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1. lNTRODlJC)1:'ION 

CWI's earliest ac~tivit.y i11 C'.()1·11J)Utt~1· gr·a1Jl1ic~s clc1tes l1ack to t.l1e 1960s, wl1e11 
it. 111ar1t1fac'.tl11·ecl t.l1e Xl l)lot,t.er a11cl e11gi11eerecl ,1 lil,)rc1r·)r of' ALGOL 60 
J)lot pr·ocedures. Toclc1.y, CvVI is 011e of tl1e clrivir1g for·ces l)el1i11cl t.l1e pr·o
d uc.:t.io11 of two 111l1l t,ir11e(lia c1pplic'.,1,t.io11s: t,l1e ESPRIT-f'1111clecl A11u,lti·rn,edia 
A pplicat·io·ri,s De·z;eloprrierit E·n:l,·i1·or1:rr1.er1,t ( Iv1AD E) [2] c1.11d tl1e i11t,er11c1t,io11al 
c:01111)11te1· g1-apl1ics st.ar1dard p,,·e.se'rit<zt,ion, En'L1iron,'rnent of M'ltltimed·ia, Ob
jects (PREJVI O) [3]. 

All tl1at ti111e CWI l1as c~o11t,i11t1ot1sly co11t.1·ibt1t.ed tc) tl1{: r·esea1·c~l1, clevel-
OJ)n1e11t, a.11d p1·0111ot.io11 of c.:01·r11Jt1te1· grapl1ic:s tec:l111ology, 011 scie11tific: level, 417 
01·gar1iza,tional levt~l, c111cl la.st l)t1t. 11ot. least. 011 st.cl11d,11·cliz,1t.io11 level. Tl1is 
last it,err1 is beir1g l1igl1ligl1t.ed i11 tl1is c~l1c1J)t,e1· of' t.l1e CWI golde11 j ll lJilee l)ook, 
si11ce it, c:o,,ers a highl)' i1·1t.e1·estir1g a11d eve11 sor11eti111es c:1d,,e11tt11·ot1s episode 
ir1 the lristor·y of the i11teractive syst,e111s cle1)a1·t,111er1t. 

2. H IS'I'O RY 

2.1. 1'h,e need .fcJr· a, gr·apliic.9 star1.cia1·d 
111 tl1e l 950s c1.11cl 1960s, wl1e11 tl1e C'.0111pute1· was i11 its i11f'a11c'.y, c:01111)ll ter 
gr·apl1ics co11sisted 011ly of sor11e pri111itive pc:111e1· 1.)lotter·s a11cl c~at,l1ode r·ay 
tubes. Tl1ere vvas lit.tle r1eecl f'o1· sta11dardizatio11: t,l1ese J)lott,er·s i11terpr·eted 
d1·awi11g i11st1·uc·t,ior1s fro111 cl JJar)er tape 01· f1·0111 a deck of p1.111cl1ed c:c:1,1·ds, 
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w l1ic'.l1 l1c1d beer1 ge11er·c1tecl b)r so111e CCJilll)ll t c:'I' 1.)I'C)grc:1111 ,111(1 it, \V,ts gE~Ilf"t·t1lly 
ac:c·t:•I)te<l t,l1c1t otl1er· plot.t,i11g cle\ri<-♦(:S C'<)tll<l 11c)t. i11tE~1·1J1•c.)t. t.l1ese cl1·c:1wi11g i11-
st1·t1ctio11s. I11 that, er·a C\VI 111c=t11l1fc1c·t. l11·ecl i t.s X 1 l)lot.t.E~r· c111d c.l.lsc) wr·ot.e 
c1Il Algc)l 60 lil)I"ctr}r f'or· tl1is 1>lot,t·,c1·. Nl1111c\1·011s CWI l)11l)lic·,tt,io1·1s l1c1\rf• l)ee11 
illt1st.1·;:1t.ed Vv·itl1 figl11·es cl1·"1,\v11 l)y t,llE! X 1 {)lc)t.t.c~r· (see c1.lso figt11•c) 1). Tl1,1t, 
Scl111e I)lot.ter·, l)y tl1e W<1Y, \Vets c-1.lsc) llSE='cl tc) cl1·ct\V 11111sic· 11c)t.es gc:11e1·c:1t.ecl l.)y 

• 
S0111€ lllllSl('. p1·og1·a111. 

I11 t.l1e 1970s, tl1e display clevic:E'S l)ec<1111e C'.l1eaper· ctr1cl \Viciely ,1vailal)le, 
arid t,l1e 11eed for· stc::1.11cla1·cl f)lot, sof'twct,r·t~ i11c:1·t::~c1sed, espec'.icllly \vl1e11 Fo1·t,1~a11 
c:a1)tured t,l1e 111ar·ket for· si111t1lc:tt,ior1 sc)f.twc1re a11ci t,l1c~ f)o1·ti11g of Fo1·t.ra11 
c1p1)licc1tio11 p1·og1·a111s to otl1e1· c~o11figl11·atio11s bec·c1111e c~o1111r10111)lc1ce. It, wc1s 
per·c'.eived ctS pr·ol)ler11atic· tl1t1t a Fo1·t1·c.1r1 p1·og1·c1111 c~c>t1ld riot, 1·1111 else\vl1ere 
fo1· t.l1e si11gle 1·easo11 tl1at. tl1E~ visu,1lizatio11 c··c)lllJ)011er1t. vvas t,otctlly cle1)e11de11t, 
011 tl1e g1·c1pl1ic:s per·i1)l1e1·als. '"fl1e1·e wc1s {:t de .facto J)1·ogr·c1111111i11g lar1gt1age 
(Fo1·tra11; Algol, c~ cLllCl Pc1sc·al \Ver·e lllll('.ll less wicle 11secl) [)llt, 110 de facto 
1:)lot,ti11g libr·ar·y: existi11g lil)rc11·ies like CAI-'CO I\1P, c111cl GINO 011ly l1acl 
a 111odest 111c1.rket, sl1a.1·e a11cl wer·e l1ar·clly c·c)111pt1t,irJle witl1 ec1c:l1 otl1e1·. I11 
su111111c11·y, t.l1e vi1·t,t1c1l 111011c)poly of Fortrc111 ir1 tl1e si111ulc:tt,io11 sof't,wc11·e 111arket 
a11cl t.l1e abse11c:e of a dorr1i11ati1-1g visualizatio11 libr·ar·y 111acie sta1·1darclizc1t.io11 
of visualizc1tio11 softwar·e ver·y pressir1g. It was tl1ese fc1cto1·s tl1c1t. eve11t11ally 
led t,o tl1e r11aki11g of G I{S ( see sectior1 3). 

2.2. Par·tic~ipation of CWI 
At tl1e t,ir11e of' the fi1~st sta11dc1rdizc1,t,io11 eff'o1·ts ( seco11d l1alf of· t lie 19 70s), 
CWI's c:0111puter scie11ce depa1·t111e11t, was al1·ec:tdy f'or 111or·e tl1c111 ter1 years do
i11g 1·esec1rc'.h i11 tl1e ar·ea of c:01111)uter grapl1ic:s; t.l1ese resea1·c'.}1 effor·ts 1·esl1lt.ed 
i11 tl1e early 1980s i11 t,l1t::~ gra1)l1ic:s 1a11g11c1ge ILP ( /11.ter'rriecl·iate LarLg'tL<L.qe fo1-
P·ict(llres), wl1icl1 l1c1.d c111 c1rcl1i t,ec:tl11·e ver,y si111ilc11· t.o t,l1e c1r·c:l1itec·t u1·e of the 
later gr·apl1ics sta11cla1'd PHIGS. I11 1976 CWI joi11ed t,l1e worki11g gr·oup of 
expert,s w 110 l1ad to 1r1ake Jr~om .scratch t,l1e fi1·st cor11pl1ter· g1·apl1ics starrdard. 

41 8 F1·0111 tl1at, 1110111e11t till todc1y, CWI has bee11 ac~tive irr tl1e co111pl1ter grctphics 
sta11da1·ds a1·e11a. 

CWI i11troduced a11 abst,r·ac:t, level of ft111ct.io1·1ality wl1ich col1ld bri1·1g or
der· c:1ncl str·uc:t,111·e in tl1e ft1r1ct,io11c1l diver·sity t,yJ)ic:a.l a111011g grapl1ics 1)ro
gra111111i11g librc1ries at tl1e t,i111e. Tl1is st.1·l1c:t,uring allowed for a c~or1sequent 
sepc:1r·atic)11 of geor11et,1·ical c:t11cl 11011-geo111et,1·ical aspects of· pict, ure pa1·ts a11d 
put tl1e bindi11g bet,wee11 t,l1e two t111de1· applic:atio11 c~o11trol. The latter 
forr1·1ed tl1e bc1sis fo1~ ele111e11t,ar·y f·eedbcic·l{ 111echc1.r1is111s fo1· ir1terc1.c:tion. For 
instar1ce, a pict11re ele111er1t c:ol1ld cha11ge colour· wl1e11 poir1ted at by rebir1d
ir1g it to cl 11ew colot1r. J\1or·eover, these 111ecl1a1·1is111s would wor·k tl1e sar11e 
across i1111)lerr1entatio11s 011 diff erer1t platf'or111s. Tl1is facility, tl1at i11terac
tive <1pplicatior1s could be(·:0111e portable, vvas hitl1e1·t,o ur1l1ea1·d of. It had 
the addi t,io11cil effect that a new ge11e1·atio11 of g1·apl1ics wo1·kstatior1s was 



(a) Then (b) Now 

(a) A simple graph drawn in 1971 by the Xl plotter. The Xl plotter interpreted 
drawing instructions 011 a paper tape generated on the X8 computer by an 
Algol 60 progran1 using the Xl plot library. 

(b) An Escher-like fractal. Courtesy Noel Giffin, Tri-University :tv1eso11 Facility, 
Califorr1ia. It is 1024 x 768 pixels in GIF89a format made available ir1 1993 
on the internet. The fractal was coloured using level decomposition meth
ods and is generated from a formula using a simple square root function. It 
was produced using the fractint forn1ula syste1n and a formula of Giffin. 

Figure 1. Computer graphics then and now. 

developed l)y tl·1e co111puter· i11dust1·y whic:h c:losely followecl tl1is func:tional 
arcl1itect111·e, altl1ougl1 its desig1·1 was c1i111ed at a soft,war·e layer ratl1e1· tha11 
tl1e 1111derlying l1a1·dware. 

Ever1 i11 t.odc1.y's graphics ar·chitectures these st1·t1ctur·i11g pri11ciples hc1.ve 
been 111aintai11ed. Tl1e field has 111aturet-l t.o tl1e exte11t tl1at 110w i11d l1stry 
standards l1ave taken over· tl1e 1·ole of tl1e ISO sta11da1·ds; for i11st,c1.r1ce, si11c'.e 
1994 the 111c1chir1e i11depe11dent, layer is based on Ope11GL whicl1 01·igi11ates 
fron1 Silico11 Gra.pl1ics. Tl1e k11owledge of stanclards 1r1aking l1as bee11 t1·a11s- 419 
ferred to industry. Even for· t,l1e 111et,l1ods of' co11se11sus bl1ildi11g, ir1d ustry 
closely follows the p1·ocedures pior1eered by tl1e grapl1ics R.&D c:on1n11111ity. 

3. THE F'IRST GRAPHIC;S STANDARD: GKS 
Tl1e first steps towards an i11ter11atio11al sta11dard were set i11 1976 at an I11-
ternatio11al Federatior1 t·or I11for111atio11 Proc:essi11g (IFIP) wo1·ksl1op i11 Seil
lac, Franc:e, wl1er·e s0111e doze11s of' people fro111 ir1dt1stry c:i11d fro111 c1c,1den1ia 
in the US, the UK, Japa11, Fr·a.11ce, Ge1·1na11y, r:I1l1e Netl1erlar1ds, Nor·way, etc. 
conve11ecl for the fir·st t,ime to c:011ver·t tr1(~ir cor11puter grc1.pl1ic'.S expertise i11to 
an inter11c1,tional grapl1ics library. 

Ma11y, 111a11y other 1r1eeti11gs wo11ld follow (see, e.g., [1] for· c1 detailecl 
1·epo1·t), all over· tl1e world, initially t111der respo11sibilit,y of IFIP, late1· 1111der 
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Figure 2. The GKS layer model. 
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r·espo11sil)ilit,)' of t.l1e I11t.e1·11c1t,i()llcll 01·ga.11isat,io11 ot· St,ct11c·lct1·cls (ISO). I11 tl1c~ 
l)cr·iod 1977-1981 several clr·aft,s of· c~ar1cliclc1t,es f'or· tl1e fir·st, gr·c11)l1ic:s st,c111clc11·cl 
wer·e })r·ocl 11c.'.E~cl c111d 1·E~vised---- ct1r1011gst, tl1e111 t lit~ A 111er·ic·tt11 st,c111dft1·cl CO R.E --- -- -
1)11t, i11 1982 t.l1e G·,·a,pl1:ic~al A. e'r·11,el S;lJ._9terri ( c:; I{S), as it, wt1s c:allE;d t.l1cr1, got, 
st,al)le f'o1·111s a11d \VclS 1·egist:er·ed l)y ISO clS a Dr·c1f't, I11te1·11c1,tic)Ilcll St,c111clc11·cl, 
tl1e 11ext.-t,o-last ve1·sio11. Ir1 1985 G I{S vvas l)lll)lisl1(~c:l l)y ISO. 

3.1. Tli,e str·erigt!i of GKS 
111 acc'.orda11c~e witl1 tl1e la:rre1· 111odel i11 figl1r·e 2, GKS e11ables a1)plicatior1 
p1·ogra111s t,o visualize (geo111et.1·ic:) datc1 i11 a (Je,vic~e-indepe'n,(lerit way. Tl1is 
str·o11gly fac'.ilitates t.l1e po1·ti11g of cll.)l)li{~at.io1·1 I)r·ogr·a.111s t.o ot,l1e1· c:011figt1-
rat.io11s, wl1ic:l1 vv,1s till t,l1e11 1)1·obler11atic:. GI(S add1·esses a wide 1·ctnge of 
g1·apl1ic:al work,'3tatioricc;, ir1c:lt1cli11g laser pri11ters, J)l1ot.o-t.yJ)esett,er·s, alJstr·ac·t, 
r11etafiles, a11cl i11tera.c:t,ive gr·a1)l1ical wc)1·kstatio11s witl1 wi11dc)w 111c111agers like 
Sl,JNVIEW, NF:ws, a11d X-WINDO\VS. 

Tl1is flexi 1)ili t.y of G I(S was 1·e~1lizt~cl l)y, i11t,e1· alia, t.l1e f'oll()Wi11g: 

• Separatio11 of geo111et1·y ( e.g. ver·t,ic:E~s of' cl polygo11) a11cl att,1·ibt1tes 
( e.g. filli11g style) ir1 tl·1e defi11it,io11 of gr·c1pl1ic'.cll 011t,put. 

• Defi11itio11 of tl11·ee c·oor·di11at.es syst.er11s i11 tl1e viewi11g I)rocess: c1 
W or·ld Coo'r·diric:ites syst,err1s 011 c11)plic:atic)11 level, a De'V'ice Coordin,a,te.s 
syste111 for· tl1e grapl1ic.:s cievic:e, a11d a 'di111e11sio11less' i11ter1~1ecliary 
Nr>r·'rrializecl De,z;ice Coo·1·diriates syst,e111 for· tl1e c~o111posit.io11 of t.l1e J)ic
t.ur·t:~. 

• Ado1)tio11 of' ctbstr~ac:t, <lt-!.'lJ·ic~e-irideJJer,,derit cor1c:eJ)ts like workstatio'n, 
logic:cil i1·i11'ut de'u'ic:e, 'Vie'UJP0'1·t, li11,e1.L,idth, <9cale j'actor·, colo·21,r in,dex, etc.'.. 

:J. 2. The impo'r·tance of· GKS /01,· CWI 
F1·0111 tl1e ver·y l)egi1111i11g C\VI l1as l)ee11 <1c:tively i11volved i11 t.l1e develo1)
r11ent ot· Gl(S. Tl1is i11volve111e11t ir1c~l11decl t.l1e vvrit,i11g of tec:l111ical contrit>u
tio11s, cl1ai1·i11g the GI(S wo1·ki11g gro11r), att.e11di11g a11d l1ost.i11g rneeti11gs, 
arid er1gir1eeri11g a pilot i1111)le111e11tat,io11 (ir1 C) c)f GI(S, t.l1t1s illust,1·ati11g tl1e 



fec1silJilit.y of t,lt(:• (;I(S {>})j(•<·t,ivc:s. 111 ,l l,1tt\1· st,,1gc·, ( 1\\rl ,1lsc> <·clit<·<l tll(' ISO 
C; l)i11{li11g (>f. c; 1<:s. 

\Vl1c· 11 G l(S e111 e rgE:•cl i 11 198 2 ,1,s ,l ll i 11 t,<•1·11,tt i<_) 11ctl st.,111< l,1,1·cl ~ t. l1<·1·t· \VC't·c:- 011ly· 
f'ew i1111)l(:lll('llt,c1.tic)llS clv'clilctl)l(•. ()11(' ()f tll('lll \\Tcl,S tll(' C~\v·1 i1t11>l(\lll(~11t.ctt,iC}ll . 

.. L\t, t,l1c· Sct111e t.i111e t.l1t:•I't' \\l·,1s et ,,·icl<·s1>1•<;ct<l <lc:.111f111cl f'c>1· c; I(S. 1\s ,1 C'.C>11sc1-

<-1 ll(:11c·e, t lie ('()111 })ll t,(::'1" g1·ctJJ} 1ic·s l) l'()_j ('('.t, g1·c) 11 l) (} t· c'I \VI } l,tS l>('(\11 kill( l Of' G I(S 
ctge11c:y f ()l' so 111 e Y{"c\l'S: i11 t lie• l)("l'i()Cl 1~)82-1987 1) ()t, 11 cl c~ clll(l cl r""'or·t·, r· [lll 

i111 JJle111e11t,at,icJ11 of' CJ I(S wc---1·c· clevelo1'.>c·cl, clcJC'.lllllE'Ilt.ecl c:111cl t,cstecl l)y (;\;\TI. 
Ir1 1985 t,ll(~ lllclr·ket,i11g c1ll(l \T()ll(li11g C)f' c:; I(S \VclS t,1·c:111sf'cr·1·(l(l t,() cl, 1)1·of'()ssic)11al 
softwar·e llOllSe. Toc1ay CWI is st,ill 1·cc•E)ivi11g 1·ev(:llll(~S f'r·c)lll c·::Ks. 

3.,9. Tll.e i'rri,pcic:t £)j GI<S 0·11, co1ri7J·u.te·1· .q'1·c1JJh:ic~:.s (stc1,·r1.dc1:1·ds) 
Tl1e i11fll1e11c~e of c.;Ks 011 c·o111pl1tt)r• g1·apl1ic:s ctllcl it;s st;c:111cla1·cls llcl,S bee11 
e11or1·11ot1s. For· tl1e (Et11·c)1)ea11) sof't\vTctr·e i11cl t1st;r·y, G I(S l)I'CJviclecl cl <le,vic:'e

i'n, deper1,cl e·r, t i 11 t, er·f·ace 1) et,\\rc~e11 c1. JJ J) li C' cl t, io 11 sc>f't. vvar·e ct11cl gr·ct IJ l1i c·s cl E~v iC'.E~s. 

1'11is pr·or)er·t,)r of G KS 111acle tl1t'.rr1 f1·e<:~ i11 l)l1r·c·l1clsi11g visl1,1,lizat,io11 l1,1r·clwctr(~ 
of tl1ei1· o,v11 c·l1oic•t). 

I11 tl·1e sta11dc11·cls c1.1·e11a, l)ot,}1 i11 i11cl11str·y <111cl ISO, (;I(S cilso lrad 11111c:l1 
infl11e1-1c·e. Not 011ly ,vc:1s GI{S aclc)1)t,ecl ctll ove1· tl1e \vor·lcl as ::1 11clt,io11al stci11-

dard, b11t its ter·111i11ology---wo1·kst,c1tio11, 1>olyli11c, t.o t,cll<E~ so111e ex,-11111)les--- -
and its r11etl1odology \ver·e \viclely ftdopt,()cl, 1)c>t.l1 i11 lrtt,er· I.SO st;ct11clc1r·cls-·---like 
PHI GS a11d Co111 pt1 ter· G1·apl1ic·s l\11et,ctfile--~--a11d i11clustr·ictl st,c111<ict1·ds----- like 
X-WIN DOvVS, PostSc·r·ipt, c111cl Ope1-iG L. 

4 .1. Tlie 'r1,e·u1 ger1,er·c1.t·io·11 of ·m'ult·i·rri,eclia .. <;t(iriclar·cls 
G1·a1Jl1ics a11d t.ext. ar·e 111edia v\rl1ic'.l1 c:"1,11 l)e gt-~11er·c1tecl r>y C'.OlllIJllt,er· pr·og1·}lt11s 
usi11g l:)asi{:: syst.e111 s111)port .. I11 c:or1tr·ast, sou11c:l, 111ovi11g pic·t,t11·es c111cl vicleo 
ir11ages ar·e t1st1ally capt.t1recl f'1·0111 t,l1e ot1t.sicle ¼~cJr·lcl ;;i11cl 111ixecl i11to p1·ese11-
tc1.t.io11 scl1e111<:-~s. Her1c:e t,l1e fir~st ge11eri1,t.io11 of 111ult.ir11ecli,1 ,11Jplic:ctt,ior1s cot1ld 421 
011ly be off-li11e eclit.i11g syst,e111s C'.0111par·al)le t,o clesk tor> 1J11rJlisl1i11g t.ools. 

Tl1e sec:011c.l ger1e1·at.io11 of rr1l1l t.ir11eclict syst,e111s t,r·ies to l)ase itself 011 c~o111-
p11ter· generation of all 111eclia, c111cl at/ tl1e sa111e t.i111e t.l1er1 r·eap tl1e l)e11efit 
of· 1ner·gir1g tl1e va1·iot1s 111eclia i11to i11t.egr·at,ed IJ1·ese11tc:1tio11s c1t1t.c)111aticctll_yT. 
I11 tl1is 111ore ge11er·alizecl 111t1lt.ir11E::clia syst;en1 c~o11c'.ept, t.l1e 11se of ext,e1·11ally 
capt,11recl sot1r·c:e 111ate1·ial l)ec~c)111es 111e1·ely a spec'.ic1.l c·ase. 

It l1as bee11 1·ec:og11izecl tl1c1.t, tl1e size a11cl c·o111plexit,y c)f 111oclc~1·11 i11for111atio11 
syste111s r·ec1ui1·e 11111lti111eclic1 pr·t~se11t,c1t.io11s i11 or·c:lt~r· t() l_>E1 al)le to eff'ec:tively 
c:0111111u11icat,e a11cl at tl1e sarr1e ti111e 1·ec111i1·t~ tl1a,t, tl1ese IJr·eser1tat.io11s ar·e 
gerrera tecl i11 1·eal-t,i111e 011 c,le111c1,11ci.. 

JVIoreover·, tl1is ty1)e of i11te1·c1c·t,io11 a11d 01.1t,1)11t ge11t~1·c:1tio11 11111st, be IJ1·ovided 
by po\\rerf'ul se1·vic~es c:clI)a1)le of C'.0111bi11i11g i11f·o1·111c:tt1iC)11 fr·c)111 clistr·i lJu ted 



M. BAKKER, P.J. W. TEN HAGEt'sl 

sourc~es, w 110 {)t·ovide da.t,a l)11t, 11<) l)11il t.-i11 J)1·(~SE)11t.c1t.io1·1 t·1111c'.t,io11c1li t.y. Tl1is 
c:c1lls for a11ot.l1e1· level of i11t.c~g1·c1t,(Jcl, 1111ifc)1·111 fl111c·t,ic)llctli ty~ bclS(~cl 011 1·ec:og-
11ized st,ar1da1·ds. Tl1ese st,ct11clc11·cls gc) \\Tc:ty 1)eyo11cl c1gr·ec~111e11t.s c'll)c)1_1t, C'.0111111011 
exc~l1a11ge for·111c1t.s, wl1icl1 vvc:.1•c~ s11fiic'.ie11t; f'o1· t,l1€~ fir·st, ge11e1·at.ic)11 11111lt,i111eclic1 
svste111s. 
~ 

Tl1(? sec:011d ge11e1~at,io11 11111lti111eclia aJ)l)lic~c:tt,ior1s c:c111 011ly l_)e s11c'.c:essf11lly 
develoJ)(~d if t.l1e 111ode1·11 c1.civa11c:ecl t.ec:l111c)logy is 11sed. Tl1e desig11 of· tl1e 
st<111dard ft111c:tior1ality ass11111es tl1at st1c·l1 advra11c:ed t.ec·:l111ic111es cir·e c1.vail
able. Exa111ples a1·e dist,1·il)11tecl cJ1Jjec:t, syster11s, 111ult,i-t.l1re<1clecl C'.C)11c:t1r1·er1t 
syster11s a11d effic'.ie11t sy11c~l11·011izatior1 SllJ)J)Ort. 011 t.op of tl1is exte11dible 
a11d dyr1ar11ic'.ally ctdc1J)t,able olJjec~t, c'.l,1sses 111ust l)e Sl1p1)01·t,ed. 

Eacl1 ()f t,l1ese fec1,t,l11·es C'.a11 l)e just1ifiecl l)y s0111e apJ)licat,io11 IJr·og1·a11·1111er·'s 
11eed. f1'or i11st,c-111ce, t,l1e (~1101·111ous vc11·iet)r of low lt~vel l')t·ese11t,c1t.ior1 f'1_111c:
tio11s 111ust. l)e 1·edt1c:ed l)y olJjec'.t s1)ec~ializatio11 to a wor·ka1)1e SlllJset, for· a 
give11 applic~at.io11, t,l1ere1Jy 111aki11g a l)et,t.e1· 111at,c~l1 l)etwee11 co11c'.e1)tual a11cl 
c,:011c'.ret.e fl111c~t,ic)11alit,y; aclapt,ive 111et,l1ods 11111st, l)e 11sed to p1·od11ce olJjec:t, 
i11st,a11ces wl1ic::l1 lJel1a.ve s11ffic'.ier1tly effic'.ie11t i11 cl give11 sit,t1atio11. Tl1e 111c1.jo1· 
area wl1icl1 is adclressed 1Jy t.}1is sta11dar·d, is tl1e area of vi1·tt1al r·eality. 

Vir·tual reality is 11ot 011ly a 11ew gadget for t,l1e entert.ai1·1111er1t i11dustry, it 
is tl1e ultir11ate 111ea11s t,o C'.OI11111u11icate co111p11ter-based ir1fo1·111at.io11 r11aki11g 
full use of all l111111a11 cog11itive J)Ower·s. 

4.2. The first and seco1id gener·ation of gr·aph,ics standards 
GKS and it,s sister· ISO sta11dards PHIGS, Computer Graph,ic.s Meta.file, a11d 
Computer Graph.ics Interface are so-called fir,c;t gene1"atior1, co111JJl1ter gra1)l1-
ics sta11dards, wl1icl1 were co111pleted ir1 tl1e 1980s. Tl1ese st,anda1·cls 011ly 
add1·ess text and g1·a1Jl1ics. 111 spite of ir11po1·tar1t diffe1·e11c~es i11 t.l1eir fu11c
tio11ality, t,l1ey sl1a1·e a co111111on arc;hit,ect,t1ral apJ)1·oacl1, ,vl1icl1 l1as resulted 
in i111pler11er1t,atio11s that ar·e large 111011olithic libraries of a set of f'unctio11s 
with precisely defi11ed se1na11tic'.S. Tl1ey reftec'.t an approacl1 towar·ds graph-

422 ical softwar·e libraries JJ1·edo111i11a11t, in tl1e sevent,ies a11d t.l1e eighties. How
ever, tl1ese st,a11dards l1ave little cha11ce of J)r·oviding appr·opr·iate respo11ses 
to tl1e rc1pid c:ha11ges in today's te(~hnology, a11d i11 par·t.icular, tl1ey fail to fit 
into the sof't,ware and l1a1·dwar·e syste111 architectures prevailing 011 today~s 
systerns. 

Wl1e11 the revisio11 process of G KS star·ted ir1 the late l 980s ( the second 
editio11 was publisl1ed in 1994), it soon becar11e ap1)a1·e11t t.l1at a second 
ge11eratio11 of grapl1ics sta11da1·ds was 11eeded. Tl1ese 11ew standards sl1ould 
also addr·ess 111ore 111oder11 tecl111ologies wl1ich had e111er·ged i11 tl1e late 1980s, 
s11cl1 as 

• Progra1n111i11.g e11viro11111e11ts su1)po1·ted by wir1dowing t,ec~l111ology and 
OJ)e11 distril)11ted processi11g. 

• Adva11ced 1·e11de1~i11g 111ethods like ·ray tr·acirz.g and radios'ity. 



• Nlode1·11 i11sigl1t,s i11 s<)ft,\V,tI'<• <:-i11gi11c·<·1·i11g, s11(·l1 cl.S t.llE' l1se <)f. ()l>.i(•<·t,
c>1·ie11tt~cl s1)e<·i fi <~et t, io11 111(~t. 11 <>(ls. 

• l\1c)cler·11 1)1·c~se11t,c1t,io11 t.c\<•l111i< t 11<·s. i11 1>,11·t, i<·11lcl.1· 111111 t. i111(:-i<li,1. c111cl l1:Y'l)t•1·-
111eclia t,ec·l111c)lc)gy t1si11g i11t.<'1·11clt. i()llcll st,,lll< l;:=l1·cls lil(e, e.g., H '\·"1-:' 1rv1 I~ 

,1,11ci N1I-IEG. 

Tl1E-. ISO s1_1l)c·c)111111ittic~e res1)<)11sil>lt· f'c)I' t.11(:-, clc~v(•l<)l)llle11t. a.11cl 111c1i11t.(-.11c111c_~c~ ot· 
gr·a.J)l1ic:·s a11cl i111c1ge 1)roc~essi11g st,c111clc1,1·ds 1·t'.C'<)g11izc~cl t,ltt' 11<.~ecl t.c) ciev·c·lor) a 
11ew li11e of· g1·a1)l1ic~s st,a11clc11·cls. c1lo11g radic'.ally clitt·E .. 1·e11t, li11es 1·1·0111 J)1·evicJus 
111etl1ods. To tl1is e11d, a 11e\\r J)roject was star·t.eci c1t. a11 ISO 111eet.i11g at, 
Cl1ie111see, Ge1·111a11y, i11 Oc:t,ol)er· 1992. S1_1l)seqt1e11t, 111eeti11gs 1~esult,ed ir1 
a dr·aft f'or a 11ev\' sta11da11 cl c:alleci PREi\10 (P1·ese11tatio11 E11vi1·011111e11t, for 
iv1 ul ti111edia O 1) j ec:t,s) [3]. P11l_)li<~atio11 c)f. t,l1e fi11al t,ext, is t:Xl)ec:ted i11 1997. 

Gen,er·al ar'cliitel:t,ur·e. U 11ciE::1·l)ri11g all of PREI\10 is a co11c:ise c:011<'eJ)t,1.1al 
fra111ewo1·k, c~o1111)1·isi11g et ciesc:r·i1)tior1 tecl111ic1ue, a11 ctbstr·ac~t. c)l)_ject. 111oclel 
used f'or· tl-1e defi11it.ior1 of dat,a ty1)es a11d tl1e oper·atio11s 111Jo11 tl1e111, c111cl tl1e 
r1ot,io11 of co111po11e11ts wl1ic:l1 e_~o11tai11 a11d or·gar1ize tl1e PR.Elv10 f1111c'.tio11ality 
11eeded t,o addr·ess spec~ific~ p1·olJle111 a1·eas. 

Object Model. I11 PREMO, a st.r·o11g e1111)llctsis is placed 011 t,l1e ability of ol)
jects ( e.g., er1l1anc:ed geo111et.ric data) to r)e ac~t,ive. Tl1is feat.111·e of· PREMO 
ste111s £1·0111 tl1e 11eed f'o1· sv11c~l11·011izatio11 i11 111ult,ir11edic1. e11vi1·011111e11ts. Co11-~, 

C'.€JJtt1ally, diffe1·e11t 111edia ( e.g., a vicleo seql1ence a11d a c:01·1·espo11cli11g sou11d 
t,rack) 111ay be (~or1side1·ed as JJar·allel activit,ies tl1at. l1ave to 11 eac·l1 s1)ec:ific 
111ilesto11es at dist,i11c:t, ct11cl IJ<)ssil)ly 11se1·-defi11al:>le sy11cl11·011izatio11 poi11ts. 

E1;erits, E't1erit lvf odel. Tl1e PREtv10 f1·a111ework ir1clt1des tl1e r1ot.io1·1 of 11011-
ob_jects, pri111a1·ily for· effic'.ier1cy 1·easor1s. N 011-01),ject,s l1ave 110 1·ec1uests de-
fir1ed 011 t.l1em, tl1ey c:a1111ot, take l)ar·t i11 st1btypi11g a11d i11l1erita11ce hier- 423 
archies. E'vents f'or1r1 a spec:ial c~atego1·y of PRErv10 11on---ol)ject types, and 
are tl1e basic bt1ildi11g bloc:k f'or· t,l1e PR.EMO eve11t 111odel. Eve11ts a11d tl1eir 
p1·opagatio11 ( desc:ribed by tl1e ever1t 111odel) play a fur1da111e11tal 1·ole i11 tl1e 
sy11cl11·011izat,ior1 111ec:l1ar1is111. 

Compon,e'n,t.9. Tl1e o1)jec~t 111odel, t,l1e eve11t 111odel, tl1e cor1cept of' 11011-
objects, et,c., give cl c:011cept.ual f1·c:1.111ework t·or c1.ll t,l1e basic_'. 11otio11s i11 PREMO. 
Com.po11,ent.9 c1llow f'o1· a st,1·11ct.t11·i11g of' PRElv10 i11 ter·111s of t.l1e ser·vices pr·o
vided. 

~A c~o1111)011e11t, i11 Pll..EMO is a C'.ollectio11 of o1Jject tyJJes arid 11011-object 
datcl types, f'1·0111 wl1ic~l1 C)bjec:t,s arid 11011-objec:ts ca11 be i11st,c1.ntiat.ed. A 
co111po11e11t c~a11 offer ser't1ires usable i11 a distr·il)uted e11viro11111ent, or it 111ay 
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Figure 3. PFtF<:rv10 component model 

l)e t1secl clS cl set. t1f' c)l)jt'c·t,s (li1·ec·tl}r lir1kt"cl t.() clll cll)})lic·c1t,ic)11. 

l_T 11de1· lyi11g ,1,ll IJ It F: lv10 ('.()Ill J)()ll(lll t.s is ,t .t()'ll7l,d(tt io ·ri. c:1 o·rr l.J-)()r1.(>'f}1 t l)l'OVicli11g 
ft111c'.tic)Ilc:tlit,y vvl1ic'.}1 is 11(lC'.ess,11·y f<)l' ctll f)1~1<-=1v10 C'.<)1·111)c)11e11t.s. It. is 111,111clttt.c>r·y 
tl1,1t ,111 ot,l1er· P1:i1~1v10 c:c)1111)011e11t,s i11l1er·it, f1·c)1t1 tl1is f'ol111clc:1tio11 c~c)1111Jo11e11t. 

( see also fig111·c 3). Tl1e r11les f'c)r· c·o1111)011(~11t,s f'or111 tl1e l),tsis, i11 c·'.()11j1111c~t,io11 
,,.rit.11 tl1e C) 1J j ec'.t 11·1oclt~l, for· t,l1e l)I'()l>t"l't,iE~s of· (:011fig111·c1tio11, c~11st.0111izatio1-1, 
ext,e11si C) 11, c:111 d i 11 t e1·c) p er·c1 t. i o 11. P 11 f: 1v1 o will f't11·t, l 1 E~r·111ore i 11 C'.l 11clf~ t, 11 e s p ecifi
C'.ct t, io11 of s0111e C)t,lrer· c:01111)011e11ts, 11a111E:~l)': 

• A co111po11e11t fc)r· 11111lt.i111t"clic1 S)'St,E::111 ser,,ic·es. 
• A r11odelli11g, J)1·esE·11t,,1t,io11, a11cl i11t,E'.\1•c1.c·t.ic>11 t·o1111)c)11E.~11t, ,vl1ic:h will p1·0-

vicle t.l1e l:)clsis of' c:01111)c)11e11t,s i11l1(:1·e11tly 1·el,1t.ecl to 1·11o<_l<:'\lli11g, geo111e
t,1·y, traclit.icJrlctl C'.C)1111>11t,e1· g1·a.J)l1ic'.S, etc·. 
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