ErgasŢa pou parousiŘsjhke sto DiejnŚc EarinŞ SqoleŢo sta YhfiakŘ EpikoinwniakŘ MŚsa From Computer Graphics to Virtual Reality AjŠna, 1 ` 4 MartŢou 1994

TA IQNH TOU KUBERNOQWROU:

VR, INTERNET KAI LEWFOROI TWN PLHROFORIWN

MWUSH A. MPOUNTOURIDH

TmŠma HlektrolŞgwn MhqanikŤn DhmokrŢteio PanepistŠmio JrŘkhc 671 00 XŘnjh

E-mail (Internet): mboudour@vergina.eng.auth.gr

PERILHYH. Me bŘsh thn Śnnoia thc diepifŘneiac, pou Śqei eisagŘgei h plhroforikŠ, prospajoŰme prŤta na katanoŠsoume ton kubernoqŤro san ton sumbolikŞ koinŞ qŤro Űparxhc twn forŚwn plhroforŢac pou enŚqontai se diŘforec diepifaneiakŚc sqŚseic. EpiplŚon, parousiŘzoume mia mikrŠ anaskŞphsh thc istorŢac tou kubernoqŤrou mŚsa sth logoteqnŢa thc episthmonikŠc fantasŢac. Sth sunŚqeia, skopŞc mac eŢnai na kateujunjoŰme se treic sugkekrimŚnec perioqŚc sŰgqronwn teqnologikŤn drasthriotŠtwn, pou anŠkoun sth sfaŢra tou kubernoqŤrou: ta teqnhtŘ peribŘllonta thc VR (Virtual Reality), to pagkŞsmio dŢktuo tou Internet kai oi megŘlec lewfŞroi twn plhroforiŤn. AfoŰ kŘnoume mia istorikŠ anadromŠ stouc teqnologikoŰc stajmoŰc pou odŠghsan sthn teqnhtŠ pragmatikŞthta thc VR, dŢnoume merikŚc parathrŠseic gia thn proŚleush kai thn apŞdosh sta EllhnikŘ tou Şrou kai parajŚtoume merikŘ sŰntoma sqŞlia gia to bajŰtero perieqŞmeno thc ŚnnoiŘc tou. AkoloŰjwc, exetŘzoume ta diktuwmŚna peribŘllonta thc VR, gia na katalŠxoume se mia sŰntomh episkŞphsh tou diktŰou twn diktŰwn, tou Internet. Kai teleiŤnoume strŚfontac thn prosoqŠ mac sthn prŞsfath prospŘjeia gia to Řnoigma twn hlektronikŤn drŞmwn, twn megŘlwn lewfŞrwn twn plhroforiŤn, dia mŚsou twn opoŢwn pisteŰetai Şti ja proqwrŠsoun oi mellontikŚc thleplhroforikŚc exelŢxeic.

Typeset by AMS-TEX

2 MwusŠc A. MpountourŢdhc

TI EINAI O KUBERNOQWROS

Sthn epistŠmh thc plhroforikŠc, me ton Şro diepifŘneia (interface) apodŢdontai Şlec oi sqŚseic, oi sundŚseic kai oi allhlepidrŘseic pou ufŢstantai metaxŰ duo Š perissotŚrwn forŚwn plhroforŢac kai kajistoŰn dunatŠ thn antallagŠ thc plhroforŢac, dhladŠ, thn epikoinwnŢa, metaxŰ twn forŚwn autŤn. Oi foreŢc thc plhroforŢac mporeŢ na eŢnai eŢte phgŚc plhroforŢac Š epexergastŚc plhroforŢac. EpomŚnwc, foreŢc plhroforŢac mporoŰn na jewrhjoŰn Şti eŢnai oi Řnjrwpoi san qrŠstec tou upologistŠ, oi logikŚc domŚc epexergasŢac plhroforiŤn (to logismikŞ ` software) ston upologistŠ kai to mhqanikŞ mŚroc (to hardware) tou upologistŠ pou ulopoieŢ thn epexergasŢa.

H agglikŠ lŚxh interface gia thn diepifŘneia diathreŢ th metaforikŠ eikŞna enŞc “diaproswpikoŰ ” trŞpou, me ton opoŢo susqetŢzontai oi foreŢc thc plhroforŢac, uponoŤntac Śnan upojetikŞ sqhmatismŞ “prosŤpwn ” san forŚwn plhroforŢac pou epikoinwnoŰn (antallŘzoun plhroforŢec) antikrŢzontac (“prŞswpo me prŞswpo”) to Śna to Řllo. Me Řlla lŞgia, uojetŤntac thn anjrwpokentrikŠ autŠ eikŞna pou upainŢssetai h agglikŠ lŚxh gia tic diepifŘneiec thc plhroforikŠc, an onomŘzame “diaproswpikŚc” tic sqŚseic metaxŰ twn forŚwn plhroforŢac, giatŢ tŞte na mh lŚgame Şti kai kŘje forŚac plhroforŢac apoteleŢ Śna “prŞswpo”?

DedomŚnou tŤra Şti ta fusikŘ prŞswpa upŘrqoun kai zoun mŚsa ston kŞsmo tou fusikoŰ qŤrou, den ja eŢqe nŞhma na anarwthjoŰme poiŞc ja Štan o “qŤroc” Űparxhc twn “prosŤpwn ” ` forŚwn plhroforŢac? H apŘnthsh sto erŤthma autŞ dŢnei mia sumbolikŠ onomasŢa ston Şro pou qrhsimopoieŢtai gia na perigrafhjeŢ o upojetikŞc “tŞpoc,” ston opoŢo “upŘrqoun” oi foreŢc plhroforŢac: EŢnai o “KubernoqŤroc” (“Cyberspace”) o “tŞpoc,” Şpou “upŘrqoun” kai “zoun” ta “prŞswpa” ` foreŢc plhroforŢac.

FusikŘ Şla ta prohgoŰmena Ţswc na xefeŰgoun kŘpwc apŞ Śnan austhrŞ episthmonikŞ problhmatismŞ. PrŘgmati, den eŢnai tuqaŢo pwc o Şroc “KubernoqŤroc” qrhsimopoiŠjhke gia prŤth forŘ se Śna eŢdoc logoteqnŢac episthmonikŠc fantasŢac, th logoteqnŢa “KubernopŘnk” (“Cyberpunk”). ’Etsi, Śnac suggrafŚac kubernopŘnk, o William Gibson, jewreŢtai pwc Śqei dhmiourgŠsei ton Şro “KubernoqŤro” sto biblio tou “Neuromancer” (“NeuromŘnthc”) grammŚno to 1984 ([Gibson84]). EkeŢ grŘfei o Gibson: “KubernoqŤroc. Mia sunainetikŠ paraŢsjhsh (consensual hallucination) thn opoŢa zoun kajhmerinŘ ekatommŰria nŞmimoi qeiristŚc se kŘje qŤra kai paidiŘ pou majaŢnoun tic majhmatikŚc Śnnoiec... Mia grafikŠ anaparŘstash twn dedomŚnwn apospasmŚnwn apŞ Śna swrŞ apŞ Şlouc touc upologistŚc thc anjrwpŞthtac. AdianŞhth poluplokŞthta. GrammŚc fwtŞc pou diasqŢzoun to adiŘstato (nonspace) tou nou, sumplŚgmata kai asterismoŢ dedomŚnwn. San fŤta thc pŞlhc pou qŘnontai sigŘ`sigŘ.” Kai mŚsa sthn (episthmonikŠ) fantasŢa tou Gibson oi ŠrwŚc tou (“kaoumpŞ˛dec” thc hlektronikŠc epoqŠc) sundŚontai me ton apŚranto qŤro twn dedomŚnwn “bŘzontac th mprŢza” tou neurikoŰ sustŠmatŞc touc mŚsa se autŞ pou onomŘzei o Gibson “MŠtra” (“Matrix”), dhladŠ, sthn pagkŞsmia upodomŠ epikoinwniŤn kai plhroforikŠc pou sthrŢzei autoŰc touc nŚouc orŢzontec.

Ta ’Iqnh tou KubernoqŤrou 3

Sthn pragmatikŞthta o Gibson eŢqe qrhsimopoiŠsei gia prŤth forŘ ton Şro “KubernoqŤro,” Ştan Śgraye lŢgo prin apŞ ton “Neuromancer” Śna diŠghma, pou Şmwc emfanŢsjhke argŞtera sth sullogŠ “Burning Chrome” [Gibson87]). Sto diŠghma autŞ perigrŘfontai ta “cyberdecks” pou eŢnai sustŠmata upologistŤn me mia plŠrh aisjhthriakŠ diepifŘneia proc to pagkŞsmio dŢktuo. TŞte, grŘfei o Gibson, oi qrŠstec autŤn twn susthmŘtwn, Ştan sundŚontai me to dŢktuo, brŢskontai “ston kubernoqŤro.” PolloŢ pŘntwc jewroŰn Şti h Śnnoia tou kubernoqŤrou eŢqe emfanisjeŢ, prin ton Gibson, ston suggrafŚa Vernor Vinge sto diŠghmŘ tou (episthmonikŠc fantasŢac) “True Names” ([Vinge84]).

Ac doŰme pwc o Michael Heim ([Heim93]) perigrŘfei tŢ eŢnai o “KubernoqŤroc”: “’Oloi oi tŰpoi twn diepifaneiŤn pou anafŚrame pio prin sqhmatŢzoun Śna parŘjuro Š mia pŞrta proc ton kubernoqŤro. O kubernoqŤroc upodhlŤnei mia diŘstash pou mpaŢnei mŚsa ston upologistŠ, mŚsa sthn opoŢa diakinoŰme tic plhroforŢec kai briskŞmaste peritrigurismŚnoi apŞ dedomŚna. O kubernoqŤroc apeikonŢzei Śna sumbolikŞ Š teqnhtŞ kŞsmo, Śnan kŞsmo pou apoteleŢtai apŞ tic plhroforŢec pou parŘgoun ta sustŠmatŘ mac kai pou tic anatrofodotoŰme sta sustŠmata. AkribŤc Şpwc mia skakiŚra stŠnei ton qŤro tou paiqnidioŰ tou skakioŰ se Śnan idiŞmorfo kŞsmo me pŰrgouc kai ippŞtec, piŞnia kai axiwmatikoŰc, katŘ ton Ţdio trŞpo h diepifŘneia tou upologistŠ Śqei to dikŞ thc pedŢo kinŠsewn, ierarqŢa arqeŢwn, mŚrh pou phgaŢnei kai sqetikŚc apostŘseic metaxŰ shmeŢwn endiafŚrontoc. KatoikoŰme ston kubernoqŤro, Ştan aisjanŞmaste pwc kinoŰmaste dia mŚsou thc diepifŘneiac proc Śnan sqetikŤc anexŘrthto kŞsmo me tic dikŚc tou diastŘseic kai kanŞnec. ’Oso perissŞtero ejizŞmaste se mia diepifŘneia, tŞso pio polŰ zoŰme ston kubernoqŤro, se autŞ pou o Gibson onomŘzei “sunainetikŠ paraŢsjhsh” (“consensual hallucination”).” O John Barlow eŢpe kŘpote pwc “o kubernoqŤroc eŢnai ekeŢ pou brŢsketai kaneŢc, Ştan milŘ sto thlŚfwno” ([Rucker&92]). (O John Perry Barlow, paliŞtera stiqourgŞc kai ntrŘmer twn Greatful Dead, eŢnai o sunidrutŠc tou Electronic Frontier Foundation mazŢ me ton Mitchell Kapor, pou eŢqe paliŞtera dhmiourgŠsei thn etairŢa software Lotus, gia na aposurjeŢ argŞtera apŞ autŠn.)

DhladŠ, o kubernoqŤroc eŢnai o endiŘmesoc yhfiopoihmŚnoc qŤroc, pou parembŘlletai stic epikoinwnŢec. Kai me autŠ thn Śnnoia mporeŢ eŰkola na sumfwnŠsei kaneŢc me ton isqurismŞ tou Mondo 2000 Şti “to qrŠma Štan to prŤto prŘgma pou kinŠjhke mŚsa ston kubernoqŤro” ([Rucker&92]). PrŘgmati, apŞ thn dekaetŢa tou 70 kai me megalŰtero rujmŞ sthn dekaetŢa tou 80, to diejnŚc oikonomikŞ sŰsthma eŢqe metakomŢsei mŚsa sta dŢktua twn upologistŤn kai twn epikoinwniŤn. SŰmfwna me ton Benjamin Woolley “oi doruforikŚc kai kalwdiakŚc sundŚseic, pou kŘluptan thn gh kai eŢqan thn dunatŞthta thc metaforŘc fwnŠc kai dedomŚnwn, dhmioŰrghsan tic sunjŠkec pou parŠgagan thn katŘrreush tou qrhmatistŠriou thc NŚac UŞrkhc ton OktŤbrio tou 1987, Ştan mia ptŤsh sto qrhmatistŠrio axiŤn thc NŚac UŞrkhc prokŘlese thn ptŤsh twn timŤn stic diejneŢc agorŚc mŚsa se lŢgec Ťrec ” ([Woolley92]).

KŘpoioi spŞroi thc idŚac tou kubernoqŤrou mporoŰn na brejoŰn kai stic profhtikŚc

4 MwusŠc A. MpountourŢdhc

skŚyeic pou Śkane to 1964 o megŘloc KanadŞc filŞsofoc twn epikoinwniŤn Marshall McLuhan: “Wc hlektrikŤc sustellŞmenh, Şlh h gh den eŢnai tŢpote Řllo parŘ Śna qwriŞ (“global village”). (...) MetŘ apŞ treic qiliŘdec qrŞnia Śkrhxhc, mŚsw atelŤn kai mhqanikŤn teqnologiŤn, o DutikŞc kŞsmoc sunjrŰbetai. KatŘ thn diŘrkeia thc epoqŠc twn mhqanŤn epekteŢname ta sŤmatŘ mac ston qŤro. SŠmera, metŘ apŞ perissŞtero apŞ Śnan aiŤna hlektrikŠc teqnologŢac, epekteŢnoume to Ţdio to neurikŞ mac sŰsthma me Śnan pagkŞsmio enagkalismŞ, katargŤntac kai ton qŤro kai ton qrŞno se Ş,ti aforŘ ton planŠth mac” ([McLuhan64]). SuneqŢzontac se autŠ thn problhmatikŠ, parathreŢ o Mark Poster (kajhghtŠc thc IstorŢac sto PanepistŠmio thc California sto Irvine): “KatŘ kanŞna, oi plhroforŢec eŢnai tŤra stigmiaŢwc diajŚsimec pantoŰ sthn gh kai mporoŰn na apojhkeujoŰn kai na anakthjoŰn efŞson o hlektrismŞc eŢnai diajŚsimoc. O qrŞnoc kai o qŤroc den periorŢzoun plŚon thn antallagŠ twn plhroforiŤn. To “pagkŞsmio qwriŞ ” (“global village”) tou McLuhan eŢnai teqnikŤc efiktŞ ” ([Poster90]).

TI EINAI H VR

’Eqontac upŞyh mac thn Śnnoia tou Şrou diepifŘneia thc plhroforikŠc, an ja jŚlame entelŤc epigrammatikŘ na poŰme ti eŢnai h teqnologŢa thc Virtual Reality (pou sth sunŚqeia ja anafŚretai wc “VR”), ja mporoŰsame na poŰme Şti h VR eŢnai mia mia nŚa diepifŘneia metaxŰ tou anjrŤpou kai tou upologistŠ, pou prospajeŢ na fŚrei ton qrŠsth (ton Řnjrwpo) se mia amesŞterh sqŚsh me th mhqanŠ (ton upologistŠ). OusiastikŘ autŞ shmaŢnei Şti h VR eŢnai mia nŚa sqŚsh tou anjrŤpou me ton upologistŠ kai, Řra, Śnac nŚoc trŞpoc diŘrjrwshc twn efarmogŤn thc plhroforikŠc, katŘ ton opoŢon h sqŚsh anjrŤpou ` mhqanŠc sunteleŢtai mŚsa se Śna Řmeso teqnhtŞ peribŘllon. EidikŞtera, h amesŞthta autŠ epitugqŘnetai mŚsw miac amfŢdromhc sqŚshc allhlepŢdrashc (pragmatikoŰ qrŞnou) metaxŰ tou anjrŤpou kai thc mhqanŠc kai exartŘtai apŞ tic antidrŘseic pollŤn aisjhthrŢwn tou anjrŤpou (Şpwc thc kŢnhshc, thc Şrashc kai thc afŠc).

Mia sqhmatikŠ perigrafŠ tou trŞpou me ton opoŢon ulopoieŢtai h allhlepŢdrash anjrŤpou ` upologistŠ sthn diepifŘneia thc VR pernŘ apŞ ta parakŘtw stŘdia. Se mia prŤth fŘsh o upologistŠc dhmiourgeŢ mia teqnhtŠ prosomoŢwsh enŞc eniaŢou fusikoŰ peribŘllontoc. Sto peribŘllon autŞ brŢsketai “embaptismŚnoc” (immersed) o Řnjrwpoc kai apŞ autŞ dŚqetai kŘpoia teqnhtŘ erejŢsmata. TŞte, akoloujeŢ h fŘsh thc antŢdrashc tou anjrŤpou gia na metablhjoŰn ta dedomŚna tou upologistŠ Ťste autŞmata na tropopoihjeŢ katŘ suneqŠ trŞpo to teqnhtŞ peribŘllon sto opoŢo brŢsketai embaptismŚnoc. Me thn allhlepŢdrash autŠ diarkŤc diamorfŤnetai mia metaballŞmenh sqŚsh me to teqnhtŞ peribŘllon pou Śqei wc apotŚlesma na biŤnetai, san na Štan alhjinŠ, mia teqnhtŠ empeirŢa.

AxŢzei ton kŞpo na doŰme pŤc “orŢzei” thn VR Śnac apŞ touc prŤtouc suggrafeŢc, pou exereŰnhsan thn perioqŠ, o Howard Rheingold. GrŘfei loipŞn o Howard Rheingold sto gnwstŞ biblŢo tou ([Rheingold91]): “H VR eŢnai to Şnoma miac nŚac teqnologŢac

Ta ’Iqnh tou KubernoqŤrou 5

pou dhmiourgeŢ thn apŘth tou embaptismoŰ se Śnan teqnhtŞ kŞsmo Š thc parousŢac se Śna apomakrusmŚno mŚroc tou fusikoŰ kŞsmou. (...) (’Etsi) sthn jŚsh tou fusikoŰ kŞsmou brŢsketai mia stereografikŠ tridiŘstath perigrafŠ me ta grafikŘ tou upologistŠ. PŚra apŞ ton embaptismŞ ston teqnhtŞ kŞsmo, o Řnjrwpoc mporeŢ na plohghjeŢ (na kinhjeŢ) mŚsa s’ autŞn ton kŞsmo kai na ton metabŘllei qrhsimopoiŤntac ta qŚria kai ta dŘktulŘ tou.”

Gia na dhmiourghjeŢ autŠ h nŚa teqnologŢa thc VR, Śprepe na epiteuqjeŢ h sŰgklish twn apotelesmŘtwn twn ereunŤn enŞc megŘlou fŘsmatoc episthmonikŤn kai teqnologikŤn perioqŤn. Se autŚc perilambŘnontai, metaxŰ Řllwn, oi perioqŚc tou sqediasmoŰ twn diepifaneiŤn anjrŤpou ` upologistŠ, thc prosomoŢwshc diafŞrwn fainomŚnwn, thc optikopoŢhshc (visualization) twn dedomŚnwn, thc rompotikŠc, tou thle-elŚgqou, twn grafikŤn tou upologistŠ, twn tridiastŘtwn apeikonŢsewn (stereoskopŢa) kai tou sqediasmoŰ me upologistŠ (CAD, Computer Aided Design).

ApŞ kajarŘ teqnikŠc pleurŘc, san prŤtoi prŞgonoi thc shmerinŠc VR mporoŰn na jewrhjoŰn duo fainomenikŘ apŞmakroi tomeŢc efarmogŤn twn teqnologikŤn newterismŤn, o StratŞc kai o KinhmatogrŘfoc. O StratŞc anŚkajen Śdeiqne megŘlo endiafŚron sthn anŘptuxh twn susthmŘtwn prosomoiŤsewn ptŠsewn pou apŞ paliŘ qrhsimopoioŰse h PolemikŠ AeroporŢa (perissŞterec leptomŚreiec gia thn istorŢa twn susthmŘtwn autŤn, pou arqŢzei stic HPA apŞ thn perŢodo tou MesopolŚmou, mporoŰn na brejoŰn sto biblŢo tou [Rheingold91]). ApŞ thn Řllh meriŘ, h kinhmatografikŠ biomhqanŢa tou Hollywood, pou pŘnta prospajoŰse na ekmetalleujeŢ ta neŤtera teqnologikŘ epiteŰgmata, den dŢstase na uojetŠsei tic teqnikŚc twn stratiwtikŤn prosomoiŤsewn, gia na anaptŰxei mia teqnikŠ probolŠc tainiŤn, gnwstŠ san Cinerama. Oi probolŚc tou Cinerama, pou Řrqisan to 1952, odŠghsan Śnan nearŞ tŞte kinhmatografistŠ, ton Mort Heilig, dŚka qrŞnia argŞtera, to 1962, na kataskeuŘsei kai na pŘrei thn patŚnta ([Heilig62]) tou sustŠmatoc Sensorama, miac mhqanikŠc suskeuŠc probolŠc pou sundŰaze tridiŘstath probolŠ tainiŤn (se dŢoptra tŰpou Viewmaster) me stereofwnikŞ Šqo, kŢnhsh (o jeatŠc kajŞtan se mia motosuklŚta), muroudiŚc kai Řlla teqnhtŘ effŚ.

LŢga qrŞnia argŞtera, sthn dekaetŢa tou 60, Śnac tŞte nearŞc mhqanikŞc, o Sutherland, egkainŢase mia kainoŰrgia perioqŠ efarmogŤn tou upologistŠ sthn kateŰjunsh twn sqedŢwn kai twn apeikonŢsewn pou anaparastoŰn ta dedomŚna tou upologistŠ. ExereunŤntac thc dunatŞthtec “epŢdeixhc” (display) ston upologistŠ, o Sutherland Řnoige ton drŞmo gia ton tomŚa twn grafikŤn tou upologistŠ Śtsi Ťste na jewreŢtai sŠmera wc o patŚrac touc. Me ta prwtoporiakŘ peirŘmatŘ tou stic teqnikŚc epŢdeixhc, o Sutherland Śfjase na fantŘzetai thn dunatŞthta miac “ApŞluthc EpŢdeixhc” (“The Ultimate Display”): “Mia epŢdeixh pou kataskeuŘzetai se Śnan yhfiakŞ upologistŠ mac dŢnei thn eukairŢa na kerdŢsoume mia stenŠ exoikeŢwsh me kŘpoiec Śnnoiec pou den eŢnai pragmatopoiŠsimec ston fusikŞ kŞsmo. EŢnai Śnac kajrŚpthc (looking glass) thc majhmatikŠc qŤrac twn jaumŘtwn. An h apostolŠ thc epŢdeixhc eŢnai na qrhsimeŰsei san kajrŚpthc pou pŢsw tou brŢsketai h majhmatikŠ qŤra twn jaumŘtwn thc mnŠmhc tou upologistŠ, ja prŚpei na qrhsimeŰsei gia Şsec pio pollŚc aisjŠseic gŢnetai. MŚqri tŤra apŞ Şso xŚrw, kaneŢc den proteŢnei sobarŘ tic epideŢxeic tou upologistŠ

6 MwusŠc A. MpountourŢdhc

gia thn osmŠ Š thn geŰsh. UpŘrqoun exairetikŚc akoustikŚc epideŢxeic, allŘ dustuqŤc Śqoume mia mikrŠ ikanŞthta na programmatŢzoume ton upologistŠ Ťste na parŘgei Šqouc me nŞhma” ([Sutherland65]). Me tŞso proqwrhmŚnec gia thn epoqŠ tou idŚec (mŚsa thc dekaetŢac tou 60), o Sutherland epŚtuqe na kataskeuŘsei thn prŤth ojŞnh epŢdeixhc, pou o qrŠsthc fŚrei san krŘnoc sto kefŘli tou kai gia autŞ onomŘzetai HMD (Head-Mounted Display). MŘlista, to krŘnoc HMD tou Sutherland pŠre to Şnoma “xŢfoc tou DamoklŠ ” ([Sutherland68]).

O Myron Krueger eŢnai mia Řllh perŢptwsh anjrŤpou pou Štan mprostŘ apŞ thn epoqŠ tou. H ŚreunŘ tou, apŞ to tŚloc thc dekaetŢac tou 60, peristrefŞtan gŰrw apŞ thn allhlepŢdrash anjrŤpou ` upologistŠ mŚsw thc melŚthc enŞc “euaŢsjhtou peribŘllontoc elegqŞmenou me ton upologistŠ ” (“computer-controlled responsive environment”). Thn perioqŠ autŠ thn onŞmase o Krueger “TeqnhtŠ PragmatikŞthta” (“Artificial Reality”) kai den Śkrube ta kalliteqnikŘ kŢnhtrŘ tou me thn aisjhtikŠ prosŚggish twn upologistŤn pou diŚpnee thn douleiŘ tou ([Krueger83]). ’Etsi, o Krueger Śftiaxe to Videoplace, Śna kalliteqnikŞ dhmioŰrghma pou perilŘmbane mia video camera elegqŞmenh apŞ Śnan upologistŠ kai mia megŘlh ojŞnh probolŠc. KajŤc antŢkruze kaneŢc thn ojŞnh, h video camera kŘtw apŞ thn ojŞnh magnhtoskopoŰse to eŢdwlo tou anjrŤpou kai, parembŘlontac diŘfora grafikŘ tou upologistŠ, to proŚbale sthn ojŞnh. Me ton trŞpo autŞ, oi kinŠseic tou anjrŤpou metafŚrontan se antŢstoiqec drasthriŞthtec sth skhnŠ twn grafikŤn, Şpou to magnhtoskophmŚno eŢdwlo tou anjrŤpou mporoŰse na Śrjei se sqŚsh allhlepŢdrashc me ta teqnhtŘ antikeŢmena pou Šsan sqediasmŚna apŞ ta grafikŘ tou upologistŠ.

’Enac Řlloc shmantikŞc prwtagwnistŠc pou suneisŚfere sthn anŘptuxh thc nŚac teqnologŢac thc VR eŢnai o Tom Furness, ston opoŢon ofeŢlontai oi prwtoporiakŚc kainotomŢec tou progrŘmmatoc “SuperCockpit” thc PolemikŠc AeroporŢac twn HPA. MetŘ apŞ pollŘ qrŞnia Śreunac, to 1981 Řrqise na efarmŞzetai to prŞgramma autŞ gia thn ekpaŢdeush twn pilŞtwn. MŚsa se Śnan yeŰtiko jŘlamo qeiristoŰ (cockpit) tou aeroplŘnou, qrhsimopoioŰntai upologistŚc kai krŘnh HMD gia na anaparastajeŢ me grafikŘ o tridiŘstatoc qŤroc se Śna teqnhtŞ peribŘllon, Şpou o ekpaideuŞmenoc pilŞtoc majaŢnei ta mustikŘ thc ptŠshc qwrŢc na brŢsketai ston aŚra kai na diakinduneŰei se endeqŞmenouc kakoŰc qeirismoŰc ([Furness 91]).

ShmantikŠ gia th nŚa teqnologŢa eŢnai kai h sumbolŠ tou Frederick Brooks, Jr., pou prwtostŘthse apŞ thn dekaetŢa tou 80 se fusiko-qhmikŚc efarmogŚc gŰrw apŞ moriakŘ montŚla. H Śreuna thc omŘdac tou Brooks sto PanepistŠmio thc North Carolina sto Chapel Hill Śqei fŚrei pollŘ endiafŚronta apotelŚsmata, ektŞc twn Řllwn, kai se iatrikŚc efarmogŚc ([Brooks88]).

PŘntwc, o Řnjrwpoc, ston opoŢon apodŢdetai h patrŞthta tou Şrou “virtual reality” (kajŤc kai twn arqikŤn “VR”, Şpwc kai tou Şrou thc “mhqanŠc thc pragmatikŞthtac” ` “reality engine”) eŢnai o Jaron Lanier. O nearŞc autŞc epistŠmonac thc plhroforikŠc Ţdruse mazŢ me ton Tom Zimmerman sto deŰtero misŞ thc dekaetŢac tou 80 thn etairŢa VPL (Visual Programming Language) Research, Inc., etairŢa pou tŤra Śqei kleŢsei allŘ pou Štan h prŤth pou anŚptuxe thn agorŘ exarthmŘtwn thc VR, apŞ gŘntia (gnwstŘ wc DataGloves) wc krŘnh HMD. To arqikŞ endiafŚron twn Lanier kai Zimmerman Štan na

Ta ’Iqnh tou KubernoqŤrou 7

kataskeuŘsoun Śna sŰsthma me to opoŢo ja paŢzei kaneŢc kijŘra, mŚsa apŞ ton upologistŠ, qwrŢc Şmwc na kratŘ kijŘra. ’Etsi, me autŞ to sŰsthma thc “air guitar,” Şpwc to onŞmasan, xekinoŰsan ta “gŘntia twn dedomŚnwn,” Śna basikŞ exŘrthma thc VR.

Ac doŰme loipŞn pŤc sthn anakoŢnwsh thc Śkjeshc Texpo ’89, me thn opoŢa h VPL gia prŤth forŘ epidŰkneie th nŚa teqnologŢa, perigrŘfetai h VR: “H VR eŢnai mia empeirŢa koinŠc qrŠshc pou upŘrqei antikeimenikŘ Şpwc o fusikŞc kŞsmoc, pou ftiŘqnetai san Śna Śrgo tŚqnhc kai biŤnetai tŞso eleŰjera kai akŢnduna Şso Śna Şneiro. ’Otan h VR ja gŢnei eurŚwc diajŚsimh, gŰrw sto tŚloc tou aiŤna, den ja jewreŢtai na eŢnai Śna mŚso pou qrhsimopoieŢtai sthn fusikŠ pragmatikŞthta, allŘ mŘllon mia epŢ plŚon pragmatikŞthta. H VR anoŢgei mia kainoŰrgia Špeiro apŞ idŚec kai dunatŞthtec. Sthn Texpo ’89 patŠsame ta pŞdia mac stic aktŚc autŠc thc hpeŢrou gia prŤth forŘ ” ([VPL89]).

MERIKES LEXILOGIKES PARATHRHSEIS

EŢnai gegonŞc Şti h epistŠmh thc PlhroforikŠc den Śqei akoloujŠsei mia palaiŘ parŘdosh sto qŤro twn grammŘtwn kai twn teqnŤn, sŰmfwna me thn opoŢa pollŚc forŚc qrhsimopoioŰntai gia touc neoeisagŞmenouc Şrouc (toulŘqiston) rŢzec EllhnikŠc pro- Śleushc. Me apotŚlesma, na upŘrqei suqnŘ to prŞblhma thc akriboŰc apŞdoshc sta EllhnikŘ Şrwn thc plhroforikŠc me AgglikŠ kurŢwc proŚleush. DustuqŤc, pollŚc forŚc den dŢnontai oi katallhlŞterec lŰseic, kŘti pou anapŞfeukta proxeneŢ kŘpoia sŰgqush se autoŰc pou jŚloun sobarŘ na asqolhjoŰn me ta antŢstoiqa jŚmata kai na grŘyoun sta EllhnikŘ ta porŢsmata twn meletŤn touc. Sth sunŚqeia loipŞn ja kŘnoume kŘpoiec parathrŠseic afenŞc gia thn proŚleush kai afetŚrou gia thn apŞdosh sta EllhnikŘ orismŚnwn apŞ touc Şrouc pou mac endiafŚroun se autŠn edŤ thn ergasŢa.

ArqŢzoume me thn AgglikŠ lŚxh “virtual.” To lexikŞ Webster prosdiorŢzei thn Śnnoia tou epijŚtou autoŰ wc exŠc. “Virtual: being in essence or effect but not in fact.” Me Řlla lŞgia kai se mia kŘpwc eleŰjerh metŘfrash, to lexikŞ Webster lŚei pwc “kŘti eŢnai “virtual,” Ştan ousiastikŤc upŘrqei kai isqŰei, allŘ den eŢnai (pragmatikŞ) gegonŞc.” AfoŰ loipŞn opoiadŠpote prosomoŢwsh apŞ thn fŰsh thc “mimeŢtai” Śna pragmatikŞ antikeŢmeno Š gegonŞc, me autŠ thn Śnnoia mporeŢ na jewrhjeŢ Şti h empeirŢa thc “virtual reality,” pou sthrŢzetai sta teqnhtŘ “effŚ” twn grafikŤn tou upologistŠ, dhmiourgeŢ Śna peribŘllon, pou mporeŢ na perigrafeŢ me duo antŢjetec Śnnoiec tou pragmatikoŰ: To peribŘllon thc VR afenŞc eŢnai pragmatikŞ, me thn Śnnoia Şti upŘrqei kai isqŰei, kai afetŚrou den eŢnai pragmatikŞ, me thn Śnnoia Şti apoteleŢ mia prosomoŢwsh tou pragmatikoŰ! LŞgw tou oxŰmwrou autoŰ qaraktŠra tou Şrou “virtual reality,” den eŢnai lŢgoi ekeŢnoi pou ton blŚpoun me megŘlo skeptikismŞ kai protimoŰn na miloŰn gia “synthetic experience” (“sunjetikŠ empeirŢa”) Š “synthetic environment” (“sunjetikŞ peribŘllon”) Š “simulator technology” (“teqnologŢa prosomoŢwshc”) Š “artificial reality” (“teqnhtŠ pragmatikŞthta”) Š kai “cyberspace” (“kubernoqŤro”). En pŘsei periptŤsei Şmwc, o Şroc “virtual reality” (“VR”) Śqei epikratŠsei sqedŞn kajolikŘ, gegonŞc proc

8 MwusŠc A. MpountourŢdhc

to opoŢo pijanŞn na sunŚbalan kai oi protimŠseic twn anjrŤpwn twn MŚswn MazikŠc EnhmŚrwshc.

An pŘntwc jŚlame na anazhtŠsoume thn bajŰterh Śnnoia thc lŚxhc “virtual,” ja Śprepe na kŘname mia istorikŠ anadromŠ, gia na blŚpame pŞte kai pŤc qrhsimopoiŠjhke gia prŤth forŘ h lŚxh autŠ. FaŢnetai loipŞn pwc h prŤth qrŠsh thc lŚxhc autŠc Śgine sth mesaiwnikŠ filosofŢa. Pio sugkekrimŚna, apodŢdetai ([Heim93]) ston filŞsofo tou mesaŢwna John Duns Scotus (IwŘnnh DoŰnsio SkŤto) (1266?-1308) h kajiŚrwsh twn duo sqetikŤn LatinikŤn lŚxewn, tou epijŚtou “virtualis” kai tou epirrŠmatoc “virtualiter.” H prŞjesh tou Duns Scotus Štan na sumbibŘsei thn diaforŘ pou upŘrqei metaxŰ afenŞc thc eniaŢac ousŢac kŘpoiou prŘgmatoc Š Şntoc (antikeimŚnou Š upokeimŚnou) kai afetŚrou twn empeirikŤn idiotŠtwn tou. ’Etsi, gia na uposthrŢxei Şti oi diaforetikŚc empeirikŚc idiŞthtec kŘpoiou prŘgmatoc perilambŘnontai ki autŚc sthn Ţdia thn Śnnoia tou prŘgmatoc kai epeidŠ Šjele na apokleŢsei thn tupikŠ anagwgŠ (afoŰ tŞte tautizŞmenec me thn ousŢa den ja mporoŰsan na eŢnai idiŞthtec), Śprepe na epinoŠsei mia xeqwristŠ logikŠ kathgorŢa Űparxhc, autŠn pou thn prosdiŞrize me to epŢrrhma “virtualiter” (“virtually”). FusikŘ mia tŚtoia filosofikŠ topojŚthsh basŢzetai sthn ontologikŠ paradoqŠ thc stajerŠc tautŞthtac twn pragmŘtwn, anexŘrththc apŞ touc empeirikoŰc prosdiorismoŰc twn idiotŠtwn (qarakthristikŠ jŚsh gia thn filosofŢa ekeŢnhc thc epoqŠc). EkeŢno Şmwc pou Śqei gia mac sŠmera idiaŢterh shmasŢa eŢnai to gegonŞc Şti o filosofikŞc stoqasmŞc tou Duns Scotus mac protrŚpei na doŰme thn pragmatikŞthta me Śnan genikŞtero trŞpo, enswmatŤnontac se autŠn kai mia seirŘ apŞ sunjŠkec Űparxhc, pou den eŢnai akribŤc pragmatikŚc, allŘ eŢnai aplŤc dunatŚc san tŚtoiec, eŢnai dhladŠ virtual.

ParakinoŰmenoi apŞ thn prohgoŰmenh suzŠthsh gia tic filosofikŚc rŢzec tou “virtual,” ja mporoŰsame na odhghjoŰme se mia polŰ endiafŚrousa ermhneŢa thc sŰgqronhc teqnologŢac thc “VR.” SŰmfwna me autŠn, to peribŘllon thc “virtual reality,” dhladŠ, to peribŘllon miac pragmatikŞthtac pou eŢnai “virtual,” den eŢnai parŘ h empeirikŠ marturŢa kŘpoiwn apŞ tic dunatŞthtec thc kajolikŠc pragmatikŞthtac, Śtsi Şpwc oi dunatŞthtec autŚc ekkolŘptontai apŞ thn teqnologŢa thc plhroforikŠc. ’Eqei loipŞn dŢkaio o Benjamin Woolley na lŚei: “H lŚxh “virtual ” upŠrxe kai paramŚnei na eŢnai mia polŰ megaloprepŠc lŚxh, skandalwdŤc upotimhmŚnh, Śna terŘstio doqeŢo shmantikŠc kenŞthtac pou perimŚnei na tou qujeŢ to nŞhma. H plhroforikŠ Śqei dŤsei lŢgo apŞ autŞ to nŞhma, arqikŘ kŘpoio entelŤc metriŞfron nŞhma, pou Şmwc Şlo kai pio polŰ gŢnetai Śna fortŢo antŘxio tou komistoŰ tou. (...) (H lŚxh “virtual ”) proŚrqetai apŞ thn arqikŠ qrŠsh thc san to epŢjeto thc “virtue,” apŞ ton kairŞ pou h “virtue” (aretŠ, dŰnamh) eŢqe thn Śnnoia thc dŰnamhc tou JeoŰ. Oi apŞhqoi Şmwc autŠc thc arqikŠc Śnnoiac epibiŤnoun stic zwhrŚc axiŤseic twn “anjrŤpwn thc virtual reality” (“virtual realists”) na Śqoun thn dŰnamh thc dhmiourgŢac twn dikŤn touc kŞsmwn. EpiplŚon, tairiŘzei h lŚxh na aphqeŢ kŘpoio mŚgejoc je˘koŰ noŠmatoc, diŞti h Śnnoia thc plhroforikŠc tou “virtual ” eŢnai kŘti polŰ perissŞtero apŞ Śna jŚma mŞno kai mŞno teqnologŢac. ShmaŢnei kŘti pou stoqeŰei proc thn episthmonikŠ kardiŘ thc pragmatikŞthtac ” ([Woolley92]).

PŚra Şmwc apŞ thn FilosofŢa, Ţswc na Řxize na kŘname kŘpoiec parathrŠseic gia thn

Ta ’Iqnh tou KubernoqŤrou 9

ploŰsia istorŢa twn qrŠsewn tou Şrou “virtual” kai stic EpistŠmec. QrhsimopoiŠjhke loipŞn sthn OptikŠ stic arqŚc tou dekŘtou ogdŞou aiŤna gia thn perigrafŠ tou diajlwmŚnou Š anaklwmŚnou eidŤlou enŞc antikeimŚnou. ArgŞtera ton dŚkato Śnnato aiŤna, meletŘtai sth mhqanikŠ h “virtual velocity,” h “virtual moment,” to “virtual work” twn kinoŰmenwn swmŘtwn. Pio prŞsfata, o Şroc autŞc qrhsimopoieŢtai kai sthn fusikŠ twn stoiqeiwdŤn swmatidŢwn gia thn perigrafŠ kŘpoiwn upoatomikŤn swmatidŢwn pou emfanŢzontai tŞso feugalŚa Ťste den mporoŰn na aniqneujoŰn. ApŞ ton AŰgousto tou 1972, pou h IBM eisŠgage thn “virtual memory” sta kainoŰrgia tŞte sustŠmata 370/158 kai 370/168, o Şroc autŞc Řrqise na eisŚrqetai kai sthn PlhroforikŠ. Sto LexikŞ thc PlhroforikŠc tou Alan Freedman anafŚrontai 17 Şroi pou periŚqoun to “virtual” ([Freedman93]), Şpwc metaxŰ Řllwn, “Virtual 8086 Mode,” “virtual circuit,” “virtual machine,” “virtual memory,” “virtual monitor,” k.lp.. Sto lexikŞ autŞ to epŢjeto “virtual” prosdiorŢzetai san “Śna prosomoiwmŚno Š ideatŞ peribŘllon, pou sunepŤc anafŚretai sqedŞn sta pŘnta.”

MetŘ apŞ thn parapŘnw suzŠthsh gia thn ploŰsia filosofikŠ kai episthmonikŠ istorŢa tou Şrou “virtual,” ja Štan eŰlogo na anarwthjeŢ kaneŢc gia th lŚxh thc EllhnikŠc glŤssac pou antistoiqeŢ se autŞn ton Şro. PaŢrnontac to Śnausma apŞ thn filosofikŠ qrŠsh tou Şrou, jelŠsame na yŘxoume se Śna FilosofikŞ LexikŞ gia thn apŞdosŠ tou sta EllhnikŘ. ’Etsi, anatrŚxame sthn EllhnikŠ metŘfrash, apŞ ton EutŰqio P. FikiŤrh, tou “LexikoŰ thc FilosofŢac” tou André Lalande ([Lalande51]). EkeŢ brŠkame Şti to “virtual” apodŢdetai me thn (neoellhnikŠc proŚleushc) lŚxh “dunhtikŞc.” Pio sugkekrimŚna, grŘfei to LexikŞ autŞ: “GenikŘ eŢnai “dunhtikŞ ” ` “virtualis” ` autŞ pou upŘrqei mŞnon “dunŘmei” kai Şqi pragmatikŘ. (Pio mprostŘ to “dunŘmei” ` “in potentia”` orŢzetai san “h idiŞthta autoŰ pou mporeŢ na paraqjeŢ mŞno tou Š na paraqjeŢ, allŘ pou tŤra den eŢnai pragmatopoihmŚno.”) AllŘ autŞ (dhladŠ, to na upŘrqei mŞnon dunŘmei kai Şqi pragmatikŘ) mporeŢ na ennohjeŢ me duo trŞpouc: (A) Me thn adŰnath shmasŢa. AutŞ pou eŢnai aplŘ pijanŞ gia Śna orismŚno upokeŢmeno. (...) AutŠ h ekdoqŠ eŢnai spŘnia. (...) (B) Me thn isqurŠ shmasŢa. AutŞ pou Šdh eŢnai prokajorismŚno, an kai den faŢnetai exwterikŘ, kai pou periŚqei Şlouc touc ousiŤdeic Şrouc gia thn pragmŘtwsŠ tou. (...) To “dunhtikŘ” Śqei suqnŘ autŠ th shmasŢa mŚsa sthn koinŠ glŤssa.”

EpomŚnwc, mia apodektŠ apŞdosh sta EllhnikŘ thc “virtual reality” ja Štan h “du-

nhtikŠ pragmatikŞthta.” ParŞla autŘ, to atŰqhma eŢnai pwc, katŘ thn proswpikŠ

mou gnŤmh, pollŚc forŚc Śqoun qrhsimopoihjeŢ kŘpoiec mŘllon akatŘllhlec ekfrŘseic, gia na apodŤsoun sta EllhnikŘ thn “virtual reality.” San tŚtoiec, ja mporoŰsan na jewrhjoŰn oi ekfrŘseic: “eikonikŠ pragmatikŞthta,” “eikonistikŠ pragmatikŞthta,” “plasmatikŠ pragmatikŞthta” Š kai “ideatŠ pragmatikŞthta.” SŰmfwna me thn mŚqri tŤra suzŠthsŠ mac, Şlec autŚc oi ekfrŘseic mporoŰn na jewrhjoŰn Şti eŢnai entelŤc aujaŢretec, Řstoqec kai Řsqetec tŞso wc proc to nŞhma tou AgglikoŰ Şrou “virtual reality,” Şso kai proc to tŢ pragmatikŘ eŢnai h teqnologŢa thc “VR.” EpiplŚon, apŚfuga na qrhsimopoiŠsw ton glwssikŤc swstŞ Şro “dunhtikŠ pragmatikŞthta” se autŠn thn ergasŢa, epeidŠ den jŚlhsa na apomakrunjŤ apŞ ton diejnŠ plŚon Şro “virtual reality.”

10 MwusŠc A. MpountourŢdhc

(FusikŘ, to prŞblhma paramŚnei, enŤ mŘllon ja Štan perittŞ na upenjumŢsw thn ikanŞthta afomoŢwshc twn zwntanŤn glwssŤn.)

TŤra, anaforikŘ me ton Şro “KubernoqŤro” (“Cyberspace”), den eŢnai idiaŢtera dŰskolo na diasafhnisjeŢ h etumologŢa thc lŚxhc. To prŞjema “kuberno –” (“cyber –”) proŚrqetai apo thn “KubernhtikŠ ” (“Cybernetics”) tou Norbert Wiener. AutŞc Štan o tŢtloc tou biblŢou tou 1948 ([Wiener48]) pou Śgraye o Wiener, gia na meletŠsei tic sunjŠkec pragmatopoŢhshc kai elŚgqou thc roŠc plhroforiŤn metaxŰ susthmŘtwn epikoinwnŢac, pou mporoŰn na eŢnai eŢte zŤntec organismoŢ Š mhqanŚc ` upologistŚc.

EnŤ loipŞn eŢnai tŞso kajarŠ h EllhnikŠ proŚleush thc lŚxhc, orismŚnoi metafrastŚc (kai Řlloi) sthn EllŘda epimŚnoun na thn xeqnoŰn. P.q., sthn EllhnikŠ metŘfrash tou “NeuromŘnth” (“Neuromancer”) tou Gibson apofeŰgetai susthmatikŘ h qrŠsh tou Şrou “KubernoqŤroc ” kai antikajistŘtai apŞ thn Śkfrash “HlektronikŞ SŰmpan ” (elpŢzoume gia lŞgouc pou ofeŢlontai mŞno sta filologikŘ goŰsta tou metafrastŠ). To perŢergo eŢnai pwc sthn EllhnikŠ metŘfrash (apŞ ton Ţdio ekdotikŞ oŢko) enŞc epŞmenou biblŢou tou Gibson, “Ston AsterismŞ thc MŞna LŢza” (“Mona Lisa Overdrive”), qrhsimopoieŢtai o Şroc “KubernodiŘsthma.” ’Iswc gia touc jiasŤtec thc episthmonikŠc fantasŢac (mŠpwc kai gia Řllouc?) to jŚma autŞ na eŢnai tŞso apŞmakro apŞ ton kajhmerinŞ kŞsmo Ťste autoŢ na protimoŰn na to blŚpoun mŞno Śxw sto uperpŚran tou diastŠmatoc !

MERIKES NUXEIS GIA THN METAFUSIKH THS VR

Oi empeirŢec thc teqnologŢac thc VR dhmiourgoŰn Śna megŘlo arijmŞ apŞ filosofikŘ erwtŠmata kai mac anagkŘzoun na xanaskefjoŰme pollŚc autonŞhtec Śnnoiec. MetaxŰ twn gegonŞtwn kai thc fantasŢac, twn sumbŘntwn kai twn upojŚsewn, Śrqetai na topojethjeŢ h teqnhtŠ pragmatikŞthta thc VR. AllŘ den eŢnai mŞno mia aplŠ prosjŠkh kŘpoiwn diaforetikŤn morfŤn empeirŢac. OusiastikŘ eŢnai h prosjŠkh thc dunatŞthtac dokimastikŤn ektelŚsewn kai epanalŠyewn twn Ţdiwn twn pragmatikŤn empeiriŤn. OpŞte me thn dunatŞthta autŠ mporeŢ na tropopoihjeŢ o qaraktŠrac thc amesŞthtac twn prŘxewn kai twn empeiriŤn. EpomŚnwc, eŢnai fusikŞ na anarwtiŚtai kaneŢc gia to metafusikŞ perieqŞmeno twn kŞsmwn thc VR, Şpwc kŘnei o Myron Krueger sthn eisagwgŠ tou biblŢou tou Michael Heim ([Heim93]): “TŢ na poŰme gia ton kŞsmo ekeŢno ston opoŢo kŘje prŘxh dokimŘzetai se prosomoŢwsh prin ektelesjeŢ, Şpwc sthn perŢptwsh twn pilŞtwn ton kairŞ tou PolŚmou tou KŞlpou ? ”

FaŢnetai loipŞn h empeirŢa thc VR na stereŢ kŘti apŞ thn amesŞthta twn kajhmerinŤn prŘxewn, afoŰ parembŘllei dŢpla sta pragmatikŘ gegonŞta tic teqnhtŚc prosomoiŤseic pou biŤnontai san na Štan pragmatikŚc ! ApŞ thn Řllh Şmwc meriŘ, faŢnetai na auxŘnei thn epŢgnwsŠ mac gia thn Ţdia thn Śnnoia tou pragmatikoŰ kai gia Řlla ontologikŘ jŚmata. O Myron Krueger parathreŢ ([Heim93]): “Sthn VR ta paradosiakŘ filosofikŘ erwtŠmata den eŢnai plŚon upojetikŘ. TŢ eŢnai Űparxh? PŤc gnwrŢzoume? TŢ eŢnai pragmatikŞthta? PoiŞc eŢmai? AutŘ gŢnontai aisjhtikŘ zhtŠmata me sun- Śpeiec teqnologikŚc (engineering). SŢgoura den eŢnai apomakrusmŚna Š eswterikŘ zhtŠmata, dojeŢshc thc dunatŞthtac dhmiourgŢac teqnhtŤn empeiriŤn pou eŢnai tŞso peistikŚc Şso oi pragmatikŚc.”

EdŤ axŢzei na shmeiwjeŢ Şti, pŚra apŞ tic ontologikŚc metatopŢseic (katŘ thn Śkfrash tou Michael Heim) pou prokaleŢ h VR, h Ţdia proŚrqetai apŞ thn epikrŘthsh miac nŚac antŢlhyhc gia thn kajiŚrwsh pollŤn apŞ tic sŰgqronec teqnologikŚc kainotomŢec. PalaiŞtera mia kainoŰrgia teqnologŢa Śprepe prŤta na dhmiourghjeŢ apŞ touc epistŠmonec efeurŚtec, na dokimasjeŢ apŞ touc mhqanikoŰc, na anaptuqjeŢ apŞ touc paragwgoŰc kai telikŘ, afoŰ mpei sthn agorŘ, endeqomŚnwc na proxenŠsei kŘpoiec politistikŚc allagŚc. H shmerinŠ Şmwc upodomŠ tou pagkosmŢou duktŢou twn upologistŤn Śqei anatrŚyei th seirŘ autŠ: kamiŘ teqnologikŠ kainotomŢa den pŘei sthn agorŘ qwrŢc na perŘsei pio prin apŞ thn dokimasŢa thc axiolŞghshc tou koinoŰ metŘ apŞ dhmŞsiec suzhtŠseic mŚsa sta hlektronikŘ mŚsa diakŢnhshc twn plhroforiŤn. ’Opwc grŘfei o Michael Heim: ”(AutŞ to Řnoigma) eisŘgei mia nŚa diŘstash ston kŞsmo kai kajierŤnei mia nŚa sqŚsh me thn teqnologŢa, mia sumbŢwsh sthn opoŢa oŰte o Řnjrwpoc oŰte h mhqanŠ kuriarqoŰn. (...) H VR gennŠjhke mŚsa se autŠ thn kubernhtikŠ diŘstash. ApŞ thn embruakŠ thc fŘsh, h VR upŠrxe kŘtw apŞ stajerŠ koinwnikŠ paratŠrhsh kai suzŠthsh. QwrŢc na Śqei afejeŢ stouc teqnikoŰc, h VR paramŚnei estiakŞ jŚma diepisthmonikŠc kai dhmŞsiac suzŠthshc ` akŞmh kai prin na Śqei bgei teleŢwc Śxw apŞ to koukoŰli thc Śreunac kai anŘptuxhc. ProfanŤc, kajŤc strefŞmaste proc thn VR, kai to Ţdio to dŢktuo ja uposteŢ kŘpoiec metabolŚc me thn kŢnhsŠ mac proc Śnan aujŰparkto kŞsmo pou dhmiourgeŢtai ston upologistŠ. AllŘ to erŤthma ja suneqŢzei na eŢnai epitaktikŞ. PŞso oi Řnjrwpoi mporoŰn na allŘxoun kai na parameŢnoun akŞmh Řnjrwpoi kajŤc eisŚrqontai ston kubernoqŤro twn pragmatikotŠtwn tou upologistŠ ? ” ([Heim93]).

PolloŢ eŢnai oi kŢndunoi pou paramoneŰoun sto egqeŢrhma tou anjrŤpou na egklimatisjeŢ mŚsa ston kubernoqŤro. Ki Ţswc o megalŰteroc kŢndunoc na eŢnai h pajhtikŞthta pou teŢnei na epiblhjeŢ ston Řnjrwpo apŞ mia anexŚlegkth poreŢa mŚsa stouc teqnhtoŰc orŢzontec twn upologistŤn. SŰmfwna pŘli me ton Michael Heim: “StekŞmaste anŢdeoi mprostŘ sthn diepifŘneia (tou upologistŠ) kajŤc periergazŞmaste Śna hlektronikŞ plaŢsio, mŚsa sto opoŢo ta sŰmbolŘ mac ` lŚxeic, dedomŚna, prosomoiŤseic ` mporoŰn na eleqjoŰn me akribŠ trŞpo kai Şla emfanŢzontai me kataplhktikŠ safŠneia. TŞso mageutikŘ eŢnai autŘ ta sŰmbola pou xeqniŞmaste, xeqnŘme poŰ eŢmaste. XeqniŞmaste kajŤc proqwrŘme mŚsa stouc kataskeuasmŚnouc kŞsmouc mac. ’Eqontac ta prŞswpŘ mac mŚsa sthn diepifŘneia, eŢnai dŰskolo na thn doŰme. EpeidŠ h teqnologŢa thc plhroforikŠc tairiŘzei sto nou mac, eŢnai h duskolŞterh apŞ Şlec gia na thn skefjoŰme ” ([Heim93]).

Mia tŚtoia kritikŠ stŘsh apŚnanti stic teqnhtŚc empeirŢec thc plhroforikŠc kratŘ ki o Ken Goffman (Śnac apŞ touc arqisuntŘktec tou Mondo 2000, pou upogrŘfei me to Şnoma R. U. Sirius), Ştan lŚei: “H asqolŢa me to sŰnnefo twn dedomŚnwn (dealing with the datacloud), autŠ eŢnai Şlh h idŚa twn plhroforiŤn... NomŢzw Şti h antŢjeth idŚa eŢnai h empeirŢa. Oi plhroforŢec eŢnai allotriwmŚnh empeirŢa. Oi upologistŚc eŢnai kataplhktikoŢ, allŘ apaitoŰn na metatrŚyoun thn zwŠ se plhroforŢec, giatŢ autŚc

12 MwusŠc A. MpountourŢdhc

eŢnai to mŞno pou mporoŰn oi upologistŚc na kratŠsoun. To prŤto prŞblhma eŢnai Şti eŢnai plhroforŢec. To deŰtero prŞblhma eŢnai Şti eŢnai grammikŚc plhroforŢec. Kai to trŢto prŞblhma eŢnai Şti eŢnai yeudeŢc plhroforŢec ” ([Rucker&92]).

TO DIKTUWMENO PERIBALLON THS VR

PolloŢ uposthrŢzoun Şti o kubernoqŤroc eŢnai to mŚroc Şpou “zoun” oi plhroforŢec se hlektronikŠ morfŠ ([Jacobson94]). ’Etsi loipŞn kai oi epikoinwnŢec mŚsw upologistŤn diekperaiŤnontai mŚsa ston kŞsmo tou kubernoqŤrou, afoŰ pragmatopoioŰntai me th metaforŘ kai thn epexergasŢa twn hlektronikŤn plhroforiŤn. Me thn Śnnoia autŠ, kŘje peribŘllon (Š empeirŢa) thc VR, sto opoŢo summetŚqoun duo Š perissŞteroi Řnjrwpoi, mporeŢ na jewrhjeŢ Şti upŘrqei ston kubernoqŤro.

QarakthristikŠ eŢnai kai h taxinŞmhsh twn empeiriŤn thc VR pou kŘnei o Randal Walser, Śnac apŞ touc prwtopŞrouc programmatistŚc thc VR, mŚloc tou progrŘmmatoc Cyberia Project (apŞ to 1988) thc etairŢac Autodesk. Pio sugkekrimŚna, o Walser diakrŢnei ta exŠc duo eŢdh periballŞntwn thc VR ([Walser90]):

(1) To sugkentrwmŚno (centralized) peribŘllon thc VR, sto opoŢo Śnac Š perissŞteroi qrŠstec qrhsimopoioŰn Śnan upologistŠ me Śna prŞgramma prosomoŢwshc.

(2) To katanemhmŚno Š dianemŞmeno (distributed) Š diktuwmŚno (networked) peribŘllon thc VR, sto opoŢo polloŢ qrŠstec qrhsimopoioŰn polloŰc (diaforetikoŰc) upologistŚc allŘ me ton kŘje upologistŠ na trŚqei Śna antŢgrafo tou Ţdiou progrŘmmatoc prosomoŢwshc.

EnnoeŢtai Şti me th shmerinŠ katŘstash twn thlepikoinwniakŤn susthmŘtwn, mia plŠrhc empeirŢa diktuwmŚnhc VR eŢnai polŰ dŰskolo na epiteuqjeŢ kai proc to parŞn apoteleŢ mŞno Śna stŞqo gia th mellontikŠ kateŰjunsh thc teqnologŢac. KajŤc Şmwc eŢnai koinŠ pepoŢjhsh pollŤn, den ja prŚpei na argŠsei o qrŞnoc pou ja mporoŰn na pragmatopoioŰntai mŚsw thc diktuwmŚnhc VR mia plhjŤra apŞ efarmogŚc, Şpwc h thleparousŢa, h thle-sunedrŢash, h thle-didaskalŢa, o thle-Ślegqoc kai h thle-summetoqŠ se diŘfora gegonŞta.

OusiastikŘ eŢnai oi auxhmŚnec apaitŠseic se eŰroc zŤnhc (bandwidth) thc diktuwmŚnhc VR pou apojarrŰnoun thn Řmesh qrhshmopoŢhsh twn uparqŞntwn sŠmera diktŰwn. Gia na gŢnei dunatŠ h ekmetŘlleush twn shmerinŤn diktŰwn, ja qreiasjeŢ na efodiasjeŢ h upodomŠ twn diktŰwn megŘlhc klŢmakac (wide area networks) me kŘpoia katŘllhla thlepikoinwniakŘ prwtŞkolla pou ja epitrŚpoun thn auxhmŚnh roŠ dedomŚnwn mŚsa apŞ tic kanonikŚc thlefwnikŚc grammŚc. PollŚc thlepikoinwniakŚc etairŢec twn HPA Řrqisan Šdh na kinoŰntai se tŚtoiec kateujŰnseic. H AT&T eŢnai prosanatolismŚnh sthn qrŠsh thc mejŞdou thc asŰgqronhc metaforŘc ATM (Asynchronous Transfer Mode), pou ja epitrŚpei th metaforŘ eikŞnwn se pragmatikoŰc qrŞnouc mŚsa apŞ qŘlkina sŰrmata san autŘ twn thlefwnikŤn grammŤn. AllŘ kai h IBM ereunŘ tic dunatŞthtec qrŠshc twn uparqŞntwn kalwdiakŤn grammŤn gia th metaforŘ eikŞnwn. EpiplŚon, to IEEE (Institute of Electrical and Electronics Engineers) twn HPA proqwreŢ sthn dhmosŢeush twn

Ta ’Iqnh tou KubernoqŤrou 13

protŰpwn pou ja epitrŚpoun thn dunatŞthta sŰndeshc metaxŰ anŞmoiwn susthmŘtwn VR. Ton MŘrtio tou 1993, to IEEE enŚkrine Śna sŰnolo apŞ biomhqanikŘ prŞtupa (IEEE # 1278 -1993) pou kajierŤnoun mejŞdouc gia ton orismŞ thc jŚshc kai thc kŢnhshc (akŞmh kai thc sŰgkroushc) tridiŘstatwn antikeŢmenwn grafikŤn kajŤc kai thn antallagŠ plhroforiŤn gia ta sustatikŘ mŚrh tŚtoiwn antikeŢmenwn. Me Şlec autŚc tic kainotomŢec, pou skopeŰoun sthn aŰxhsh thc taqŰthtac twn diktŰwn, thn paroqŠ megŘlou eŰrouc zŤnhc (bandwidth) kai thn egkatŘstash miac seirŘc apŞ upersŰgqrona qarakthristikŘ sth metakŢnhsh twn dedomŚnwn, anamŚnetai na ulopoihjeŢ plŠrwc sto mŚllon kai h diktuwmŚnh VR. ’Hdh Şmwc Śqoun emfanisjeŢ kŘpoiec prŤtec efarmogŚc thc diktuwmŚnhc VR (gia perissŞterec plhroforŢec deŢte to biblŢo thc [Jacobson94]). Mia tŚtoia efarmogŠ me megŘlo endiafŚron eŢnai to sŰsthma VR me thn onomasŢa “Fun House” pou dhmioŰrghse to 1992 o Carl Loeffler ([Loeffler92]). AutŞ eŢnai Śna sŰsthma embaptismoŰ pou parousiŘzei dunamikŘ antikeŢmena mŚsa se peribŘllon allhlepŢdrashc pollŤn qrhstŤn (multiuser environment), oi opoŢoi epikoinwnoŰn metaxŰ touc me thlefwnikŚc grammŚc (mŚsw modem). ’Eqei mŘlista dokimasjeŢ metaxŰ qrhstŤn stic HPA kai sthn GermanŢa.

MIA SUNTOMH PERIHGHSH STON KOSMO TOU INTERNET

Ta dŢktua twn upologistŤn apoteloŰn to mŚso epikoinwnŢac gia thn metaforŘ plhroforiŤn se hlektronikŠ morfŠ metaxŰ diaforetikŤn susthmŘtwn. Dia mŚsou surmŘtwn, optikŤn inŤn Š kai doruforikŤn diasundŚsewn kukloforoŰn sta dŢktua oi atŚleiwtec alusŢdec apŞ monŘdec kai mhdenikŘ twn yhfiopoihmŚnwn dedomŚnwn. H embŚleia enŞc diktŰou poikŢllei se mŚgejoc, apŞ ta topikŘ dŢktua (LAN, Local Area Networks) kai ta dŢktua pŞlewn (MAN, Metropolitan Area Networks) wc ta dŢktua megŘlhc klŢmakac (WAN, Wide Area Networks). UpŘrqei Şmwc Śna “dŢktuo twn diktŰwn,” to dŢktuo tou INTERNET (apŞ to International Network), Śna pagkŞsmio dŢktuo pou sunenŤnei Śna megŘlo arijmŞ diktŰwn mikrŞterhc klŢmakac diaskorpismŚnwn se kŘje sqedŞn gwniŘ thc ufhlŢou.

H istorŢa tou Internet (gia analutikŞterec plhroforŢec deŢte ta biblŢa [Krol92] kai [LaQuey&93]) arqŢzei sto mŚso thc dekaetŢac tou 1960, mia epoqŠ katŘ thn opoŢa o yuqrŞc pŞlemoc briskŞtan stic dŞxec tou. TŞte to UpourgeŢo AmŰnhc twn HPA prospajoŰse na dŤsei mia lŰsh sto prŞblhma thc kataskeuŠc enŞc sustŠmatoc stratiwtikŤn epikoinwniŤn pou ja sunŚqize na leitourgeŢ kai kŘtw apŞ sunjŠkec polŚmou, Ştan h epŢjesh tou antipŘlou ja aqrŠsteue to megalŰtero mŚroc twn thlepikoinwniakŤn grammŤn. OusiastikŘ th lŰsh sto prŞblhma autŞ thn Śdwse o Paul Baran, ereunhtŠc thc etairŢac Rand, sqediŘzontac Śna mŘllon allŞkoto dŢktuo epikoinwnŢac upologistŤn. To dŢktuo autŞ den Śqei oŰte kentrikŞ Řxona, oŰte kentrikoŰc diakŞptec, oŰte kentrikŠ dieŰjunsh kai sthrŢzetai sthn upŞjesh Şti oi sundŚseic tou diktŰou metaxŰ twn pŞlewn eŢnai entelŤc anaxiŞpistec. Oi idŚec tou Baran odŠghsan to 1969 sthn dhmiourgŢa tou peiramatikoŰ diktŰou ARPANET, apŞ ta arqikŘ thc uphresŢac ARPA, Advanced Research Projects

14 MwusŠc A. MpountourŢdhc

Agency (pou argŞtera onomŘsjhke DARPA, Defense Advanced Research Projects Agency), tou UpourgeŢou AmŰnhc twn HPA. H basikŠ idŚa tou trŞpou me ton opoŢo leitourgeŢ to ARPANET eŢnai h exŠc: KŘje mŠnuma kŞbetai se mikrŚc lourŢdec kai stoibŘzetai se hlektronikoŰc fakŚlouc, ta pakŚta, pou periŚqoun tic dieujŰnseic tou apostolŚa kai tou paralŠpth. Sth sunŚqeia ta pakŚta rŢqnontai sto sŰmplegma twn diasundeŞmenwn upologistŤn, Şpou kukloforoŰn mproc-pŢsw se grammŚc uyhlŤn taqutŠtwn proc thn kateŰjunsh tou telikoŰ proorismoŰ, gia na sugkentrwjoŰn Şla mazŢ, Ştan telikŤc fjŘsoun ekeŢ. An kŘpoia pakŚta qajoŰn Š katastrafoŰn (kai upotŢjetai Şti kŘti tŚtoio mporeŢ na sumbeŢ), den upŘrqei kanŚna prŞblhma, giatŢ mporoŰn amŚswc na xanastaljoŰn.

Se lŢgo kairŞ metŘ thn Śnarxh thc leitourgŢac, kai Řlla peiramatikŘ dŢktua sundŚjhkan me to ARPANET qrhsimopoiŤntac thn teqnologŢa twn diktuŤsewn thc DARPA, sthn opoŢa o trŞpoc metagwgŠc pakŚtwn (packet-switching) mporoŰse na epektajeŢ kai mŚsw radiofŤnou kai dorufŞrou. MetŘ Şmwc apŞ thn diŞgkwsh tou arqikoŰ progrŘmmatoc, to ARPANET qwrŢzetai stic arqŚc tou 1980 se duo tmŠmata, pou pŘntwc den eŢnai apokommŚna allŘ suneqŢzoun tic metaxŰ touc sundŚseic. To Śna tmŠma eŢnai apokleistikŘ afierwmŚno se stratiwtikŚc qrŠseic kai onomŘzetai Milnet. To Řllo tmŠma, pou perilambŘnei Şlec tic loipŚc qrŠseic, arqikŘ onomŘzetai DARPA Internet, gia na epikratŠsei me thn pŘrodo tou qrŞnou h sŰntomh onomasŢa “to dŢktuo tou INTERNET.”

Sta prŤta stŘdia tou ARPANET sundŚontai metaxŰ touc ereunhtŚc apŞ to stratŞ, ta panepistŠmia Š thn biomhqanŢa pou diexŘgoun stratiwtikŚc Śreunec. Oi ereunhtŚc autoŢ, enŤ brŢskontai se apomakrusmŚna kŚntra upologistŤn, mporoŰn mŚsa apŞ to dŢktuo na moirŘzontai metaxŰ touc progrŘmmata, bŘseic dedomŚnwn, allŘ akŞmh kai sklhroŰc dŢskouc upologistŤn. ApŞ to tŚloc Şmwc thc dekaetŢac tou 1970, oi qrŠseic tou diktŰou anoŢgoun se mh stratiwtikŚc efarmogŚc pou gŢnontai se panepistŠmia kai argŞtera se epiqeirŠseic. ApŞ thn Řllh meriŘ, h anŘptuxh tou leitourgikoŰ sustŠmatoc UNIX dieukolŰnei thn epŚktash twn diasundŚsewn mŚsw tou UUCP (UNIX-to-UNIX CoPy). EpiplŚon, dhmiourgoŰntai kai Řlla akadhma˘kŘ dŢktua, Şpwc to BITNET (apŞ ta arqikŘ thc Śkfrashc “Because It’s Time Network”) kai to CSNET (Computer Science Network), dŢktua ta opoŢa me thn pŘrodo tou qrŞnou afomoiŤnontai mŚsa sto Internet.

Mia apŞ tic shmantikŞterec exelŢxeic sthn istorŢa tou Internet ofeŢletai sthn prwtoboulŢa tou NSF (National Science Foundation), kubernhtikŠc uphresŢac twn HPA, na dhmiourghjoŰn sto mŚso thc dekaetŢac tou 1980 pŚnte megŘla kŚntra upologistŤn (supercomputer centers). OusiastikŘ, wc tŞte h prŞsbash stouc megalŰterouc upologistŚc tou kŞsmou periorŢzeto sto stratŞ kai se lŢgouc akŞmh sunergazŞmenouc ereunhtŚc. To Řnoigma twn qrŠsewn twn uperupologistŤn sthn eurŰterh akadhma˘kŠ koinŞthta Śgine apŞ to NSF mŞno se pŚnte kŚntra, giatŢ ta sqetikŘ Śxoda Šsan terŘstia. EpomŚnwc, gia thn ikanopoŢhsh thc anŘgkhc katanomŠc twn pŞrwn sta pŚnte kŚntra, to NSF Śftiaxe to 1986 to dŢktuo NSFNET, pou epŚtrepe th sŰndesh twn pŚnte kŚntrwn metaxŰ touc allŘ kai th sŰndesh me autŘ ereunhtŤn apŞ diŘfora idrŰmata twn HPA. BajmiaŢa, Śtsi, to NSFNET Řrqise na antikajistŘ to ARPANET stic ereunhtikŚc diasundŚseic mŚqri to MŘrtio tou 1990, opŞte to ARPANET dialŰjhke episŠmwc.

ApŞ to mŚso loipŞn thc dekaetŢac tou 80 to NSFNET apoteleŢ th raqokokaliŘ tou

Ta ’Iqnh tou KubernoqŤrou 15

Internet. ApŞ tŞte ki Űstera, oi rujmoŢ aŰxhshc tou Internet pollaplasiŘzontai ekjetikŘ. H eŢsodoc tou NSF akoloujeŢtai apŞ th summetoqŠ sto Internet megŘlwn kubernhtikŤn uphresiŤn twn HPA, Şpwc to UpourgeŢo EnergeŢac (U.S. Department of Energy) kai h NASA (National Aeronautics and Space Administration). EpŢshc, tŞte sta mŚsa thc dekaetŢac tou 80 eisŚrqontai sto Internet ta prŤta megŘla diejnŠ topikŘ dŢktua ektŞc twn HPA. SqhmatŢzetai Śtsi Śna terŘstio pagkŞsmio dŢktuo, to Internet, sto opoŢo ektimoŰntai gia tic arqŚc tou 1994 pwc summetŚqoun perissŞtera apŞ 30,000 topikŘ dŢktua apŞ perissŞterec twn 50 qwrŤn Şlwn twn hpeŢrwn. O sunolikŞc arijmŞc mhqanŤn` upologistŤn pou eŢnai sundedemŚnec me to Internet ektimŘtai na eŢnai gia ton IanouŘrio tou 1994 perŢpou 2.2 ekatommŰria me etŠsio rujmŞ aŰxhshc 69% (sŰmfwna me ta statistikŘ stoiqeŢa twn InterNIC Information Services gia to 1994). MprostŘ se autoŰc touc frenŤdeic rujmoŰc, h KubŚrnhsh twn HPA anakoŢnwse to SeptŚmbrio tou 1993 ta sqŚdia na dhmiourgŠsei mia eurŰterh uphresŢa me thn onomasŢa EjnikŠ UpodomŠ PlhroforiŤn (NII, National Information Infrastructure), pou ja sumperilŘbei kai ja epekteŢnei Şlec tic drasthriŞthtec tou Internet.

H sŰndesh sto Internet duo diaforetikŤn mhqanŤn`upologistŤn gŢnetai me th qrŠsh kŘpoiou koinoŰ protŰpou epikoinwnŢac, pou onomŘzetai “prwtŞkollo epikoinwnŢac” (deŢte [Krol92, LaQuey&93]). ApŞ to 1983 to Internet qrhsimopoieŢ to prwtŞkollo TCP/IP (Transmission Control Protocol / Internet Protocol) pou anaptŰqjhke sthn dekaetŢa tou 70 apŞ thn DARPA. ApŞ tic arqŚc Şmwc tou 1980 o DiejnŠc OrganismŞc ProtŰpwn ISO (International Standards Organization) anaptŰssei ta prwtŞkolla AnoiktŠc DiasŰndeshc SusthmŘtwn OSI (Open Systems Interconnection), pou eŢnai mŘllon periorismŚnhc qrŠshc proc to parŞn.

H dioikhtikŠ domŠ tou Internet eŢnai plŠrwc apokentrwmŚnh kai qwrŢc kamŢa ierarqŢa ([LaQuey&93]). Oi telikŚc apofŘseic se teqnikŘ jŚmata lambŘnontai apŞ thn legŞmenh EtairŢa tou Internet, ISOC (Internet Society), pou eŢnai Śnac mh kerdofŞroc organismŞc me skopŞ thn antallagŠ plhroforiŤn mŚsw tou Internet se pagkŞsmia klŢmaka. H ISOC dioikeŢtai apŞ Śna sumboŰlio me thn onomasŢa SumboŰlio ArqitektonikŠc tou Internet, IAB (Internet Architecture Board), pou kateujŰnei duo kurŢwc tomeŢc drasthriotŠtwn, ton teqnologikŞ tomŚa IETF (Internet Engineering Task Force) kai ton tomŚa Śreunac kai anŘptuxhc IRTF (Internet Research Task Force).

UpŘrqoun epiplŚon kai polloŢ idiwtikoŢ organismoŢ pou endiafŚrontai gia ta jŚmata tou Internet. ’Enac apŞ touc shmantikŞterouc organismoŰc autoŰ tou eŢdouc stic HPA eŢnai to onomazŞmeno ’Idruma twn HlektronikŤn SunŞrwn EFF (Electronic Frontier Foundation) me kŰrio skopŞ thn antimetŤpish kŘpoiwn koinwnikopolitikŤn kai politistikŤn jemŘtwn pou anakŰptoun me thn enswmŘtwsh twn upologistŤn kai twn diktŰwn sthn koinwnŢa twn anjrŤpwn. Mia apŞ tic aformŚc gia thn dhmiourgŢa (to 1990) tou EFF dŞjhke apŞ ton mŘllon Řkomyo (gia to EFF) trŞpo me ton opoŢo oi katadiwktikŚc arqŚc twn HPA (Şpwc to FBI) antimetŤpisan tŞte ta ferŞmena wc “egklŠmata twn upologistŤn” (“computer crimes”). ApotŚlesma twn astunomikŤn qeirismŤn kai epembŘsewn, sŰmfwna me to EFF, Štan afenŞc h ptŤqeush merikŤn mikrŤn epiqeirŠsewn plhroforikŠc kai afetŚrou oi kataggelŢec gia thn parabŢash atomikŤn dikaiwmŘtwn kai dikaiwmŘtwn

16 MwusŠc A. MpountourŢdhc

eleujerŢac lŞgou stic hlektronikŚc epikoinwnŢec ([Sterling92]).

Ja oloklhrŤsoume autŠ th sŰntomh periŠghsh tou kŞsmou tou Internet me mia perigrafŠ twn sugkekrimŚnwn uphresiŤn tou Internet, dhladŠ, twn efarmogŤn pou mporeŢ na ektelŚsei Śnac qrŠsthc, Ştan sundŚetai sto Internet (gia perissŞterec plhroforŢec deŢte ta biblŢa [Krol92] kai [LaQuey&93]). Mia prŤth efarmogŠ eŢnai to hlektronikŞ taqudromeŢo (e-mail) pou epitrŚpei thn antallagŠ mhnumŘtwn (kai arqeŢwn) metaxŰ qrhstŤn pou Śqoun prŞsbash sto Internet (opŞte se kŘje tŚtoio qrŠsth antistoiqeŢ mia hlektronikŠ dieŰjunsh). (EŢnai mŘllon perittŞ na sqoliŘsoume thn taqŰthta twn hlektronikŤn antallagŤn, kŘti pou fusikŘ aforŘ Şlec tic efarmogŚc sto Internet.) AllŘ Ştan oi antallagŚc hlektronikŤn mhnumŘtwn gŢnontai anaforikŘ me eidikŘ jŚmata endiaferŞntwn kai metaxŰ mŞnon kŘpoiwn omŘdwn qrhstŤn, tŞte sqhmatŢzontai oi onomazŞmenec lŢstec hlektronikoŰ taqudromeŢou (mailing lists). ’Enac polŰ megŘloc arijmŞc apŞ tŚtoiec lŢstec periŚqontai stic omŘdec nŚwn tou USENET (USENET newsgroups) kai mia Řllh efarmogŠ tou Internet eŢnai h prŞsbash twn qrhstŤn se orismŚna sustŠmata pou kratoŰn autŚc tic omŘdec nŚwn. Gia thn diakŢnhsh arqeŢwn sto Internet akoloujeŢtai Śna eidikŞ prwtŞkollo, to prwtŞkollo metaforŘc arqeŢwn ftp (file transfer protocol). UpŘrqoun mŘlista eidikŘ sŰsthmata pou epitrŚpoun eleŰjerh prŞsbash stouc qrŠstec (anonymous ftp) gia na pŘroun (Š na topojetŠsoun) ta arqeŢa thc arŚskeiŘc twn. TŚloc, me mia seirŘ apŞ Řllec efarmogŚc (Şpwc Archie, Gopher, World Wide Web kai WAIS) dieukolŰnetai shmantikŘ h “ploŠghsh” ston “wkeanŞ twn plhroforiŤn” tou kŞsmou tou Internet. (Sto biblŢo thc [Jacobson94] mporeŢ na brei kaneŢc phgŚc plhroforiŤn sto Internet gia ta jŚmata thc VR.)

OI MEGALES LEWFOROI TWN PLHROFORIWN

MolonŞti eŢnai anamfisbŠthtec oi qimairikŚc katabolŚc thc Śnnoiac tou kubernoqŤrou, h pragmatikŞthta tou parŞntoc twn diktŰwn twn upologistŤn genikŤc (kai tou Internet eidikŞtera) Śqei plŚon epibŘlei tic kateujŰnseic gia tic mellontikŚc exelŢxeic. Stic HPA oi sqediasmoŢ twn exelŢxewn autŤn Śqoun Šdh dromologhjeŢ. O stŞqoc eŢnai h kataskeuŠ miac EjnikŠc UpodomŠc PlhroforiŤn (NII, National Information Infrastructure), enŞc megŘlou diktŰou uyhlŤn taqutŠtwn pou ja mporeŢ na metafŚrei se yhfiakŠ morfŠ Šqo, eikŞna kai dedomŚna se opoiodŠpote shmeŢo. Ja eŢnai mia upodomŠ pou ja sthrŢzetai se Śna sŰsthma plhroforiakŤn agwgŤn metaforŘc Š, Şpwc Śqoun onomasjeŢ, hlektronikŤn lewfŞrwn, megŘlwn lewfŞrwn twn plhroforiŤn Š twn dedomŚnwn (information or data superhighways). MŚsw autŤn twn lewfŞrwn ja diakinoŰntai to sŰnolo sqedŞn twn mŚswn enhmŚrwshc kai yuqagwgŢac me kateŰjunsh ta spŢtia kai touc qŤrouc ergasŢac. Ja eŢnai Śtsi diajŚsimo stic ojŞnec twn sundedemŚnwn upologistŤn Śna terŘstio fŘsma plhroforiakoŰ ulikoŰ, Şpwc efhmerŢdec kai periodikŘ, kinhmatografikŚc tainŢec`video, diŘfora dhmiourgŠmata kalŤn teqnŤn, progrŘmmata kai efarmogŚc upologistŤn, bŘseic dedomŚnwn kai bibliojŠkec gia plhroforŢec pantŞc eŢdouc (emporikŚc, taxidiwtikŚc, metewrologikŚc, gewgrafikŚc, politistikŚc, istorikŚc, episthmonikŚc, klp.).

Ta ’Iqnh tou KubernoqŤrou 17

Kai epiplŚon, h prŞsbash se Şla autŘ, me kataplhktikŠ taqŰthta, eukolŢa kai Řnesh, na epitrŚpei thn amfŢdromh (interactive) epexergasŢa kai thn energŞ summetoqŠ twn qrhstŤn stic prosferŞmenec uphresŢec.

To koinwnikŞ Şfeloc apŞ tic hlektronikŚc lewfŞrouc anamŚnetai na eŢnai exairetikŠc shmasŢac. Oi diasundŚseic twn diktŰwn exasfalŢzoun mia “pantaqoŰ parousŢa”, pou ja epitrŚpei thn thle-metaforŘ stouc qŤrouc ergasŢac, thn thle-sunergasŢa, tic thlediaskŚyeic kai thn diekperaŢwsh diŘforwn epiqeirhsiakŤn kai emporikŤn upojŚsewn apŞ apŞstash. Me thn thle-ekpaŢdeush ta kalŰtera sqoleŢa kai oi kalŰteroi dŘskaloi ja eŢnai sthn diŘjesh Şlwn, anexairŚtwc gewgrafikŤn apostŘsewn Š eidikŤn anagkŤn. To sŰsthma ugeŢac elpŢzetai Śtsi na anabajmisjeŢ me thn paroqŠ uphresiŤn, Şpwc h diagnwstikŠ apŞ apŞstash kai h susthmatikŞterh prŞsbash se kŚntra parakoloŰjhshc twn iatrikŤn arqeŢwn.

EŢnai gegonŞc Şti akŞmh kai to dŢktuo tou Internet, parŞti dhmiourgŠjhke apŞ kŘpoiouc kratikoŰc foreŢc, sthrŢzetai sŠmera katŘ polŰ se uphresŢec pou parŚqoun orismŚnec idiwtikŚc etairŢec. Sta plaŢsia Şmwc thc sqediazŞmenhc EjnikŠc UpodomŠc PlhroforiŤn NII, ektimŘtai Şti h sqŚsh summetoqŠc stic hlektronikŚc lewfŞrouc metaxŰ krŘtouc kai idiwtikŤn forŚwn ja prŚpei na enisqujeŢ proc thn meriŘ twn deŰterwn. H shmerinŠ kubŚrnhsh twn HPA epijumeŢ na prowjŠsei tic idiwtikŚc ependŰseic stic lewfŞrouc twn plhroforiŤn, suneqŢzontac Şmwc na enisqŰei oikonomikŘ tic sqetikŚc prwtoboulŢec Śreunac kai anŘptuxhc sta PanepistŠmia kai thn biomhqanŢa kai na sumbŘllei ston kajorismŞ twn katallŠlwn jesmikŤn kanonismŤn thc teqnologikŠc politikŠc pou ja akoloujhjeŢ. (Mia endiafŚrousa sŰgkrish thc “kratikŠc” autŠc prwtoboulŢac stic HPA se sqŚsh me antŢstoiqec eŢte “kratikŚc” Š “neofileleŰjerec” empeirŢec thlepikoinwniakŠc politikŠc sthn EurŤph gŢnetai sto Řrjro tou [Browning93].)

Oi kŰrioi prwtagwnistŚc tou Śrgou thc kataskeuŠc twn plhroforiakŤn lewfŞrwn stic HPA eŢnai oi exŠc: thlefwnikŚc etairŢec, etairŢec kalwdiakŠc thleŞrashc, kataskeuastŚc susthmŘtwn upologistŤn, etairŢec paroqŠc sundŚsewn me ta dŢktua, kubernhtikŘ kŚntra apofŘsewn kai tŚloc h pagkŞsmia koinŞthta tou Internet. (Gia perissŞterec teqnikŚc plhroforŢec mporeŢ kaneŢc na sumbouleujeŢ to Řrjro tou [Rheinhardt94].)

Oi thlefwnikŚc etairŢec Śqoun autŠ th stigmŠ to megalŰtero thlepikoinwniakŞ sŰsthma ston kŞsmo. O skeletŞc tou sustŠmatoc autoŰ (stic HPA allŘ telikŤc kai pagkosmŢwc) apoteleŢtai kurŢwc apŞ yhfiakŚc grammŚc optikŤn inŤn, enŤ oi topikŚc sundŚseic eŢte gŢnontai me analogikŚc (kai yhfiakŚc) grammŚc apŞ qŘlkina sŰrmata Š eŢnai asŰrmatec. H topologŢa twn thlepikoinwniakŤn diktŰwn sthrŢzetai sth summetrikŠ kai amfŢdromh metagwgŠ dedomŚnwn se kŰklwma (circuit–switched topology). ’Otan Şmwc jelŠsoun na metafŚroun eikŞnec kai video, to prŞblhma pou antimetwpŢzoun ta thlefwnikŘ dŢktua eŢnai h sqetikŠ anepŘrkeia eŰrouc zŤnhc (bandwidth) stic shmerinŚc grammŚc touc. Mia lŰsh sto prŞblhma autŞ mporeŢ na dojeŢ apŞ thn teqnologŢa twn YhfiakŤn DiadiktŰwn OloklhrwmŚnwn UphresiŤn ISDN (Integrated Services Digital Network), pou sunŢstatai apŞ Śna sŰnolo proteinomŚnwn prwtokŞllwn gia thn metaforŘ Šqou, dedomŚnwn kŘje eŢdouc, thlefwtotupiŤn (fax) kai shmŘtwn video. Proc to parŞn h kŰria duskolŢa Śgkeitai sto Şti, an kai o kormŞc twn grammŤn mporeŢ na uposthrŢxei to ISDN, oi topikŚc

18 MwusŠc A. MpountourŢdhc

parakamptŠriec grammŚc sunŠjwc apoteloŰntai apŞ duo Š tŚssera akŘlupta qŘlkina sŰrmata me periorismŚno eŰroc zŤnhc. Mia Řllh teqnologŢa thn opoŢa exetŘzoun sobarŘ oi thlefwnikŚc etairŢec eŢnai h teqnologŢa thc MejŞdou thc AsŰgqronhc MetaforŘc ATM (Asynchronous Transfer Mode). H ATM eŢnai mia mŚjodoc eureŢac zŤnhc fŘsmatoc (broadband), pou sunduŘzei tic topologŢec thc metagwgŠc se kŰklwma (circuit–switched) kai thc metagwgŠc pakŚtwn (packet–switched), allŘ me meionŚkthma to gegonŞc Şti Śqei Śna arketŘ megŘlo kŞstoc.

To thlepikoinwniakŞ sŰsthma thc kalwdiakŠc thleŞrashc leitourgeŢ me mia monŞdromh dianomŠ twn dedomŚnwn proc touc pelŘtec mŚsw sundŚsewn analogikŤn omoaxonikŤn kalwdŢwn optikŤn inŤn kajŤc kai me doruforikŚc sundŚseic. Sta Řmesa sqŚdia twn etairiŤn kalwdiakŠc thleŞrashc perilambŘnetai h paroqŠ nŚwn uphresiŤn, pou ja anabajmŢzoun ta yuqagwgikŘ progrŘmmata, Şpwc eŢnai oi uphresŢec thc “amfŢdromhc” thleŞrashc (interactive TV), twn video me paraggelŢa, allŘ kai uphresŢec emporikoŰ qaraktŠra, Şpwc eŢnai oi agorŚc apŞ thn thleŞrash. EpiprosjŚtwc, oi etairŢec thc kalwdiakŠc thleŞrashc stic HPA filodoxoŰn na prwtostatŠsoun kai se thlepikoinwniakoŰc tomeŢc kajŤc kai se uphresŢec paroqŠc sundŚsewn me ta dŢktua twn upologistŤn. PŘntwc, parŞti ta kalwdiakŘ dŢktua epitrŚpoun Řfjono eŰroc zŤnhc (bandwidth), to kŰrio meionŚkthmŘ touc ofeŢletai sto Şti eŢnai prosanatolismŚna na exuphretoŰn atomikoŰc qrŠstec kai den uposthrŢzoun eŰkola tic diasundetikŚc dunatŞthtec. PisteŰetai Şti pollŘ teqnikŘ problŠmata ja mporoŰsan na lujoŰn me thn eisagwgŠ thc MejŞdou AsŰgqronhc MetaforŘc ATM kai tou prwtokŞllou thc AsŰmmetrhc GrammŠc YhfiakŤn SundromŤn ADSL (Asymmetric Digital Subscriber Line).

’Ola ta parapŘnw sunhgoroŰn se mia koinŠ pepoŢjhsh metaxŰ twn prwtagwnistŤn thc qŘraxhc twn plhroforiakŤn lewfŞrwn Şti autŚc oi teqnologikŚc exelŢxeic thc thleplhroforikŠc kai twn plhroforikŤn epikoinwniŤn (Computer Mediated Communications) eŢnai kŘti perissŞtero apŞ Śna Şrama, eŢnai to mŚso me to opoŢo arqŢzei na diamorfŤnetai h pragmatikŞthta tou eikostoŰ prŤtou aiŤna. EŢnai gegonŞc Şti pŘnw sto frŚsko odŞstrwma twn plhroforiakŤn lewfŞrwn pollŘ stoiqŠmata mporoŰn na paiqjoŰn kai polloŢ kŢndunoi egkumonoŰn. EpomŚnwc, aforŘ Şlouc mac to jŚma thc kateŰjunshc twn megŘlwn autŤn lewfŞrwn, giatŢ oi ekkolaptŞmenec ekeŢ mellontikŚc exelŢxeic anamŚnontai na ephreŘsoun ousiastikŘ to sŰnolo thc anjrwpŞthtac kai wc proc tic koinwniko-oiko-nomikŚc diadikasŢec allŘ kai wc proc to hjiko-politistikŞ perieqŞmeno tou eperqŞmenou mŚllontoc. Gia touc lŞgouc autoŰc, suqnŘ sunantŤntai mŚsa stic sqetikŚc suzhtŠseic kŘpoiec idiaŢtera euaisjhtopoihmŚnec apŞyeic gia to mŚllon thc plhroforikŠc epoqŠc. O Mitchel Kapor (nun prŞedroc tou EFF) uposthrŢzei Şti h qŘraxh twn plhroforiakŤn lewfŞrwn prŚpei na gŢnei sŰmfwna me ta idanikŘ tou Thomas Jefferson, dhladŠ, na eŢnai “jemeliwmŚnh pŘnw sthn prwtokajedrŢa thc atomikŠc eleujerŢac kai pŘnw sthn dŚsmeush gia plouralismŞ kai poikilŢa, gia thn koinwnŢa. (...) Mia EjnikŠ UpodomŠ PlhroforiŤn pou prowjeŢ tic jemeliŤdeic arqŚc thc dhmokratŢac, ton plouralismŞ twn qrhstŤn kai twn kataskeuastŤn, thn eilikrinŠ epikoinwnŢa metaxŰ twn anjrŤpwn kai Şla ta ekjambwtikŘ agajŘ twn uphresiŤn Şpwc oi agorŚc apŞ to spŢti, oi tainŢec me paraggelŢa, oi thle-diaskŚyeic kai oi fjhnŚc kai grŠgorec bŘseic de-

Ta ’Iqnh tou KubernoqŤrou 19

domŚnwn. Mia upodomŠ pou na diajŚtei uyhlŞ eŰroc zŤnhc, anoiktŠ arqitektonikŠ, na dianŚmetai eŰkola kai na antallŘssetai amfŢdroma ” ([Kapor93]).

BlŚpoume Śtsi pwc h suzŠthsh gia tic teqnologikŚc kainotomŢec, tic sqetikŚc me tic plhroforiakŚc lewfŞrouc, Śqei Šdh arqŢsei na apoktŘ mia Śntonh politikŠ qroiŘ. Prin akŞmh egkainiasjoŰn episŠmwc oi lewfŞroi autŚc, ginŞmaste mŘrturec sfodrŤn politikŤn diaforŤn kai antiparajŚsewn gia ta jŚmata twn diktŰwn. ’Ena prŞsfato parŘdeigma dŢnetai apŞ touc oxeŢc diaxifismoŰc pou prokaleŢ h diafainŞmenh diŘjesh thc kubŚrnhshc twn HPA na epibŘllei to sŰsthma dhmŞsiac kruptogrŘfhshc gnwstŞ san Clipper chip (deŢte to Řrjro tou Elmer-Dewitt sto periodikŞ Time [Elmer-Dewitt94]).

’Ola loipŞn deŢqnoun Şti o drŞmoc twn plhroforiakŤn lewfŞrwn den eŢnai anjŞspartoc. QarakthristikŘ, o Mitchell Kapor ekfrŘzei tic anhsuqŢec tou lŚgontac: “AkŞmh kai kajŤc sfurhlatoŰntai oi anagkaŢec sumfwnŢec metaxŰ epiqeirŠsewn kai kubŚrnhshc, paramŚnoun krŢsimec amfibolŢec gia to katŘ pŞson h epanasŰndesh me ta dŢktua thc AmerikŠc ja katalŠxei se diadŢktua sto pneŰma tou Jefferson, ta opoŢa ja prowjoŰn to Řnoigma, thn eleujerŢa kai ton plouralismŞ, pou eŢnai oi pragmatikŚc elpŢdec autŠc thc teqnologŢac. Sth qeirŞterh perŢptwsh, ja mporoŰsame na fjŘsoume se dŢktua, twn opoŢwn h kŰria epŢdrash ja Štan na upojŘlyoun ton ejismŞ se mia nŚa geniŘ hlektronikŤn narkwtikŤn (sta prŞtupa thc Nintendo kai thc MTV). Me ta kŰria jŚmatŘ touc na peristrŚfontai gŰrw apŞ thn efŠmerh ikanopoŢhsh mŚsw tou sex, apŞ thn bŢa Š thn sexoualikŠ bŢa. Me tic qrŠseic kai to perieqŞmenŞ touc na prosdiorŢzontai apŞ megŘlec etairŢec pou ja exwjoŰn proc mia alŞgisth katanŘlwsh pragmŘtwn, pou oŰte qreiazŞmaste oŰte mac kŘnoun kŘti kalŞ ” ([Kapor93]).

EŢte san efhsuqastikŞ Şneiro Š san OrgouellianŞc efiŘlthc, oi megŘlec lewfŞroi twn plhroforiŤn apoteloŰn gia Şlh thn anjrwpŞthta mia megŘlh prŞklhsh. ’Iswc mia apŞ tic shmantikŞterec proklŠseic pou faŢnetai na afŠnei pŢsw tou o eikostŞc aiŤnac kajŤc feŰgei.

ANAFORES

[Brooks88] Frederick P. Brooks, Jr., Grasping reality through illusion – interactive graphics serving science, Keynote Address, 5th Conference on Computers and Human Interaction, Washington, D.C., 1988.

[Browning93] John Browning, EuroTechnoPork, Wired 1 (May–June 1993) no. 2, 82–85; 108–109. [Elmer-Dewitt94] Philip Elmer-Dewitt, Who should keep the keys? Time (March 14, 1994), 50–51. [Freedman93] Alan Freedman, The Computer Glossary, AMACOM, New York, 1993. [Furness91] Thomas A. Furness, Director, Human - Interface Technology Laboratory, University of Washington, at U.S. Senate Hearing on Virtual Reality, Washington, D.C., 1991.

[Gibson84] William Gibson, Neuromancer, Ace Books, New York, 1984. [Gibson87] William Gibson, Burning Chrome, Ace Books, New York, 1987. [Heilig62] Morton Heilig, Sensorama Simulator, US Patent # 3,050,870, August 28, 1962. [Heim93] Michael Heim, The Metaphysics of Virtual Reality, Oxford University Press, New York – Oxford, 1993.

20 MwusŠc A. MpountourŢdhc

[Jacobson94] Linda Jacobson, Garage Virtual Reality, Sams Publishing, Indianapolis, IN, 1994. [Kapor93] Mitchell Kapor, Where is the digital highway really heading? The case for a Jeffersonian information policy, Wired 1 (July–August 1993) no. 3, 53–59; 94.

[Krol92] Ed Krol, The Whole Internet: User’s Guide & Catalogue, O’Reilly & Associates, Inc., Sebastopol, CA, 1992.

[Krueger83] Myron Krueger, Artificial Reality, Addison-Wesley, Reading, MA, 1983. [Lalande51] André Lalande, Vocabulaire de la Philosophie, Presses Universitaires de France, Paris, 1951 (French). EllhnikŠ metŘfrash apŞ ton EutŰqio P. FikiŤrh wc “LexikŞ thc FilosofŢac,” PŘpuroc, AjŠnai, 1955.

[LaQuey&93] Tracy LaQuey with Jeanne C. Ryer, The Internet Companion: A Beginner’s Guide to Global Networking, Addison-Wesley Publishing Co., Reading, MA, 1993.

[Loeffler92] Carl Eugene Loeffler, Networked Virtual Reality, in STUDIO for Creative Inquiry, Carnegie Mellon University, Pittsburgh, PA, 1992.

[McLuhan64] Marshall McLuhan, Understanding Media: The Extensions of Man, Routledge, London, 1964.

[Poster90] Mark Poster, The Mode of Information: Poststructuralism and Social Context, The University of Chicago Press / Polity Press, Cambridge, UK, 1990.

[Rheingold91] Howard Rheingold, Virtual Reality, Summit Books, Simon & Schuster, New York, 1991.

[Rheinhardt94] Andy Rheinhardt, Building the data highway, Byte 19 (March 1994) no. 3, 46–74. [Rucker&92] Rudy Rucker, R.U. Sirius and Queen Mu, Mondo 2000: User’s Guide to the New Edge, HarperPerennial, New York, 1992.

[Sterling92] Bruce Sterling, The Hacker Crackdown: Law and Disorder on the Electronic Frontier, Bentam Books, New York, 1992.

[Sutherland65] Ivan E. Sutherland, The ultimate display, in Proceedings of the International Federation of Information Processing (IFIP) Congress, Information Processing Techniques Office, 1965, pp. 506-8.

[Sutherland68] Ivan E. Sutherland, A head-mounted three-dimensional display, in Proceedings of the Fall Joint Computer Conference, Harvard Computation Laboratory, Thompson Books, 1968, pp. 757-764.

[Vinge84] Vernor Vinge, True Names, Bluejay Books / St. Martin’s Press, New York, 1984. [VPL89] VPL Research, Inc., Virtual Reality at Texpo ’89, VPL Research, Inc., Redwood City, CA, 1989.

[Walser90] Randal Walser, The Emerging Technology of Cyberspace, internal paper, Autodesk, Inc., April 25, 1990.

[Wiener48] Norbert Wiener, Cybernetics: Control & Communication in Animal and Machine, John Wiley & Sons, New York, 1948.

[Woolley92] Benjamin Woolley, Virtual Worlds: A Journey in Hipe and Hyperreality, Blackwell Publishers, Oxford, UK, 1992.