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OnucaH 3KCrepyuMeHT o CKaTMIO MOHOLBETHBIX M306PaXeHI Ha OCHOBE (PPAKTASOB C MPYMEHEHVEM BbICOKOMPON3BOANTENbHOM Bbl-
YUCTINTENLHOV CUCTEMbI C PACTPELAENEHHON NaMATBIO ~ BbIYUCIUTENLHOM KiacTepe. MexXrnpoLeccHbii 0OMeH oCyLLIECTBASETCA Ha OCHO-
Be TexHonorm MPI. [loka3aHa NMHeyiHas 3aBUCUMOCTb BPEMEHU BbIYCTEHII OT KONMHYECTBA BbIYNCIMTENbHBIX POLECCOB. BbissneHa
HEPaBHOMEPHOCTb HAarpy3ki BbIYUCIINTENbHBIX MPOLIECCOB, BbI3BAHHAS HEOAHOPOAHOCTbIO CKMMAaeMblX M300paxeHui. [IposeneHo

CPaBHeHVe Ka4ecTBa 1 Pa3mepa CXUMAeMbiX M300paxeHni Ha 0CHOBE (PaKTanoB 1 Ha OCHoBe anroputMa JPEG.
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[ToBBILIEHHBI WMHTEPEC K aJrOpuTMaM CXKaTust
n300pakeHuit Ha OCHOBe (DPaKTaoB BbI3BaH HEOOXO-
JMMOCTbIO MUHUMM3aLMK Pa3MepPOB IepeaaBaeMbIX
WIN XPaHUMBIX JaHHBIX. HJIS CKaTWS CTATMUECKUX
1300paxeHuii CyLIecTByeT MHOXKECTBO MeTOI0B [1—3].
Hamnbosee n3BeCTHRIMU U3 METOJOB CXaTHs rpadude-
CKOI MH(OpMAaIIMK C TTOTepeit KauecTBa sSBISIOTCS al-
roputMbl JPEG u JPEG2000. IToatomy, npu pa3pa-
0OTKE HOBBIX AJTOPUTMOB, MPOBOJAT CpaBHEHHE
umeHHo ¢ JPEG. Ilpu paccMoTpeHUM ajropuTMOB
CXaTus HarboJIee BaXXHBIMU SIBJISIOTCS TPU OCHOBHBIX
CBOMCTBA: KO3 UIUEHT KOMIIPECCUH, CTEIIEHb MOTe-
PM KayecTBa M0 CPAaBHEHUIO C OPUTHUHAJIOM, TPYILOEM-
KocTb. OIHAKO B paMKax pa3IMYHBIX 3a/a4 LIEHHOCTb
3TUX MapaMeTpoB He paBHO3Ha4Ha. Jlnst ciyyas nedu-
LIUTa OTMCKOBOTO MPOCTPAHCTBA M MOJOCHI MPOIYCKa-
HUS KaHAJIOB, TPU JOCTATOYHOM KOJHMYECTBE BBHIUM-
CJIMTENLHBIX MOIIHOCTEH, TpeacTaBIseT UHTepeC M-
M0JIb30BaHue (hpakTaabHOro cxarus [2], obnamaronie-
r0 TIOTEHLMAIBHO 00Jiee BBICOKUM KO3(POULIMEHTOM
KOMIIPECCHH, HO 0oJjiee TpyIoeMKUM Mpu cxatuu. 00-
PaTHBIIA TIpoLIECC — pacrakoBKa, TPEOYeT MEHBILE Bbl-
yucnenuit, uem y JPEG [3]. CBoiicTBo, 3aKitouarolie-
ecsl B HE3aBHCMMOCTH BOCCTaHABIMBAEMOTO M300pa-

KEHUsI OT pa3pellieHUs], II03BOJISIET MCIIOJIb30BaTh
(bpakTaNbHBIA aNTOPUTM IJIs1 BU3yaIM3aLMKM LHPpo-
BbIX M300paXeHMIt Ha OONBIIMX SKpaHaXx.

Kak npaBuiio, B paboTax, NOCBSILIEHHBIX UCCIIEN0-
BaHMIO aITOPUTMOB (HDPAKTATBHOTO CXATHsI, HAKJIa bl
BAeTCSI TAKOE OTrpaHMYCHHE, YTO AJITOPUTM IOJDKEH
obecrieynBaTh MPUEMIIEMOE BpeMs CXKaTHsl Ha Iepco-
HanbHOM KoMIibiotepe [4, 5]. ITocKonbKy MOMHBIM Te-
pedop MpH MOMCKE COOTBETCTBUS TOMEHHBIX M PAHIO-
BbIX 0JIOKOB IIPUBOIUT K OOJIBIIOMY KOJUUYECTBY OIle-
panuii, TO yCUIus pa3pabOTYUKOB, B OCHOBHOM, Ha-
MPaBJICHBl Ha COKPAIEHWE KOJMYECTBA CPaBHEHWH
OJIOKOB 3a CUeT IpeABAapUTENbHON KiaccupuKaImm
[6]. CokparueHne 4yMcia paccMaTpUBAaeMBIX OJIOKOB
HEeM30eXHO MPUBOAUT K OOJIBIIMM MOTEPSIM KauecTBa
10 CPaBHEHMIO C MOJHBIM TepedopoM. B maHHOM uc-
ClleJOBaHUM OTpaHUYeHHE Ha MPOU3BOAUTENLHOCTD
BBIYMCIUTEIBHOM CUCTEMBI OBLIO OCNTA0NIEHO MCXOMIS
13 TOTO0, YTO BBICOKOIIPOU3BOAUTEILHBIE CUCTEMBI
Pa3HBIX KJIACCOB CTAHOBSITCA Bce 0ojiee MOCTYIHBIMU
JUIST KOHEYHBIX TI0Jb30oBaTeseil. Tak, cepBUCH THUIIA
GRID u «006/1a4HbIe BEIMMCIEHUS» MTO3BOJISIIOT 3aeii-
CTBOBaTh YHAJCHHBIE BBIYMCIUTEIbHBIE MOITHOCTH
B pexkuMe on-line. JIpyrum TpeHIOM pa3BUTHS COBpe-
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MEHHBIX BBIYMCIUTENBHBIX CUCTEM SIBIISIOTCS aKcele-
partopsl Boiuncnenniit GPGPU, gpkuMm npencraBute-
JieM KoTophix siBasietcs TexHonorust CUDA, obecrie-
yyBamas TepadaonHyl0 MPOU3BOAUTEIbLHOCTD
3a CPaBHUTEIbHO HU3KYIO CTOMMOCTb. OCHOBHOM 11e-
JIBI0 SKCTIEpUMEHTa SBJISUIach IPOBEPKa MacIITaOu-
PYeMOCTH anropuTMa (pakTaJbHOTO CXaTHMs Ha CH-
cTeMax ¢ pacnpeneaeHHol maMsaTbio. CHUCTeMBI ¢ pa-
CTIpeNeJIeHHOW MaMsThIO TO3BOJSIOT OOBEAUHSTDH
0ONbIIOE KOJWYECTBO BBIUMCIAMTENEN — NOeCATKH
Y COTHU TBICSIY sIEP AJIs MepeaoBbIX MpeacTaBuTeeit
KJacca.

B kagecTBe uccnemyeMoro airopur™a ObuT BHIOpaH
0a30BbIl AITOPUTM (PPAKTATBHOTO CKATHUS N300paxe-
Huit. {151 morcka ToMeHHBIX 0J10KOB IPUMEHSITICS Me-
TOJI MOJIHOTO Nepebopa 0e3 NpeaBapUTENbHOM Kilaccu-
duxanuu.

Ba30BbIi anropuT™ GpaKTanbHOro OKaTus

[ToHsiTUe pakTan 03HAYAET, YTO LieJoe N300paxe-
HUE COCTOMT U3 YMEHBIIIEHHBIX KOTHii €10 caMOTro UIn
ero yacTei, To ecTb 00JaaeT CBOMCTBOM CaMoOII0fI0-
Ous. YBeamuuBas Takoe M300pakeHre, Mbl MOXEM Ha-
OJ1101aTh OHY U TY XK€ CTeNEHb ACTANTU3ALMU He3aBU-
CHMO OT pPa3pelieHus.

AJITOpuTM (HpaKTaTbHOTO CXKATHUS, TPEITOKEHHbII
Maiixkinom bapHcnu [7], oCHOBaH Ha CUCTEME UTEpU-
pyembix pyukmmii (IFS —Iteration Function System).
Ho IFS He Moryr OBITh MCIOJB30BAHBI KaK TOTOBBIE
CUCTEMBI CXaTHsl PealMCTUYHBIX M300paxenmii. IFS
HeoOxoiuMMa Jijis MOHMMaHMs TOro, Kak paboTaroT
(bpakTanbHbIe METOIBI CXKATHUST M300paKeHUI. ApHay[,
JI>xekBuH [8] BriepBbIE MpeACTaBUI MeTOI (PpaKTasb-
HOTO KonupoBaHMs, ocHoBaHHHIM Ha IFS, B koTopom
HCTIONb3YIOTCSl CUCTEMbI IOMEHHBIX U PAHTOBBIX 0J10-
KOB PEaIMCTUYHBIX U300pakeHU .

bazoBblil aaroput™M (ppakTaabHOTO KOIUPOBAHUS
1300paxkeHNsT OIUCHIBAETCS CIEAYIOUIMM 00pa3oM:

1. N3obpaxenue MxN nukKceneir pasduBaercs
Ha MHOXeCTBO R-0/10k0B (paHroBbie OJ0Ku (F))
R.,R,,....R, tne R, i=1,..., r eCTb KBafipaTHbI!i BxB
MUKCENbHBIN (PparMeHT 1300paxKeHusl.

2. W3o00paxeHue TMOKPHIBAETCS IMOCeA0BaTeNbHO-
cteio D-6mokoB (nomeHHbie G6moku) Dy, D,,...,D,,
rae D, — npeacTaBisiiole KBajpaTHble (BO3ZMOX-
HO mepecekaromuecs) 2Bx2B nmukcenbHbIe (par-
MeHTBL. JloMeHBI MOIYT OBITH Pa3HOTO pa3Mepa,
1 VX KOJIMYECTBO MOXET MCUUCIATHCS COTHIMMU
1 TBICSIYAMHU.

3. g Kaxmoro paHTroBOTO OJI0KAa HAXOAST JOMEH
1 COOTBETCTBYIOIIEEe Mpeodpa3oBaHUE, KOTOPOe
HaWJIy4YlIMM 00pa3oM MOKPbIBAET PAHTOBBIN OJIOK.
OO6BIYHO 310 apPUHHOE ITPeodpa3oBaHuUE.

4. Ecau 1ocTaTOYHO TOYHOTO COOTBETCTBUS HE MOJY-
YUJIOCh, TO pa30MBaeM pPaHIoBbIe OJOKM Ha MEHb-
mue Ooku. JaHHBINM TIpoliecc MpPOAOIKAETCS
JI0 TeX TI0p, MOKa He MOoJyJaroT MpUeMIeMoro co-
OTBETCTBHUS MPU 3aJaHHOIN NOMYCTUMON MOrpell-
HOCTH, WJIM pa3Mep PaHroBOro 0JioKa NOCTUTraeT
3a]aHHOTO MUHUMAJILHOTO 3HAYEHUSI.
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OpraHu13aLms BbIYUCTUTENbHBIX
npoLieccoB dpakTanbHOro CkaTus

OnHUM U3 TJIaBHBIX (PaKTOPOB YBEIMYEHHUS BpeMe-
HU CKaTHS SIBISIETCS KOJMYECTBO TOMEHOB. Kaxmblii
BBIOpPaHHBIN PAHTOBKIN 0JI0K (C BOCBMBIO BUAaMHU ad-
(uHHOrO TpeoOpa3oBaHUs) HEOOXOAMMO COMOCTa-
BUTb CO BCEMU TOMEHHBIMU O0KaMu. JIJ1s1 yMeHbllIe-
HUS Tpoliecca Tepebopa Oblia MpemioxXeHa KiacCu-
(uKalus JTOMEHHBIX M PaHToBBIX OiokoB [9]. Tak
K€ TIPOLIECC BBIYMCICHUS MOXHO ONTHUMU3UPOBATh
TaK, YTOOBI KaXIblii PaHTOBLIM 00K oOpabaThIBaICS
0 OTAENBHOCTH, TO €CTh JAHHbIE MOTYT 00pabaThbi-
BaThCsl HE3aBUCMMO, YTO TMO3BOJISIET pachapasieinTb
nporecc BeraucaeHus [10].

B [6] mpencTaBieH OBICTPONEHCTBYIONIMIA ajro-
PUTM (PpaKTaTBHOTO CXKATHS M300paXeHuil ¢ riyou-
HOIi 1IBETHOCTHU 8 OMT. YCKOpeHMe JOCTUTaeTCs 3a CUeT
YMEHbIIIEHUS KOITMUYECTBA TOMEHOB.

B [11] npencrapieHa napajuiebHas OpraHu3aLusi Bbl-
YUCUTEBHBIX TIPOLIECCOB, OCHOBAHHASI HA MHOTOTIOTOY-
HO 00paboTKe, TO €CTh B CUCTEMAX C OOILIEH MaMsIThIO.

B manHOIf cTaThe TIpemIaraeTes mapamiebHas pea-
Ju3aius (GpakTaabHOTO CXaTHs LIBETHBIX M300paxe-
Hui (DIyOMHAa LBETHOCTU 24 OMT) C MPUMEHEHUEM
texHosnorun MPI (Message Passing Interface — nntep-
(eiic nepenaun coodbueHuit) [12]. B peanuzanmu uc-
MoJIb30BaHa MogubuKalus ajtroput™a us [2, 3] ¢ me-
peyrnopsouMBaHUeM OJOKOB THKCeaedl B MaMsITH
1 paz0MeHneM MeToIoM KBaapoaepeBa. Kinaccuduka-
IS JOMEHHBIX M PaHTOBBIX OJIOKOB HE MCIONb30Ba-
Jlach, TaK KakK COKpallleHHE MHOXECTBa JAOMEHHbBIX
0JI0KOB IPUBOAUT K Paz0pocy 3HAYEHMsT Ka4eCTBa Bbl-
XOJHOTO (BOCCTAHOBJIEHHOT0) M300paXeHUSI.

MacwrabupoBaHue napannenbHbIX BbIYMCTIEHNN
¢ nomotupbio MPI

B npennaraemoii mapajieIbHOM peanu3aiyy ajaro-
puTMa (PAKTATBHOTO CXaTHsl M300paXeHU! BbIUM-
CITUTEJIbHBIE MpoLiecchl (KoaumyecTBoM N) opraHuzo-
BaHbI CJIEAYIOIIAM 00Pa30M:

1) rnaBHblit ipouecc (¢ HomepoM 0):

*  3arpyxaer U IepenaeT n300pakeHue B KaxKIbIit

pabouuii mpoiiecc;

*  CO3JaeT CIMCOK 3a/1ay (CIMCOK PaHTOBBIX 0J10-

KOB (R)) ¥ pacmpenensieT 3anaun Mexnay pado-
YUMHU MPOLIECCAMU;
* TIO/MyyaeT pe3yJbTaT OT OYepeaHOro padoyero
Tpoliecca 1 3aMIChIBAET B (haiil.
2) Kaxnwlii pabouuii mpoiecc (¢ HomMepaMu oT 1 1o

N-1):

*  TI0JTyyaeT M300paxkeHue U CO3MAeT CIMCOK N0-

MEHOB ISl CPABHEHMUSI C PAHTOBBIMU OJI0KaMU;
* TI0Jly4aeT CIMCOK 3ajay (CMHUCOK PaHTOBBIX
OJIOKOB) IUTA TIOMCKAa COOTBETCTBUU C MOMEH-
HBIMH OJIOKaMU;

* TIPOM3BOIMUT BBIYMCIICHHUS (COMOCTaBICHNE O~
MEHHBIX 0JIOKOB ¢ PaHTOBBIMM OJIOKaMHU );

*  3aMKChIBAET MapaMeTpbl HAIEHHOTO COOTBET-
CTBYIOLIETO JOMEHHOTO Oy0Ka B Oydep, 3aTem
Oydep nepenaet eragromy npoyeccy;
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naBHbIN npouecc(0)

3arpyska nsobpaxeHuin B hoopmarte
RAW u pa3bueHue Ha paHroBble 6moku

v

Pacchinka Bcem npotieccam
NCXoOHOro M306pa>|<eHMﬂ W 33,

aaq

Pa6ouwit npouecc 1 # Pabouuit npouecc N ¢
.| PaHrosble 6r1oku .| PaHrosble 6oku
1no R/N (N-1)'R/N no R
‘ Achchunnoe nneafnazoravue }4» ‘ Achchunnoe nneafnazoravue }4»
PRUHHOE Npeobpasosaxne PRUHHOE Npeobpazosaxue

0AXOAALUMIA LIOMEH
HanaeH?

Het

OAXOLSILUMIA [IOMEH
HailgeH?

Mepenaya peaynbTaTos
rnaBHOMY npoLeccy

Pa3bueHue paHra Ha
MeHbLUVe 6nokn

Mepenaya peaynbTaTos
rnasHOMy npoLeccy
I

Pa3bueHue paHra Ha
MeHbLUve 6nokn

v v
——

C6op pesynbTaToB
1 3anuck B chan

Puc. 1.

* B Cllyyae OTCYTCTBUSI COOTBETCTBYIOLIETO 10-
MEHHOTO 0J10Ka I BRLIOpAaHHOTO paHTa pa3ou-
BAaeT PAHTOBHI OJIOK Ha MEHBIIUE OJIOKH METO-
JIOM KBaJpoicpeBa ¥ MOBTOPSIET BEIYUCIICHHUSI.
Ha puc. 1 npuBeneHa 0J10K-cxeMa Mapajie]bHOrO
aropuT™Ma (pakTanbHOIO cxatus. Peanuzauus anro-
puTMa (PPaKTATBHOTO CKATHUSI HA HECKOJBKUX BbIYM-
CITUTEJIbHBIX y371aX ¥ HE3aBUCUMOCTb PAHTOBBIX 0JIOKOB
MO3BOJISIIOT 00ECTIEYMTh XOPOLIYIO MACIITAOUPYEMOCTb
3agaun. B mporpaMMmHoOIi peanm3aiyu ajis oOMeHa Co-
OOILEHMSMHU MEXIY ITTABHBIM IIPOLIECCOM M pabOUYMMM
npolieccamMu OblIa puMeHeHa TexHonorus MPI.
Co3naHue crucka JAOMEHHBIX OJIOKOB B KaXIOM
paboueM Tpolecce 0CBOOOXIAET OT HEOOXOTUMOCTH
oOMeHa TOMEeHHBbIMU 0JJOKAMHU TI0 CETU, HO MOBBIIIAET
TpebyeMblii 00beM orepaTuBHOM mamsTu. Kaxmoe
pa3bueHKre PaHTOBBIX 0JIOKOB HA MEHBIIINE OJOKM Ha-
30BeM uTepauueil. Torma, Ipy KOIUYECTBE pabOYMX
MPOLIECCOB, PABHOM KOJIMUYECTBY PAHTOB, CXaTHE Ofl-
Horo 6JioKa 3aiiMeT oT 1 10 4 utepaiuii B ciyyae paH-
ra 16x16 nmukceneit, u ot 1 oo 3 uTepanuii, B ciydae
panra 8x8 mukceneil. M3o0paxeHue pa3buBaeTcs
Ha 0oJIbliiee KOJUYECTBO OJIOKOB Ha TeX yJacTKax, Iie

brok-cxema rnapa’snesibHoro aaroputma CKatmsi M306pa)KE‘HVIIZ Ha OCHoBe d)paKTanos

umeeTcsl Oouiblie aetaneit A1t KomuposaHus. Creno-
BaTeJIbHO, BPEeMs BBIUMCIEHMSI OydeT 3aBUCETb OT
CTPYKTYPHI M300paXeHNsI U OT BpeMeHH O0pamieHus K
TaMSITH.

KOHTpOHb KayecTBa BOCCTaHaBIMBaeMoro V|306pa)|(eva

KauecTBo BoccTaHaBIMBaeMOro M300paxeHus 3a-
BHCHUT OT BXOIHBIX 3a1aBaeMBIX ITapaMeTPOB alTOPUT-
Ma (pakranbHOro cxkarus. IlapameTrpoM, CHIbHO
BIIUSIIOIINM Ha KayecTBO, SIBJISETCS MOPOroBOe 3Haye-
HUe, 3aJalolee PasHUIy MeXIy 00pabaTbiBaeMbIM
(bparMeHTOM U HAaUIYUIIMM €T0 MPUOIMXKEHUEM.

YeM MeHblle TOMycTHMask MOrPEIHOCTb, TeM TOY-
Hee OCYILECTBISIETCS] TOUCK JoMeHHoro 6oKa. C npy-
TOI CTOPOHBI, YBETMIMBAECTCS KOJTMIECTBO OTIEPAIIHiA,
YTO BJIMSET Ha 0OIee BPeMsI BBHITIOJHEHMS BBIUKCIIE-
Huii. Tak ke Ha KayecTBO BOCCTAHABIMBAEMOTO U30-
OpaxeHus1 BAMSET LIar MoMcKa AOMEHOB M pa3Mep
paHTOBBIX 0JOKOB. YeM MeHblle IIar Moucka, Tem
00JIblIIe KOJMYECTBO JOMEHOB U 00JIblile BEPOSITHOCTD
HaXOXJEHUSI COOTBETCTBYIOILETO JAOMEHHOTo OJoKa.
Pazmep paHroBbIX OJOKOB BIMSIET HA pa3Mep BBIXOJ-
HOro ¢aiina.
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YeMm MeHbIIE aJITOPUTM APOOUT BXOTHOE M300pa-
JKEHME Ha PaHTOBbIe OJIOKH, TEM MEHBILE KOJMYECTBO
XpPaHUMBIX CTPYKTYpP JOMEHHBIX OJIOKOB, YTO YMEHb-
1IaeT pa3Mep BbIXOAHOTO daiina. [Ins oueHKH Kaye-
CTBa BOCCTaHABIMBAEMOTO M300paXEeHUSI ObUIM MC-
nojb3oBaHbl MeTprku SSIM u PSNR [13].

Pe3yanaTb| BblYNCNTUTENbHOr0 3KCNepMMeHTa

Peanuzanus anroputma TecTMpoBaiach Ha BbIUM-
cmurenbHoM Kinactepe MCII PAH, npenocraBieHHOM
10 IIporpaMMe «YHMBEpPCUTETCKUI Kiactep» [14].
YcTaHOBKA COCTOMT U3 64-X BBIYUCIUTENbHBIX Y3JIOB,
KaXIblii U3 KOTOPBIX BKJIIOYAET B cedsl 2 mpolieccopa
Intel®Xeon®ES5450 ¢ TakToBoOit wactotoit 3 I'Tii,
8 I'0 onepatuBHO# maMaru u 100 I'0 BHemIHe# mamsi-
TU. BeruucautenbHbie y37bl 00beqMHEHbI ceThio Infini-
band. Knactep padotaer mox ympasienuem OC Linux
CentOS 5.4. BoinoiHeHMe 3a1ay OCYIIECTBISIETCS Ye-
pe3 cucteMy nakeTtHoit o0padbotku TORQUE u ma-
HUPOBILUK pecypcoB MAUI.

WccnemyeMblil aaropuT™ ObLT peaii30BaH Ha SI3bI-
ke Cu ¢ npuMeHeHuemM 6ubaoreku MPI Bepcuu 2.1.

Ilnst TectoB Mcnonb3oBaauch BeTHbIe (RGB) 13o-
OpaxxeHMs 13 0a3bl JAHHBIX TPYIIBI (HPAKTaIbHOTO

KomupoBaHus U aHanu3a (fractal coding and analysis
group) [15]. Wcnmonb3yemble nanee XapakTepUCTHKU
BKJIIOYAIOT MMSI BXOAHOTO (haiina, KOJUYECTBO MC-
TIOJIb3YeMbIX TPOLIECCOB (SIIEP), BpeMsT CXaTusl, BpeMs
JIeKOIMPOBaHUs (BOCCTAHOBIICHHST), Pa3Mep CXaToro
(baitna, KauecTBO BOCCTAHOBJEHHOTO IO METPHUKaM
SSIM u PSNR.

B cocraB mapamMeTpoB (paKTaTbHOTO aIrOpHTMa
BXOIIAT:
* pasMep paHroBoro 0yi0oKa (HayaJbHBI pa3Mep

8x8 nukceneit);
* IIIar IoMcKa JoMeHa (4 muKcens);
+ mpezen gomyctumoit morpemHocty (0,005).

Ilpenen momycTMMON TOTPEIIHOCTH ONpeaesseT
paccTosIHUE MEXIY CPEAHUMU 3HAUEHUSIMU PAHTOBBIX
1 IOMEHHbIX 0;10k0B. Ecnu pazHulia Mexay cpemHuMu
3HAUEHMSIMU PaBHA HYJIO, TO COMOCTaBASIEMbIN M10-
MEHHBII 0JIOK MICHTUYEH paHroBoMy 0J10Ky. Tak Kak
QJITOPUTM HE TapaHTHPYeT HAXOXIECHWS MACHTMIHOTO
JIOMEHHOTO 0JI0Ka JIsl BCEX PAHTOBBIX OJIOKOB, TO 1ie-
JiecooOpa3Ho 3aJaTh HEKYI0 MOMyCTMMYIO IOrpell-
HOCTh NpU moucke. st olleHUBaHUSI PacCTOSTHUS
Mexy 0JoKaMK KMCIOb30BaHa (DYHKLUS CpeHEKBa-
JIpaTUIeCKOTO OTKJIOHEHH [2, 9]:

‘

11250 \
10500 \
9750 \
9000
\ ——clegg
8250 \ —l— frymire
7500 ——fe—|ena3
\ =i monarch
6750
—t—nepprs3
Ston sail
w2
+ 5250 —t+—serrano
4 \
tulips
- \\ \
3750 \ \\
3000 \

Konu4yectso npoueccos

Puc. 2. 3aBUCUMOCTb BpeEMEH ,036OTbI rnapasnesibHoro ajaroputma ot Kosim4ecrsa 33/eMICTBOBAHHbIX npouyeccopos

90



YnpasreHvie, Bbl4UCIUTENIbHAsA TEXHWKA U MHPOpMaTMKa

Tabnuua. Pe3ynbTatsl UcrbiTaHus MPI-peanv3zaumm napaniensHoro anroputMa ppakTanbHoOro cxatus
V306pa- DpakTanbHbIN anropuT™ Anroput™m JPEG
KeHve Bpemsa cxatva | Bpems oxatvs |Bpems fekope- Pziamep SSIM PSNR, 16 Pa}Mep SSIM PSNR, 1B
Ha 64-x agpax, ¢ | Ha1aape, C pa, ¢ tavna, K6 tanna, k6
clegg 155,529 4894,304 0,240 167,800 0,998 31,326 366,800 0,994 31,110
frymire 443,582 11642,376 0,250 584,100 0,989 30,690 601,900 0,997 33,390
lena3 28,484 743,089 0,051 79,300 0,987 38,243 74,600 0,985 39,753
monarch 66,466 1683,099 0,081 124,500 0,998 40,813 103,300 0,992 44,950
peppers3 24,361 686,439 0,054 68,400 0,989 39,753 72,700 0,944 42,076
sail 7914 2164,089 0,104 197,100 0,994 38,620 163,000 0,991 42,090
serrano 64,239 2389,876 0,103 128,600 0,989 34,288 205,700 0,923 34,823
tulips 63,304 1697,637 0,087 117,100 0,991 39,083 129,400 0,985 42,100

N
c=Y (R -D)/N,

i=1
rne R’ — i-ii mpeoOpa3oBaHHBIM paHTOBHIM 00K (ad-
(uHHBIe peoOpazoBanus); B — i-if mpeoOpa3oBaH-
HBII JoMeHHbI# 070K (D, =sD+o, rae s — Koapuiu-
€HT U3MEHEHMSI KOHTpacTa; 0 — K03 pUIIMeHT casura
10 SIpKOCTH); N — KOIUYECTBO IMMKCENIE B PAHTOBOM
0710Ke.

Ha puc. 2 B Bune rpacuka mnpeacTaBieHbl pe3y/ib-
TaThl 3KcnepuMeHToB. C yBeIMYEHUEM KOJIUUYECTBA
paboyurx MpoLECCOB B ABa pasza Bpems (f) 00pabOTKu
(bpaKTaJbHOTO aIropuTMa YMEHbIIAETCS MPUOIU3U-
TeJIbHO BIBOE, YTO MOATBEPXKAAET JIMHEHHOCTb YMEHb-
IIEHNSI BpeMEHU CXaTusl (DPAKTaTbHBIM METOIOM.

[Mocne pacnpeneneHus 3amay 1Mo mporeccam, Kax-
Bl ITPOIIECC BBIMOIHSAET MOUCK COOTBETCTBUS IOMEH-
HBIX U PaHTOBBIX OJIOKOB B CBOEH 00J1aCTH M300paxe-
Husl. B ciyyae neneHust Ha MeHbIIME PAHTOBbIE OJIOKU
MPOLIECCHI TAKXKE CAMOCTOSITEIBHO COMOCTABIISIIOT Me-
HbIlIKe OJJOKU ¢ TOMEHHBIMU OJIOKaMU. DTO 03HAYaeT,
YTO B ITOJYYEHHOM 00J1aCTH N300pakeHIE MOXET ObITh
HEOIHOPOIHO, U I HAXOXIEHUS COOTBETCTBUSI PaH-
TOBBIH 010K MOXKET IPOOUTHCS 10 MUHUMAJIBLHOTO pa3-
Mepa (2x2 nukcens). B Takux ciyyasix Bo3HMKaeT He-
PAaBHOMEPHOCTh HATPY3KU BHIYMCIUTENBHBIX TPOLEC-
COB, TaK KakK, B 3aBUCHMOCTU OT CTPYKTYphI M300pa-
KeHMs, KOJIMYECTBO pa3dueHuil (a, clIedoBaTelbHO,
U KOJIMYECTBO OIepalnit) Mpu MoucKe 0JI0KOB MOXET
OTJINYATHCS JJIS1 Pa3HBIX obacTeil M300pakeHUs

Jlnist mprMepa MOXXHO B3Th M300paxkeHue frymire.
[pn cxatnu mM300paxeHue Ha 64 smpax MUHUMAJb-
HOe BpeMsI 00paboTKM pabouM MPOILIECCOM COCTABIIS-
et 129,037 ¢, a MaKCUMaJIbHOE BBIYMCIUTEIBHOE BpE-
Ms1 — 443,582 c.

Tem caMbIM pa30opoc 1o BpeMeHU MeXIy padboYMMU
npoueccamMu coctapasier 314,545 ¢. CpenHee Bpemst
MPOJOJIKUTEIbHOCTh PabOUMX MPOLIECCOB COCTABNSET
350,251 ¢, u pa3HuIa MEXIy MaKCUMAJIbHBIM 1 CPeji-
HUM BpeMeHeM cocTapiseT 93,259 c. [Ipu paBHOMep-
HOM pachpeieicHUd Harpy3Ku BpeMsi paOOThbl ajiro-
pUTMa YMEHBIIWIOCH Obl Ha 26 %. DTO HampaBieHMe
TpeOyeT JalbHEeHIINX UCCIeOBaHMI B 00J1aCTH METO-
JI0B 0allaHCUPOBKM HArpy3ku, HalpuMep, TakKuX, Kak
yKazaHo B [16]. PemeHue BompocoB OaaHCUPOBKH
BBIYMCIUTEIbHOIM HArpy3KU 3HAUYUTENBHO YCIOXKHSIET-
s MPU U3MEHEHHMHU KOJIMYeCcTBa Moa3agay (pa3oueHue

PAHTOBOro 0JI0Ka METOIOM KBaJpPOAEPEBA) B XOAE BbI-
yucaeHuit. IlepepacnpeneneHue noa3agay MeEXay
MPOLIECCOPAMU YK€ HEMOCPEJCTBEHHO B MPOLIECCE BbI-
MOJIHEHWS TapajieIbHO MporpaMMbl MOXET TIPUBO-
JIUTh K 3aepXKaM (0JOKMPOBKaM), €CITU 3arpalinBa-
eMble TaHHbIE U3 Ouepelr COOOLIEHUH elle He ObLIn
OTIMpPaBJIEHbI MPOLIECCAMU-UCTOYHUKAMM.

B tabmmie maHo cpaBHEHME IO Ka4eCTBY BOCCTa-
HOBJIEHHOTO M300paXeHHs 1 pa3Mepy cxaroro daiina
TSI TTapaJlIeIbHOM pean3aliiy alropuT™Ma GpakTaib-
Horo cxatus u aid anropurMa JPEG. Cxarue ¢pak-
TATbHBIM METOIOM IIPOBOIMIOCH MAaKCHMyM Ha 64-X
BBIUMCIIUTETBHBIX SIIpax ¢ OpraHu3almei 64-x mapan-
nenpHbIX MPI-miponeccos.

Kax BuIHO 13 Tabnuipl, Ha 64-X Sapax MOXHO I10-
JIY4UTh, B cpeqHeM, 30-TM KpaTHOE YCKOpeHHe cxa-
THs. Takxe, cieqyeT OTMETUTD, YTO KAYeCTBO BOCCTa-
HOBJIEHHOTO M300paXXeHusI TTocjie PpaKTabHOTO CXKa-
THSI HECKOJIbKO HuXe 1o KpuTeputo PSNR, Ho Bbiie
o kputeputo SSIM, 4yeMm y n300paxeHus, CKaToro
meronoM JPEG. Ilpu 3ToM B oTiInMuMe OT METO.a,
NpeACTaBIEHHOTO B paboTe [6], B JaHHON peann3anuu
QJITOPUTMA HE TIPOUCXOJUT CKAYKOB KauecTBa 1S pas-
HBIX M300paXXeHUH, 1, B LIEJOM, 3TO KauyeCTBO BhIIIE
(Ha 20 %). mcrepcust KayecTBa BOCCTAHOBJIEHHBIX
M300paxkeHuit anropuT™a, MpeacTaBieHHOro B paboTe
[6], cocrapiser 12,29 1B, a B TaHHOH peanu3anuy aj-
ropuT™Ma gucrepcus cocrasiser 3,69 nb. Bpems cxa-
THs Ha 64-X Aapax JOCTaTOYHO BEJIUKO, HO, KaK OBUIO
YKa3aHO BbIILIE, TIPY yBEJAMYEHUM KOJIUYECTBA BbIYU-
CITUTEJIbHBIX SIIEP MOXHO CYIIECTBEHHO YMEHBIIUTD
BpeMsI CKaTusl, TaK KaK aJlTOPUTM J€MOHCTPUPYET JIu-
HeiiHoe yckopeHue. O0beM cxaToro (aita MeHblIIE,
yeM y JPEG B cpennem Ha 15 %, mpu aTOM criemyeT
YUeCTb, UTO MOC/e (PPAKTATBLHOTO CXATHs HE MPOBO-
JIUJI0Ch KoaupoBaHHMe 1o XaddmaHy, Torga Kaxk B
cpasuuBaemoii peamm3auuu JPEG [17] Takoe Konupo-
BaHME BBIXOIHOM MOC/Ie10BaTeIbHOCTH MPOBOANTCS.

BbiBogbl

IIpoBeneH B3KCIEPUMEHT CXaTusl M300pakeHUM
(bpakTadbHBIM METOAOM Ha BHICOKOIPOU3BOAUTE/b-
HOW BBIYMCIIUTENIBHOM CUCTEME C paCIIpeeIEHHOM a-
MsThlo. Ha mpuMepe 3TaJoHHBIX M300paxeHUH U3
CTaHZAPTHOI OMOIMOTEKM IT0KA3aH BRIMTPHIII B 00be-
Me CXaToro (aiiia Ipu CXOZHOM KavyecTBe IO CpaBHE-
Huto ¢ aaroputMoM JPEG. IoareepxaeHa nuHeiiHast
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3aBMCMMOCTb BPEMEHM CXKaTUs IapajuIe]IbHBIM aJlro-
PUTMOM OT YHMCJIa POLIecCOpoB (siep). BolsiBieH auc-
0ajlaHC Harpy3Ku BBIYMCIMTENBHBIX MPOLECCOB, BhI-
3BaHHbI HEOTHOPOIHOCTHIO CXHUMAaEMbIX M300paxe-
Huii. B Xome manpbHEHIX McceJOBaHII IIpeIIIoIara-
€TCS PacCMOTPETh METOABI BHIPABHMBAHMS HArpy3Ku
BBIUMCIIMTEbHBIX IIPOLIECCOB, a TAKXKE peaanu30BaTh
Y UCCJIEI0BATh AJITOPUTM Ha BBIYMCIMTENBHBIX CUCTE-
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Max ¢ GOJNBLIMM KOJMUYECTBOM ITPOLIECCOPHBIX SIED,
HarpuMep, Ha CHCTEMAX, OCHAILEHHBIX aKcelepaTopa-
mu GPGPU.
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