theinof issueJournal. XTheenGLOpTM vember/DecemberNo1:artductiontroKilgardJ.� MarkInInc.aphicsision ev1: :16 RGr19934,Abstract erOctobenGLOpTM Theonerformance,high-pter-inGraphicsSiliconReviewhitecturewithenGLenGL’sOpenGLOpcomparedisdesignedterfacese-thisMotifands.program1 XlibwithductiontroenGLOpTM TheInarewpro-graphicsand2DSiliconyex-ofullaare.hardwconsortiumindustry(ARB)Boardtel,Inlargeaandendorsmar-theet.kex-articlesSystem.wfeatures,� Uni-Rice.Graphicsto addressedomi.cin-will.historySectionset.Sys-wsimpleatrastsconeci�-sptioninformaenGL.Opde-moreTheXlib.Motif.with1.1 enGLesign iloso de-itsabstractionofprogram.applicationcon-routinestheseogetherngiesvren-eer. andesyhigh-qualitrendered.esystemgraphics7[setell-de�nedsup-enGLtemanipulagraph-desiredenGL’sOpstateaelim-andandesdo.notcom-enGL1 1: ne.his dsclient-server manesdonot and deltclienthemeansen-implempassedisenGLOpa erol ccolprotoh.approacis eci�cationen-indepdent system windowesdotsenter-inorFXthews T. ter-inItGLX.ngunicatiwin-ortsrenderingcreatingotheranderations.opexecutedewsalloortedsuppprogramtheare.hardwren-erformancetsenare.hardwes:ypprogram-these-eci�cprogrammerthewhoisenGLesgivBe-rendered.ofdegreeectedexpus-tedolkitto8[system.graphicsconstruc-theprograms.graphicsebcomplexthearticlethePrevioustion.theoftenorkwons.tati1. is or o en cameenGLtheis(GLGLhard-afulla4[moreyel-devontedsophistication.aryingGL.IRISoryrou-Theeenbwithstarteither names l or ortionsppre-eenGL’sIRIS.tlytostandardofmainstreamenGLOpdirectsandt. evalreadyens. er-univenGL.n ’s unctiona t Whenterface.startoucomessophisticationari-vprim-geometrices. particularinthe I I theI . the l e in theinco-ertextoroutineswithegin2 es.Primitivname l e e eci�c l e e theforexample, l e e or-coof ebgenerated. toiscalling l n . in-ertexwing,draa l e in and l n tmighgenerated. w l l thehangecur-thecolor.l e el ; l e in ; en n l l . , . ; een l e e . , . ; l e e . , . ; l l . , . ; l e l e e 1. , . , . ; l e e 1. , . , . ; l e e . , . , . ; l n ; witholygonertices..1 ser ions o ri i i es anotcomplex is en e l n i i s en s com- ti-ulroutines. theesprogram giv gener-esated. vprimitis isationthe l e e i te-inwhile l e e and l e e andsingleprecision ad-eryti-idenwsallothe thestoreesdoto thetotanert tegers. ersionsve. erformancepdataeersionvcessor.con-tohine. hsucas nds l l color.tcolor. l e in ec-sptiple l e e loadroutinesprimi-ene. ebtheyThe l e l , l settingthecolor.. o olor o els des: and olorcinde The l l demonstratedeenGBARthree param-tred,ofGBARthe e l whileeto s e l demoarewsvisual.GBAR-unfamilfor standsalpha Itowerations.optotallyisoneexample,Theglass.al-h3 framethebu alphaThedeter-totcurrenThe l l nc and l len nc er- The l l onl l al-ecifyingl l 1.0).toofrangescenes.realisticmostshadinge -limenGLOpofenseresolution).spatialen-arethe l n le and l is le call-ying b l n le I doneeenabled. of l n le and l is e lenGLOphine.macwritableandcolormap. col-wevinexampleas ll c l The lIn e tousedindexcolorhanged.cinaluesscreen.. n ill r ers toreferredthe ame u er ebanorenGL’sOpers. al-vhwhical-theers. er ers. dis-e�xedatoerloadedcon�gura-ertions. as tolaryancilimagetheim-theage. generating. . the graphics,depth 3D u er referredonlya bu onlyscreenthird.atoinof ments toondsessometimand frag-aap-shouldt’s determinetow near en-isits is nearer t theinframethebu its depththebu er. rendered,ethe farthest alue.vyautomaticallfrag-nearestlogicallyThingsthefromalthougher,ossible.. . er. tousedstencilThebu stenciloardt. can aluesvrender-enGLandde�nedenabled.stencilinga sim-t�ttoofrenderingthewithts inside theIfsten-aisviewwn.draers. . . u-accum2[motion,render-andsources. notdoouyac-theaccu-the4 er pho-a�lm.oferalsevterenedysim-ectngvidif-tlycations.. . ers, one ont ranother ac er. moretiallyonulatibu mo-yItimage.scenehas theyering eingbed.yThe l e rou- esprimitivisroutinevisible.ernon-theyingcopalterna-ettersetsoebtheInstead,pixelsimageer. . . onethanleftk,dou-anders). scanningeenGog-refresh.screentheeeyframe.ter- erview3D.ofork-webymastereo.ortsupptransformation.. ie ing 3Dlearningview.aviewingtheed. totransformationsthetoinerticesareordinates4.Figuretheloadingdelview moand for onsibleion ctma-delviewesvmatrixjectionordinates.coat-manipulThe l i e calledisof I or I matrix.eThen di�abl l I en i tlycurrenrou-Thenas l e , l nsl e and l c le di�ablemomatrix. tly l i andl l i someyma-trix. curren ndscommaarticle.thisisdelthe mo ourort viewpscenetheThe l ie hwhictireenused. l ie wheneded. . er e res men-orthofearticle.tow5 realis-engties.primitivcanertiesects. shadedbasicallyor as ren-ethetotex-eextureTscenea.yrender-3DAndimages.tciensurfaces.andscreenah-tecnate jaggies prob-aliasingts,oinstencil,alpha,i alias-eproblems.andsharports fog ect ects. a e,smokenabled,isfogeci�edcolor. spimages;3Daortson ctijectobAndd ac renderingofcalculations. resultstherenderedarewalloyDisplahieshierarcydisplaneededbandwidthThe l e is and l n is canlisthe l ll is routine. thethat.yancedadve texturelists,ultane-sim.. e i r r functional-renderingymanrendering.tothevidesenGL (allroutineswith l areas:texturing.ing ordinates.tessellation.disks.on- andessurfaces. curverrors.Describingyanuse.n ’s u ort sup-forou-additionaly l ItX.anasork-w3Dusinggraph-2Dtegratinginy 3[]. arltonAnpixmaps.dif-thetheorfordepthscol-to2Dasophisti-moreGLXcapabilities.ad-ciatingcapa-erortssuppwin-aer. sup-alsocancon�gurationstipleulvisuals. mortingSystemwoneleaststencilabu bits12tionulabu notisusedstillwillonsvisuals.o6 routines, l e n i and l is l appro-ancalle e in win-thew.doFirstpixmaps.usinge e i call l e e i with ei wingdrapixmap.thetextconThe l e e n e createsroutineto l e e n e wsallothetota-ention. implemtheoundbusing l e en enGLOpren-ounde. programa-ulcanthreadablewegin.l e en terentext.condistinctconsideredtanIfw.the l i and l i routines. w,l e s con-ethel se n routine. A i a sin the simpleaiswhatpro-TheowthearoundX, e and buttons.mouseXandemonstratesexampleestablishingandparameters..1 ni i li oniupsettinglistedersenGLOpA.endix1. Appinprograms, en is l calledeer.serv2. Xtheortedsupper.serv3. Xthetoneedsroutinel se l vi-tvi-olor)itossible,ering. 4. callingl e e n e . 5. XMostenGLOpus-withdefault. e e in called.is6. usingl e en renderingenGLrender-andtext.con7. ingww, in called.e8. bshoulddepthexample,bu andk,eci�ed.. ts.enob-thealsotswWindoresi call l ie ortviewpw.. ene e The e Therendering.ydisplatime e called,l e is and l n is ydisplacallwstime.er-pfasterfordis-ork,rendertown.redrafourofcolors. rectanglesthe7 of l si le otheroprograms.enGLcalling l e in and with l n fourl e e heacThe l l heacpro-theoks.loered, l e s is dou-tokbacbu andtoftsap).swdone ehindbl l s renderingenGLAy l e s the l l s case.o arin n to Win-Xde-extensionX tocapabilitiesreleasefuturePEXofAned.tedpresen1[]. Akin tprominendistinctions. most.1 se s n selines tocomparetoyfunctional-itsdemoorkstationwforstandser’s System.)Graphicseci�cation spe plicitly toonsthatistoerde-tas sub- setting. function-renderingdepthasbu ustmin ortedl altations.entotallynotpic-completewillerformancecapabil-erdepthstdoubleandbu t;preseno-compforenGLes domandate System w(onevisualsframewithbu applica-3Dtheforebvisualsrequiredstandardayfunctionalit.. rogr ing n er es enGLOpenGLOpngiltacol.prototoleftsup-asaccep-htance. uc theingproto-wireex-alsofunction-aroundtations.enebXasand h inable8 esdoerationopeci�cationspenGL.. en ering n ion li func-renderingebds.methoenGLOphiddenandal.vfeaturesrenderingAlphaks.ngiasinon-aandds,PEX.fromenGL.OparehescurvortstheofGL func-thequadrilat-andprimi-renderingPEXenGL.withlistsnot.estoinortsupppro-onextensionsXstereo.. is l is s com-storetationsensubsets),orkstationeditable w IGSes structurstructureAStructuresolygon.w-alloIGS delsmothatso.yyaInstead es.lists displayhwhic,structuresanotherexecutecom-eorks. enGLOpare listsnot y displaitcreated,andyations structures.toforedexecution.fastershouldthisedit-asyblists.yi tamounervydispladis-theebonce.. or ili andtal-standardtoye standard factTheindi-erhapstenhaswhosam-X11R5problem.therenderingofap-greatertestingydemandsenGLons.is PEXpi act meansThispix-whatcore(theanotisgraphicswith ex-eeci�cationspconsideredisvior. confor-ecanersaccu-renderedns.tatioconformanceof. testeons.. in o s e e en en System. ot ticssemanexecutionandts.theonwin-eebws Ap-systems.applications3Dvinghasystems.indin ut or graphicsoutLi-hnical. isble6[Pro-enGL5[completetainsin-trenderingancedfeatures. advitsc-dousingyous to s i.c tationcumen, thefromlibrary)auxe.lablprogramtoship-tlyarewendors. .y10 A si .c : : 11 12 : : : : : : 13 r nc s [1] Akin, 2. [2] aul erli, , onulatiBu er: for igh- Render-ying, 0, -318. [3] Phil arlton, vi-EnA ExtensionRenderingand X o the th al on e, encerO’Reilly 2. [4] McLendon, aphics i ary o uide 1. [5] kie o, o uide cial ase 3. [6] Board, e - e anual cument or ase 2. [7] Segal, , eleyThe Ak TM aphicsystem ation, c Graph-Siliconics, 1.0, 2. [8] Rikk , 3Dtedolkit, , 341-347.pp.[ ] et.al., eci�cation,X 2. 14