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CUCTEMA VJIAJIEHHOW BU3YAJIU3AIIUU
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SYSTEM OF DISTANT VISUALIZATION
FOR ENGINEERING CALCULATIONS AND HPC

M.O. Bakhterev, P.A. Vasev, A.Y. Kazantsev, D.V. Manakov

PaccMoTpeHbl Bompockl A0CTyNa K pe3y/ibTaTaM BblUMCICHUI. BoineneHsl
cJlyyau, B KOTOPBIX BBITOTHO MPUMEHEHUE YIaNEHHON BU3yaau3allu, TO €CTb
TAKOTO pacrpeieieHns] CUCTEMbl BU3yalu3alliu, KOrjaa U300pakeHus reHepu-
PYIOTCSI Ha OTHOM KOMIIbIOTEpE, a MpocMaTpuBatoTcs Ha ApyroM. [pennoxeHa
HOBasl cuUcTeMa YIAJIEHHOW BU3yalu3alluM, KOTOpas 3aledCTBYeT Mpeumylle-
CTBa BEO-TEXHOJIOTUIA.

Karouegwie crosa: euzyaruzayus, UHICEHEPHbIE 8bIMUCAEHUS, pAcnpede-
NEHHbLE cucmeMbl, peHdep-cepeepbl, YOANEHHAS 8U3YAAU3AYUS

The authors analyses issues of access to the calculation results. They
marked the cases in which the usage of the distant visualization is rational,
i.e. such distribution of the visualization system when the image data are
generated in one computer and can be browsed on the other. The authors
offer a new distant visualization system which will enable the web-technology
advantages.

Keywords: visualization, engineering calculations, distributed systems,
render-servers, distant visualization

1. BBenenue

CoBpeMeHHasl BBIUMCIUTENIbHAsS TEXHUKA TO3BOJISIET OCYIIECTBISITh BCE Oojiee CIOXHBIE pac-
yéThl. Pe3ynbTaThl TAKUX BHIYMCICHUI MOTYT MPEACTaBISATh COOON 3HAUMTEIbHBIN 00BEM HAHHBIX.
OueBUAHO, BO3HUKAET MpobyieMa 3¢pGHEeKTUBHOTO AOCTyNa K 3TUM AaHHBIM. OIHMM U3 pelleHUM
Takoi TpoOGJIeMbl SIBISETCSA TEXHOJIOTUSI yHAJEHHON BU3yalu3aluu. DTO IMOApa3yMeBaeT TaKylo
MOIM(PUKALIMIO CUCTEMbl BU3yalM3allMU, KOTJAa M300pakeHMs CO3MAIOTCS Ha CIelUaJlbHOM KOM-
MbIOTEPE U TEpeJaoTCs MO CeTH Ha KOMIBIOTEP MOJb30BaTeb. [1o1b30BaTe/ b MOXET YIPaBISTh
BU3yalu3alueil, BAUSS Ha Ipolecc CO3AaHUs M300pakeHWid, KOTOpble HEMEIJICHHO MOSBISIOTCS
Ha ero KOMIbloTepe.

Cpeaun NJOCTOMHCTB JaHHOIO IMOAX0JAa MOXHO OTMETUTH clieayioliue. Bo-mepBbIx, MOSBIsSETCS
BO3MOXKHOCTh BU3yaJlIM3allMM DKCIIEPUMEHTAILHBIX JaHHBIX OOJIBIIOr0 00bEMa 0e3 HEeOoOXOAUMO-
CTU KOTIMPOBAaHMSI ITUX JAHHBIX Ha KOMITbIOTEp MOJb30BaTes. JleiiCTBUTENIbHO, PEHIEPUHT MO-
KET OBITh OCYIIECTBIEH HA BHIYMCIMTEIbHBIX MOLIHOCTSIX, UMEIOIINX ObICTPHINA JOCTYIT K JaHHBIM.
IIpu 5TOM IMOJB30BATENIO MEPEAAIOTCS JIMIIL U300paxXeHus, a HE UCXOAHbIE JaHHbIe. BO-BTOpPHIX,
aHallu3 pe3yJbTaTOB 3KCIIEPUMEHTA MOXET ObITh HauaT 0e3 3afepKeK, CBS3aHHBIX C IMepeaadcii
OoNbIIOr0 O00BEMA JAHHBIX IJIs1 Busyanauszauuu. Jlajee, 3a CUET LIEHTpaJIM3alUU MPOrPaMMHOIO
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o0ecredeHusT MOSIBIISIETCS BO3MOXHOCTh COKpAIllEHUS JIMIIEH3MOHHBIX U3/IEPXEK Ha 3a1€iCTBOBAH-
HOe MporpaMMHoe obecriedyeHue. TakKe MOXHO OTMETUTh YIPOIUIeHUE MPOLECCOB aAMUHUCTPUPO-
BaHUS U MOANEPXKKU CUCTEMbl BU3YaJIU3allMU U BBIYMCIUTEILHOIO KOMILIEKCA B IIEJIOM.

B Unctutryre Matematuku u Mexanuku YpO PAH pazpabaTbiBaeTcsi TEXHOJOTUS MOANEPXK-
KM YIIEHHOW BU3yaau3allMu. DTa TEXHOJOTHUS IMO3BOJISIET CO3[aBaTh Pa3JIUYHbIE CUCTEMBI BU-
3yain3aluu AJs1 CYyNEePKOMIbIOTEPHBIX BBIUMCICHUN W MHXEHEPHBIX pacueéToB 4yepe3 MHTepHeT.
ITpexnae yeMm TepeldTU K OMUCAHUIO CO3JAHHOW TEXHOJOTUHU, TMpeJjiaraeM pacCMOTPETh BOIMPOC
BU3yaJIM3allMd C TOYKU 3PEHMs B3aMMHOIO pa3MEIleHUs] TaHHbIX, CUCTEMbl PEHAEPUHIa U KOM-
MbIOTEpa MOJb30BATEIS.

2. PacnoyioxeHue JaHHBIX U CUCTEMBI peHIEPUHIa

C TeXHWYECKOW TOUKM 3PEeHMS BM3yallM3alusl BKJIIOUAeT B cebd 3Tamnbl 3arpy3KM JaHHBIX,
00paboTKu, Mpeodpa3oBaHUS 3TUX JaHHBIX B BU3yallbHbIe CYLIIHOCTU, MX PEHIEPUHT U OTOOpaxe-
HUE Ha OUCIUIEe WM APYroM yCTpoucTBe [1]. DTO OTHOCHUTCS KakK K OHJIAH-BU3yaJlM3allMM, TakK
U K BU3yalIM3allMM Tocjie c4Y€Ta. B CBSI3M ¢ HaqIMUMEM 3TUX 3TAlOB IJIS apXUTEKTYpPbl CUCTEMBI
BU3yalM3allMM CYIIECTBEHHBIMU SIBJISIIOTCS CJCAYIOIIME BOIIPOCHI.

1. PacnojioxkeHne HaHHBIX — JIOKAJbHOE MJM yaajdéHHoe. JloKajbHOE pacIoyioXeHue
MmoJpasyMeBacT Haauuue (HailjioB Ha KOMIbIOTEPE MOJab3oBaTensi. OQHAKO JaHHBIE MOTYT pacio-
JlaraThCsl U BO-BHE - HamlpUMep, KOTAa MX HEBO3MOXHO WM HedI(P@PEeKTUBHO LIEJIMKOM IepenaTh
Ha MallMHY I0JIb30BaTels A BU3YyalW3aLluu.

2. PacnoioKeHne CHCTEMbBI PEHAEPUHTa — JJOKAJbHOE WJIN yaaJdéHnHoe. JlokaaTbHbBIN
PEHIEPUHT 3alefCTBYeT MOILIHOCTH KOMITbIOTEpA MOJb30BaTeNsl. YIaJ€HHOE pacloJIOXeHUEe CHU-
CTeMbl pEeHIEpPUHTa ToApa3dymMeBaeT €€ MCIIOJHEHME Ha OTACIbHOM KOMIbIOTepe (MM Jaxke Ha
CaMOM BBIYMCIIUTENE). DTO MOXET OBITh ONpPaBIaHO B PA3IMYHBIX CiIydyasix, HallpuMep, Korma
MpoLIeCC PeHIEepHHTa TpeOyeT BBIYMCIUTEIBbHBIX MOIIHOCTEH, MPEBBIIIAIIINX BO3MOXHOCTA Ma-
IIMHBI TTOJIb30BATEIS.

Ecnu paccMoTpeTh KOMOMHAIIUM PACTIONOXEHUS TaHHBIX U PEHAEPUHTa, TO MOXHO BIUIOTHYIO
MPUOIU3UTHCS K BO3MOXHBIM apXUTEKTYPHBIM PELICHMSIM IJIsl CUCTEM BU3yalU3alluu.

1. IanHble ¥ PeHAEPHHI — JOKaJbHbIe. DTOT CIIydailli MOXHO CUUTATh KJIaCCHUYECKUM
U caMbIM pacrnipocTpaHéHHBIM. [lompa3ymeBaeTcsi, YTO BpeMs UTeHMUsS U BHU3YyaJM3allUM JTaHHBIX
npuemsieMo. IlmocoM 3Toro moaxoma SABISIETCSI OTHOCUTENbHASI TIPOCTOTA peain3aluu CUCTEMBI
BU3YyaIU3aLlUM.

2. JlanHble yaan€HHbIE, PEHIEPHHT JOKAJAbHbIA. Bo3HUKaeT HEOOXOOAMMOCTh CO30aHUS
TeXHUYECKMX CPEACTB AJs TMepeaayd JaHHBIX WJIM MX YacTW. Hampumep, 3TO MOXeT OBITh IPO-
rpaMMa Ha KOMIbIOTepe C pe3ybTaTaMU BBIYMCIECHMI, KOTOpas MO KOMaHIe CUYUTHIBACT U Iepe-
JlaeT 4acTh JAHHBIX Ha MalllMHY MoJib30BaTess. KoMaHIbl Ha UTeHUWE U Tepeaayy WHULIMUPYIOTCS
CHUCTEMOIl peHIepUHTa B 3aBUCUMOCTH OT TEKYILIEro BUaa U mapaMeTpoB oTobpaxkeHust. [1pu stom
JIOKAJbHBIM pEeHAEPUHT 00eCIeunBaeT OMEPAaTUBHOCTh B3aMMOACHCTBUS C CUCTEMOM - Hampumep,
IMOBOPOT TPEXMEPHON CLIEHBI € TOMOIIBIO MBIIIX MOXKET BBITJSACTh HEMOCPEACTBEHHBIM M TLIaB-
HBEIM [2].

BaxHoii 3agaueii, KOTOPYIO MPUXOIMTCS pelllaTh B Caydyae yIallEHHBIX JaHHBIX U JIOKAJIbHOTO
peHIepuHTa, SBISETCS BLIOOp MpaBMII Nepedadyu TaHHbIX. Hampumep, B IIMPOKOM CIIEKTpe 3amau
MpY BU3yaIuU3aluu PAaCUETHBIX CETOK YCIIEIIHBIM SIBISETCS TOIXOM, KOIJa JaHHbIe OTpYOJISIOTCS
(¢ coxpaHeHWEeM KOTHUTUBHOCTU BOCIIPUSITHS) Ha YAaJEHHOW MallWHe, YTO TMO3BOJISIET mepenaTh
WX IO CETH M OTOOpa3WUTh HAa MaIIMHE MoJib3oBartels [3].

3. lanubie M peHIAepUHr — yaajéHubie. B 3TOM ciiyyae M300pakeHUsI CO3IAIOTCI Ha
CIeMaJIbHOM KOMITBIOTEPE U MEpPEeaaroTCs MO CeTU Ha KOMIBIOTEP Mojb3oBaTeis. Ilonb3oBaTenb
MOXET YIpaBisaTh BU3yalM3allueil, BAKss Ha MPOLIECC CO3JaHUS U300paxkKeHUl, KOTOpble HEMEI-
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JICHHO TIOSIBJISIFOTCS Ha €ro KOMITbIoTepe. AKTYaJbHON SIBJISICTCS IMMPUHA KaHaja MEeXIy PecypcoM,
colepxXaluM JaHHbIE, W CUCTeMoil peHaepwHra. Eciam 3TOoT KaHanm o0iamaeT HOCTaTOYHOW TIPO-
ITyCKHOM CIOCOGHOCTHIO, TO CHCTEMa Iepedayd TaHHBIX MOXET OKa3aThCs HOCTATOYHO IPOCTOIA.
Eme oqHUM TUTIOCOM TaKOTO TTOAXOMA SIBJISETCS TO, YTO CHCTEMa PEHIEepWHTa MOXET OBITh pacrpe-
nen€HHoi. OTMETHM TakXe, 4TO TpeOOBaHMUs K IIMPHHE KaHaja MEXIy CHUCTeMOM peHIepUHTa U
MaIlIMHOM TTOJIb30BaTeJIsI B OOIIEM Ciiydae SIBISIOTCS (GUKCHUPOBAHHOM BEJIMIMHOMN, OINpEAETISIeMOM
WHTCHCUBHOCTBIO TpaMYecKOro ooMeHa IJisl JaHHOM 3amadm.

MoOXHO cKa3aTh, YTO KaXIBIi M3 MEepedynCIeHHBIX BApUAHTOB SBISETCS MPEANOYTUTETbHBIM
B 3aBUCUMOCTH OT cuTyaluuu. KOHKpeTHBI BBHIOOp TOM MJIM MHOW KOH(MUIypallMy OIpeAciIsieTCs
perraeMoi 3amadeil 1 MMEIOIIMMCS CHCTEeMHBIM OKpYyXeHHeM. B pa3paboTaHHOIW HaMu CUCTeMe
MoJpa3yMeBaeTCsl MCIOIb30BaHUE TPEThErO0 BapMaHTa, KOIIa M Pe3yJbTaThl 3KCIIEPHMMEHTAIBHOTO
MOJIETMPOBAHNS, W TIPOTPaMMBI PEHIEPUHTA PACTIONOXEHB Ha YNaJEHHBIX MOITHOCTSIX.

3. Knaccudpukaumus CUCTEM yIaJd€HHOW BuU3yaau3alluu

B pabotax 3amagHbix Kojuter [4] BcTpedaeTcs ciaeayroliast Kiaccuukanus CUCTEM YAAIEHHOMN
BU3yanu3aliu, KOTOpas MpeacTaBIseT Ha HAll B3TJISLA OCOOBI WHTEpecC.

1. PenaepuHr Ha KoMnbloTepe moJb3oBaTesia. B 3ToM BapuaHTe mporpamMmMa Bu3lyajiusa-
LIMA UCTIOJIHSIETCSI HAa CEpBEPE, OJHAKO PEHACPUHT MPOUCXOIUT HA MAIIMHE MOJIb30oBaTess. ApKum
nmpuMepoM 3Toro kinacca sBistorcss cucteMbl X-Windows u Chromium. IlepBas mo3BossieT 3a-
MycKaTh MPOTrpaMMbl Ha YIAIEHHOM KOMITBIOTEPE, HO MPU 3TOM OHM OTOOpPAXKAIOTCI U BEIYT cebs
Kak JjokanbHble. BTopas cucrtema - Chromium - mo3BosisieT HanpasasiTh MotoKk OpenGL-komaH
OT cepBepa K kjiaueHTy. CHCTEMbl 3TOro Kjacca, MOMUMO CBOUX IMPEUMYIIECTB, OOJamalOT TaK-
XK€ W HEJIOCTaTKOM - OHU HE€ 3aJeWCTBYIOT CEPBEPHBIE MOIIHOCTHU JJISI BBIMOJHEHUS PEHAEPUHTA,
OCTaBJISISl ATY 3a4adyy MalllMHE MOJb30BaTEs.

2. PeHJaepUHI HAa CTOPOHE cepBepa JJs ABYMEPHBIX M AJMUHUCTPATHBHBIX 3aJad.
Haunbonee pacnpocTpaH€HHbBIE MPeACTaBUTENN 3TOTO Kilacca - Microsoft Terminal Services, Citrix
MetaPrame, a takxe TexHogoruss VNC. DTH NpOAYyKTHl UCIOJb3YIOTCSI, KaK YK€ OTMEYEHO, AJIS
BBITIOJIHEHUS 3a/7a4y MO aAMUHUCTPUPOBAHUIO, a TaKXe AJs1 YAAIEHHOTO AOCTyNa K O(PUCHBIM U
IPYTUM ABYMEPHBIM TpUiioXeHUssM. OaHAKO ¢ TpExMepHOU rpadUKoOUl MaHHBIE CUCTEMBbI CIpaB-
JIsTIoTCs cnabo.

3. PeHaepuHT HA CTOPOHE cepBepa IJis TPEXMePHBIX NPUIOKeHHUi. B 3Ty KaTeropuio
MOMaAalT BCE CUCTEMbI, MOAAEPKUBAIOIINE PACTIpENEICHUE «JaHHbIE U PEHACPUHT - YIAIEHHBIC»,
KOTOpOE OIMUCAaHO B MpeabiaylieM maparpade. Jlanee OyaeT pacCMOTPEH LENbIA Pl TAKUX CUCTEM.

Kak yxe ormevanoch, B MpeajiaraeMoii HaMU CUCTEME Mbl NpUAEepXKHBaeMcsl MOAXoaa, Koraa
PEHIEPUHT OCYIIECTBISIETCS HAa CTOpoHe cepBepa. ObpaTumMcs Ternepb K KpaTKoMy 0030py MME-
LIKUXCS CUCTEM YAJIEHHOW BU3yalu3allMM, YAEJUB JOJKHOE€ BHUMAaHUE TEXHUYECKUM HIOAHCaM MX
MPUMEHEHMUSI.

4. O030p CylIECTBYIOIIUX pPELICHUNR

Hamu uccinenoBanbl Bo3mMoxHoct cucteM Windows Terminal Services 2008, Citrix XenApp,
peweHuii VNC u XWindows, a TakxXe psiia MEHee M3BECTHBIX CUCTeM. AHaJlM3 MOKa3bIBaeT, YTO
BelylliMe pa3pabdoOTUYUKU ITUX PEIIEHUN TOJbKO MPUCTYNAOT K MOJJAEpPXKKE MporpamMm cC arnma-
paTHoil Tp€xMmepHoii rpadukoii. Tak, B mpecc-penusax kommnaHuit Microsoft u Citrix 2008 rona
3a8BJIEHO, YTO CJIEAYIOIIME BEPCUM UX MPOAYKTOB OYAYyT HEMOCPENCTBEHHO MOJAAEPXUBATh MpHU-
JnoxeHus, ucnonssytoinue DirectX u OpenGL. be3yciioBHO, TaHHBIE 3asIBJI€HUST BCESIIOT OMpee-
JIEHHYIO YBEPEHHOCTb M XeJlaHWE MPUMEHUTb 3TU LHIMPOKO MCTOJIb3yEMble TEXHOJOTUU, OJHAKO B
HACTOSIIUA MOMEHT €IMHCTBEHHO BO3MOXHBIN MyTh - PACCMOTPEHUE aIbTEPHATUBHBIX PEIICHUIA.
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CyllecTBYIOT pellleHUs] pa3indyHbIXx ypoBHeil. Hampumep, Ha ypoBHEe OMOJIMOTEK U CEPBUCOB
Beiaeasiiorest VNC u VirtualGL. A cpenn ¢dbiaarMaHoOB TOTOBBIX MPOAYKTOB MOXHO OTMETUTh
Paraview Enterprise Edition, Sun Visualization System, HP Scalable Visualization Array, Mental
Images Reality Server u StreamMyGame. IloguepkHEM, 4TO OOJBIIMHCTBO M3 3TUX pEILICHUN
OPHUEHTHUPOBAHBI HA MOJb30BATEIbCKUI UHTEp(deiic, 6azupylomuiics Ha BeO-TexHomorusax. Cpeau
MPEACTABIIEHHBIX CUCTEM OTIEJbHO XOTEJNOCh ObI BBIAEIUTH CJEAYIOIINE.

Cpena VirtualGL pacumiupsier GyHKIIMOHaIbHOCTb CUCTEM Ha 06a3e TexHoJoruii X-Windows,
3alIeMCTBYsI allllapaTHBIM peHIEepUHI Ha cTopoHe cepBepa. B X-Windows Bce koMaHabsl OpenGL
HamnpaBJsIOTCS MO CETU AJIST UCMIOJTHEHUSI Ha KOMITbIOTEpe MoJib3oBaTes. [Tocie BKIIIOUeHUS Cpeibl
Virtual GL peHaepuHT oCyllecTBIsIeTCsI cCpa3y Ha CEpBEpPE, U IO CETU TEepenaroTcsi TOTOBbIE U300-
paxeHus. Il1ocom 3TOUl cpenbl, OUEBUAHO, SIBISIETCS MPO3padyHas WHTErpanus ¢ UMEIIUMUCS
npuioxeHusIMu. MuHyc - npuBsizka K X-Windows.

Paraview Enterprise Edition - cogepxur BeOG-umHTEepdelic K cucTeMe BU3yaIU3aAlUU
Paraview nis opraHuzauuu yaal€HHOW Bu3yanu3alnuu. Paraview SIBISIETCS paclpOCTPaHEHHbBIM
WHCTPYMEHTOM JJIs1 BU3yaJM3allMU Pe3yjbTaTOB Pa3jMUYHBIX pacuéToB. Cpeam IIIOCOB Mporpam-
MBI - OOraThiif HAO0Op BUJOB OTOOPAKEHUS U pa3MUYHbIE BAPUAHTHI KOH(MUTYpallMUA paclpeaeaeH-
HOro peHaepuHra. MMHYC - HEOOXOOAMMOCTb KOHBEpTalLlMM AaHHBIX B popmaT Paraview.

ITporpammublii Kommiaekce RealityServer sBasiercsa nyatdopmoii ajist cozaanust SD-Be6-
npuwioxeHuit. CucremMa coaepXuT WHOPACTPYKTYpY AJST PEHACPUHTA TPEXMEPHBIX CLIEH, Tepena-
4yKi U300paxeHuil B BeO-uHTepdeiic, u MpueéM KOMaHJ OT MOJIb30BaTelNsl BeO-uHTEepdeiica ¢ mocie-
aywouieil o6padoTkoit ux Ha cepBepe. CyllecTByeT BO3MOXHOCTb KaK HAaCTpOWKMU BeO-uHTepdeiica,
TaK U MPOrpaMMUPOBAHUSI cepBepHOU TorTuku. Cpeau TUII0COB NPOrpaMMbl MOXHO OTMETUTh MOM-
NIepKKYy amnmapaTHoro peHaepuHra. Cpeayd MMHYCOB - 3aKpBITOCTh pa3paboTku. Kpome Toro, ot-
JeJbHOM Mpo6aeMoii SIBJASIETCS HEOOXOAMMOCTh KOHBEPTALIMU NaHHBIX B (DOpMaT CLieH «.T», MpU-
MeHsomuxcsa B RealityServer.

ITo pesyabraTaM McCCIeAOBaHUS CYIIECTBYIOLIMX PELIEHUWI HaMU ObLIO MPUHSITO pPElIeHUE O
CO3[JaHUM HOBOW CHUCTEMBbl YAAJIEHHOU BU3yalW3allMU. DTO MO3BOJUT B OymylieM riay0xe MOHSTH
Mpo0JeMaTUKY 3TOM TEXHUYECKOI 00JIaCTH, a TaKXKe MPOU3BOIUTh JOCTATOUHO I'MOKHUE U3MEHEHMUS,
KOTOpbIe MOTpedyeT MpaKTUKa.

5. HoBag cucrema ynaai€HHON BU3yaJM3allUu

Cucrema cocTout M3 Tpé€x ypoBHe#: (1) momyneil Busyanmsamuu, (2) cepBHUCaA-IMIOCPEOHUKA U
(3) unrepdeiicoB moab3oBaTead. Kaxmbiit Moayap BU3yanu3anuu (IporpaMma peHAepuHra) - 3TO
OIVH WJIM HECKOJILKO IPOLIECCOB, OTBETCTBEHHBIX 3a 3arpy3Ky M rpaduuecKoe MpeacTaBIeHue 3KC-
MepUMEHTAJIbHBIX JaHHBIX ompenaeiaéHHoro Tumna. CepBHC-TIOCPEIHUK - 3TO CepBEpHBIN Tpolecc,
OH TIpMHUMAET KOMaHAbl OT MHTep(deiica MoJib30BaTeNIs U HapaBJseT UX K IporpaMMaM peHIe-
puHra. MHTepdeiicel ToJib30BaTeNsl - B HACTOSIIEe BPeMsI MOCTPOCHHBIE Ha BEO-TEXHOJOTUAX -
0TOOpaXaloT MOCTPOCHHBIE rpacduyecKue MpeacTaBIeHUs JaHHBIX U B3aUMOICUCTBYIOT C IOJIb30-
BateneM. Ha puc. 1 mokazaHa oOmiast cxeMa pabOThl CUCTEMBI.

Hrak, monp3oBaTeb B3aMMOACUCTBYET C CUCTEMOI depe3 BeO-uHTepdeiic, B KOTOPOM Mpel-
CTaBJICHBI BJIEMEHThI YIIPaBJICHUS MOIYJIeM BU3yalu3aluu. B ocHOBe aTOro nHtepdeiica - creHepu-
pOBaHHOE BU3yaJibHOE IMpeacTaBlieHUe JaHHbIX. [1oJb30BaTeIb MOXET 0Ka3blBaTh BO3JECTBUE HA
n300paxeHue, a TaKKe Ha 3JIeMEeHThI ynpasieHus. [1pu Bo3meiicTBuu BeO-uHTEepdeiic HanpaBasieT
COOTBETCTBYIOIIME KOMaHIbI CEPBUCY-TIOCPeaHUKY. [locpeqHUK, B CBOIO Oouepelb, TPAHCIUPYET KO-
MaHIbl KOHKPETHOMY TPOIIECCYy MOAYJSI BU3yalu3alMKU. DTO MOTYT OBITh 3allpOChl HA M3MEHEHUE
TeX WJIM UHBIX ITapaMeTpoOB JUOO Ha MepepucoBKY M300paxeHus. B ciaydyae 3anpoca Ha mepeprcoB-
Ky B MOjyJie BU3yaJlM3allUM BBI3bIBAETCSI creluaibHass (GpyHKUUsT peHaepuHra. [lociae orpaboTku
9TOM (PYHKLUU M300paxKeHHe CXKUMaeTcs B ONpeAc€HHBIM dhopMaT U Mepeaaércss yepe3 CepBUC-
MOCPEeIHUK B Gpay3ep IMOJIb30BaTENSI.
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Cucrema yaanéHHoOM BU3yannsaLuu AN UHKEHEPHbIX

U CYNEepPKOMMbIOTEPHDbIX BbIUMCACHUHA
M.0. Baxvepes, N.A. Bacés, A.10. Kasanues
Cexrop sn3yanusaumm UMM YpO PAH

Cucrema y P pesy
He NePeRasan MX Ha KOMNILIOTEp NOMLIOBATEN Komanpasi or
T18Rs308aTent-Hecnenosarens
- nabniodoem u ynpaenaem 9 A

Mogyns
BU3yanusaumm
x = cmpoum usobpoxenun

;k CucTemmsiit Mogynb

- obecnevusaem cense

Paboma ebinonrena 8 pamxax

npozpammoi Ne14 lNpesuduyma
Poccuiicroii Axademuu Hayx

u yem ¢

Puc. 1. Obmasa cxema CUCTeMbl OHJalH-BU3yaJlU3allUU

B HacToslIMiI MOMEHT B paMKax MNpeJjaraeMoil TEXHOJOTUU i KaXIOW CUCTEMbl BU3Y-
anu3alMuy MOAPa3yMEBAETCS «pyYHOe» co3llaHue COOCTBEHHOTO BeO-uHTepdeiica moyib3oBaTes.
3anaya pa3zpaboTKM YHUBEPCAIbHBIX MEXaHM3MOB CO3[aHMsl TaKuX rpacduyeckux MHTepdeicos -
3TO 0CO0bIii BOMPOC, KOTOPBIKM 3aciyXUBaeT BHUMAHUS OTIEJbHON MCCIEeNOBaTENbCKON paboThI.

Monynu Buzyaiusaluu co3jaloTcs M padoTaloT no ciaenywoouleid cxeme. [lpu 3amycke mMonyib
perucTpupyercs B cucTeMe, coo0lllas CBOe CeTeBOe pacrojioxkeHue. Takxke MOAysib COOOIIAeT Ie-
peYeHb IMapamMeTpOB, KOTOPBIE BIMSIOT Ha BU3yalW3allMI0 W KOTOPBIE MOXHO W3MEHSITh 4Yepe3
uHTepdeiic noap3onaress. Jajnee Monyab peructpupyer (yHKIIMIO PEHAEPUHra U MEPEXOAUT B
PEXUM OXUIaHUS.

Kak oTMeuyeHO BbIlIe, KOTrjJa BO3HMKAET HEOOXOAMMOCTb CTeHEpPUPOBATh M300paXKeHUE, CU-
cTeMa BBI3bIBAET 3aperuCTPUPOBAHHYIO DYHKIIMIO peHAepuHTra. Eciu moiab3oBaTe/b UHUILUUPYET
U3MEHEHUE MapaMeTPOB, TO MPOUCXOIUT OOHOBJIEHUE 3HAYEHUI COOTBETCTBYIOUIUX MEPEMEHHBIX B
OIMEepaTUBHOW MaMSITU MOMYJSI BU3yalU3alWu.

Ha puc. 2 mokazaH mpuMep MCXOMHOTO KOJda MOAYJs Bu3yanusanuu. B gaHHOM ciydae Mo-
JIyJb UMEET JBa MapaMeTpa BU3yalu3aldu - YIJibl MOBOpoTa clieHbl alf a u beta. BT mapameTpsbl
MyOJIUKYIOTCS B CHCTEME C MOMOIIbIO BbI30BOB iv_publish. Tlocie mybGnukamuu cucteMa MOXET
YUTATh U 3aMMChIBATh 3HAYEHUS NMapaMeTpoOB B MaMsTh MporpaMMbl. JIoCTyn K MaMsTU OCYIECTB-
JISIETCSI aCUHXPOHHO, B MapajjeIbHOM TOTOKE.

B atom mpumepe GYHKUUMS peHIEpUHTIa co3JaHa MPOCTeHIIMM oOpa3oM - OHa IepenaeT B
rpaduuecKyIo CIIEHY YKa3aHHbIE MapaMeTphbl U BBI3BIBAECT 3aXBAT U300paXeHUs C OKHA MPUITOXE-
HUs. OTa QyHKIUS TaKXKe UCIIOJHSIETCS B MOTOKE, OTJIMYHOM OT TJIaBHOTO MOTOKA MPUTOXEHUSI.
l'apaHTUpyeTcsi, 4TO BO BpeMsl paboOThl AaHHOUW (YHKIIMU TMapaMeTpbl BU3yalu3aldu OCTAlOTCS
HEU3MEHHBIMU.

ITocne cpabaTeiBaHUST (PYHKIIUU PEHIAEPUHTA N300paKeHUE CXKUMAETCS U TIepPeaaETCsl CEpPBUCY-
nocpenHuky. IlpaBunam cxatusi u3obpakeHUl TpeOyeTcs yaeauTbh ocoboe BHUMaHue. Ha Teky-
IIMA MOMEHT OHM ymakoBhbiBaioTcs B opmat PNG mno cienyrwoueit cxeme. Ilpu mepBom 3ampoce
Ha KaJp cucTeMa BbIChbLIaeT U300paxkeHue, yMeHbllleHHoe B 4 pa3a. Ilpu moctynieHun B Opaysep
3TO M300paXkeHUe pacTSITMBAeTCsI, U MOJb30BaTeNb BUAMUT ClieTKa pa3MbITyl0 KapTuHy. B ciyuae,
€ClTd TI0JIb30BATE/Ib HE MPOSIBIISIET KAKOW-TUOO aKTUBHOCTU B TEUEHUE HECKOJBbKUX CEKYHJ, TMO-
chUIaeTcsl yaydllieHHass KOnusl n3o00paxeHusi ¢ kKoadduimeHToM ymeHblieHus 2. Eciu B TeueHue
MOCJIEAYIOIIUX CEKYH]I I10JIb30BaTeb MPOJOJIKACT «MOJI4YaTh», TO HepemaéTcsa M I0Ka3biBaeTCs
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double alfa=0,beta=0; // mapamMeTpn BH3yaam3anuu

// ®byEHRnums peHzepuHTra. Bu3mBaeTrcs mo TpeboBaHMD HHTepdeiica.
void perform_render( char *name, int w, int h, fipWinImagex*
theImage ) {

scene.rot.z = -alfa;

scene.Yaw( 0 );

scene.Slide( -betax*100,0,0 );

theImage ->captureWindow( engine.render->hWnd );

iv_init ( «gryffins ,0 ); // perucTpanus B CHCTeMe
iv_publish(«alfa» ,&alfa,1,0 ); // ny6bnukanuma napamerpa alfa
iv_publish( <«beta» ,&beta,1,0 ); // mybauranus mapaMeTrpa beta

// permcTpanumsa QYyHKNUM peHZepuHra c uMeHeM gryffinview
iv_remoteWindow( «gryffinview» ,perform_render );

...\vspace{-0.5cm}

Puc. 2. TlpuMep MOAKIIOYEHUS MOIYJsS BU3yalu3allUMU

HCXOIHOE M300paXeHue. DTOT MOAXOMA MO3BOJSIET YMEHBIINTh 00BbEM JAaHHBIX, IepeaaBacMbIX IO
cet. JIeCTBUTEIBLHO, €CIU MOJb30BaTelb C MMOMOIIbIO MBIIIM BbI3bIBAET MHTEPAKTUBHOE Bpallle-
HUE TPEXMEpPHO# CILIEHBI, TO C TOYKM 3PEHUS BOCIIPUATUS BaXHO MOKAa3aTb pe3yJbTaT OBICTPO,
MyCTb U OrpyOJI€HHBIM. 11 OMHOTO KOHKPETHOIO MPUJIOXKEHUSI, KOTOpPOe OyleT MPpUBEACHO HMXKE,
pa3Mep nzobpaxenuss PNG c paspemennem 640x480 B cpenHeM coctasiser 60 K6, a yMeHblleH-
Horo B 4 pa3a - 5 K0. CooTBeTCTBEeHHO, TIpU ITOBOpPOTaxX cleHBl nepegaétess 10 - 50 n3obpaxxeHUA
CyMMapHBIM 00beMoM Bcero B 50 - 250 K6. DTo mo3BOJISIET COKPATUTh BPeMS OTKJIMKA CHCTEMBI.

XoTenoch ObI OOBSICHUTD, ModeMy ucrtonb3yercs dopMaT PNG, a ve JPEG. I1o HabmogeHusIM
aBTOPOB, ucMoyib3oBaHue (popmata PNG Gojiee MpeanoYTUTEIbHO M3-3a MPUMEHEHMST KOMIIpeC-
cum 6e3 morepb. [Ipy HEOOXOAUMOCTU CUCTEMA MPOBOAUT JOMOJHUTEIbHYIO KOMIIPECCUIO, CXKUMAas
n3o0paxeHue mo ocsiM. IIpu 3ToM cxXaToe, a MOTOM PacTSIHyTOe M300paxkeHUe BU3yalbHO BBITJIS-
JIHUT Gojiee TIpUEMJIEMO MTPU JMHAMMYECKUX U3MEHEHUAX (HarpuMep, BO BpeMs BpallleHUsI CLeHBI),
yeM B ciydae cxkatust ¢ morepeit kauectBa JPEG. Ilocmegnuit popMaT B AMHAMUKE BOCHPHHU-
MaeTcs HEaKKypaTHBbIM, XOTb M MPEIOCTaBIsIeT Jydlnnii KoddduiueHT cxkaTusi. Tem He MeHee,
B mupoBoit npaktnke JPEG moBoiabHO 9yacTo MpHMeEHSIETCS B paboTe CHUCTEM YIAJIEHHOW BH3ya-
quzanuu. bojee Toro, pazpabaThiBalOTCS MOACUCTEMBI KOMIIPECCUN C MPUMEHEHUEM TEXHOJOTU
CUD A [4]. MBI TakXe HajgeeMCsl CO BpeMEeHEM MCCIIeTOBaTh 3TOT BOIIPOC, YTO B pe3yJIbTaTe MOXKET
MPUBECTU K ellle OOoJIbIIIeMY COKpalleHWI0 BPpeMEHU OTKJIMKA CUCTEMBI.

Uto Kacaercst cepBUCaA-TIOCPEAHUKA, TO OH BHIMTOJHAET TpU PyHKIMU. Bo-miepBhIX, TOCPEIHUK
BeIET yUéT aKTUBHBIX MomayJjieil Bu3yanuszaumu. OH XpaHHUT UX CETeBbIe alIpeca, a TaKXKe CITMCOK
WMEH TapaMeTpOB BU3yalu3allMy IJIsI KaXAOro MOAyJs. DTO U TO3BOJSET IMOCPEIHUKY OIlpe-
JIeJSTh, Kylda MMEHHO HEOOXOAMMO MapLIpyTU3UPOBATh 3alpoOChl OT IOJb30BATEIbLCKUX MHTEP-
(deiicoB. [Ipuem Takux 3ampocoB, UX 0OpPabOTKAa M MapLIPYTH3ALUS SIBJSIETCS BTOPOil (YHKIMEH
nmocpeaHnka. HakoHell, MocpeqHUK SIBJsieTCsT BeO-cepBepoM, oOCyXKuBast (G aiiibl MOJb30BATEIb-
cKoro BeG-uHTEepdeiica

KoMmnoHeHTH Bcex TPEX YpOBHEH CHCTEMbl MOTYT pacIllojiaraTbCsl Ha pa3HbIX KOMIIBIOTEpaX.
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Cucrtema ygaléHHON BU3yaJlu3alMu.:.

Tak, Hanpumep, nHTepdEeiic MoJb30BaTENS BBIMOJIHSIETCS B Opay3epe Ha KOMIbIOTEPE MOJIb30BaTe-
JIsl, CEPBUC-TOCPEIHUK MOXET ObITh pa3MellleH Ha CTieliMaJbHOM CepBepe, a MOAYJib BU3yalu3alun
MOXET pacrojiaraThCs Ha BBIYMCIUTEIBLHOM KjacTepe. B3ammopeilcTBUe MoOCpeqHUKA U MOMYJIeH
BU3yalu3alluu OCYIIECTBIsIeTCS ¢ moMollpio npotokona SOAP. Tlonb3oBatenbckue UHTEPdECh
B3aMMOJACUCTBYIOT ¢ mocpenHukoM 1o npotokoiy HTPP, AJAX u, npu HeobxoaumocTtu, SOAP.

B 3aBepuieHue storo maparpacda XoTeaoch Obl OTMETUTh, YTO B paMKax pa3pabaTbiBaeMoit
HaMU CUCTEMbl MOAYJIb BU3yalu3allMu He MPUBSI3aH K KOHEYHOMY TUMY OOOPYIAOBaHUS - 3TO MO-
XeT OBITh OTAEIbHOE MPUIOXEHWE Ha CEepBepe BU3YAIU3AlUW WU MapajlieIbHOE MPUTOXEHUE,
paboratoiiiee Ha BeluuciauTene. bosaee Toro, GyHKUUU MOIYyJS BU3yadW3allud MOXKET BBIMTOJHSTH
YacTb Y3JI0OB BBIYMCIUTENbHOU mporpamMMbl. TakuM o0Gpa3oM, cucTema MO3BOJSET BapbUpoOBaTh
APXUTEKTYPY AJSI MOMYJSI BU3yadu3allMM U MOXKET MPUMEHSThCS Kak Ajst odpdaailH-, Tak U 1
OHJI aifH-BU3yaTU3alUU.

6. IlpuMep MCITONB30BAHUS CUCTEMBI

Ha npencraBneHHoil nanocrpanuu (puc. 3) ImokasaH OAMH M3 IIaroB pacuéTa IIpolecca oImpe-
IeEHHOTO BO3AECTBUS Ha cedeHre TpyOnl HedTenpoBoaa [5], MpoBeAEHHOTO B MHXXKEHEPHOM Ia-
kere DEFORM. TTonb30BaTenb MOXET HaXXaTh KHOIMKY MBI Ha U300paXeHUU U MEpEeMeEIlaTh €€,
IIpy 3TOM M300paxkeHue OyneT HeMeIJIeHHO OOHOBISTHCS, ITOKa3bIiBasl BpalleHUe o0beKkTa. PeHme-
PMHTI OCYLIECTBJISIETCS Ha yOaJEHHOM cepBepe BHU3yaJlM3allMy allllapaTHO CIICLMAJbHOI IIporpam-
Mo# ¢ TpuMeHeHneM TexHojiorun DirectX. B mokanpHOM cetm 10 MOUT ymamochk TOCTUYL CKOpPO-
cTu paboThl 15 KaapoB B ceKyHay. B skcnepuMeHTe ¢ Budyanu3auueil yepe3 MHTepHeT 1o KaHaly
ExatepunOypr - MockBa - YenssOMHCK cuUcCTeMa IToKa3aja CKOPOCTbh pabOThl OKOJO 3 KaapoB B
CEKyHJY.

7. 3axkJIlo4eHue

CucreMa mokasana paboToCIIOCOOHOCTh W PaCIIUPSIEMOCTh; MOXET paboTaTh IO yIpaBIeHM-
eM Windows, Linux u nepeHocuma Ha apyrue OC. BeO-uHTepdeiic cucTeMbl SIBJASETCS HE3ABUCU-

http://hneact.con

Catn  Mpama Bwa o Neserwy Cropsea
“« & > » @) 7 B ntw/mesccomsse v

Puc. 3. [Ipumep MCIONB30BaHUS CUCTEMBI
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MBbIM OT Opay3epa. TexHOIOrMM HAMMCAHUSI MOMYJIE BU3yalu3allui MOTYT ObITh CAMBIMU Pa3HOOO-
pa3dHbiMU. TeopeTudyecku, 3TO JIIOObIE MPOTPaMMBbI, CIIOCOOHBIE padOTaTh C CETEBBIM MPOTOKOJIOM
SOAP. Moaynu Bu3yaau3allud MOTYT WMCHOJHSITBHCS B Pa3HBIX cpeaax - Oynb TO BBIAETCHHBIC
cepBepa BU3yaTW3alluM WU Y3JIbl BBIYUCIUTEIS.

Co3ngaHHas peajqu3alus CUCTEMBI MOKa3aja JOCTATOYHO BBICOKOE yI0OCTBO MCIOJb30BaHUS
W BOCTIpUSITUS - 1O 15 KagpoB B CEKYHAY B JIOKaJbHOUW CETH, UYTO COU3MEPUMO IO CKOPOCTHU C
BU3yaJiu3allMeil Ha KOMIIbIOTEpE IMOJIb30BaTE.

PazpaboTtan Mopynb Ui BU3yaau3alluu OMpPEAeIEHHOTO Kiacca pacuy€THhIX ceToK. IIpu aTom
HEOO0XOMMO MOMYEPKHYTh, YTO B OOIIEM cJyyae B CUCTEME MOAPA3yMEBAETCsl CO3JIaHUE WHIAUBU-
JlyaJTbHOTO MOJYJISI BU3yalu3aluu IJIs1 KaXI0W KOHKPEeTHOU 3anauu. [lepcrieKTUBHBIM HampaBiie-
HUEM, BO3MOXHO, SIBJISIETCSl cO3AaHMe Habopa YHUBEPCAIbHBIX MOJYJIe BU3yaau3aluu AJs Orpe-
JNeIEHHBIX KyaccoB 3amady. OCHOBY TakOro Habopa MOXET COCTaBUTh Kakasi-Tu0OO CyIIeCTBYIOIIAs
cucTeMa BU3yalau3alluu JJIs HayuyHbIX WCCJEeNOBaHUMA.

B 3akxawouenuu aemopvl xomeau Obl 8bipaA3UMb UCKPEHHIO 01ae00apHOCMb U NPU3HA-
meavHocmv B.JI. Asepbyxy 3a nayunoe pykoeoocmeo;, CB. Ilapgy u M.B. Axobosckomy 3a
KOHCMpYKmueHbie 00CyicoeHuss npobaemamuku, a makice yeaxdcaemvim koareeam u3 Capoea
(POAIL-BHUUDPD) u Yeasdbuucka (FOYplY) 3a noddepicky u naodomeopHviii oomen udesimu.
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