OIIBIT PABPABOTKU CEPBUCA I HDR-OBPABOTKH
BUAEO-JAHHBIX B GPGPU-OBJIAKE
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CrpemMHTEeNTbHOE Pa3BUTHE APXUTEKTYPHI rpaMuecCKUX YCKOpPHTENEH, a B 4acTHOCTH mosiBiaeHue L1/L2-
KO3ILICH, yBENMYEHHE 4YHCIIAa PErucCTpOB, NOOABIEHHE HOBBIX BO3MOXKHOCTEH Ha YpPOBHE KOMIIWIATOpA |
NPOTPaMMHBIX ~ MHTEp(EHCOB, a TakkKe MHOTOKPaTHBIH  POCT  IMHUKOBOH  NPOW3BOAWTEIBHOCTH |
9HeprodpHEKTUBHOCTH CaMHX YCKOPHUTEIIEH, O3BOJINIO CTaBUTh HOBBIE 3371a4M, PELIEHHE KOTOPBIX €IIE mapy JIeT
Ha3aJ| Ka3aJHCh €CJIM He HEBO3MOXHBIM, TO SKOHOMHYECKH HEleNIeCO00pa3HbIM B CHITY JIOPOTOBU3HBI apEHIIbI HIIH
MOKYIIKHA COOTBETCTBYIOUIMX BBIYHCIUTEIBHBIX PECYPCOB.

OnmHOlt W3 TakWx 3amad sBISIETCS 00paboTKa BHICO-IAHHBIX C IIOMOINBIO «TSDKENBIX» COCTaBHBIX
aNTOPUTMOB, B OOJIBIIMHCTBE CIY4acB SBIISIOMIMXCS HEKOTOPOW KOMIIO3UIMEH OTHOCHTENBHO IIPOCTBHIX, HO
CHeMalbHO HACTPOCHHBIX (PMIBTPOB, OOECHEUMBAIONICH CYIIECTBEHHOE YIydlIeHHe 00pabaThIBaeMOro BHEO-
notoka. [TomoOHbIe anropuTMBI HAaXOMAT IPUMEHEHHE B JIOCTAaTOYHO PA3HBIX OOJIACTAX — OT (DWIIBTpALlMK BHUAEO-
JIAaHHBIX C KaMep BHEIIHETO HaOIOACHUS 10 HANOXKeHUs cretdddexToB B GMIIbMAxX U JJake KOMITBIOTEPHBIX HIpax.

OCHOBHO# TPOOJIEMON NAHHBIX AITOPUTMOB SIBISiETCS OOJBLION OOBEM BBIYMCIEHHH, TPEOyeMBIX IS
GUIBTpalKM OHOTO Kajpa, B pe3y/ibTaTe 4ero BPEMEHHbIE 3aTparbl Ha 0Opa0OTKY BUAEO MPOIODKHTEIHLHOCTHIO
HECKOJIbKO MUHYT MOTYT COCTaBUTb HECKOJIbKO 4acoB. Kak crencTBue, 10 mosiBiIeHHs rpaguyeckux yCKOpPHUTENeH
MPUXOAMIIOCH JINOO YHpOIIaTh CaMH aJITOPUTMBI, TEM CaMbIM YMEHbBIIas BpeMs pabOThl M IHOHMXKas KadeCTBO
00paboTku, nuOO 3aKymarb JONOJHHUTENBHBIE BBIYUCIUTENbHBIE MOINHOCTH. boiee Toro, AOCTaTOYHO dacTo
00paboTka JOJDKHA HITH B PEKHME PeabHOTO BpeMeHH (25 KaspoB B CEKYHY, WM ke He Ooinee 40 MUIUTHCEKYH
HAa KaJIp), 9TO JIUIIb 000CTPSET 03BYYCHHYIO IIPOOIEMY.

ABTOpamy 1aHHOM cTaThu OblIa co3nana sddextnBHass GPGPU-Bepcus ogHOTO U3 MOAOOHBIX AITOPUTMOB,
3aKJIFOYAIOIIEroCs B IOBBIIICHUS! PEANMCTUYHOCTH BHIEO-JaHHBIX 33 CYET M3MEHEHHs JIOKAILHOIO KOHTpacTa
Kaxaoro kajapa (tak HaspiBaemas HDR-o0pabotka). Co3manHas peanu3aiius Obuta oopmiieHa B BHAE 00Ia4HOTO
uHTepHeT-cepBuca  http://hdrvision.ru, MO3BOJAIOIIEIO IOJL30BATE/IAM IMPOBECTH TpPeOyemyro 00paboOTKy
MPAaKTHYECKH B PEXHUME PEaTbHOTO BPEMEHH, B TO BpeMsI KaK BBIMOIHEHHWE AHAJOTWYHOTO MpeoOpa3oBaHMS
JIOCTYIHBIMU Ha JJaHHBI MOMEHT PEIICHUSAMH MOXKET MOTPeOOBaTh BPEMs, NMPEBBIIIAIONIEE MPOAOIKUTENEHOCTD
CaMoTO BHJIEO B JIECSATKH M 1aXKe COTHH Pa3.

Onucanue ajaropurmMa

[IpakTrueckun Bce coBpeMeHHblEe (OTOKAMEpbl MOTYT COXpaHiTh, a COBPEMEHHbIE MOHUTOPBI —
oroOpakars He Oojiee 256 3HAYCHUI IS KaXKIOTO IBETOBOTO KaHAsla, B TO BPEMs KaK YEJIOBCUCCKUM IJIa3 MOXKET
BOCIIPUHMMATh HAaMHOTO OOJiblliee KOJMYECTBO OTTEHKOB. B pe3ynbTrare 3TOro mpu HEIOCTATOYHOM OCBEIICHHU
OOBEKTBI, KOTOpHIE B pEAJBHOCTH Ul IVIa3a OTIMYHO pPa3dHYMMBL, Ha (GOTOTpadusiX CMOTPATCS CIUIIKOM
3aTeMHEHHBIMH W Hepa30opumBeIMH. 11 HA000pOT — mpu M30BITKE OCBELICHUS MOSBISIIOTCS IEPECBEUCHHBIC
o0nacTy, XOTsI ¢ TOYKH 3pEHUs BOCTIPUATHSA YeoBeka Ha poTorpadpyeMoM 0OBEKTE OHH OTCYTCTBOBAIIH.

Jns pemeHnst faHHOW mNpoOJeMbl HCIONB3YIOTCA TakK HasbiBaeMmble anroputMel HDR-o06paboTku
¢dororpadwuii, 3axmouaronecs B Tpéx miarax. CHavana jaenarorcs Heckosbko o0braHBIX LDR-gotorpadmii (256
rpajauyi Juisl KaKAoro IBeTa) OAHOTO M TOro e O00BbeKTa, HO C pa3HOH BblIepkkod. [lamee mpousBoauTCs
«CKIelKa» Bcex cHUMKOB B onHy HDR-dororpaduro, comepxainyro mopsaka 2°? oTTEHKOB IJs KaXIOTO ILIBETA.
[Mocnennuit war 3akiarodaercs B oToOpaxeHuu mnonaydeHHoro HDR-cuumka obOpatHo B LDR-¢ororpaduro, B
KOTOPOH Ha OIMH IIBETOBOM KaHaJ OMATH OTBOIUTCS HE Oonee 256 3HaUeHHHA M KOTOPBIN yKe MOXKHO 0TOOpa)xxaTh Ha
OOBIYHBIX MOHHUTOPAX.

Jlerko 3aMeTHTh, YTO KIIOYEBBIM MOMEHTOM SBISIETCS HMMEHHO aluroputM ortoOpaxkenuss u3 HDR-
¢dororpa¢pun B LDR-CHUMOK, Tak Kak €ro 3ajada 3aKIOYacTcs B BBIOOpE IS KaXKIOTO I[BETa W3 232 tonpko 256
TaKMX OTTEHKOB, KOTOpbIE OOECIEYMBAIOT MaKCHMAaJIbHO pealicTHuHOe Bocnpustue Qororpaduu. [lanHble
aNTOPUTMBI M3BECTHBI TOJ Ha3zBanueMm Tone Mapping, U B oOmieM cilydyae HM3MEHSIOT JIOKAJIbHBIH KOHTPACT
n300pakeHns, TeM CaMbIM 3aTeMHsAs Hambosee sApKue OOBEKTHI M IOJCBeUMBas Hambosee TEMHBIC. B pesymsrare
noxyudeHHasi Qotorpadusi ¢ TOYKHA 3PEHUS YEIOBEUECKOIO Ivia3a CTAaHOBHUTCS 0Oojiee MpaBIONOAOOHOM, Jydile
COOTBETCTBYET PEAILHOCTH.

B mpensinymeit pabore apropoB [1] Oputa mpeAnpHHATA MONBITKA MOPTHPOBAHUS OTHOTO MOIMYJISIPHOTO
anroputMa Tone Mapping'a [2] Ha rpaduyeckne yCKOPHUTENH, B pe3yibTare 4ero Bpems oOpaboTku omnHoi 12-
MeTanuKCceIbHON (oTorpadun yaaaocs yMeHbIINTH Oosnee yeM B 60 pa3 - OT IPUMEPHO OFHON MHUHYTHI 10 OHOMH
cexyH/ipl. OJJHaKO CO37aHHAs peau3alys KpaiHe IUI0X0 MOAXOAWIA JJsl paboThl ¢ BU/IEO-/IaHHBIMH, TaK Kak, BO-
NEepBBIX, B OTIMYMEe OT (ororpaduil NPaKTUUECKH HE HMEETCS BO3MOXKHOCTH CHSTH HECKOJIBKO ITOJHOCTBIO
OJUHAKOBBIX BHJCO, HO C pPa3HbBIM BBIJICPKKAMU, a, BO-BTOPLIX, HCXOHHBIﬁ AJITOPUTM KpaﬁHe YYBCTBUTCIBHO
pearupoBail Ha OOIIYI0 OCBELIEHHOCTD Kajpa, B PE3yJIbTaTe Yero Mpu JABHKEHHHU JIF000r0 00beKTa SIPKOCTh BCEX €ro
cocezieil N3MEHSIAaCh HEMpeaCKa3yeMbIM 00pa3zoM.

Uto061 M30€XKaTh 03BYYEHHBIX IIpo0iieM, OBUT BEIOpaH MPOIIPHETAPHBIA aJTOPUTM, MO3BOJISIFOIINN TaXe 110



OIHOMY BHJEO-IIOTOKY KauecTBeHHO nocrpoutTh ero HDR-Bepcuro, a mpu nepeBoge B LDR-Bupeo coxpaHuTh
o0IMi YpOBEHb OCBELIEHHOCTH ISl COCEIHMX KaapoB. Mnes BHIOpaHHOrO alropuTMa 3akirodanach B pa3OUeHHH
HCXOJHOTO W300pakeHMSI HAa TPYNNbl OOBEKTOB B 3aBHCHMOCTH OT COMACpPXKaHWA KaApa W IIOCIEIYIOLIEM
HE3aBUCHMOM HAaJOKEHHH Pa3sHOOOPa3HBIX MPOCTHIX (MIBTPOB HAa KaXIyI0 Tpyminy oO0bekToB. [lomoOHas cxema
TIO3BOJISIET JIOCTHYb aHAJIOTUYHBIX PE3YIIBTATOB, YTO M IpH «decTHOM» HDR-mpeoOpazoBanny, HO OHA MpUMEHNMaA
He TOibKo i (hororpaduii, HO M UI1 BUAEO-TIOTOKOB, TaK KaK MO3BOJSIET M30€XaTb BhINIEIIEPEUNCICHHBIX
npo0Giem.

I/Ifmmmpauuﬂ 1. Pe3ym>T pabotsr HDR-nipeoOpazoBanusi.

HemocrarkoM ke HaHHOTO TIOIXOHa OKa3alach KpaiHEe HH3Kasg CKOpOCTh paboTel. B  amroputme
ucnonp3yercs 6onee yem 60 HE3aBUCUMBIX (PHIIBTPOB, KaXKABIA N3 KOTOPHIX HEOOXOAMMO MPUMEHSTHh Ha OIHO WIIH
Jla’ke HECKOJIBKO TPOMEXYTOUHBIX M300paKeHUH, pa3Mep KOTOPBIX MOIHOCTHIO COOTBETCTBYET pa3sMepy HMCXOIHOH
¢dororpadun. Kak cnencreue, Bpems o0paGoTku omHOW (ororpadum B HECKOIBKO METalMKCeNleH C MOMOIIbIO
NPOTOTHIIA CEPBHCA, PEANN30BAaHHOTO 4Yepe3 OAHY W3 CTaHJAPTHBIX OMONMOTEK (HILTPOB, 3aHMMAIIO MOPSIKA
HECKOJIbKMX MUHYT.

Pa3zpab6orka GPU-Bepcuu ajaropurma

B memsax TmoBBIIIEHHS CKOpOCTH paboOThl OBUIO pEmIeHO «C HYIsD» pa3paboTarb  OTAEIBHO
ONITHMH3UPOBAHHYIO BEPCHIO U MHOTOSAEPHOTO MpoIeccopa M BEPCHIO I IpagUYecKHx YCKOpUTENned ot
rxommaany NVidia ¢ ucronp3oBanuem Texaonoruu NVidia CUDA, B nanpHeHIIeM KOTOpPBIE OYIyT HCIONb30BaThCs
OJJTHOBPEMEHHO C IIEJIbI0 3arPY3UTh BCE JOCTYIHBIC BEIYUCIUTEIBHBIE YCTPOHCTBA.

[Ipu paspaborke GPU-peanuzannu ObUIO pelICHO W3HAYAJIBHO OPHEHTHPOBATHCS TOJNBKO HA apXUTEKTYPY
Fermi, uro Ha naHHOH 3ajaue O3HAYalO0 CO3HATENBHBIA OTKAa3 OT HCIOJB30BAaHMS pasiensieMoil mamstu. Tak,
IPaKTHYECKH BO BceX (MIBTpax MarTepH JOCTyNa K MaMsATH ObLI BecbMa cHelu(UUecKuil — B OOJIBIIMHCTBE
Clly4aeB I BBIYMCIICHUS B HOBOM HM300pa)KCHHH I[BETa IIMKCEIS B MCXOJHOM TPeOOBaJIOCH MOPAAKA IPOYUTATH
mopsiaka 16-25 mBeToB Touek-coceneit. bonee Toro, B psige GUIBTPOB KOOpAMHATHI TPeOYEMbIX coceneil Ha MOMEHT
KOMITWJISIUK OBUTH HEU3BECTHEL, B PE3YNIbTaTe Yero IpH IONBITKE «B PYYHYIO» 3aKeINPOBaTh HEKOTOPYIO 00JIacTh
TpeOOBaIOCh HCIIOIb30BAHUE NHUHAMHYECKON pa3/ieNsieMOil MaMsaTH, a TakXKe BBIOIHEHHE psija JIOCTATOYHO
CJIOXKHBIX TpeoOpazoBanuii koopauHar. B mpenpinymieii apxutekrype GT200, npencraBuresneM KOTOPOi sSIBISIETCS
yckoputens NVidia Tesla C1060, momoOHbIe MOTU(HKANUN JEHCTBUTEIILHO HEMHOTO TOBBICHIM OBl CKOPOCTH
paboThl, B TO BpeMs KaK Ha yCKOPHUTEJISIX HOKoJIeHHs: Fermi n3-3a mogoOHBIX «yIydIIEHUIH» CleyeT OXKHIATh JIUIIb
3aMemIeHusa paboTHl, TaK KaK BCTPOCHHBIM ammaparHblii L1-kamI, y)ke pacroNoXKeHHBIH B pa3fensieMod MaMsTH,
IPEKPAcHO BBINOJIHET CBOM (DPYyHKIIMH, a Bce IIPOrpaMMHBIE PeoOpa30BaHUs KOOPAUHAT JIMIIb OKaXyTCs JIUIIHEH
BBIYHMCIIUTENIBHON Harpy3Koi.

JpyruM THIOM ONTHUMHU3ALUK OBUIO PACIOJIOKEHHUE 3apaHee U3BECTHBIX sep, MPUMEHSIEMbIX B (YHKLMH
CBEPTKH, B KOHCTAaHTHOM MaMSATH, YTO TO3BOJMJIO HE TOJIBKO OTKa3aThCsl OT M3JIMIIHUX OOpamieHuil K r1o0anbHOH
MIaMATH, HO ¥ 7S psiaa QYHKIMH IIOHN3UTH KOJIMYECTBO TPEOYEMBIX PETHCTPOB.

B pesynbrare npoBes€HHBIX onTUMU3ANMK Ha TecToBOM cucreme Ha 6aze GPU NVidia GeForce 580GTX
(nmkoBas npousBoautenabHocth — 1.5 TFlops) nu CPU Intel Xeon E3-1230 (mukoBas npousBoautenbHocts — 100
GFlops) nns GPU-Bepcun ynmanoch monyunTh Oosee dem 100-kpaTHOe yCKOpPEHHE OTHOCHTEIBHO OIHOIO spa
LEHTPAJIBHOTO MpoLeccopa. 3aBUCUMOCTh CKOPOCTH 00pabOTKH OT pa3pelIeHns] H300paXeHUH puBeaeHa HIbKe Ha
rpaguxe 2.
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I'pagpuk 2. CxopocTs 00pabOTKH B 3aBHCUMOCTH OT pa3Mepa H300pakeHHS.

Jlerko 3aMeTHTh, YTO IPOU3BOAUTEIBHOCTh TPa(UUECKOro YCKOPHUTENS PE3KO pacTéT ¢ yBEIWYEHUEM
pasMmepa Kampa (4TO OOBSCHSCTCS JIy4IICH 3arpy3Koil BceX BhIUMCIUTENbHBIX OmokoB GPU), B TO Bpems Kak
MIPOM3BOJUTENILHOCTD IIGHTPAJILHOTO Ipolieccopa ocTaéresi MHBapuanTHoil. Kak cinencreue, nmpu o0paboTke Buaeo-
JIAaHHBIX MMEET CMBICT «CKJIEHBATh» HECKOJNBKO IITYK MJIM JaXke HECKOJBKO JECATKOB KaJpOB B OIMH C IIEJBI0
HOBBIILIEHUS OOIIEH MPOU3BOAUTENFHOCTH cUCTEMBL. K cojkaleHuo, B JaHHOM KOHKPETHOM CIlydae NaHHas Uues
TpyAHOpEaIn3yeMa, TaKk Kak B HCXOJHOM aJIrOpPUTME OTCYTCTBYET BO3MOXKHOCTh aCHHXPOHHOH 0OpaOOTKH KaapoB
— Tmepex TeM, Kak HadaTth oOpabarsiBarh N-bIif Kaap, HeoOxomumo oOpabortate N-1 xanmp. JaHHyr0 mpobiemy
YAJI0Ch YaCTHYHO PEIINTH 32 CYET pa3OMeHus] aJlrOpuTMa Ha HECKOJIBKO ITAIoB, B HanOoIee BEIYMCIUTEIEHOEMKHX

n3 KOTOpI)IX Kaapm O6pa6aTI>IBaJ'H/ICL aCI/IHXpOHHO, a B OCTaJIbHBIX — IIOCJICOAOBATCIIBHO. B pe3ynLTaTe l'[pI/I
00paboTKe BUACO-TaHHBIX IPOU3BOAUTEIHHOCTh MIPAKTHUECKH HE 3aBUCUT OT pa3Mepa Kajapa.
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I'paghuk 3. Cxopocts 00pabOTKH B 3aBUCUMOCTH OT pa3Mepa Kajpa.

CTOMT OTMETHUTB, YTO MOPOra ISl pa3Mepa «CKJICEHHOr0» W300paKeHus, MPEBBIIIEHHE KOTOPOro Oosblie
He OymeT MOBBIIATh CYyMMapHYIO NPOW3BOAWUTENBHOCTB, UL AAHHOW 3amadn He HaOmomanock. [lostomy mpwm
BBIOOpPE pa3Mepa B IEPBYIO OUEPEIb YINTHIBAIICH TAKKE OTPAaHUUYCHUS KaK 00BEM JOCTYNTHON HMaMATH (KOTOPHIi Ha
tecroBoM yckopurene GeForce 580 GTX pasusuicst 1.5 rurabaiiram) n cieruduueckne 0COOEHHOCTH apXUTEKTYPHI
CUDA, onpenensiomuye MakCHMaJbHBIA pa3Mep pemeTkn OnokoB. ONBITHBIM MyTéM OBUIO YCTAHOBIICHO, YTO
aNropuTMy Uil paboThl TpeOyeTcs He MeHee 45 GaliT Ha KaXIblil MUKcenab oOpadaTsiBaeMoro n3obpaxeHus (T. e.
npu 1.5 rturabaiite Bumeo-mamATH TIpenesoM OyaeT 33-MeramukcenbHOE HW300paKeHue), B TO BpeMs Kak
apxutektypa CUDA 2.0 nomonHMTENhHO HAaKIIaJbIBaeT OTpaHHMYeHHE Ha oOpabarbiBaeMoe m3o0pakeHue B 17.3
MeTanuKCes.

Pa3pa6oTka o61auHOrO cepBuca

CrenyromuM sTanom 06110 oBeaeHue pazpadoranHoii CUDA-peannzanuy anroputMa 10 MOJTHOLCHHOTO
W YCTOMYMBOIO K OIIMOKaM CEepBHCA, MO3BOJIIOMIETO IPOM3BOANTH OXHOBPEMEHHYIO 00pabOTKY MPOHM3BOJILHBIX
JIAaHHBIX Ha MUHU-KJIACTEPE U3 HECKOIBKUX Pa3HOPOAHBIX y3JIOB. [laHHBIN cepBUC MPEATNONaraeTcsl UCTOIb30BaTh B
paMKax 00Ja4HON MOJENH BEIYMCIICHH, I03TOMY OH J0JKEH YIOBIETBOPSTH CIIEIYIOIINM CBOHCTBAM:

—  Huuamuueckoe nooxmouenue/omxnouenue y3nos. OUeBUAHO, YTO KOIMUYECTBO IHONb30BaTeneil Oyaer



HM3MEHSTHCS HE TOJIBKO IO Mepe Pa3BUTHA MPOEKTa, HO U B 3aBUCHMOCTH OT BPEMEHH CYTOK. B ciyuae
apeH/ibl BBIYMCIMTENBHBIX MOIHOCTEH, Hanpumep, B obmake Amazon EC2 [3-4] yuér momoOHBIX
KoeOaHui B BUJIE OTKa3a OT HEHCIIOIBb3YEMBIX PECYPCOB MOXET CYIIECTBEHHO COKPATHTh 3aTpaThl Ha
apeHny. bonee Toro, maxe Ipu MCIOIB30BaHUM COOCTBEHHOTO MHHHM-KJIACTEpa MOAOOHBIM MEXaHH3M
MIO3BOJISIET B MOMEHTHI NMMKOBBIX HAarpy30K IOJIKIIOYATh Pe3epBHBIC (MM MCIOIb3YEMBbIE IS JPYTHX
LIeJIel) pecypehl, TEM CaMbIM CHIDKAs CpefiHee BpeMsi 00padOTKH OHOTO BHIEO-(haiina.

—  Pasnomepnoe pacnpedenenue nacpysku. B BpiOpaHHOWH Mopmennm o0paOoTka BceX MOCTYHAIOLINX
3alpOCOB MPOU3BOIUTCS OJHOBPEMEHHO M HE3aBHCHMO, B pe3ylbTareé 4ero MNpPOU3BOIUTEIHLHOCTh
Ka)KJIOT0 y3Jla paBHOMEPHO «Pa3Ma3bIBAacTCs» M0 BCEM BHJIEO-IIOTOKaM, UM 00padarbsiBacMbIM. Tak Kak
IPU 3TOM BCE 3alpOChl SIBISIOTCS HEOAHOPONHBIMH M HMEIOT pA3IMYHYI0 BBIUYUCIUTEIBHYIO
CJIO)KHOCTB, OBIJIO HEOOXOAWMO pean30BaTh MEXaHHW3M, 00ECIIeUMBAIOMINN OalaHCHPOBKY HArpy3KH
Kak Ha YPOBHE MHHH-KJIacTepa, TaK M Ha YPOBHE Yy3Jla, HMMEIOIIETO HECKOJBKO TpaHuecKuX
YCKOpHUTENel W MHOTOSACPHBIN IEHTPANBHBIN MPOIECCOp, C IEeNbl0 oOecreueHns TapaHTHPOBAHHON
MHUHUMaJIbHOM CKOPOCTH 00paboTKU KaXk10ro BUeo-(haiiia.

—  Bosmooicnocms  ucnonvsosanus HeoOHOPOOHbIX y3106. IlosBIICHUE HOBBIX YCKOPUTENEH IIOKOJIEHHS
Kepler Ha nanHoO# 3amade 10 NMPUOIM3UTEIBHBIM OLIEHKAaM TO3BOJIMT IIOBBICUTH ITPOU3BOIUTEIEHOCTD
y3na ¢ ogauM GPU ¢ 25-30 MPix/s no 40-60 MPix/s. [Ipu 3TOM nMeeT CMbIC]I HE «BBIOPACHIBATH
CYILIECTBYIOIIME PECYpPCH, @ HCIOIb30BaTh HX COBMECTHO C 0ojiee HOBBIMH, B pE3yIbTaTre Yero
pa3pabaTbIBacMblii CEPBUC JOIDKEH YMETh PAcCIpEACisTh BBIYMCIUTENBHYIO Harpy3Ky MEXIy y3JIamu
KaK C pa3IHIHBIM KOJIMYECTBO YCKOPUTENCH, TakK U ¢ pa3HbIMU nokoneHusmMu GPU.

—  VHusepcanouwiti unmepgbetic ona 3anycka 3aodau. IlocmemauM TpeOOBaHMEM SBIACTCS MEXaHU3M
YHHUBEPCAJIFHOTO 3allycka 0OpaOOTKM BHAEO-AaHHBIX HA Y3J1aX, KOTOpble B OOIIEM CIydae MOTYT
HaXOIMTHCS KaK B pasHbIX HOICETSAX, Tak M B (usmueckn ymanéHubix 1[O/l'ax. B wactHOCTH, 3TO
HaKJIa/IbIBaeT OrPaHUYCHHS] HA MEPECHUTKY HEC)KaThIX TaHHBIX MEXIY Y3J1aMH, a Takke TpeOyeT Io
BO3MOXXHOCTH a0CTParupoBarhbCst OT TOIOJIOTUH CETH.

—  Omkazoycmotiuusocmy. JI0CTaTOUHO YacTBIM CITydaeM SIBJISETCS MOMbITKAa 00paboTarb HEKOPPEKTHBIH
(haiii, 9TO MOXKET OBITh BBI3BAHO KaK OIIMOKOM MPH €T0 MepeAaye Mo CETH, TaK 1 HOBBIM THUIIOM CHKaTHs
(komexoMm), e He MOoAIePKUBAaeMbIM pa3pabaTeiBaeMbIM cepBUCOM. [10100HbBIC OMIMOKK HE TOIHKHBI
MIPUBOINTH K «IIOJIOMKE» CEpBHCA, TAKXKE KAK M CKa3bIBaTbcsl Ha oOpaboTke npyrux ¢aiinos. boiee
TOTO, CEPBUC JAOJDKEH OBITH YCTOMUYMB K IOSBICHUIO MPOOIEM Ha OTIACITHHOM BBIYHCIHTENE H JaXe K
BBIXOJly M3 CTPOSl OT/AENBHOTO Y3/1a, 0 BO3MOXXHOCTH MHHHUMM3HUPOBAB KOJIMYECTBO «3aIlOPYEHHBIX)»
BHU/I€0-TIOTOKOB.

Jlerxko 3aMeTHTB, YTO JUISI peajM3alliy BCEX MEPEUNCICHHBIX BhIIIEe TPEOOBAHUI COBEPILIEHHO HE TOIXOAUT
craamapt MPL, B pesymprare d4ero [UIs OCYIIECTBICHHSA B3aMMOICHCTBHSA MEXKIY Y3JdaMH OBIIO pemeHo
UCIIONIb30BaTh TAaKWE CTAaHAAPTHHIC CPEACTBAa ONEpalMOHHOW cucTeMbl Linux, kak ¢aiinoBas cucrema NFS u
MIPOTOKOJ IS YAan€HHOTo 3armycka kKoMan SSH, a Taxoke psii «CaMONMCHBIX» YTHIINT M CKPUITOB VISl PeasIN3aliu
0aTaHCHPOBINMKA 3aTPY3KU M POYNX YaCTEH cepBuca.

B pe3synbrare 3amyck Ha 00pabOTKy Jf000r0 (aiia peaqn30BaH B COOTBETCTBHH CO CIIEAYIOUICH CXEMOHt:

—  OOpabarsiBaeMblii (aiin HadnHaeT 3arpyxarbes B 00myro NFS-ipexropuro.

— Kiment uepes yHuBepcanbHblii shell-ckpunT npou3BoguTCs 3amyck 3ajaHMs Ha 00paboTKy
3arpyxaemoi ¢Gororpabuu wim Buaeo-daitna. J[aHHBI CKPUNT CUUTHIBAET U3 KOH(PHUTYpaIMOHHBIX
¢haiioB Tekyuiyro Tomosioruto obllaka M mapaMeTpbl TpeOyemoil 00paboTKH, 3ampamiuBaeTr y
JIOCTYIHBIX Y3JI0B METPHKH 3arpy>KEHHOCTH H IIPOM3BOIUTENBHOCTH, Tocie dero no SSH 3amyckaer
Ha BEIOPAaHHOM Y3JI€ CIIEAYIOMNN CKPUNT VIS HETIOCPEACTBEHHOI 00paboTKH.

— Ha y3me-o0paboTumke 3amyIIeHHBId CKPUNOT OMO3HAET TWH 3ampoca (oOpaboTtka ¢ororpadhuu wim
BUzieo, TUI ¢opmara W TJ.), mocie dero uepe3 Ombmmoreky FFMPEG wunm BcriomorarenbHBIN
3arpy34MK Ha4dWHACT JAEKOAWPOBATh WCXOMHBIM (aiyl, YKPYIHATh KaJgpbl B COOTBETCTBHUH C
BO3MOYKHOCTSIMH JIJaHHOTO y3JIa M 4epe3 COKETHI OTHPABIISTh UX B IPOIecc-00pabOTIMK, HE3aBUCUMO
noJTydast OT Hero yxe o0paboTaHHbIE KaJ(pbl U KOAUPYS MX B TpeOyeMblil (hopmMar.



— IlIponecc-00paboTUMK MONy4aeT TOTOBBIE IOPIHMU HeckKarblX H3o0paxkeHud B ¢opmare REGEBS,
ITOCIIe Yero BRIOMpaeT Hanboee MOAXOAAIINHA U3 JOCTYIHBIX BEIUMCIUTENEH (11 HeOONbIINX KaapOB

— IEHTpaJBHBIN Tpoleccop, s OONbIIUX — TpadUIecKHil yCKOPUTEIh) M OTIPABISeT €ro Ha
HETIOCPE/ICTBEHHYIO ~ 0OpabOTKY,  HE3aBHCHMO  OOHOBISIA  METPHKHM  3arpy’KeHHOCTH U
IIPOU3BOIUTENBHOCTH.

— Ilpu oxoHyaHMH 0OpabOTKH HAYAJIBHBIA CKPHUIIT 3aBepIlaeT CBOIO padoTy, BO3Bpalas 00padoTaHHBII
(aiin nim Koz OMMOKH.

WNcxogHoe Bugeo ————P» NFS-cepsep ——— P O6paboTaHHoe B1IEO

Yy | HDR-cepsep [

Knunent

HDR-cepBep

Hnnrocmpauusn 4. Cxema paboThl 0071a4HOTO CEpBHCA.

CrouT OTHENBPHO OTMETHTh, YTO B HAaHHOH MOJEIM MOA KJIMEHTOM IIOHMMAeTcsi HE KOHKPETHBIH
NOJb30BaTeNb CEPBHCA, a HEKOTOpas IporpaMMHasl CYLIIHOCTb, MMeEIOIIash IpaBa Ha 3amyck oOpaborku. B
YaCTHOCTH, KJIMEHTOM MOXXET OBITh Kak web-cepBep, IPeIOCTaBISIONINE COOTBETCTBYIONIYIO (DYHKIIMOHAIBHOCTh
HEMOCPEICTBEHHBIM T0JIb30BaTENsIM uepe3 Opaysep, Tak u HezaBucumoe [10 st HDR-06paboTku Buaeo-¢aiiios.

3akJ/04eHne

Pesynsrarom BeIONHEeHHBIX aBTOopamu pador crtama GPGPU-peammsamus amroputma HDR-o06pabotku
¢dortorpadmii M BHICO-IOTOKOB, IPOAEMOHCTPHpOBaBIIas Ha TecToBod cucreme 100-kpaTHOE yCKOpeHHE
OTHOCHUTENBHO TTOCIIEJOBATEIbHON BEPCHHU, UTO NMPAKTHUECKH MO3BOJSIET MPOBOJUTH KOHBEPTHPOBAHUE B PEXRHUME
peanbHOro BpemeHu. OtnenbHO Oblla pa3paboTaHa HavajbHas peainu3alysi MHTepHeT-cepBuca http://hdrvision.ru
JUIsl BBITIOJIHEHMSI COOTBETCTBYIOLIEro npeodpazoBanust Ha GPU-kiactepe B MOJHOM COOTBETCTBUH C MapajurMoi
00JIaYHBIX BBIYUCIICHUI.

Ha MomeHT HamucaHus cTaTbil paccMarpuBaeMblii 00naunbiii cepBuc aist HDR-00paboTku BUieo-1aHHBIX
OBbIT YCIIEIIHO TMPOTECTHPOBAH HAa CHCTEME MX HECKOJIBKUX Y3JIOB, KOKIBIM M3 KOTOPBIX OCHAMIEH HECKOJIBKUMHU
rpapuIecKuMH yCKOPUTEIAMH. TeKyIuM HampaBiIeHHUEM padoT ABIAETCSA MPOBEACHHE HArPy304HOTO TECTUPOBAHHS
cepBUCa Kak Ha COOCTBEHHOM MHHH-KJacTepe, Tak M B obmake Amazon EC2 c menpio OLEHKHM MaKCHMaJIbHOM
MIPOM3BOJUTEIIFHOCTH M MacIITabMPyeMOCTH, a Takxke cebecrommocT nposeaeHus HDR-o6paboTku s BHIEO
Ppas3IMuHbIX (POPMATOB.
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