs,which means



that no charactermapsto them. Programs
canreencodehefont, or replaceits encoding,
which allows themto accessll the glyphsin
thefont.

OpenType Fonts. There are two types of Open-
Type fonts [9]. The first typeis a TrueType
font with additionaltables,mostly tablesthat
contain adwvancedlayout information. Such
fontsarealsovalid TrueType fonts sothe can
beprocessedsingary programthatprocesses
TrueType fonts. Therefore,from hereon we
refer to Openlype fonts with TrueType out-
lines as TrueType fonts.The secondtype is
similarto TrueTypefontsexceptthattheglyph
descriptionsaandthe hintsusea representation
similar to that of Type 1 fonts. Thesefonts,
which have anot f format, allow for lossless
corversionof Type 1 fonts to 'almost’ True-
Type format. OpenType fonts are relatively
new, but quite a few fontsareavailablein this
formatfrom Adobe.Many of theseOpenype
fonts containadvancedtypographicfeatures,
suchasold-stylefigures,small capitals,glyph
variants,andsoon.

2.2 PostScript Text Rendering

PostScript documents are programs in the
PostScript language that contain rendering
commands. A Font is describedin PostScript
using a dictionary, the main datastructurein the
PostScriptanguage.

Four main PostScriptcommandgwith somevari-
ants)rendertext. The fi ndf ont commandre-
trievesan alreadydefinedfont. Thescal ef ont
commandscalesa font to a given point size. The
set f ont assignsa previously found and scaled
font to be the fonts in which subsequentext will
berenderedTheshowcommandiraws a stringof
text in the currentfont.

QT/X11's printer driver actually usesa variant of
theshow commandcalledashow. Thiscommand
hasthreeagumentsd,, d,, andastring. Thecom-
mandrenderghe stringbut addsd,, to thewidth of

eachcharactemandd, to its “vertical width”. This
allows the driver to fit a stringinto a givenlength.
Thedriver useghis ability to ensurdhattext on pa-
per takes exactly the samehorizontalspaceasthe
sametext on the screengventhoughthelengthon
the screeris constrainedo whole pixels.

2.3 PostScript Fonts

Thirteen fonts (Times, Helvetica and Courier in

4 stylesand Symbol) are built into all PostScript
devices. Most PostScriptdevices have additional
built-in fonts. But to rendertext in a font thatis

not built into the device, the PostScriptdocument
mustincludea representatioof thefont. The pro-

cessof including arepresentationf thefontin the
PostScripfile is calledfont downloading

PostScriptinterpreters support several types of
downloadabldonts.

Type 1 Fonts. PostScriptdocumentmay include
Type 1 fonts in ASCII representation. The
PostScriptdocumentincludesonly the glyph
descriptionsand the encoding, not the ad-
ditional metric and layout information. All
PostScriptlevicessupportType 1 fonts.

Type 3 Fonts. Thesefonts [6] are the most gen-
eral glyph representatiorof ary PostScript
fonts. To rasterizea glyph in a Type 3 font,
the PostScripinterpreterinvokesa procedure
that the font provides. The procedureis in-
vokedwith two argumentsthefont dictionary
and the characterto be dravn (or the name
of the glyph in Level-2 and -3 PostScript).
The procedurecan use all the tools of the
PostScripianguageo draw the glyph. It can
invoke otherproceduresgrav bitmapimages,
anddrav shapedefinedby cubic splines. It
can also determinethe pixel grid that is be-
ing paintedand adaptthe glyph to the pixel
grid. BecauseType 3 fonts canutilize all the
power of the PostScripanguagefont raster
izers that do not include a PostScriptinter
pretercannotprocesghem. In particular un-



like Type 1 fonts, which canbe usedon Win-
dows, Mac, and X11 systems,Type 3 fonts
cannotbe usedin thesewindowing erviron-
ments. They are primarily usedto download

non-Type-1 fonts into PostScriptdocuments.

For example,Dvi ps generatedype 3 fonts
to download bitmappedfonts into PostScript
documentsandsomeWwindows printerdrivers
generatelype 3 fonts to download TrueType
fontsinto PostScriptdocumentsLike Type 1
fonts, Type 3 fonts alsousean 8-bit encoding
vector

Type 42 Fonts. Type42fonts[5, 6] arePostScript
wrapperdor TrueTypefonts. A Type 42 font
dictionary containsPostScriptstring (or sev-
eralstrings)thatencodeheoriginal TrueType
font, a datastructurethat mapsglyph indices
to symbolic names, and an 8-bit encoding
vectorthat mapscharactergso namedglyphs.
Somelevel-1 and-2 PostScriptlevicescannot
rasterizelype42fonts;All level-3devicesand
mary level-2onescan;GhostScriptan.There
aretwo variantsof Type42fonts: with or with-
outaGlyphDirectory UsingaGlyphDirectory
is moreflexible but notall devicesthatsupport
Type 42 fontssupportsGlyphDirectories.

Type 0 Fonts. TypeO fonts[6] arecompositdonts
that are designedfor supporting character
setswith more than 256 characters. Type 0
fontscontainno glyph descriptionsor metrics.
They only contain a mapping from charac-
tersto glyphsin oneor more8-bit basefonts.
For example, a Type 0 font may map Uni-
codecharacterso glyphsfrom several Type 1
fonts. Compositefonts supportseseral map-
ping mechanisms.The mappingmechanism
that we useis called an 8/8 mapping. Each
characterto be rendereds representedising
two bytes,wherethefirst byte selectghebase
fontandthesecondselectgheglyphusingthe
basefont’s 8-bit encodingvector Othermap-
ping mechanismsllow for othersplittings of
8-bitand16-bitcharactersaswell asfor state-
full characterencodingsand for CID map-
pings,describedelow.

CID Fonts. CID fonts[3, 2, 6] arespecialType0

fontsthataredesignedo allow asingleencod-
ing to map charactergo the glyphs of mary
fonts. A CID font containsglyph descriptions
for all the glyphsof a specifiedcharacter col-
lection A character map (CMap) mapsthe
characterof a charactersetto the glyphs of
a charactercollection. To usea CID font,
the PostScriptprogramcomposesa CID font
with a charactermap to form a CID-Keyed
font. The CID font and the charactermap
must, obviously, usethe samecharactercol-
lection. This arrangemenallows a singleen-
coding mechanism(the charactemap)to be
usedwith mary differentfonts, aslong asall
the fonts contain the sameglyph setin the
sameorder For example,composinghe font
Munhwa- Regul ar with the charactemap
Uni KS- UCS2- H createsthe font Munhwa-
Regul ar - - Uni KS- UCS2- H ,which has a
16-bit Unicodeencoding.CID fontscanhave
Type 1 glyph descriptions,Type 3 glyph de-
scriptions bitmapglyph descriptionspr True-
Type glyph descriptions. CID fonts are used
todaysolelyfor CIK (Chinese JapaneseKo-
rean)fonts(see[7]).

2.4 Subsetting and Incremental Definition of
Fontsin PostScript

The representatiomf a font in a PostScriptdocu-
mentneedsnot includeall the glyphsin the origi-
nal digital font files. The printerdriver caninclude
in the file only the descriptionof glyphsthat are
actuallyusedin a document.Subsettinga font re-
quiresthat the driver that dowvnloadsthe font be
able to manipulatethe datastructuresof the font
file. In particular wheneer a font includescom-
positeglyphs,includinga compositdn asubsere-
quiresthatall the baseglyphsof the subsetbe in-
cludedaswell.

Somefontsaresolarge thatsubsettinghemis vir-
tually a necessity TrueType fonts suchas Times
New RomarandCourierNew, whichincludeLatin,
Greek, Cyrillic, Hebrav, and Arabic glyphs, have
over1300glyphsandtheirfilesareover 300KBytes
in size. Fonts suchas BitstreamCyberbit, Arial



UnicodeMS, andIBM TimesNew RomanWorld-
Type,whichincludeCJK glyphs,have tensof thou-
sandsof glyphsandtheir file are 13—24MBytesin
size. Therepresentationf thesefonts as Type 42
PostScriptfonts would be even larger  Suchfonts
mustbe subsetted.

PostScripfontscanbedefinedincrementally That
is, the first definition of a font main describeonly
a proper subsetof the glyphs that the document
uses. When additionalglyphs are neededater in
thedocumentthey areaddedo thefont dictionary
The addition of glyphsobeys the PostScriptscop-
ing rulesof save/ r est or e blocks. Therefore,
whentheblockin whichtheglyphsareaddedends,
their descriptionsareremovedfrom thefont.

Incrementalfont definition sernes two purposes.
First, the fact that glyphs are removed when the
save/ r est or e block endsallows the driver to
producea PostScriptdocumentthat can be pro-
cessedwith lessmemory Since pagesare typi-
cally enclosedbetweena save andar est ore,
thedriver canbuild adocumenin which eachpage
addsthe glyph descriptiongequiredfor that page.
In suchcaseghe PostScripinterpretemever needs
to storealarge setof glyphsfrom afont. Thistech-
nique benefitsmainly CJK fonts, in which the set
of glyphsusedin a long documentmay be con-
siderablylarger thanthe setusedon ary particular
page. The nggative implicationsof this techniques
area larger PostScripfile sizeandlongerprocess-
ing, sincethe sameglyph mayneedto be processes
on severalpages.

The secondusefor incrementaldefinition of fonts
is when the driver must begin producing the
PostScriptoutput beforeit finishesprocessinghe
document. In suchcasesjt mustdefinethe fonts
that are used before it can determinethe exact
subsetof their glyphs that are usedin the docu-
ment. The driver cantheneitherdownloadthe en-
tire glyph setof thefonts,or it candefinefontswith
the glyph setthat hasbeenusedup to that point,
andaddadditionalglyphsasit encountershemin
thedocument.

Glyphscanbe addedto Type 1 and3 fonts, andto

Type 42 fontswith a GlyphDirectory

3 The Qt/X11 Printer Driver

The Qt/X11 printerdriveris thesoftwaremodulein
Qt thatenablesapplicationsto generatd?ostScript
outputfor printing, storage,or further processing
(e.g.,conversionto PDF).

To generateéPostScriptoutput, the applicationcre-
atesa QPrinterobject,whichis a QPaintDevice by

inheritance The QPrinterobjectspecifiesthename
of the printer (or the file to write the outputinto),

the paperdimensionsandsoon. Typically, theap-
plication createshe QPrinterobjectby creatinga
QPrintDialog whichletstheuserchooseheprinter
andtheprintersetupand. Theapplicationthenasks
the QPrintDialogto createa QPrinterobject. Once
the QPrinterobjectis ready the applicationusesit

to createa QPainter QPainteris anobjectthatpro-
vides a drawing API to the application. The ap-
plicationsendsdraving commandso the QPainter

which sendsthem to the QPrinter This part of

the mechanismworks in the sameway on all the
platformsthat Qt supportsincludingboth X11 and
Windows.

Under X11, the QPrinterobject containsa refer
enceto a QPSPrinterobject. The QPSPrinterob-
ject, in turn, containsa referenceto a QPSPrinter
Privateobject,whichperformstheactualPostScript
generation.Thereasondor the existenceof thein-
termediateQPSPrinterobjectareirrelevant to this
paper

Whentheapplicationdravs onthe QPainterassoci-
atedwith theQPrinter the QPaintersendgshedrawv-
ing requestdo its associated)Printer (which the
applicationconstructedusuallyusinga QPrintDia-
log). The QPrintersendghe draving commandgo
its QPSPrinterwhich sendsthemto its QPSPrint-
erPrivate object, which generateghe appropriate
PostScript. The QPSPrinterPviate object repre-
sentsthe stateof the PostScriptprint driver for a
singleprint job. Themethodsf the QPSPrinterPri-



vateclasscomprisethe printerdriver itself.

Two commandghat the applicationpassedo the

printer driver arerelatedto text rendering:setfont,

which setsthe font and size in which text is ren-

deredfrom that point on, and drawvtext, which ac-

tually renderstext. The setfontcommandspeci-
fies the font by passingto the driver a QFont ob-

ject, which is essentiallya Qt object representing
an X11 screenfont. On systemsunning XFree86
4 andlater the X11 screerfont canbeeitheracore

X font or an Xft font[10].

The printer driver (QPSPrinterPviate) attemptsto
buffer the PostScripdocumenthatit generatesA
PostScriptdocumentusually consistsof a header
which includesfonts and other resourceghat the
documenneedsandof pagedescriptions Buffer-
ing the documentallows the driver to constructa
headerthat includesall the neededresources.To
keep the buffer size reasonablethe driver emits
the contentsof the buffer into the output stream
when the PostScriptoutput grows beyond certain
limits. Beforeit emitsthe contentsof the buffer,
the driver generatesand emits a headerthat in-
cludestheresourceshatthe documenneedaupto
that point. Sincethe driver hasnot yet accepted
draving commanddor the restof the documentijt
doesnotknow which additionalfontsandresources
the following pagesneed. From that point on, the
driver emitsonepageat atime. It needgo include
with a pagedescriptionary resourceshatthe page
needsandthatwerenotincludedin thedocumens
header

4 The New Mechanism

The new font subsettingand downloadingmecha-
nism s built arounda new class,QPSPrinterbnt-

Private. This classis usedsolely by the printer
driver andits interfaceis not in Qt's public API.

QPSPrinterbntPrvate is a baseclassthat repre-
sentsa PostScripfont correspondingo a Qt screen
font. The subclasseof the base class corre-
spondto specificfont formats:QPSPrinterBntTTF

for TrueType fonts, QPSPrinterBntPFA and QP-
SPrinterlntPFB for Type 1 fonts, QPSPrinter
FontAsianfor built-in CJK fonts, and QPSPrinter
FontNotFoundfor screerfontsfor whichno match-
ing fontfile wasfound. Therearefour subclassesf
QPSPrinterbntAsian,correspondindor Japanese,
Korean{traditional-Chinesandsimplified-Chinese
fonts. Someof the new subsettingand download-
ing functionalityis implementedn the QPSPrinter
FontPrivate baseclassandthe restis implemented
in its subclasses.

4.1 Finding Font Files

The setfontcommandpassesa Qt screen-fonob-
ject to the driver. The driver keepsa referenceo
thescreerfont andreturns.

The drawtext commandasksthe driver to rendera
stringin thecurrentfont. Thedrivercheckswvhether
the last PostScriptfont that was usedmatcheshe
currentscreenfont (the agumentof the last set-
font command).If not, it callsits own set Font
methodto changethe currentPostScriptfont. Ei-
therway, thedriver now hasareferenceo the QP-
SPrinterPrrate objectthat correspondso the cur
rentscreenfont. It thencalls this objects dr aw
Text methodto renderthestring.

Thedriver'sset Font methodcreatesatemporary
object of type QPSPrinterbnt. It passedo QP-
SPrinterfent’s constructorreferencedo the screen
font, to thedriverobjectitself, andto thescript(lan-
guage)thatthe screerfont implements.The script
is only usedto selecta built-in CJK font if no font
file is found. The QPSPrinterbnt constructomper
formsthreetasks.First,it extractsacanonicahame
for thescreerfont. For coreX fonts,thenamecon-
sistsof thefirst 5 fieldsin the font's XLFD name,
which include the foundry (vendor), the family
name theweight(e.g.,bold), the slant(e.g.,italic),
andthewidth; it ignoresthe sizefields andthe en-
codingfields in the font’'s name, since PostScript
fonts canbe resizedandreencoded.If the screen
fontis an Xft font[10], the canonicalnameis sim-
ply the font's file name,which Xft provides. The



next taskis to determinewhethera font with the
samecanonicalnamehasalreadybeenusedin the
documentThisis determinedy searchingdictio-
nary datastructurethat mapsthe canonicalnames
of the documens fonts to QPSPrinterBntPrivate
references.If the font hasbeenused,processing
endshere. If the font hasnot beenused,the third
task of the QPSPrinterBnt’s constructoris to find
and readthe font file. For Xft fonts, this taskis
trivial. For core X fonts, the taskis more com-
plex. The driver searcheghe fonts. dir and
font s. scal e filesontheX font pathandonthe
font sener’s font pathfor matchingXLFD names.
The X font pathcanbe determinedxactly by call-
ing XGet Font Pat h. The X font sener’s font
pathcannotbedeterminedisingthe API of eitherX
or thefont seneritself. Thecodethereforeguesses
locationsfor thefont sener’s configuratiorfile and
triesto parsethisfile in orderto determinethefont
sener’s font path. This heuristicsucceedsn stan-
dard configurationsbut is likely to fail with non-
standardont seners,suchasBitstreams Fontastic,
which is part of Corel’s Linux applications. The
useror systemadministratorcanalsoadd directo-
riesto besearchedby settingthe/ gt / f ont Pat h
applicationsetting.

OnceQPSPrinterbnt finds the font file, it readsit
into a buffer (if it wasnot readbefore)anddeter
minesthe font format. The first few bytesof the
font file candeterminaunambiguouslyhefont for-
mat: binary Type 1 fonts have 0x80 in their first
byte andthe string % PS startingin byte 6, AscClIl
Type 1 fonts startwith 9% PS , andTrueType fonts
startwith the 4-byte string0x00010000, andso
on. Now that QPSPrinterBnt knows which format
thefont is in, it constructsan appropriatenstance
of a subclasof QPSPrinterbntPrivate. The con-
structoris givenareferenceo thebuffer containing
the font file. The lastactionof QPSPrinterbnt is
to insertthe newnly createdQPSPrinterBntPrivate
into thedocumens font dictionary The QPSPrint-
erFontis notusedary moreandis destrged.

The only other important action of the driver’s
set Font methodis the generationof PostScript
codeto setthe currentfont. This is doneby call-
ing the QPSPrinterbntPrivate,which emitsthere-

quiredPostScriptodeinto the PostScripbuffer.

4.2 Drawing Text

When the driver is requestedo draw a string, it
calls the dr awText methodof the current QP-
SPrinterfontPrivate. This methodperformstwo ac-
tions. First, it measureghe width of the string
emits into the PostScriptbuffer an ashow com-
mandthat rendersthe string. The width measure-
mentis doneusingthe screen-fong metrics,to en-
surethat printed outputmatcheghe appearancef
text onthescreen.

Secondthe methodaddsthe Unicodecharactersn

the string (all Qt's stringsareencodedn Unicode)
to thesubsebf charactershatthe downloadedfont
mustsupport.

The string to be renderedmustbe encodedn the
PostScriplocumenusingthe PostScripfont’s en-
coding. Thatis, thedriver mustmapUnicodechar
actersto the font encoding. Font encodingsn the
driver have evolved considerably;the mechanism
thatwe now describeappliesto Qt 3.0, but not to
Qt2.x.

Qt 3.0 always uses a 16-bit encoding (except
for built-in Japanesefonts, where it uses the
jisx0208.1983-&ncoding).Theencodingof afont

is constructedncrementally The first charactein

theencodingis alwaysthedefault. not def char

acter Thefirst charactethatis renderedusingthe
fontin thedocuments assignedlot1in theencod-
ing, the secondslot 3, andso on. Therefore,each
font typically hasa different encodingdepending
onthecharactershatarerenderedn it andontheir

orderof appearance.

An earlierversionof the driver usedthe Unicode
encodingfor all the fonts, but this usually led
to larger PostScriptoutputwithout any significant
benefit.



4.3 Subsettingand Downloading Fonts

Thecurrentdriver downloadsTypel andTrueType
fonts, but it only subsetdrueTypefonts.

Type 1 fonts are downloadedentirely; the current
implementationrdoesnot subsetthem. This is not

usually a significant problem, since of the Latin

Type 1 fonts are relatively small, 50-100KBytes
in the Ascil encodingthat the driver downloads
into the PostScripbutput. Binary Type 1 fontsare
corvertedto Ascil anddownloaded,ascil Typel

fontsaredownloadedwithoutarny changesSubset-
ting Type 1 fontswould make the PostScripbutput
smallerbut it requiresparsingthe glyph descrip-
tions,which the currentdriver doesnotdo.

TrueType fonts are corvertedinto PostScriptfonts
and sometimessubsetted. Most of the codethat
performsthe corversionwas originally written by
David Chappelifor a projectcalledPPR.Thecode
corvertsthe TrueTypefont eitherto a Type 42 font,
which is simply a TrueType font in a PostScript
wrappey or to a Type 3 font that usesPostScript-
languageprocedureo describethe outline of each

glyph.

By default, TrueType fonts are cornverted into
Type 3 fonts. The default distribution of Qt/X11
doesnotevencompilethe Type42 corversion.The
required code can be includedin the library by
definingacertainpreprocessorariable.Evenif the
codeis included,thedriver generate3ype42fonts
only if the QT_TTFTOPS ernvironmentvariableis
setto 42.

The driver prefersconversionto Type 3 for two
mainreasonsFirst, the driver only subsetslype 3
fonts, not Type 42 fonts. SubsettingType 3 fonts
is relatively easy:thedriver simply skipstheglyph
description®f glyphsthatarenotused.Thedriven
ensureshowever, thatif acharactein thesubseis
representedby a compositeglyph, thenall the re-
quiredbaseglyphsareincludedin the subsetfont.
Subsettinga Type 42 font is morecomplex andwe
have notimplementedhe requiredcode. Sincethe
driver doesnot subsetType 42 fonts, corversion

to Type 42 producedarger outputfiles. The con-
versionactuallyfails on very large TrueTypefonts,
sincein a Type42font, all the TrueTypetablesex-
ceptfor thetablecontainingthe glyph descriptions
(the gl yf table) mustfit into PostScriptstrings
whose maximum size is 64KBytes. Large fonts
canhave tablesthat aretoo large. Secondnot all
PostScriptlevicessupportType42 fonts. Sincethe
driver doesnot knov whetherthe PostScriptout-
putfile will berenderedn adevice thatcanraster
ize Type42 fonts, it prefersto rely on Type 3 fonts
which aresupportedy all PostScriptevices.

Corversionof TrueType fontsto Type 42 hasone
potentialadvantageover conversionto Type 3. In

corversionto Type 42 the TrueType font is essen-
tially embeddedsis, includingits hints. Our con-

versionto Type 3 representshe glyph outlinesex-

actly, but strips the hints. At small sizes, strip-

ing the hints can have an adwerse effect on the

printed output. However, a few subjectve visual

teststhat we have performedshaved little differ-

encein printed output even for well-hinted fonts

like Arial. It seemshat at printer resolutions,as
opposedo screerresolutionshinting haslittle ef-

fect.

To supportfontswith morethan256 charactersthe
driver usesType O fonts. The PostScriptfont that
the driver downloads, whetherType 1, 3, or 42,
usesa built-in 8-bit encodingvector St andar d-
Encodi ng, but thedriver doesnot usethis encod-
ing; it is includedin thefont only to make it avalid
font. Supposehatthe documentuses300 charac-
tersfrom a font, say Geogia. The basePostScript
font, which hasan 8-bit encodingjs calledGeor -
gi a. Thedrivercreateswo 8-bit encodingvectors,
onecontainingthefirst 255 charactershatit needs
from thefont (and. not def ), theothercontaining
the other45 charactersThefirst encodings called
CGeor gi a- ENC- 00 and the secondGeor gi a-
ENC- 01. The driver then createstwo derived 8-
bit fonts in which the Geogia is reencodedising
the two encodingvectors. Thesederived fonts are
calledGeor gi a- Uni - 00 andGeor gi a- Uni -
01. Finally, thedriver definesa compositeType 0
font with an 8/8 mappingthat mapscharacter$—
255 to Geor gi a- Uni - 00 and characters256—



511to Geor gi a- Uni - 01.

Using Unicode to encodethe compositefonts is
alsopossible,andindeedan earlierversionof the
driver usedsuchanencoding.

5 Suggestionsfor Future Development of
the Printer Driver

The driver canbenefitfrom several additionalfea-
turesthatwe have notyetimplemented.

Conversion of TrueType Fontsto Type 1. The
driver currentlyconverts TrueType fontsto Type 3
or Type 42 fonts. Corversionto Type 1 instead
of Type 3 would reduceoutput sizesand would
speedup rasterization.Type 1 usea specialencod-
ing for outlineglyph descriptionghatis morecom-
pactthanthe Type 3 fontsthat the driver produces
now. Furthermorethecompacencodingallowsfor
fasterprocessingy the PostScriptinterpreterthan
the Ascii-encodedType 3 fonts (Adobe even pro-
ducedat onetime a hardwareacceleratofor raster
izing Type 1 fonts[7, page287]). Whatis needed
to implementthis featureis a Type 1 encoder;sev-
eralopen-sourc@rogramsncludesuchanencoder
(e.g.,t lasmfromthet 1uti | s package)sothe
codecanprobablybe borroved from oneof them.

Subsettingof Type 1 Fonts. Thedriver currently
downloadsType 1 fonts without subsettingthem.
Subsettindglype 1 fontswouldreducesomevhatthe
outputfile sizesthat the driver produces. Subset-
ting Type 1 fonts requiresthat the driver decodes
the glyph descriptionswhich it doesnot currently
do. It would then needto encodethe description
of theglyphsthatthe documenneeds Again, sim-
ilar codeis availablein t lasmandt 1di sasm
Subsettingequirescare,sincethe subsefont must
obey all the constraintson Type 1 fonts, suchas
constraintson compositeglyphs and on subrou-
tines. Some programs,such as dvi ps, TgX's
PostScriptbaclend, subsetsType 1 fonts, but not

alwayscorrectly SinceType 1 fonts aretypically
small, it is obviously betternotto subsethemthan
to introducebugsinto the driver by attemptingto
subset.

Tailoring the Output to Specific PostScript De-

vices. PostScriptdevices differ in their capabili-
ties. Devicesdiffer in the amountof memorythey

have, in the selectionof built-in-fonts that they

have, in the PostScriptanguagdeaturesthat they

support,andin the areaof the pagethat they can
print on, and so on. Therefore,a PostScriptdoc-

umentthat is optimal for one device may render
poorly on another or it maynot renderat all. The
currentdriver ignoresthe specificsof the output
device and always attemptsto generaté'generic”

PostScriptthat renderson ary device. This strat-
egy has several significant dravbacks: it results
in large file sizes,especiallywhen the document
containshi-resolutionimagesijt preventsthedriver

from corverting TrueType fonts to Type 42 fonts,

andit preventsthe driver from notifying applica-
tionsabouttheimageablereaof the page.

There are two approachego tailoring PostScript
outputto specificdevices. In oneapproacha di-
alogwidgetallows the userto tailor the output. For
example,the PostScripoutputdialog of Adobell-
lustrator 9.0 for Windows allows the userto se-
lect betweenPostScriptevel-1, level-2, or level-3,
to decidewhetherto downloadfontsinto the doc-
ument, and to decideon the color model. Other
high-endapplicationsffer similar capabilitiesand
so doesAdobe Acrobat for Linux. In the other
approachthe driver usesa PostScriptPrinter De-
scription (PPD) file to determinethe capabilities
of the output device. The driver usesthe PPD
files in two ways. First, it can determineauto-
matically whethersomedevice featuresare avail-
ableandadaptthe outputaccordingly without any
input from the user For example,the driver can
determineusingthe PPDfile, thatthe device is a
PostScriptevel-2 device with supportfor Type 42
fonts. Secondthedriver candeterminevhichcapa-
bilities of the printerareundersoftwarecontroland
asktheuserto decidehow to procesghedocument.



Forexample thedriver candeterminghatprinterX
canprint onbothsidesof the paper(duplex capabil-
ity), soit incorporatesn thedialogwidgetacheck-
box for duplex printing, whereagprinterY canonly
print on oneside, so this checkboxis notincluded
in the dialog widget. Adobes genericPostScript
printerdriversfor Windowvs andMacOSusethisap-
proach.

The first approachis useful when the PostScript
outputis intendedto be usedon several devicesor
to be further processed.For instance whenusers
producePostScripto be putonawebsite,or when
usergproduceanencapsulateBostScrip{EPS)fig-
ureto beincludedin otherdocumentsThefirst ap-
proachis also usefulwhenthe printer driver can-
not determinethe PPD file that correspondgo a
particularoutput device. Most Unix/Linux print-
ing systemsdo not associatdPPDfiles with print-
ers, so the PPD-lessapproachis more suitableto
them.Themaindisadantage®f thefirstapproach,
comparedo thesecondis thatit presentsheusers
with optionsthatthey may notunderstandandthat
it makesit nearlyimpossibleto supportall thefea-
turesthata PostScriptievice mayhave. A usermay
not know the differencebetweenPostScriptievels
or what it meansto download fonts, so including
suchoptionsin dialogs can be confusing. Also,
somePostScripteviceshave fairly exotic capabil-
ities, suchasstaplingandbinding,andit is unlikely
thata genericandeasy-to-usénterfacewould sup-
portall of them.

It seemghat the mostreasonablesolutionfor this
driver would beto allow theuserto controlthe out-
put without using PPDfiles. To avoid confusion,
we think that the extra options should not be in

the main printing dialog, but accessiblehroughan

“advancedoptions”buttonor a similar mechanism.

This makesit clearthat settingthe extra optionsis
not necessarandthatit requiressomeexpertise.

Support for Additional Font Formats. Thevast
majority of scalabldontsthatareusedon X11 sys-
temstoday are Type 1 and TrueType fonts, so by
virtue of supportingthemthe driver supportsmost

of thefontsthatusershave. But Freeype,thefont
rasterizationlibrary that is usedby the XFree86
X sener, by Xft, and by some stand-alonefont
seners,canrasterizefontsin otherformatsaswell
(www. f r eet ype. or g). Themostimportantfont
formatsthat Freeype supportsbesideslype 1 and
TrueType are OpenType fonts and CID fonts with
Typel outlines.SinceFreeypesupportghesefor-
mats, XFree86and Xft cansupportthem. If such
fonts becomewidely usedon X11 systems.then
the driver should supportthem. Openype fonts
are currently only availablefrom Adobe,andthey
arenotwidely used.On the otherhand,Adobean-
nouncedthatit plansto convert its entire font li-
brary, which is currently offeredin Type 1 format,
to Openype format, and Windows 2000 supports
Openype,sosuchfontsmaybecomemorewidely
usedin thefuture.

RegardingCID fonts,theseareusedsolelyfor CIK
fonts; we do not know whethersupportfor CID
fontsis importantto usersof X11 systems.

Adding supportfor bitmap fonts, and in particu-
lar, to the X core fonts, would createa more ro-

bustfall-backrenderingnechanismvhenthedriver

cannotfind the font file or cannotdownloadit. In

suchcasesthedriver cansimplyretrieve thebitmap
glyphs using the X protocol (or using Xft if the
fontis an Xft font) anddownloada PostScripfont

with bitmapglyph descriptions.The resultingout-

putmaylook coarsesinceit would containscaled-
up versionsof low-resolutionbitmaps,but it would
atleastrenderall theglyphsthattheusercanseeon

thescreen.

6 Why Users Need a Unified Font-
Handling Mechanism for Printer
Drivers

Quite a few other X11 libraries and programsin-
clude a PostScriptprinter driver that can down-
load fonts. Theseinclude StarOfice (through a
commercialprinterdriver called Xprinter, ht t p:

[ ww. bri stol.com xprinter), Abiword,



Suns JDK and JRE, Wine (andin particular the
versionof Wine distributedwith Corel’s Linux ap-
plications).The overall functionalityin all of these
driversis basically similar: they provide a draw-
ing API to the applicationand producePostScript
output. The drawing API's of the variousdrivers
differ, but not by much. The capabilitiesof the
drivers,in termsof font processingaresimilar but
not uniform. For example,Xprinter only supports
Type 1 fonts, but it supportsPPD files, which the
otherdriversdo not.

The existenceof several different drivers harms
users,for two reasons.First, not all the fonts that
the userhaswork in all applicationsandin all sit-
uations. For example,a TrueType font that works
finein Corel’s PhotoRiint doesnotwork in StarOf-
fice. Or acommercialfont thatworksfine in some
applicationsdoesnot work in StarOfice because
StarOfice dependn the font metricfile (. af m),
andthe AFM parsersometimedails on valid files.
Somesituationsare even more confusingto users,
aswhena font works in an applicationin onelo-
calebut notin anothereventhoughthefont’s glyph
repertoiresupportdbothlocales.Thesecondeason
that multiple font-handling drivers harm usersis
thatfontsarehardto install. To usea new font, the
usertypically needsto configureeachapplication
(thatis, eachdriver). StarOfice hasa font instal-
lation dialog, andso do Corel’s applications.Abi-
Word only usesfonts that are storedin (or linked
to) its own font directory so to usea new font
with AbiWord, the usermustcopy the font to (or
createalink in) AbiWord’s font directoryandup-
dateconfiguratiorfilesin thatdirectory This situa-
tion alsomeanghatwhennew applicationsarein-
stalled,they typically only usethe fonts thatcame
with them,notfontsthatarealreadyinstalledonthe
system.

The bestway to fix the problemis to unify the
printerdrivers,or atleastthe font-handlingcompo-
nentof thedrivers. A unifiedfont-handlingmech-
anismwould meanthat a a font only needsto be
installedonce, and that oncea font works in one
application, it works in all applications. And as
the font subsettingand downloading mechanism
of Qt/X11 shaws, printer drivers cansupportfonts

without ary configurationbesideghatrequiredfor
X11itself.

Toolslike kf ont i nst take a differentapproach:
they provide theuserwith aunifiedfont-installation
interface, but they attemptto configure multiple

driver to use newly-installed fonts. This solution
is an effective stop-gapmeasureput we think that
in the long run unifying the mechanismss prefer

able.Toolslikekf ont i nst needto beconfigured
themseles,in orderto find all therequiredconfigu-
rationfiles; they typically do not supportall drivers
and applications(e.g., kf ont i nst only config-
uresX11 andStarOfice); specificapplicationsnay
still fail to handlefontsthatotherapplicationshan-
dle well. A unified font-handlingmechanisnsuf-

fersfrom noneof theseproblems.

Thesimplestway to unify the font-handlingmech-
anismsof printer driversis usinga stand-alondi-
brary The APl of QPSPrinterBntPrivatecansene
asa first draft to the API of this library. Another
optionis to addthe requiredfeaturesto Freeype,
sincesignificantamountsof codein Freelype can
be reusedfor font subsettingand downloading.
Another good reasonto add this functionality to
Freelype is that ervironmentsthat needto raster
ize fonts oftenalsoneedto downloadfontsto print
jobs. However, the font-file discovery mechanism
thatwe usedoesnot seemappropriatdor Freeype
sinceit is X11 specific.Anotheroptionis to include
the font-handlingmechanismin a genericprinter
driverlibrary, which couldperhapsupporinotonly
PostScriptput otherpage-descriptiolanguagesis
well, suchasHP’'s PCL. Thisis obviously alarger
scaleproject.

7 Summary

This paper describesthe font discovery, subset-
ting, anddownloadingmechanisnin Qt/X11. The
mechanisnaddressea majorusabilityissue:prior
to the implementatiorof this mechanismusersof
Qt applications(and henceusersof KDE) could
not print non-Latintext, andcould only print Latin



text in fonts that are built into mostprinters. The
nenv mechanismallows usersto print text in ary
scriptthatQt/X11 supportswhichincludeswestern
scripts(primarily Latin, Cyrillic, andGreek),Ara-
bic, Hebrev, andeast-Asiarscripts.Thaiandindic
scriptsprobablyneedadditional supportto render
properly The nev mechanisnmalsoallows usersto
print Latin text usinga wide variety of fonts.

The mechanismachiazes our main designgoals,
which weresupportfor commonfont formats,sup-
portfor Unicode,andlack of configurationfiles.

The paperpresentspossibleenhancementso the
printer driver and suggeststhat a unified font-
subsetting-and-aenloadng mechanisnmwould be
beneficialto bothdevelopersandusers.
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