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Abstract

This is te second artide inathes pat saies dbait wirg
the OmGL ™ galics system and the X Winbw Sy
tem A rabadyapex Qatkpogaia Xis pe

sated Depth hifairg tack-fae allirg ligtirg ds-
daylist raHirg plygm tessdlatian datle hifring
adstedigae d] drastraed Te poganaderes to

paer Xavetias fa darmpshairg wicbwraz

agr carmcaiay carad lire agrat passing

adewt paesitg Ater the eaple, adared Xad

Qa(k issies ae dsassed indudrg nmnwirg od-

amp flshg, ladig oalas, wig fats, ad -
famgairian Te last atide inths series dsasses
irtegaing Qauwth the Mdtif todkit.

1 Introduction

In tle first atide in ths seies, tle Qafk
ics sytemvs irtradeed  Aap wth & egadian
d tle sytats furtiadity a sirde Qalk Xpo
ganves resated ad @Qalk s capred to tle
XCasatiuts PEXetasian  In ths atide, a me
indedeade d pogamg Qatkwth Xis e
sated T eape is irtarkd to drastrae hth so
tisticated Qatk furtiadity ad paer irtegdian
d Qaflwth tle XWibwS§stean

Hs atide is itadhd to aswr qustias frantw
dass d poganas: fist, the Xporam vatirg
tosee Qa{luredinareganf sustare; secad the
afla TRIS (upegame lildy to e ufailia
wth the rae muhe winbwsystansetyp recssary
wen wirg the XWebwSstaret the Xiblaer.

*Mark graduatedwith B.A. in Computer Science fromRice Uni-
versity andis a Mnber of the Techn cal Staff at Silicon Graphics.
He canbe reached by el ectronic mil addressedto mjk@sgi.com
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Te eage poganrdled glxdino renbrs a 3Dd-
rsar o wg Qa(h Hidbnsufaes ae reroed
wirg dyth hifring Badeface adling improes reh-
irg pafarare by it reching bedefaang pd ygas.
Herachcd rading is wed to castrut the dmsar
ad redy 1t va Qak dsgay lists. Te Qa(h
Utility Tibeary (GU) pdygn tesdlation ratives d-
vd capex plygas irto sirder pdygrs radhdle
by @k Syhisticated ligting lend redismto tle
drsar. If aaldle, dille hffrg sraths aim
i

Te pogamirtegaes vl wth the X WibwSs-
tem T pogareceats sand tle stathd Xcan

rad lire gfias: -display, —geometry, ad-iconic.

Te wer cnrdtde tle aH wirg rase ian B
levd witbwprgperties sprafid by the Iiter-Qlat (Gm
nuiction Cartion el (IO are properly set
1p to carm cate wth the vinbwrasgy. (darmmp
shaigis dre val@Masatias. Ad the pger
vyd cammicaingto the witbmangy a dsire far
acastat apect rdiois dvastraed

Awdkthaghd the glxdino sarce cok is pesated
inScdian2. Wle glxdino tries to dyostrate a giod
niter d Qatkfedues admy d tle isswes ar
canrg lowXad Qatk irtegrdte, 1t is aly a ex
afe Sctian 3 exlaes mae d tle issus avartered
wen wititg an adared Qa(k pogransing Xih
Te thrd ad last atide in ths seies dsassss lowto
irtegrate Qar(lowth tle Mif todkit.

2 Example Walk Through

Te sarce cok fa- glxdino cnle fardin Aperdx A
I wll refer totle ok repetedy thagut ths setian
Figre 1 dlos asaen sl I glxdino.



BEgre I Steen smasltt  glxdino.

2.1 Initialization
Te pegrats intidizdian poceed thagh tle fdlow
g steps:

1 Roes tle starhed Xcarad lire gtias.
Qen tle carectian to the Xeerer,
Ietare if @atks (Xetasa is sypated
Frd the agrquiste Xuisid ad odamp

e N

ot

(ede an Qar(hrerdhring catext.

6. Gete an X wibwwth tle sdected visid ad
paely spafy tle rigt [([@Vpgeties fa the
wrthwraegy to e

7. Brd the redring aotexd to the wirdbw

8. Me tle dsjay list heady fa tle dosar
ral.

9. (dfgre Qafuradying stae.
10. Mpthe vimbw
1. Bgnds#cng Xeats.

(dmats in the cok carespad to these enrerated
Steps.

Intle pogaismain ratire, the fist taskis toproces
the sypated camad lire agrats. Usas d the X
WibwvSstenstold te fatlia wth-display vhich
specifes tle Xsener to e, —~geometry vhich sprafes
tle intid size ad ladion & the pogats mn wi
dwy ad-iconic Wchregests the wnbwhe intidly

icifed Roganes wed to the THS Gk (tle reds
cessr to Q) reyret ke failiae wthtlese gtias.
Wle rthrg reqires an Xprogranto aceeyt stached
Xgtias, st d & a mte d casistary ad ax
alare Mt Xtodkits atasticdly urhstand the
stadhd st  Xgtias

Te ~keepaspect gqtimis it astachd Xcarad
lire gtiocn Wn speaifed it reqests thet the widbw
rapgy asue the the raio etwen tle intid wdh
ad lagt d the wibwle mtared Qten far 3D
pegan the pogam wid lile a castat aspect
rdiofa ther radhring widbw InTHS(y acdl med
keepaspect is aaldle Mrtanmgtle aspect rdio d
a witbwis saethig fa the witbwsystemto & so
there 1s © cdl adgs to IRS (Bs keepaspect in
Ok Rraber tle the cae Qa Adicdion
Roganer Tterface (AF) aterts to be wirbwsys-
temrdpacht. TRS Gupragramers wed to the TRS
Quirterface w1 reed to becamave d Xfurtiadity
tod thrgs thet wed to e dre wth IRS Gucdls.

Namdly glxdino tries to we a dille hifred wn
dwht wll we a sirde hffred winbwif a dible
hifred vigwl is ot awladle Whntle -single @
tim is pesat, tle pogammill lok aly fa a sirge
hifredvistd. Qurayradires wthladae dalle
hiffrg sypat, cdda redtian cn te tradd fa oz
He hifirg to ahewe sath aistian r eatle
arahre wth 21 hts d cda reduian cald sypat
2hts  da resddionfa dalle hifred k. HIf
the irae it-aes wildle fa the frat bt addf
fa the back hifr.

Next, acarectian to the Xsaner 1s estdlisted wirg
XOpenDisplay. Sne glxdino reqires Qafks (X
etasiay the porandeds tht tle etasian exsts
wirg glXQueryExtension. Fe rafire indcdes if tle
IXetarm is syprted a b, A is anatianfa
Xratires tht qery etasias, tle ratire cmdsore-

tuntle base error code adbase event code fa the GX

etasan Te arrat vasiand GXsuyprts oeten
simeats (ht des dfie ddt paod aras). Mt
Qatlpragasvl] redmthe o tlesenibes. Yau

cnpss InNULL & glxdino des toimdcde yud it
reed the evart @ erra bese.

Qafk is dsiged fa fuue otamhlity Te
glXQueryVersion ratire returs the mya ad no
asar d te @k iideantdian  Giratly the
ma wsiaris 1 ad the nnr wsianis 0 glxdino
s it e glXQueryVersion ht it ray be wdf far
pegramin the fibue

2.1.1 Choosing a Visual and Colormap

Te (X etasm oalad Xvusds to dite sip
pated fram hifr cafgrdias. Bfae you aete an

Qafk witby you shodd sdet a wsid wich sip



pats tle fraa hif fetuwes youitad to we X
gratess & lemst tw visd wll le syprted A
KBk visid wthadgthhffr, stemil hitr) ad
aamaian hflr st e syported  Soad a da
inx rak vistl wth a dyth hifr ad stel hif
nst ke asaladle. Me adles cyte visids ae lildy
to dso be syprted dyerdig an tle irdemtaian

B e it emy to sdect a visid, glXChooseVisual
tdes alist & tle cyahilities you ae reqesting ad re-
turs amXVisualInfo* fa avsd reeting yar reqire
rats. NULL is retured if a visi reeting yor reeds
is 1t aaldle Besue yar aictiarwll rn wth
ay Qa(u(Xserer, yar poganstod dke witten
to sypat tle ke lire reqired GXusids. Aso yau
shald aly sk fa the immmset o frae hi&
hlities youreqire. kr eagle, if yar poganeer
s astarl hffr, yuwll pesily vste resaress if
youreqest ae aywy

Sme glxdino rctaes the dusar in respase to wer
imt, the paranmll rn better if dable hifring is
aaldle. IaHe hifirg dlos ascae to be rarhed
at o vewand then dsgaed realy istatly to dim
irde the s atifacts asciaed wth vachig a P
scare rechy. [aHe hfirg s aede tle illmad
srathaiian Sme dille hifving sypat is it
reqired fa @a(k irdemtdias, glxdino resats
to sirge hffnmg if o dule hifr visHs ae aal-
de T pogais configuration irtegr aray tels
W cahilities glXChooseVisual suldlakfa. Neo
tice towif a dalle hifr visd is nt fand adhe
dtet 1s mk hich des 1t reqest dalle hifrirg
ly stating dter the GLX DOUBLBUFFER tden Ad wen
tle —-single gtimis spafed tle ook alylads fa a
sirged hifred visi.

glxdino ds regire adyth hffr (d & lest 16 lits
o aaracy) adses the RBAda raH. Te RBA
Fse lite vistd rst sypat & lest a l6ht dpthhiée
soglxdino stold dvas fid awdle visd.

Yai stodd nt asum the visd you meed is tle
dHalt visd. Usirg a rmdfalt visd eas wi
s creded wg the vsd wll reqire a darep
rachrg tle visl.  Sme tle wibvwe ae irte-
ested 1n wes Qs KB\cda aH, w wat a
damp afpred fa wig KB Te IdMesta
lishes arens fa stairg KBad ars betveendiats.
XmuLookupStandardColormap is wedtoset wpacdarsp
fa tle spafed visd. Te ratire read the M
RGB DEFAULT MAP pperty anthe Xsenar's roct virrbw
If tle pgety des 1t exst @ des b e e
try fa the spafed visd, a mwRKBdammis ae
ded far tle visdl ad the pawety is ydted (aeat-
irgit if recessay). Qre tle adarep bes een aredted
XGetRGBColormaps fitk the redy creded cdarmp Te
wkfa fidrg a ddampis dre by tle getColormap
ratire.

If a stadhed darep cant be dloted glxdino
wll aede a ushred cdarmp Ik saa savas,
it is prsibe (thogh ulildy) a DirectColor vsw
gt ke retured (thogh the GX spdfitian re
qires aTrueColor visH he returred inprecechiee toa
DirectColor visH if pssille). Dsluten tle eape
ok by aly lading the rst lildy cse, tle cok hils
if aDirectColor visi is emartered Amnme patale
(ad lagr) pagaredd ke caatle o intidizing an
KBDirectColor darm

2.1.2 Creating a Rendering Context

(re asutdle vsd ad ddarp ae fard tle po
ganen aede a Qa( radying cated g
glXCreateContext. (Te samaatet cn e wed far
dffrat wnbs wth tle samvisd.)

Te last prader dlos the pogarto reqest ad-
rect rathig catet if the paramis carected to a
lod Xsaver. A @Qatkh idasatdial is b re
qired to sypat drect radying ht if it dws, faster
rerchring is pssile sie Qa(Ewl] rady drectly to
tle gathics haedmre. Tvect rerdyed Qar(hreqests
1t hee to ke sat to the Xsever. Benvenantle
locd rachire, youray it vat drect rerdying insam
o, I eafle if youvat to rath to Xpxas,
yaunst rehy thragh tle Xsarer.

(Xrerthrirg catexdts supat shairgd dspay lists
augae adle. Bths e tle thrd praser to
glXCreateContext is ale dready aeded (Xren
ditg catet. NULL can ke sprafid to aede anintid
rehritg catet.  If an dready exstat ravhing o
text is spafed the dspay list indses and dHfiitias
ae shaed by tle tw rerchring catexts. Te shaing is
trazmtive so astae gap can le faral betwen aide
set  rerchrirg cateds.

Dstare, dl the radying catets nst exst in the
same altess spee. Hs reas dret redrars candt
shre dspay lists wth rerdrers rahing thagh the
Xoaver. hlewse dret radyas insqade pogan
cartt stae dsfay lists. Jming dsday lists between
rerhrers can bl p to nminze the oy reqiraats
d aglictias thet reed the sam dsday lists.

2.1.3 Setting Up a Window

Bease Qauises visHs to dstirgishwias fram

hifr cahilities, progares wig @a(ueedtole

ame d the reqired st to aede a wrbwawth arm:

dfalt vsH. A mtiaed exlia a cdarep aeded

fa tle vsd is reessay Bt the mst irlsam thrg

to remrler dnt creditg a witbwwth a rrdfalt

visi is thet the hady pad dwe must be spafed if
the virtbis visw is b the samas its pat’s vis.
(Dterwse aBadMatch is graaed



Bfae atwdly aeding the wiby tle agrat
to tle -geometry qtim sold be pased g
XParseGeometry to dfan the wa’s reqested size ad
location Fe size w1 be reeckd vhen ve credte the wne
dw Bth tle size ad loctian ae reedhd to st wp the
I@Mize hits fa the witbmaegy.  Afted sspect
raiois dso reqested by settirg wp the rigt size hits if
the ~keepaspect gliais spafed

(e the widbwis creded XSetStandardProperties
sets 1p the vaias stadhd A Mrqerties i rg
size hits, icn tag ad wibwvraa T tle 1C
@Whbwrasgr his ae seb p to idcde tle
winbrs intid stae. e -iconic gliasds tle wn
dwrapgr hirts toird cate the wibwshadd be ini-
tidlyicaifed XAllocWMHints dlocates ahits strctire.
(e flledin XSetWMHints sets wptle hit pgety fa
the vimbw

Te fid alitian to the wbwis the WM_
paety dch irdcates witbwramgy pdods the
diat wdstads.  Fe st canaly wed potod
dfied by [@Mis WM_ DELETE WINDOW. If ths aamns
listedintte WM_  PROTOCOLS pgertyd atoplevd virdwy
then vhen the wer sdects the pogante qit frartle
wichwrargr, the wicbwraegy wil pditdy sed
aWWM_DELETE WINDOW ressag totle diat imstruting the
diat to dete the virbw If the widbwis the glica
tials ranwidy the diet is exected to ternimete. If
ths paerty 1s b set, the wibwrasgr wil sirdy
sk the Xsarver to tamete the diat’s caredtian wth
at ntice to tle diat. B dfalt, ths resdts in Xib

pirtirg anly ressae lile:

PROTOCOLS

X connection to :0.0 broken
(explicit kill or server shutdown).

Alirg to mtiapae in the W DELETE WINDOW prctocd
dlos the diet tosddy hade reqests to qit frartle
witbwvrangs.
Te paaty b adle alatae fa @Qalkpo
gan My Qaupagandingairiawl] we
XPending to dek fa prdig Xewats ad dlerwse
dantlar airtian Bt if dl adiat’s airstianis d-
rect Qafkrarhing ad tle diat des 1t dlerwse
d ay Xreqests, tle diat rever sad reqests to the
Xeerer. Ik toapdlemnXPending’s irfestdion
o ray Unix qeraing systeam I sith an Qe o
ganigdt it mhice its Xcaretian vs ternmeted
fa saetita Usingthe WM _ DELETE WINDOW pdiad dim
irdes ths prdentecase the vibwraagy ntifes

1Operatingsystern wsing FIONREAD ioctl calls onfile descriptors
wing Brkel eynon-H ocking /O cannot di fererki ate no data to read
frona broken cormecti ony both condi tiors caise the FIONREAD ioctl
to return zero. NITs standard inpl enartation of XPending ses
Brkel ey nonrHocking I/O and FIONREAD ioctls. Everntwally Xlib
wll do an expicit check on the socket to see if it closes but only
after a coupe hundred calls to XPending.

tle diat viaaressae (tripiigXPending) adtle diat
1s expected to dgp tle caretian
Usirg tle WM_  DELETE WINDOW pdod is god patice
een if yu d 1t we XPending ad the Xib ressage
s nt hther you
Al these stes (esids arediing a wbwith a rox
dfalt visHl) ae stadid fa aeding atpled Xom
dw Atpled witbwis a wnbwaedted & a dild
d the rat vimbw(the wirbwraegr ey dose to
reprat the wrdbwvlen 1t 18 maged to all a ba-
dr). Nde thet the pawrties dsassed ae gard antle
top-l evel wnby mt meeessaily the sam wibwtlet
Qafk renhrs ita Wle glxdino aedes a sirge
withy anre cagicaed pragramigt rest vibw
wed fa @atk rathing imd tle tpled wibw
Te IAdMwrbvraegy pageties Iag an tgp
levd wirbw aly.
ATRS Gpgrane 1t faria wth Xwll pds
Alyfid these dtals arbersan Mt o the vk wil
ke dae far yanif youwe atadkit lagedantpd Xih
Nowa witbwad an Qar(k rendring cated ex
ist. In @a(G (ulile Xib), you b ot s the ren
drirg dstitetian itto every radyirg cdl.  Iistead a
gen Qar(k rerdying cated is hord to a wdbw
wirg glXMakeCurrent. Ore band dl Qo ren
drirg cdls qerae wirg the arrat Qa(k radhing
catext, adthe arrat bard wichw Athead canaly
e bard to ae witbwad ae radhig atet & a
tim  Acatet ca aly ke bard to a sirge theal
4 atim If ynal glXMakeCurrent agan it ubnd
frartle dd catet ad widbwand then hinds to the
reby spedfid catet ad widbw Yaican uhind a
thread frara widbwand a catext by pasing NULL far
the catet adNone fa tle dadle

2.2 The Dinosaur Model

Te tak & fprig at lowto dsaile the 3Ddyect
yarwsh to rerdy is cdled model ing. Nh s afdastic
ardae rall 1s castruted at d little pees, a can
pter gyerated Dscare st dso be halt at o little
peces. Intle e f rarhirg tle peces ae grerdly
pdygrs.

Te drsar il to ke dspaedis arstruted at
d aheaadyd dsdaylists. Rudvirg the dusar is
acapisted by eeatitg asirge dsgay list.

Te straegy fa aHirg the dwsar is to castruat
sdid peess fa tle hody am les, ad ees. hgre
2 dos the Dsids d the did to castrut tle d-
rosar. Margthese peces sdidis dae by ext ruding the
sids (remiigstretcing the Dkidks irtoathrd dres
sia). B caredly sitwting the sdid pees rdadive to
eaxchdler, tley fantle capete dusar.

Te wik to hild the dusar mH is dre ly
tle ratire rawl makeDinosaur. A Hpe ratire



Hare 2 Dcadex pdygrs wed to al tle d-
rar’s amleg e, ad hody sids.

extrudeSolidFromPolygon is wedtocastrut exhsdid

2.2.1 The GLU Tessellator

Te pdygrs in Hgre 2 ae irreglar ad cagdex by
perfarare remas, Qatk drectly sypats danng
aly carex pdygs. Te capex pdygas the 1de
ptle sids d the drsar reed to ke hilt fravsmler
carex d ygis.

Srre rarhing capex pdygis is a carm 1eed
Oaflsypies aset o dility ratires intle @afk
QU likayvhchrdeit esytot essel | at e cagexply
grs. In capter gahics, tessdlaianis the passs
Ireditg a caex gatric sufae irto sirde casex
pdygrs.

Te QU hilray ratires fa tessdlaian ae:

glulewTess - crede arewtesdladia dyect.

gluTessCallback - dfie acdlbakfa atesdlaiond>
Ject.

gluBeginPolygon - hegnapdygn dsaription to tessd-
late.

gluTessVertex - gpafy avertex far tle pdygn to tes-
sdlae.

glulextContour - maktle begmgd adtler catar
fa tle pdygn to tessdldte.

gluEndPolygon - fiishapdygn eg tessdlaed

gluDeleteTess - dstryy atesdldian dyedt.

Tese ratires ae wed intle eafde kb to tessdlae
tle sids o the dmsar. Ndice d the legmrg o the
pegarstdic aras d Dwtics ae spafed fa the
drosar’s by amleg anl e el

B e the tesdldian g, you fist aede a tes-
sdldin dyect wth gluNewTess. A djet d tye
GLUtriangulatorObj* is retured vhich is pased irto
the dler plygn tesdlaian ratires. Youd it reed
atesdldiandyect fa ey pygnyutesdlae Yau
gt reed e thn qe tessdlatian dyect if you vere
tryirg to tessdlde rae thm ae plygn & atim In
the sage peganasitge tesdldian dyedt 18 wed far
dl the pdygas reedrg tessdlation

(re youhme a tessdlation dyect, youstodd st p
cdlback rafires sirg gluTessCallback. Te wy tht
the QU tessdldian pdage wrls is thl you feed in
atices. Ten the tessdldian is pafarad ad yar reg
istered clbads ave cdled toind cate tle begmirg; end
addl the vertices fa the cavexpd ygas vhchoarectly
tessdlate the parts yaufeed to the tessdlatar.

lok & tle extrudeSolidFromPolygon rafire vich
s the WU tessdldianratires. Budhstad eadtly
Wy tle cllads ae spfed & they ae, camdt tle
Qer(kRfererce Ml [4 ]. Te part tordtice is fow
asirge tessdlationdyect is set yp are ad cdlbads ae
regstered far it. Fen gluBeginPolygon is wed to stat
tessdldirg a rewcagdex pdygn e vatics o the
pdygn ae spafed sirg gluTessVertex. Te pdygn
is fiisted by cdling gluEndPolygon.

Ndice the cok far tessdlatig the pdygmnlies hetveen
aglNewList adglEndList; these ratires begnadend
the aedion f a dsdaylist. Te cdlbads wll grerae
glVertex2fv cdls spaifyig tle varticss I aomex pdy
grs 1eechd to reresat, the capex pdygn barg tes-
sdlded (e cafleted a dspay list is aaldle thet
canrartr the dsired crfexpdym

(dsmi dr the parfarare baelis I Qarls pdygn
tessdlda capred wthaggh s systenthet syplies
apdygnintive tht sypats mrcarexpd ygrs. A
priritive v chsyprted capgex pdygs waldlildy
reed to tessdlde exh cadexpd yanantle fp Ao
lairgatessdldiais it wthot ast. If youvere daw
irg the sam capex pdygn rae thn are, 1t is bet-
ter to d tle tessdldian aly are. Rs is eadtly det
is atiewed by aedirg a dspay list fa the tessdlated
pdygn Bt if yauae radying catinosly dagrg
cafex pdygrs, tle QU tesdlaa is fat angh fa
@reraing artices antle fly far ined de ok rendy-

g

Ebirg a tessdldion dyect 1t drectly tied to rends-
irgis dsorae flenHe Yar poganmgt meed totes-
sdlde aplygn ht nt atdly redy 1t TFe GU’s
swtemd” cdlbads jist grerde wertices. Yai cn cl
Pk glVertex dls to redy tle vaticss a sygy



yar om spead cdllads to sae the atices fa yar
omprpses. Te tesdlaian dgrithms accessile fa
JOT Om e,

Te QU tessdlaa dsosypats mdtige catars d-
loing dsjart plygrs a pdygrs wth ldes tobe tes-
sdlded Fe gluNextContour ratire kegs arewcar
tar.

Te tesdlatian dyect 1s jwt ae eafde d furdtiar
dityin QafEs QU lilray Which sypats Dren
chirg wthat capicding tle bsic radhing ratines
intle cae Qath . Qe QU ratires sypat
rechrirg d ares ad sufaes wing NarUnfamBy
tiad BYlires (NURY) ad tessd latirg hordies
sdids swchas olindys, caes, ad speres. Al tle GU
ratites ae astadhd pat & Qalk

2.2.2 Hierarchical Display Lists

Ater grerating the capex pdygn dspay list far the
sds d a sdid dyjed, tle extrudeSolidFromPolygon
ratite aedes attler dspay list fa the “ede” o tle
etrubdsdid Te ede is greraed wirg aQUAD
pintie Aagwthtle vaticess, ratds ae cdad aed
fa eaxh qrd dag the ede. e thee ramds wil
ke wed far ligtirg tle disar. Fe mamds ae an
ptedtole uit vetas. Hwrgrards spafed s uit
vectas 1s imrtat far caredt ligting A dtardive
wldle to e glEnable (GL_ NORMALIZE) vhchesues
dl rards ae paely mardized befae e inligting
cdalaias. Seafyirguit wectas tolegnwthadnt
wigglEnable (GL. NORMALIZE) saws tiradringremh-
irg B caefd vhen wing scdirg trasfardtias (dten
set g glScale) sine scding trasfarsias wil
scde mards toa  If you ae wirg scdirg trasfara
tias, glEnable (GL_ NORMALIZE) is drest dvays reqired
fa carect ligting

Qe the ede andsick dsplaylists ave credted thesdid
is famlly cdlirgtle ede dsgaylist, thenfllingintle
sdidhy clirg the sid dspaylist twee (are trasl ated
oa by the wdh d tle edg). Te makeDinosaur rox
tire wll we extrudeSolidFromPolygon to crede sdid
far each body part reedhd by the drsar.

Ten makeDinosaur arhms tlese dsfay lists irto
asirge dsfay list fa tle etire disar. Tasdias
ae wed to paely psitian tle dsflay lists to fantle
aapete dusar. Fe body dsday list is cdled thn
amarl leg fa the rigt sick ae atbd then amad
legs far the 1dft sick are adbd then tle eye is adkd (it
is ae sdid wich pdes at dthe sik o the disar’s
lead a little it aneachsich).

STRIP

2.2.3 Back-face Culling

A camm gtinrdian in D gahcs is a tednge

koma back- face cul ling. Teidais totred plygis
& esatidly aesidd atities.  Afrat fadrg pdygn

reeds to be radred ht a hadkfadrg pdygn cn ke
dirmted

asidr tle drsar al. W tle ol is ren
dred tle bk sick f tle disar wil ot e visiBe. If
tle drection each pdygn “faed’ v kom Qa
cldsirdydine apaaadyf o the pdygrs
(the hackfadng aes) whot ewr racying them

Ndice tle cls to glFrontFace wen exh sdid ds-
day list 1s areded in extrudeSolidFromPolygon. Te
agrat to tle al is dtfer GL_ CW @ GL_ CCW remitg
dadkewse adcorta-dodwse. If theatices fa apdy
gnae listedincorte-dodse ady adglFrontFace
is st to GL_ CCW, thm tle grerded pdygn is casid
ared frat fadrg Te static dta spafying the vatices
d the cagex pdygas is listed in carter-d ockase a-
dr. DBrae tle qud in the grd strip fae atvads,
glFrontFace(GL_CW) isspafed Tesanrat asues
tle fa sick faes atvad Bt glFrontFace(GL_
reecdhd to rile sre the frat o the dler sidk faces at-
vad (legcdly it reeds to be revased fravtle qpsite
sick sinre tle vaticss wre ladat carte-dadese far
hthsids sire they ave franthe samdsday list).

V¥n tle static Qa(k
stadeisset \p glEnable(GL.  CULL FACE) is wedtoadle
bdeface alling A wthdl s edled ad dsded
wig glEnable adglDisable, it is dsdled by dfalt.
Atly Qar(kis b linfed to badeface adlirg Te
glCullFace ratire cnbe wed tospafly ather the bk
a tle frat stodd ke alled wen fae allingis erled

W you ae dndqarg yar Dpagamit is dten
Ffd todsle backfae allitg Tet ayhthsids o
ey pdygnwll ke radyed TFen are youbee yar
scae carectly radyirg you can g back ad gtinee
yar pogarto paely we badefae allirg

D1t be 1eft wth the mscaretian tht eling
dsdlirghckfae alling (a ay dher Qer(festre)
nst ke dre fa tle drdion S the scae @ pogan
Yarcm eftle atl dsde adeface adlirga wil. Tt is
psile to dawpat d yar scae wth badefae adling
adled adtlendsdleit, alytolder reetle alling
ht ths timafa frat fass.

CCW) is

2.3 Lighting

Te redisnd’ a capter grerded Dscare is gedly
atared by airg lidting In tle fist atide’s sagle
pagan glColor3f ws wed to all cda to the faes
d tle 3Date. hs ath dda to radyed dyects bt
drs ot e ligting Intle eaple; the ale raes ht
the das bt aytle vy ared ate nigt = 1t 1s
dbcted by red wrld ligting Inths atide’s esaple
ligtirg wll ke wed to atl an extra dgee o redismito
the scere.

Qe syprts asqhisticated Dhigtirgrad to
ahee hde redism Wnyulak & ared djedt,



its da is dfded by ligts, the mteid poperties &
the dyect, andtle agle a ichtle ligt shires antle
dyect. @afEs ligtirg ral apradrdes tle red
wald

(dicated dfbds sich & the rdfbdion f ligt and
stabmw ae rt sypated by @alEs ligting raH
thagh tednqes ad dgrithm ae aaldle to sim
lde sich dfcts.  Bwirarat mpg to simde re-
fectian is posite wirg Qatls tetuirg caahility
@alEs sterl hiffs adHed rgsypat canbewsed
to aedte shadbs, bt megdamiand thee tedn qes
is beyad tle sape o ths atide (Se tle tqis intle
fid deter o tle OpenGL Programming Guide).

2.3.1 Types of Lighting

Te dbts o ligt ae cagex In Qafl, ligting is
duddirtofar dffrat capats: attted ahet,
dffee, ad spadar. Al far caprats cn ke can
pited ircbperchtly and then adbd togther.

hittedligt is tle sirdest. It is ligt thet aigraies
framndyet adis uebded byayligt sarces. Sf-
luimos dyects can be raled wirg ettted ligt.

Ahet ligt is ligt frarsaasarce tlet b been
scattered so irh by the emmrarat thet its dretianis
irpssite to dtamre. Ben a drected ligt sich a8 a
fhelligt rayhme samatiat ligt assodaed wthit.

IXtee ligt caes frasaadretian Te mgtres
d tle ligt barig dfan dyedt dypands antle ligt's
age d imdare wth the sufae it 1s strikg Qe 1t
hts asufae, the ligt is scateredeqdlyindl drectias
soit apeas eqdly gt irdpadat d dae tle ee
is located

Seadar ligt cass frarsaa dredian and ter to
houre dftle sufae ina catan dretian Sary retd
a fgatic dyects lme ahghspeada capmeat. GHk
a capet e drst e, Sealaity carespark to
the everydy mtion  howshiy an dyect 1s.

Asirge Qadligt sare s a side cda ad
saqacahmion o ahat, dffee, ad spala can
paats. Qafksyprts mMtdeligts simdtarady
Te poganer can catrd the apd aligt @ wl
& 1ts poitiay dredian ad dtenion  Atenstian
refers to lowaligt’s irtasity daresses & dstawe fran
the ligt 1mrespes.

2.3.2 Lighting in the Example

Te eage ws tw ligts. Bth we aly tle dffse
capoat. Angt, digtly geentitted posit ional ligt

is to the nidt, frat o the disar. Adm redtirted
directional ligt is cang frantle 1€t, frat £ tle d-
msar. Hgre 3 stow lowtle disar, tle ligts, ad

the ge-part ae arapd Apsitiad ligtis losted &
saafiite psitiqninralingspre. Adrectiad ligt

green dinosaur +Y axis (out of page)

with red eye

centered at (0,0,0) +X axis
-
. N
bright,
,’ green-tinted

@ light (10,4,10)

dim, red-tinted
light at infinite

> eye at (0,0,30)
distance on 0 ; ;
vector (1,-2,1) (D looking at dinosaur

Y +Z axis

Hgre3 Aragyat d ligls, e, addmsar inad
dirg space.

1s casiched to ke laded infitd y fa- amy Usirgad-

rectiad ligt dlos the Qallito casidy the aitted

ligt raps to e padld by tle timatle ligt reades tle

dyect. his sirdifis the ligting cd al dias reedd to

le due by Qa(l
TelightZeroPosition adlightOnePosition stdic

waidles idcde tle pritiond the twligts. Yarwll

ritice eath les it thee ht far coxdres. hs is

Lecase tle ligdt locdtianis speafed in homogeneous

admes.  Te farth e dvids the X Y, ad Z

coxdrdes to dfan tle trne coxdmte  Ndice low

lightOnePosition (tleirfiite ligt) bes the farthwwe

set tozera "Rs 1s lowan irfite ligt is speafid 2
Te dwsar canrdde aandtle Y aus bsed antle

wer’s rase impt. e ida hind the eage’s ligt-

irgaragyat is ientle drosar is aiatedsoits sick

faces to the rigt, it shaldapear green de totle higt

ligt. Wnits sick faes leftvard tle disar sholdap

pear porly ligted hit the redirfiite ligt shald catch

the drsar’s red ee.
Sctian 9 ¢ tle pogamintidizainslos lowligt-
g is intidized Te glEnable (GL_ LIGHTING) tums o

ligting sypat. Fe ligts' positias adl dffse aan

2 Atually all coordimates are logically nani pd ated by Open
as three-dimarsiomal homgereows coordinates. The OpenGL Pro-
gramming Guide’s Appendix G[3 | hriefly expl aims homgeneas co-
ordinates. Amnare invol ved discussion of homgeneos coordi nates
and vhy they are wseful for 3D conputer graphics can be found in
Foeyand vanDam[1  ].




poets ae st wirg va dls to glLightfv wig tle
GL POSITION adGL_ DIFFUSE pwastas. Te ligts ae
eaxherdled 1Hi1g glEnable.

Te dtenstion d tle geen lidt is ajwted Hs
cHtamies lontle ligdt irtersity fads wth dstare ad
crastraes owirdvidd ligting prastas cn be
seb. It ald it rde serse to ajwst the dtenstiand
the red ligdt siree it is anirfiite ligt vhchshires wth
uifamirtesity

Natler aheat nor spadar ligtingae drastraed
in ths eage so th the bt & the dffse ligtirg
waldhe dear. Jecdar ligtirgrigt hese heen wed to
dietle drsar’s ee adirt.

Redl vien tle ede o eachsdid vs gyerded ro-

Hs e cdalded fa exch vatex dag tle qed strip
Ad asitgde ol v gvenfa exch caex pdygn
sic d tle sdid Tese mamds ae wed in tle dffse
ligtirg cdaddias to dterrite lowmah lidt shald

ke refbcted  If yourdtete the drsar, youwll ntice the
da itasity degs @ tle age imidre far the ligt
arles.

Asorttice tle cdls toglShadeModel. Qafks stk
rad dtanes detler th @ smath shed g stadd
ke wed a0 pdygrs. T drsar ol wes dffat
shed g dpard g an ietler asidk @ ede 1s g ren

dred Fae is a god resan fa ths. Te GL_ SMOOTH

rak is sed an tle sids. If i sledrg wre wed i
stead d srath each cavex pdygn capig the tes-
sdlaedarfexpdygnsie wldle asinde dda. Te
viewr cald ritice exactly lowtle sicks bes heen tessd-
lded Sathsledrg peats ths sine tle adas ae
irterpd ded aros each pdygn

Bt far the ede  eachsdid GL - FLAT is wed Bease
tle ede is gyeded & a qud strip qrk dag the
strip steve vartices. If ve 1sed a smath shed g ol
eachede betvween two qud val dlave asirge rard.
Srad tle edgs ae vary dhap (lile the daws in the
ad and the tip o the tal). Titepdding ares such
vayirgroas vl dlead to anudbsirale visil effdt.,
Te figers vl dapear randdif lodeda stragt aon
Instead wthfht stedip; each qrd gets its ommard
adtlere is wirtapd diaiso the stapages ae dealy

vsile.

2.4 View Selection

In Dgahcs, viewing is the poes d estdlishg the
paspective ad aletadion wth whch the scae shndd
le radred lile a gotegade paely setting p his
caera, a Qalkhpogare shald estdlish a view
Hare 4 dow lovtle vewis set p fa tle eatle
[regram

In @a(F, estdlishig a view reas ladrg tle
poedian ad ral-view rrics wth tle ngt
catets. B wdly tle pgedion mrix  dl

One to one Far plane

aspect ratio (40 units from eye)
40 degree S,
field of view /

Eye—point Near plane Origin
(0,0,30) (1 unit from eye) (0,0,0)

BEgre 4: Sdic vewfa glxdino.

glMatrixMode (GL PROJECTION). aldirg tle rigt
rHrix by lad e te tndy Fe QU lileary bes two
wdd ratires thet rde the pocsss ey

JJ’s gluPerspective ratire dlog yutospdfy a
fddd viewage, a &t rdiq adrea adfa dip
pig gaes. It nitifhes tle crret pgetian anx
wth ae aeded acadig to tle ratie’s prastes.
Sree intidly the pgedian retrixis anidatity rebrix
glxdino’s gluPerspective cl dbdivdy laads tle po
Jectian retrix

Adle QU ratire, gluLookAt, canle wed to ai-
at the gepart fa the maH-view mnx  Ndice
lowglMatrixMode (GL_ MODELVIEW) is wed to swtch to
tle roH-viewrdrix  Usirg gluLookAt regires you
to sprafy tle gepart’s ladiay a loaian to lok
&, ad a mamd to dtame wich wy is \p Lile
gluPerspective, gluLookAt ritiflies the ratnxit car
struts framits prawas wth the arrat rerix
Te intid maH-vewrdnx is tle 1datity renx so
glxdino’s cdl to gluLookAt dbdivdy loak the raH-
VeWrHTIX

Ater the gluLookAt cdl, glPushMatrix is cdled Bth
the raH-viewad pgedian tHrices exst a stads
tht can te psted ad pyped  @lirg glPushMatrix
peles acqyd tle carrat mrxatotle stak Vén
ardaian bypes, ths mnixis poped dfad acther
glPushMatrix is dre. Hs mly psled rérixis can
ped wthardati e xtoretbet the arrat dsdite
aiataion  BKery raaian pgs df tle top rtrix ad
refacs 1t wth a redy rtated retrix

Ndice tht the ligt psitias ae it set util dter the
raH-vewrstrix bes been paperly intidized

Bease the locationd the viewpirt afcts tle cdala
tias fa ligtitg sepae tle pgetian trasfardian
in the pgedian ratrix ad tle ralling ad viewrg
trasfardias in the raH-viewrdrix



2.5 Event Dispatching

Nowtle witbwles been creded the Qatkradher
hes leen bod to it, the dsday lists e lven car
stricted  ad @afls stae b been cafppred Al
tht ramrs 1s to reqest tle witbwle mped wing
XMapWindow ad hegn ladirg ay Xewts sat to the
[regram

W the wibw v8 aeded far types 4 wn
dweats wre reqested to be sat to ar gplica
tia1 Expose ewats repatirg regas o the wirbato ke
dam ButtonPress ewats irdcdirg mse hita sta
tis, KeyPress eats irdcting alejbeard ley bes been
resed MotionNotify evats ird cairgrase meamt,
adConfigureNotify ewts irdcatirgtle widis size
a prtianbes dapd

Xewt dspichrg is wdly die inanirfinte lop
Mt Xprogramd it stop dsptcdingeverts util the
pegantaritdes. XNextEvent can ke wed to Hak
vatirgfa s Xeat. Wnaeat arivs, its tyeis
eamed to tdl Wit evart hes been recaved

2.5.1 Expose Handling

kr mExpose et tle eage pogan st sets afhg
ind catirg the widbwreeds to e redam Te remsmiis
tht Expose ewts indcde asirge sibrectage in tle
withwtlet nst ke redam Fe Xearver wll sad a
niker f Expose ewatsif acagexregand the widbw
hes been exposed

I arard Xpogansing Dravhirg, yungt
te dlle torminire the aart reedd to redrawtle vim
ity caeflly eamigtle retapes fa exhExpose
eat. kr Dpggan ths is wdly to dffialt tole
wrthiile sire it is bard to dterrire et vl d reed
to ke dre to redavsam sibregan o tle wibw In
matice the wibwis wiely redaminits ertirety Ier
the dwsar eage, redairg indwes cling the d-
rsar dsgaylist wthtle rigt view It is it Ffd to
kosalyasibregond the vimrbractiel Ly reeds to be
redam I ths resn an Qa(kpeganstal digt
hegnredamg util it s recaved dl tle expse everts
1ost recartly sat to the wnbw Hs ratice 1s kom
& expose compression adlds to aad redanng rae
thn youshod d

Ndice thet dl thet 1s dre to inmlddy lade an

expoe 1s to st the needRedraw flg Ten XPending is

wed to dtame if thee ae noe evats prdrg Nd
util tle streamd evats pases is tle redraw ratie
redly cdled (add the needRedraw fhyreset).

Te redraw ratire des thee this: it deas tle im
ae ad dyth hifs, eeates the disar dsfay list,
adatler dls glXSwapBuffers atle wibwif dille
hifreda cdls glFlush. Fe arrat raH-viewdrix
denres in v alatdiantle dosar is dam

2.5.2 Window Resizing

Te Xservar sas a ConfigureNotify ewt toimdcde
a wibvresize.  Hidirg tle evat gyerdly reqires
dagrgtle veprt d Qahwinbs. Te safe
pagancdls glViewport spafyrg tle wibis rew
wah ad lagdt. Aresize dso recessitdes a screen re-
dawso the cok “fdls thagi’ tothe equse ok ich
sets tle needRedraw fhg

W you resize the witby the aspect rdtio d tle
wirhbwray dage (uless you hee regtiated a fied
apect retiowthtle witbwraegy = the ~-keepaspect
atian dxs). I you vat tle sspect ratio d yar fid
irae toraan castat, yaurngt reed torespafy the
g ectian ratrix wth an aspect ratio to capasde far
the vimcbis daged sspect retia Te eage dis b
dths.

2.5.3 Handling Input

Te eage pgrandlos tle wer to rdde tle d-

nsar wile rairg the rase by ld drg dom the fist

rase httm  Wreaad tle carat age d rddian

Weee a rase hita stde dags. A the mase

raes vhle the fist mse httanis ldddm tle age
isredalded ArecalcModelView fhgis seb irdcdirg
the scare stoid ke redram wth the rewagle.

W thee 1s aldl ineats, tle ral-viewrdrix
is recd cdded atl then tle needRedraw fhyis s, fac
irg aredaw Te recalcModelView fhgis deaed A
dsassed ealier, recd aldirg the raHl-viewis dae by
popirgditle curet toprarixsingglPopMatrix ad
pshig v a rewrdrix s rewrarixis capsed
wtharddiaidrxsingglRotatef torefbet the rew
dsdite age d rddian Avdteretie gapachwdd
ke to nitifdy the arrat retrix by a rddian retrix
refecting tle dap inage d rddian Bt swcharda
tive agroch to rdaian can lead to irecarde rtatias
de to accud ded flatitg part rarddferas.

2.5.4 Quitting

Bease tle W DELETE WINODW aanws speafed antle
tplewd wibis list f wirbwrasgr patads, tle
evat lap shald dso be reay to lade an evat, sat
by tle vimbwraegy sking tle poganto qit.  If
glxdino rediws a ClientMessage ewt wth tle fist

daitentang the WM DELETE WINDOW aantle pegan

cdls exit.

Inay IRS hdvastratian pegram the Beae
leyis wedly anatiantoqit tle pogan Hglxdino
show asirde reas to qit inrespase to an Iscape ley
[ress.



3 Alvanced Xlib and OpenGL

Te glxdino eape drostrdes a god dd o
Qatks furtiadity axd lowto irtegate Qafk

wth Xht tlee ae a miter  isses tht pagam
rars vatiig to wite adared Qahppragamfa X
sloldbe avae d.

3.1 Colormaps

Arealy a 1etlod bes been pesarted far daing od-
amgs wgtle Masatias. Mt Qathpo
gand 1t we the dalt visd ad thedae candt
e tle dfalt damp Jaig dams is thedae
imirtat fo Qa(kparasto nmnre tle aart
d cdars Xservas wll reed to areate.

ten Qa(k pogam reqire e tkm ae od-
amp Atyped Qathporamsy & Qakren
rirg in a sbaibwht st  the poyats we
irterface 1s irdaated wing amd XDrerdbrirg, If
the Qe wtbwis 24 hits dep 1t wald be egen
siwe toreqire dl tle wer intafae wibs dsotohe 2
hts dep  Augdler this, paas fa the we in
terface wirrhw wad dreed tole 2 hits per s irstead
d tle typed 8 hts pr pd. © tle poganmy we
tle semer’s (pdaly dfalt) 8 it PseudoColor visl
fa its 1ser irterfae bt 18e a2 hit TrueColor vsd far
its Qatk stbaby  Mtie usids dvad -
tide dams. My dler sitwtias 1oy aise den
a Qalk pagamreed mdtige dams wthn a
sirge tpled wibwheady

Nardly witbwrasgss asua tle cdarmp that
atpled vinbwad dl its subindbs reed is the od-
argp s by the topled vy Avncbwraegy
atasticdly rtices the damp d the tpled wn
dwal tries to asre tht thet darspis irstdled
wen tle wichwis beirg irteracted wth

Wh mtide dams wd imd a sirde tgp
levd wihy tle vitbwraagr reeds to ke ifared
d the dhr damgs bhrg wed  Te Xib ratire
XSetWMColormapWindows canle wed to Jae astadhd
paerty anyar topled wirbwto ird cate dl the od-
args wed by the tpled wibwandits discendats.

B cadfd dnt wirg ndtige cdargs. 1t is posi-
He asavar wll it e eoph cdarmmp resaress to
suypat tlhe st & visis ad thar asodaed dargs
tht yaudsire. Urfatustdy; thee is 1o starhed vay
to dtarire Wit sats o visiHs ad dams cn ke
simtaeasly istdled wen nitige vsiHs ae sp
pated Xibpoids twcdls, XMaxCmaps0fScreen aid
XMinCmapsOfScreen, ht these b it eqress ladae
caflcts Tetveen visis.

Hre ae sangidims:

o If XMaxCmapsOfScreen refurs ag, yu ae gaar
teed asirge laedare cddarp arep fshing

1s qite lildy Yaistodd wite yor etire gpics
timto we asirde ddampa atim

o Ifan8htPseudoColor vus arlal ht TrueColor
vist are sypated masitge screen it 1s extrady
lildyadffrat dampfa exhd the twisis
can be irstdled sind taeasly

e If XMaxCmapsOfScreen retuts ante hder thm
ae, 1t is pesiHe tht the hrdmre sypats ndtife
cdams fa the saavisd. Arde d thrhis tle
hde the nrber, the noe lildy If the niber is
hder thmtle tdd niber o visids antle screen
it nst be tre fa & lesst aevisil (it youcant
kowi chae).

HMpefdly mitipe ledmre cddamas wil becamroe
pedat ad palys a staded redmsmto dtect
cdampadyisH caflds wll baanaaladle

3.2 Double Buffering

If youare witirg an anrated Dpegranyauwll pds
Ay vat dulle hitrirg It 1s it dvas aaldle fa
@k Yau Ime tw doces: 1 in sindehiffred
mt a rath to a pxep ad oy exh rewfram
to the witbmsirng XCopyArea.

Nde that wen you e glXChooseVisual, hodeas
ave rbcled eactly (irtegrs if spedfid ae casidyed
rrims). Ts reas if yoo vt to sypat dible
hifrirg ht te dle to fdl hak to sirge hifrirg tw
cals Wil be reehd to glXChooseVisual. If an Qafk
glicdion hs sqhisticated ek far sdecting visiHs,
glXGetConfig cnle cdled meach vistd to dterne
tle Qa(kdtribtes d exhvisid.

3.3 Overlays

Xles acnationfa superting oerl aywitbwi aspe-
dd vsds [2 ], Qe cansypat racbring irto oer-
layvisids. Kenif an Xserer sypats oerlay isis,
yauwll reed to e sure thse visids ae @ath
pe Te glXChooseVisual ratire des dlowyau to
speafy tle fram hite lag fa the vsd yo ae in
terested in wth the GLX LEVEL dftrihte. "Hs rdes it
exier to fid Qatk cydle oalay iss.
THS Gupagares ae wed to asuirg the tras-
prat g in an oelay vsd is dws zaa ke X
ad Qatl; ths asuian is o lagr Wdid  Yau
shald qery the trasprat rab ad psd speafed by
tle SERVER_ OVERLAY VISUALS propartytoersue prtail-
1ty
THS Gepragramers ave dsowed to casi drirgoa-
lay daes & barg “hultid’ to IRS (hwidbs. 'Te
Xl fa oaly dass asidrs an oerlay widbw
to ke aseprate witbwwih its om vimdbwlD B e
oalas & ae des in IHS (& you reed to aede a



rard gae witby then aede a dild wrdbwin the
oalay daes wthtle dilds aignlocsted & tle aign
d tle prat. Te dild slold ke mitared to e
the samsize & tle prat. (ea tle oalay witbwto
the trasprat pd e to see thagh to the pat
rard fae witby Sutchng betveen the oerlay and
rord faes wiebs reqires a glXMakeCurrent cdl.
It is lildy tlet the oalay visds wll b sypat the
san fraw hifr cgahlities & tle nod Jae -
sHs.  Yaustold aad assung oalay wibs wll
lwe framhffr caphilities swhas dyth hiffrs, sten
al hifrs, @ acmaio hifs.

3.4 Mixing Xlib and OpenGL Rendering

In IBS (5 rechrirg irto an Xwinbwsing cae X
rechrirg dter TRS (hvs bord to tle wcbwis ur

dfied "hs pedubd nuigeae Xrehing wth
rentrirg in the saa wibw  Qa(k dlos its ren
chrirg to ke rired wth cae Xrarbritg irto tle sam
witby  Yau slodd e cadfd dhng so siree Xand
Qaflradaig reqests ae lgcdlyissiedintwds-

tint stream  If you vat to esue pge rehing
youmust sydraize tle stream @lingglXWaitGL wil
rHe sue dl @afkravhirg s fisted befae sib

seqat Xredyirg tdes gace. @ling glXWaitX wil
rde swe dl cae Xrenhirg bes fiisted befae sise

qat Qatkradying tdes dae Tese reqests b

1t reqire apdioed rand trip to the Xsarver.

T cae @k A dso idubs glFinish ad
glFlush corad wdd fa renhirg syrhaizdion
glFinish esues dl rehrirg les apeaed antle screen
Wentle ratire returs (sirdar toXSync). glFlush aly
asues the gaed carank wll eatdlybe eeated
(sirla toXFlush).

Rdize thet g Qahad Xis 1t rardlyrec
esay My Qu(k pogan wll e a tadkt like
Mif fa thar Disar itafae caprat adwe ads-
tint Xwribwfa Qe rarhing Hs reqires o
syrhaizaiansiree Qar(kad cae Xrarhring g to
dstiret Xwrebs, @y ven Qauad cae Xreir
drirgare drected & the samwibwis sychaizaian
d radhing reessay

AsoQathcan be wed fa etredy fast s wdl
& 3D W youfed areed to ik cae Xad Qafk
rerdhyitg irto the sa wirby casidy rabring vt
yauvadd d incae Xuwirg @Qall: Not aly & yu
aad the sydraizaion oerlead bt you cn poben
tidly ahee fater Dwing dredt redred Qa(h
caped to cae Xrerhirg

3.5 Fonts

Gahics pagas dten reed to dsay tet. Yar e
we Xfat remhirg ratires @ you can we the GX

glXUseXFont ratire to crede dsgaylists at  Xfats.
Nathe o these rethok o fat rehring rav e fi

iHe aughfa apgrantsirigstrde a scddle fats

a hwirg sqhsticated fat ek, In the fbue,

Qa(k fat maegr wll e aaldle to et these

reeh. Intle remtire you can e glXUseXFont a X

fat radyirg a 1d] yar omfat sypat. Aesy vay

tod ths is to aazat exchdythd yar fat itoads-

daylist. Rodrirg tet in the fat lecaes a mte

eatirg the dspay list carespadrg to eaxch dythin

the strirg to dsgay

3.6 Display Lists

Qaflsypats ined de rak rehing vere can
rach can be gyerded antle fly adsat dredly totle
screen Regares stold be ame the ther Qe
peganmgt ke rmimdrectly Inths e, inadde
rak rehing caldreqire a gred dd  oaleadfa
traspat tothe Xsarver ad pesily axes a metwrk

Fr this resay Qathpararas saldtrytowse
dspaylists wen posite to bitch rabring carand.
Srre tle dsfaylists ae staedintle saver, esatinga
dspaylist hs imrd oerlead capred to eseating
the saw carank intle dsgaylist inmad ad y

Iixday lists ae lildy to lme dler adatags siee
afhirgantdias ae dlowdto caple thenfa
manpafarace. B ame you can ik dspay
lists ad inadate rak radbritg to adiee the hest
nxd prfarare ad radying flahlity

4 Conclwsion

Te glxdino eape dyastraes the bsic tals tht
mst ke dre to we Qafk wth X T pogan
chrastrates sqlisticated Qafkfestires suwchas e
He hifrirg ligtitg stedrg badefae alling dsgay
list raHirg ad plygn tessdldion  Ad the paer
Xcmatias ae fdlogd to asre glxdino wrls vl
wthdler Xpogan

Te glxdino exaple paganad tle hits fa ad
sared Qakpeganpdod dpod d agodfan
dtianfar urbrstad rg ad prograning Qakwth
Xih T =t atide wll eglan lowto irtegde
Qatlwth the Mif todlat.
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glxdino.c

/* compile: cc -o glxdino glxdino.c -1GLU -1GL -1Xmu -1X11 */
#include <stdio.h>
#include <stdlib.h>
#include <string.h>

ttinclude <math.h> /* for cos(), sin(), and sqrt() */

#include <GL/glx.h> /* this includes X and gl.h headers */

#include <GL/glu.h> /* gluPerspective(), gluLookAt(), GLU polygon
* tesselator */

#include <X11/Xatom.h> /* for XA_RGB_DEFAULT_MAP atom */

#include <X11/Xmu/StdCmap.h> /* for XmuLookupStandardColormap() */

#include <X11/keysym.h> /* for XK_Escape keysym */

typedef enum {
RESERVED, BODY_SIDE, BODY_EDGE, BODY_WHOLE, ARM_SIDE, ARM_EDGE, ARM_WHOLE,
LEG_SIDE, LEG_EDGE, LEG_WHOLE, EYE_SIDE, EYE_EDGE, EYE_WHOLE, DINOSAUR

} displayLists;

Display *dpy;

Window win;

GLfloat angle = -150; /% in degrees */

GLboolean doubleBuffer = GL_TRUE, iconic = GL_FALSE, keepAspect = GL_FALSE;

int W = 300, H = 300;

XSizeHints sizeHints =

GLdouble bodyWidth = 2.

int configuration[] = {GLX_DOUBLEBUFFER, GLX_RGBA, GLX_DEPTH_SIZE, 16, None};

GLfloat body[1[2] = { {0, 3}, {1, 1}, {5, 1}, {8, 4}, {10, 4}, {11, 5%},

{11, 11.5%}, {13, 12}, {13, 13}, {10, 13.5}, {13, 14}, {13, 15}, {11, 16},
{8, 16}, {7, 15}, {7, 13}, {8, 12}, {7, 11}, {6, 6}, {4, 3}, {3, 2},
{1, 2} };

GLfloat arm[1[2] = { {8, 10}, {9, 9}, {10, 9}, {13, 8}, {14, 9}, {16, 9},
{15, 9.5}, {16, 10}, {15, 10}, {15.5, 11}, {14.5, 10}, {14, 11}, {14, 10},
{13, 9}, {11, 11}, {9, 11} };

GLfloat leg[1l[2] = { {8, 6}, {8, 4}, {9, 3}, {9, 2}, {8, 1}, {8, 0.5}, {9, 0},
{12, o}, {10, 1}, {10, 2}, {12, 4}, {11, 6}, {10, 7}, {9, 7} };

GLfloat eye[1[2] = { {8.75, 15}, {9, 14.7}, {9.6, 14.7}, {10.1, 153},

{9.6, 15.25}, {9, 15.25} };

GLfloat lightZeroPosition[] = {10.0, 4.0, 10.0, 1.0};

GLfloat lightZeroColor[] = {0.8, 1.0, 0.8, 1.0}; /* green-tinted */

GLfloat lightOnePosition[] = {-1.0, -2.0, 1.0, 0.0};

GLfloat lightOneColor[] = {0.6, 0.3, 0.2, 1.0}; /#* red-tinted */

GLfloat skinColor[] = {0.1, 1.0, 0.1, 1.0}, eyeColor[] = {1.0, 0.2, 0.2, 1.0};

{0};
0;

void

fatalError(char *message)

{
fprintf (stderr, "glxdino: %s\n", message);
exit(1);

}

Colormap

getColormap (XVisualInfo * vi)

{
Status status;
XStandardColormap *standardCmaps;
Colormap cmap;
int i, numCmaps;

/* be lazy; using DirectColor too involved for this example */

2
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if (vi->class != TrueColor)

fatalError('"no support for non-TrueColor visual");
/* if no standard colormap but TrueColor, just make an unshared one */
status = XmulLookupStandardColormap(dpy, vi->screen, vi->visualid,

vi->depth, XA_RGB_DEFAULT_MAP, /* replace */ False, /* retain */ True);
if (status == 1) {

status = XGetRGBColormaps (dpy, RootWindow(dpy, vi->screen),

4standardCmaps, &numCmaps, XA_RGB_DEFAULT_MAP) ;
if (status == 1)
for (i = 0; i < numCmaps; i++)

if (standardCmaps[i].visualid == vi->visualid) {
cmap = standardCmaps[i].colormap;
XFree(standardCmaps) ;

return cmap;

}

cmap = XCreateColormap(dpy, RootWindow(dpy, vi->screen),
vi->visual, AllocNone);

return cmap;

void

extrudeSolidFromPolygon(GLfloat datal[][2], unsigned int dataSize,

{

GLdouble thickness, GLuint side, GLuint edge, GLuint whole)

static GLUtriangulator0Obj *tobj = NULL;

GLdouble vertex[3], dx, dy, len;
int i;
int count = dataSize / (2 * sizeof(GLfloat));

if (tobj == NULL) {
tobj = glulNewTess(); /* create and initialize a GLU polygon
* tesselation object */
gluTessCallback(tobj, GLU_BEGIN, glBegin);
gluTessCallback(tobj, GLU_VERTEX, glVertex2fv); /* semi-tricky #*/
gluTessCallback(tobj, GLU_END, glEnd);
}
gllewlList (side, GL_COMPILE);
glShadeModel (GL_SMOOTH); /* smooth minimizes seeing tessellation */
gluBeginPolygon(tobj);
for (i = 0; i < count; i++) {
vertex[0] = data[i][0];
vertex[1] = datal[i][1];
vertex[2] 0;
gluTessVertex(tobj, vertex, &datalil);

}
gluEndPolygon(tobj);
glEndList ();
glNewList (edge, GL_COMPILE);
glShadeModel(GL_FLAT); /# flat shade keeps angular hands from being
* "smoothed" */
glBegin(GL_QUAD_STRIP);
for (i = 0; i <= count; i++) {
/* mod function handles closing the edge */
glVertex3f(datali % count][0], datali % count][1], 0.0);
glVertex3f(datali % count][0], datali % count][1], thickness);
/* Calculate a unit normal by dividing by Euclidean distance. We
* could be lazy and use glEnable(GL_NORMALIZE) so we could pass in
* arbitrary normals for a very slight performance hit. */
dx = datal(i + 1) % count][1] - datali % count][1];



112 dy = datali % count][0] - datal[(i + 1) % count][0];

113 len = sqrt(dx * dx + dy * dy);

114 gllNormal3f(dx / len, dy / len, 0.0);

115 }

116 glEnd();

117 glEndList ();

118 gllewList (whole, GL_COMPILE);

119 glFrontFace (GL_CW) ;

120 glCallList (edge);

121 gllNormal3£(0.0, 0.0, -1.0); /* constant normal for side */
122 glCallList (side);

123 glPushMatrix() ;

124 glTranslatef (0.0, 0.0, thickness);

125 glFrontFace (GL_CCW) ;

126 glNormal3£(0.0, 0.0, 1.0); /* opposite normal for other side */
127 glCallList (side);

128 glPopMatrix () ;

129 glEndList ();

130 }

131 void

132 makeDinosaur(void)

133 {

134 GLfloat bodyWidth = 3.0;

135 extrudeSolidFromPolygon(body, sizeof (body), bodyWidth,

136 BODY_SIDE, BODY_EDGE, BODY_WHOLE);

137 extrudeSolidFromPolygon(arm, sizeof(arm), bodyWidth / 4,
138 ARM_SIDE, ARM_EDGE, ARM_WHOLE);

139 extrudeSolidFromPolygon(leg, sizeof(leg), bodyWidth / 2,
140 LEG_SIDE, LEG_EDGE, LEG_WHOLE);

141 extrudeSolidFromPolygon(eye, sizeof(eye), bodyWidth + 0.2,
142 EYE_SIDE, EYE_EDGE, EYE_WHOLE);

143 gllNewList (DINOSAUR, GL_COMPILE);

144 glMaterialfv(GL_FRONT, GL_DIFFUSE, skinColor);

145 glCallList (BODY_WHOLE);

146 glPushMatrix() ;

147 glTranslatef (0.0, 0.0, bodyWidth);

148 glCallList (ARM_WHOLE) ;

149 glCallList (LEG_WHOLE);

150 glTranslatef (0.0, 0.0, -bodyWidth - bodyWidth / 4);
151 glCallList (ARM_WHOLE) ;

152 glTranslatef (0.0, 0.0, -bodyWidth / 4);

153 glCallList (LEG_WHOLE);

154 glTranslatef (0.0, 0.0, bodyWidth / 2 - 0.1);

155 glMaterialfv(GL_FRONT, GL_DIFFUSE, eyeColor);

156 glCallList (EYE_WHOLE);

157 glPopMatrix () ;

158 glEndList ();

159 }

160 void

161 redraw(void)

162 {

163 glClear (GL_COLOR_BUFFER_BIT | GL_DEPTH_BUFFER_BIT);

164 glCallList (DINOSAUR) ;

165 if (doubleBuffer)

166 glXSwapBuffers(dpy, win); /* buffer swap does implicit glFlush */
167 else glFlush(); /* explicit flush for single buffered case */
168 }

4



169 void
170 main(int argc, char **argv)

171
172
173
174
175
176
177
178
179
180
181
182

183
184
185
186
187
188
189
190
191
192
193
194
195
196
197

198
199
200

201
202
203

204
205
206
207
208
209
210
211
212
213
214
215

216
217
218
219
220

221

{

XVis
Colo
XSet
XWMH
Atom
GLXC
XEve
KeyS
GLbo
char
int

VALTS
for

VALTS

dpy
if (

VALTS
if (

VALTS
/* £
if (
vi =
if (

Si

}

cmap
VALTS
/* ¢
cx =
if (

VALTS

ualInfo *vi;

rmap cmap;

WindowAttributes swa;

ints *wmHints;
wmDeleteWindow;

ontext CcX;

nt event;

ym ks;

olean needRedraw = GL_FALSE, recalcModelView = GL_TRUE;
*display = NULL, *geometry = NULL;
flags, x, y, width, height, lastX, i;

(1) process normal X command line arguments ***/
(i =1; i< arge; i++) {

if (!strcmp(argv[i], "-geometry'")) {
if (++i >= argc)
fatalError("follow -geometry option with geometry parameter');
geometry = argv[il;
} else if (!strcmp(argv[i], "-display")) {
if (++i >= argc)
fatalError("follow -display option with display parameter");
display = argv[il;
} else if (!strcmp(argv[i], "-iconic")) iconic = GL_TRUE;
else if ('strcmp(argv[i], "-keepaspect")) keepAspect = GL_TRUE;
else if (!strcmp(argv[i], "-single'")) doubleBuffer = GL_FALSE;
else fatalError("bad option');

(2) open a connection to the X server ***/
= XOpenDisplay(display);
dpy == NULL) fatalError('"could not open display");

(3) make sure OpenGL’s GLX extension supported **x*/
'glXQueryExtension(dpy, NULL, NULL))
fatalError ("X server has no OpenGL GLX extension');

(4) find an appropriate visual and a colormap for it ***/
ind an OpenGL-capable RGB visual with depth buffer */
'doubleBuffer) goto SingleBufferOverride;

glXChooseVisual (dpy, DefaultScreen(dpy), configuration);
vi == NULL) {
ngleBufferOverride:
vi = glXChooseVisual(dpy, DefaultScreen(dpy), &configuration[1]);
if (vi == NULL)

fatalError(''no appropriate RGB visual with depth buffer");

doubleBuffer = GL_FALSE;

= getColormap(vi);

(5) create an OpenGL rendering context ***/
reate an OpenGL rendering context */
glXCreateContext(dpy, vi, /* no sharing of display lists */ NULL,
/* direct rendering if possible */ GL_TRUE);
cx == NULL) fatalError("could not create rendering context");

(6) create an X window with selected visual and right properties *¥*/



222 flags = XParseGeometry(geometry, &x, &y,

223 (unsigned int *) &width, (unsigned int *) &height);

224 if (WidthValue & flags) {

225 sizeHints.flags |= USSize;

226 sizeHints.width = width;

227 W = width;

228 }

229 if (HeightValue & flags) {

230 sizeHints.flags |= USSize;

231 sizeHints.height = height;

232 H = height;

233 }

234 if (XValue & flags) {

235 if (XNegative & flags)

236 x = DisplayWidth(dpy, DefaultScreen(dpy)) + x - sizeHints.width;
237 sizeHints.flags |= USPosition;

238 sizeHints.x = x;

239 }

240 if (YValue & flags) {

241 if (YNegative & flags)

242 y = DisplayHeight (dpy, DefaultScreen(dpy)) + y - sizeHints.height;
243 sizeHints.flags |= USPosition;

244 sizeHints.y = y;

245 }

246 if (keepAspect) {

247 sizeHints.flags |= PAspect;

248 sizeHints.min_aspect.x = sizeHints.max_aspect.x = W;

249 sizeHints.min_aspect.y = sizeHints.max_aspect.y = H;

250 }

251 swa.colormap = cmap;

252 swa.border_pixel = 0;

253 swa.event_mask = ExposureMask | StructureNotifyMask |

254 ButtonPressMask | ButtonlMotionMask | KeyPressMask;

255 win = XCreateWindow(dpy, RootWindow(dpy, vi->screen),

256 sizeHints.x, sizeHints.y, W, H,

257 0, vi->depth, InputOutput, vi->visual,
258 CWBorderPixel | CWColormap | CWEventMask, &swa);
259 XSetStandardProperties(dpy, win, "OpenGLosaurus", "glxdino",
260 None, argv, argc, &sizeHints);

261 wmHints = XAllocWMHints();

262 wmHints->initial_state = iconic 7 IconicState : NormalState;
263 wnHints->flags = StateHint;

264 XSetWMHints(dpy, win, wmHints);

265 wnDeleteWindow = XInternAtom(dpy, "WM_DELETE_WINDOW", False);
266 XSetWMProtocols (dpy, win, &wmDeleteWindow, 1);

267 /*** (7) bind the rendering context to the window ***/

268 glXMakeCurrent (dpy, win, cx);

269 /**%% (8) make the desired display lists ***x/

270 makeDinosaur () ;

271 /*** (9) configure the OpenGL context for rendering *¥*/

272 glEnable(GL_CULL_FACE); /* “50% better perfomance than no back-face
273 * culling on Entry Indigo */

274 glEnable (GL_DEPTH_TEST) ; /* enable depth buffering */

275 glEnable(GL_LIGHTING); /* enable lighting */

276 glMatrixMode (GL_PROJECTION) ; /* set up projection transform */
277 gluPerspective( /* field of view in degree */ 40.0, /* aspect ratio */ 1.0,
278 /* Z near */ 1.0, /* Z far */ 40.0);



279 glMatrixMode (GL_MODELVIEW); /# now change to modelview */

280 gluLookAt (0.0, 0.0, 30.0, /* eye is at (0,0,30) */

281 0.0, 0.0, 0.0, /* center is at (0,0,0) */

282 0.0, 1.0, 0.); /* up is in postivie Y direction */
283 glPushMatrix () ; /* dummy push so we can pop on model recalc */
284 glLightModeli (GL_LIGHT_MODEL_LOCAL_VIEWER, 1);

285 glLightfv (GL_LIGHTO, GL_POSITION, lightZeroPosition);

286 glLightfv(GL_LIGHTO, GL_DIFFUSE, lightZeroColor);

287 glLightf(GL_LIGHTO, GL_CONSTANT_ATTENUATION, 0.1);

288 glLightf(GL_LIGHTO, GL_LINEAR_ATTENUATION, 0.05);

289 glLightfv(GL_LIGHT1, GL_POSITION, lightOnePosition);

290 glLightfv(GL_LIGHT1, GL_DIFFUSE, lightOneColor);

291 glEnable (GL_LIGHTO);

292 glEnable (GL_LIGHT1); /* enable both lights */

293 /**%% (10) request the X window to be displayed on the screen **x*/
294 XMapWindow (dpy, win);

295 /**%% (11) dispatch X events ***/

296 while (1) {

297 do {

298 XNextEvent (dpy, &event);

299 switch (event.type) {

300 case ConfigurelNotify:

301 glViewport (0, O,

302 event.xconfigure.width, event.xconfigure.height);
303 /* fall through... */

304 case Expose:

305 needRedraw = GL_TRUE;

306 break;

307 case MotionNotify:

308 recalcModelView = GL_TRUE;

309 angle -= (lastX - event.xmotion.x);

310 case ButtonPress:

311 lastX = event.xbutton.x;

312 break;

313 case KeyPress:

314 ks = XLookupKeysym((XKeyEvent *) & event, 0);

315 if (ks == XK_Escape) exit(0);

316 break;

317 case ClientMessage:

318 if (event.xclient.data.l[0] == wmDeleteWindow) exit(0);
319 break;

320 }

321 } while (XPending(dpy));/# loop to compress events */

322 if (recalcModelView) {

323 glPopMatrix(); /* pop old rotated matrix (or dummy matrix if
324 * first time) */

325 glPushMatrix () ;

326 glRotatef (angle, 0.0, 1.0, 0.0);

327 glTranslatef (-8, -8, -bodyWidth / 2);

328 recalcModelView = GL_FALSE;

329 needRedraw = GL_TRUE;

330 }

331 if (needRedraw) {

332 redraw();

333 needRedraw = GL_FALSE;

334 }

335 }

336 1
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