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NMAPAJNEJNbHbLIE BbIYUCIIEHUA B OBPABOTKE AAHHbLIX
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HayuHno-uccnenoBarenbckuii HEHTp KOCMHUYECKON rupomereoponoruu “Ilnanera”

Pocrunpomera PO, r. Mocksa
2

UHCTUTYT BBIUUCITIUTEJIBHOU MATEMATUKN U MATEMATUYECKOM TEO®U3UKU CO PAH

B mocnennue roApl XapaKTepHBIMH YepPTaMH NWUCTAHIIMOHHOTO 30HIMUPOBAHHSA 3€MIIH SIBISIFOTCSA, C OIHOW
CTOPOHBI - TIOBBIIIEHHE MPOCTPAHCTBEHHOTO PAa3peIIeHUs] KOCMHYECKHX CHHUMKOB, C JIPYTOil - HCIIONB30BaHHE
TUNEPCIEKTPAIbHOH  CBEMKH C  OOJBIIMM  YHCIOM  CIEKTPaJbHBIX  Jauama3oHoB. CHHTE3MpOBaHHBIE
MHOTOCHEKTPAIbHBIE TaHHBIC, MOJTy4YaeMble MPH COBMEIICHHH H300pakeHUI M3 HECKOJIBKHX CIIEKTPaJIbHBIX

KaHaJlOB, MOI'YT HMCTb O6"beM])I B COTHH Mera6a171T. CTaHOBHUTCS THIIMYHBIM O6’beM JaHHBIX H3 =~ 108
MHOTOCIIEKTpaJIbHEIX BeKTOpoB [1]. Ilockonbky ananmu3 u 00paboTKa a3pOKOCMHUYECKHX M300pakeHHH MOoZ00HOTo
o0BeMa W CIIO)KHOW THIIEPCIIEKTPATbHON CTPYKTYpHl TPEOYIOT HCIONB30BAaHUS BCEX PECYpPCOB IOCTYITHBIX
amnmapaTHO-TIPOrpaMMHEIX cpeacts, B UBMuMI' CO PAH pa3pabareiBaeTcsi TEXHONOTHS PEIICHUS 3TUX 3a1ad Ha
BBICOKOTIPOM3BOIUTEIEHEIX ~ KOMITBIOTEpaX  0a30BBIX  BBIYHCIUTENBHBIX  KOMIUICKCOB, OCHOBAaHHAs  Ha
pacmpeqieieHHOM W mapajuieIbHOH  00paboTKe a’dpOKOCMUYECKOW WHGOpManmuu B JIOKAIBHBIX — CETIX
CYNEepKOMIIbIOTEpHBIX LeHTpoB. Ha cymepkommbiorepax RM600 u MBC-1000/M wucnons3yercsi cucrema
napamiensHoro nporpammupoBarns MPI (Message Passing Interface), xotopas obecmeunBaeT HepeHOCHMOCTD
MaKeTOB NpOrpamMM Iapajuie]bHOW 00pabOTKM M aHaM3a a’pOKOCMHUYECKMX H300pakeHHH Ha OOJBLIMHCTBO
M3BECTHBIX ~ MHOTONPOLECCOPHBIX — NapauienbHbix OBM. B 00paboTke rumepcneKTpaibHbIX — JIaHHBIX
JMCTaHIMOHHOTO 30HAupoBaHus ([IJ13) MOXXHO BBIIEIHMTH CIIEAYIOLIME 3Tallbl, KOTOPbIE TPEOYIOT MapaieabHbIX
BEPCHUH COOTBETCTBYIOIINX AJITOPUTMOB U3-3a OOJIBIIOTO 00BEMA BEIYHCIICHHH.

Konrponmupyemas knaccudukanms (xaccudukanus ¢ oOyueHuem). Paspaborannas B HUILL “Ilnanera” u
NBMuMI' CO PAH cucrema KiIacCU(pUKAIMA COCTOMT H3 CEMH KIACCU(PHUKATOPOB (OJHOTO IMO3JIEMEHTHOTO
Kaccu(ukaTopa U IMecTH 0OBEKTHBIX), OCHOBAHHBIX Ha MCIIOJIb30BAaHUH 0AeCOBCKOM CTPAaTernd MaKCHMAIBHOTO
MPaBIONIONO0US sl HOPMAIBHO PAcIpeelieHHBIX BEKTOPOB IMPHU3HAKOB, M JBYX OOBEKTHBIX KIIACCH(HUKATOPOB,
OCHOBaHHBIX Ha MMHMMyMe paccTostaus. I1oj snemenToM 3aech noHumaercs N -MepHBI BEKTOp MPU3HAKOB

T
X= (Xl,...,XN) , e N - 4ucio crekTpaibHBIX IMANa3oHOB, a MOJ OOBEKTOM OJOK CMEKHBIX BEKTOPOB
KBaJpaTHOM MM KpecTooOpasHoi Qopmsl. Ilpeanonaraercsi, 4ro BEKTOPHl X UMEIOT B KJIacce (), HOPMaJbHOE

pacnipenenenne N (M., B,) co cpemunm M, u xosapnaumonwoii marpuueii B,. B stom cmyuae crparerns
MaKCHMAJILHOTO TIPaBI0NoA061s ISl TIOJIEMEHTHOTO Kilaccu(puKaTopa GopMyaupyeTcs CeAyIomuM 06pa3oM.

Hycts Q= (®,,...,®,) - KOHEYHOE MHOXKECTBO KIaccoB, P();) - ampnopHas BEpOSTHOCTb KIacca (@ .

JucKpuMUHAHTHAs QYHKIHMSA Klacca () UMEET BUJ

9;(X) =In(p(®,)) — 0.5(In(| B; ) + (x —m, ) B (x—m)). (1)

OGo3HauMM Uepes T, OCHOBAHHOE HA PACIPEICTCHHH ¥~ TOPOrOBOE 3HAUCHHE A OTKIOHCHHBIX BEKTOPOB
kmacca @;: T, =In(p(®,))—0.5AN,Q)—0.5In(| B, |), rme A(N,Q)— xpuruueckoe 3uauenue yposus Q

2 y
pacnpenenennst ¥~ . Torga pewarouiee NpaBuio Uil AaHHOTO KIacCH(pUKATOPA NMPUHMMAET CIEMYOUHil BHJ:
onement X 3aHocurest B Kmace @, ecmu §;(X) > g;(X) s seex J#1 uw ;(X) >t . B nporusrom ciyuae

3JIEMEHT 3aHOCHUTCS B KJIACC OTKJIIOHEHHBIX BEKTOPOB.

[ockonbky ¢u3uueckue pa3Mepbl peajbHO CKaHUPYEMBIX IPOCTPAHCTBEHHBIX OOBEKTOB, KakK IpaBHJIO,
OoJblIIe pa3peui€Huss CbEMOYHBIX CUCTEM, MCKAY BCKTOpAMH HAHHBIX CYIIECTBYIOT B3aMMOCBSA3U. Hcnonp3oBaHue
I/IH(bOpMal_II/II/l HO[[O6HOFO poda Ha€T BO3MOXHOCTH IIOBBICUTH TOYHOCTDH KHaCCl/I(i)I/IKaLII/II/I, CCJIM TIIBITAaThCA
pacrio3HaBaTh OJJHOBPEMEHHO TPYIITy CMEKHBIX BEKTOPOB — 00BEKT B IIPHBEICHHOM BBIIIE cMbICie. B wacTHOCTH, B
cucreMy kiaccudukamun Bxomiar Kinaccupukaroppl OMARKC, OMARKS — 00bekTHBIE KOHTpOJIMpYEMbIE
KIaccu(UKaToOpsl, OCHOBAaHHBIE HA CTPATETHH MAaKCHMAaJIbHOTO TIPaBAONONOOWSA, I OOBEKTOB B (dopme
MEpEeKpecTus] W KBaJpaTa COOTBETCTBEHHO B IPEIIIOJIOKECHUH, YTO OOBEKT SIBISIETCS CIyYalHBIM I'ayCCOBCKAM
MapKOBCKHM IIOJIEM BTOPOTO MOPSAKA CO CICAYIOMIEH pa3aeMMOi KOPPEISIIHOHHON (PYHKINEH
ik i

\ b

corr(X;, Xy ) = oy, P e Xj- BEKTOp NPH3HAKOB Ha NEpECCueHMH |-0ff CTPOKH M ] -0ro
cronbua, 0, - K03(QOULIHUEHT NPOCTPAHCTBEHHOH KOPPENAUMM MEXAY JBYyMs COCEJHHMMH BEKTOPAMH B
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TOPU30HTAILHOM HANpaBlIeHHH, O, - KOIQ(GUIHEHT MPOCTPAHCTBEHHOH KOPPENALMH MEXIY ABYMsS COCEIHHUMH

BEKTOpPaMU B BEPTUKAJIBHOM HAIIPABJICHUUA.

. 1
Mycts | - Homep knacca, |,J - pasmepsi oGpaza. Torma py, = —z p:](i , TIe

|(J ZZ(XU m|l )(Xt T n)

A=W , 1<k<N.
JVarvar"

k
hi

COOTBCTCTBCHHO
J-1

M = |(J—1)Zuzxt"var“ I(J—l) T2 Tm)

t=1 j=1

J-1

mli I(J—l z Xy

)= j=1

Varri |(J _1) IZZ(th _mri)

t=1 j=2

=

Amnanoruyssle (pOpMyIbI IOTYYAOTCS I O, -

JlanbHelIee H3I0/KeHE IPUBOIUTCS JUIs 00BEKTOB pasmMepoM 3 X 3. TTokaxeM SIBHO pa3MeNeHHe BEKTOPOB

Xs Xp Xy X3
B oObekrax: X =| X, X, X, | mutnepexpecrust, X =| X, Xy X, |1 kBagpara.
X X, Xg X,

Hus xmaccugpuratopa OMARKC (hopma oO6bekTa — mepekpecTre) nMeeM permaromue GyHKIHN BHIA
5
1
Gi(X)=0;(x,) - 0-52 gi (Xj|xl)'
j=2
3necs §;(X,) - muckpumunanTHas GyHKuus (1) I03IEMEHTHOTO KIaccuUKATOPa, a B KAYECTBE PUMEPA JULsL
QyHKUmi (‘Z]I1 (X |X1) pacnuiem (byHKumo gi1 (X2|X1) (OCTaNbHBIE  MOJIYYalOTCS  aHAJOTUYHO)

gi (,[x,) = N In(1 - ph.)+1n||3|+ s 5 (D3, =2py Dy + o D)), ®)

hi
Tae Dy = (X —m)" B (x, —m,), 3)
LenTpanbubiii snement X, o6vexra X orsocutes B knace @, ecmn Gi(X) > G;(X) ms seex j#1 u

G,(X)>T.°, rue T, - noporosoe 3uauenue 115t OTKIOHEHHBIX BEKTOPOB KJIACCA (), :
T =1n p(@) - 0.5(A(NL,Q) + (2[L/2]+ DIn[B [+ N[L/2]in((1 - pp)(1= o)) ()

2
3nect A(NL,Q) - xpurnueckoe 3nauenue yposust Q pacrnpenenenns ¥, a L - konmuectso Bextopos B

00BEKTE.
s xnaccugpukatopa OMARKS (dhopma 00bekTa — KBaIpaT) UMEEM CIICIYIOIIUE PEIIArOIIUe QYHKITUH

2 2 2 2
G (X)) = 07 (X, [X,, X4, Xs) +G7 (%o X3, X5, Xg ) +07 (X [Xss Xz, Xg ) +07 (Xs[Xg, Xg, X ) +
1 1 1 1
+0; (X3|X6) +0; (Xe‘x«)) +0; (X7|X8) +0; (X8|X9) +0;(Xo),
rae §; (X9) - TUCKpUMUHaHTHas GyHKIMS (1) moseMeHTHOro Kiaccuukaropa, gil (x i |XI ) - gyHKuMu Buna

(2), a B kauecTBe mpumepa it GYHKIHUH 9.2 pacrimeM (QYHKIHIO 9.2 (X1|X2, X45 Xs) (ocTanpHBIE TOTYYAIOTCA

aQHAJIOTHYHO):

1 [ i
giz(xl | X5, Xy, X5) = _0'5(1n|Bi|+ N In((1 _pﬁi ) _p\?i )+ 2 2 (D, =2p,Dy, -
(I= o)1= py)

-2p, D1i4 + 200 P Dli5 + Pﬁi Déz + 200 P D;4 - 2pr?ipvi Dés + P\fi Dzim - thip\i Dzits + pﬁip\fi D;S) (5)
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LeHTpanbHbi 2eMeHT X;00bekrta X OTHOCHTCS B KIace (), €Ciu Gi (X)>G j(X))ZlHﬂ Beex | #1 m

G,(X)>T., rme T, - noporosoe 3HaueHue 1151 OTKJIOHEHHBIX BEKTOPOB Kiiacca @, :

T° =T —0.5(L =1)(N In((1 - pp )1 = pi)) +1n[B,|) (T, Geperes s (4)).

Anamu3 gopmyn (2) u (5) mOKa3pIBacT, YTO ONPEACISIONINI BKIAaM B HAXOXKIACHUEC 3HAYCHUH DPEIIArONIuX
(yHKUMH BHOCUT BBIYUCIEHUE KBAIPaTHUHOM GopMbl (3): 1 KaXI0ro BEKTOpa ee HeoOX0AUMO BhHUCIATE 13M
pas ans nepekpectus u S3M pas mna keagpara (M - konudecTBo Kiaccos). Jns obbekTa pasmepoM 5 X 5
KOINMYECTBO  BBHIYMCICHMM KBaJpaTUYHOM (OpMbI s Kaxaoro Bekropa coctapur 25M u 186M  pas
COOTBETCTBEHHO. B KkauecTBe mnpumepa B TaOi. | mpuBeeHB BpPEMEHHBIE XapaKTEPUCTHKH (B CEKYHIAX)

knaccuukamuu Ha kommbiotepe IBM PC ¢ mponeccopom AMD Athlon XP 3200+ 107 BEKTOPOB Pa3MEPHOCTH

N =5.

Tab6muma 1
Komnuuectso Ilepekpectue KBagpar
KJIacCOB 3%x3 5%5 3x3 5x5
5 80.7 147.4 311.6 1049.1
10 150.8 2901 610.1 21204

AHbTepHaTI/IBHI)IM BAapuUaHTOM, IIO3BOJIAOIIUM CYHICCTBCHHO YMCHBIIUTL BPEMCHHBIC 3aTpaThbl, ABJIACTCA
CO3[JaHME  CHUCTEMbl  KiaccU(UKalMu, paclupeieieHHOH  MEXAy  IEepCOHAJbHBIM  KOMIBIOTEPOM U
MHoromporeccopuoi  OBM  MBC-1000/M. Ha mnepcoHanbHOM KOMIIBIOTEPE  BBINOJHSAETCS  OOyueHHE
KkiaccudukaTopa, KOTOpoe, MO CYTH, 3aKiIlo4aeTcs B (POPMHUPOBAHMHM Ha OCHOBE OOYyYaroOIIMX IOJeld BEKTOPOB
CpeZIHUX M KOBapHalMOHHBIX MaTpHIl KiaccoB. Pe3ynpraTel 00y4deHUs] BMeCTe ¢ KilacCH(UIMPyeMbIM HaOOpoMm
JaHHBIX IepenatoTcs no mnporokoury FTP ma 3BM MBC-1000/M, rne 3amyckaercss mHapajuiesibHas Bepcus
COOTBETCTBYIOIIEH IporpaMMBbl. PacmapaienrBaHne COCTOUT B paclpeeieHul Habopa JaHHBIX MEKAY 3aJaHHBIM
KOJIMYECTBOM JIOTHYECKHX IPOIECCOB, KAXKIBIH U3 KOTOPHIX PE3YNIBTATHl CBOCH pabOTHI 3alKCHIBACT B OTACIHHBIN
tdair. Otm Qaiael, B CBOIO OdYepenb, IMEPearoTcs Ha IEPCOHANBHBIA KOMIBIOTEp, IZI€ MPOM3BOAUTCS HUX
“ckiierBaHKe” U AaJbHEHIIas HHTEPIPETAIs PE3yJIbTATOB BHIIIOJIHEHHON KiacCu(UKALINH.

Hpyrumu anroputMamy, TpeOYIOIIMMHU TapaUIeTIbHBIX BBIUMCICHUH, SBISIOTCS aNTOPUTMBI OOHAPYXEHUS
JIMHEHHBIX OOBEKTOB (JIMHEAMEHTOB) W KOJIBLEBBIX CTPYKTyp. Ilpm obpabotke [1JI3 ¢ uenbio oOHapyKeHUs
JIMHEWHBIX U KOJIBLICBBLIX CTPYKTYp B CHUIIYy LEJIOro psgaa HNpUYIHUH MPCANOYTCHUC OTAACTCA CTATUCTUYCCKOMY
noaxony [2]. OcHOBHasl MPUYMHA COCTOUT B TOM, YTO BCJIEJICTBUE CIIy4allHOTO XapakTepa MPHUPOJHBIX MPOLECCOB
JIaHHBIC UCTAaHIIMOHHBIX M3MEPEHHH COJiepKaT MHOTO CITy4YailHBIX BapHalWi, MACKUPYIOIIUX Pa3IMyKs 3HaAUYCHUH
JIAHHBIX B TOYKaxX o0JlacTH O0OBEKTa M B TOUKax obOnactu ¢oHa. I[IpucyTcTBHE OOBEKTOB MPOSBISIETCS B TOM, YTO
Cily4yaliHble BEJIMYMHBI, HAOIIO1aeMbIe B TOUKaX 0071acTH 00bEKTa, CTOXaCTUYECKH OoJjblie (MM MEHbIIE) BEJIHYHH,
HaOMromaeMBIX B TOYkax oOmacté ¢ona. B Takod curyamum ans oOHapykeHUS OOBEKTOB 3()(eKTHBHBI Tak
Ha3pIBacMbIC HEMApaMETPUUECKHE KpPUTEPUH, TaK KaK paclpeleNieHUs] CTaTHCTHK, HWCIONB3YEeMBIX B JTHX
KPUTEPHSIX, HE 3aBHUCAT OT (HEM3BECTHBIX HAOIOJATENI0) pacupeaeleHnii Ha0moqaeMbIXx BenmduH. [Ipemaraercs
clenyromas cxeMa OOHapyXeHHS OOBEKTOB. AHANM3HUPYIOTCS (IIOYTH) BCE BO3MOJKHBIE TIOJIOKEHHS OOBEKTOB,
MHTEpECYIOMNX ucciaemoBarens. g KaXAOro BO3MOXKHOTO TIONOXKEHHUS pEIIeHHEe O HaJInduu O0O0BeKTa
MPUHUMAETCS 110 Pe3yJIbTaTy MPOBEPKH, C MTOMOIIBIO TTOAXOASIIIEI0 KPUTEPHs, THIIOTE36 OAHOPOIHOCTH BEIHYHUH,
HAOJIF01aEMBIX COOTBETCTBYIOIIUM 00pa30OM.

Y 100HBIH HemapaMeTpUYeCKUid KPUTEPUH I MPOBEPKH ITOH THUIOTE3bI MOKHO MOCTPOHUTH 10 3HAYCHUSM

JIByX map ctatuctuk ManHa-Yutau [2]. [lycTtb fi , Gi» W, 3HaueHUsa MUKCeNoB Ha Hopmamu | (1= L....,k),
TaKMe, 9TO 3HAYCHWs §; NPUHAIEKAT TOUKAM NIPOBEPSEMOTO TIOJOKEHNS 00BEKTa, a 3HAYCHUs. &; U I/ - TOUKaMm,
PACTIOIOKEHHBIM TI0 pPa3HBIE CTOPOHBEI OT ATOTO MonokeHus. CtaTHCcTHKH MaHHA- YHTHH ONpPEIEISIOTCS B 3TOM
ClIydae CIeIyIomnuM 00pa3oMm:

tyy =1 {gi > f.}a y =1 {Qi < ¢ }’ iy = | {gi >‘/’i}a Ly =1 {gi <‘/’i}a
rae | {} - MHIHMKATOP COOBITHSA {} , KOTOpBIiA paBeH 1 min 0 B 3aBHCHMOCTH OT 3HAYEHUS COOBITHS {} i

AHanu3 3Ha4YeHWH NHKCEJIOB M300pakKeHWs BIOJIb HOpMajled K IpelIosaracMbIM IOJ0KEHHSIM OOBEKTOB
TpeOyeT OONBIINX BPEMEHHBIX 3aTpaT INPH €ro BHIIOJIHEHHH Ha OXHOMpoleccopHoir DBM. B cBs3u ¢ stum
pa3paboTaHbI MapaJuIeIbHbIE PEaTH3aIH AITOPUTMOB 00HAPYKEHHS JTMHEHHBIX U KOJIBLEBBIX CTPYKTYP. AJITOPUTM
00Hapy KeHHSs JINHEHHBIX CTPYKTYP AOIYyCKaeT pacliapajuleInBaHie HECKOIbKUMH criocobamu. [Ipeacrapnsronuiics
Han0oJee ecTeCTBEHHBIM CIOcO0 paclapauielIMBaHUS IO HANpaBJICHHSM JIMHEHHBIX OOBEKTOB  OKAa3bIBACTCH
JOCTATOYHO TPOMO3ZKHM B Pealn3alnuy, T.K. B 3aBUCUMOCTH OT JAJIMHBI 00BEKTOB KOINYECTBO HAMPABICHUN MOXKET
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ObITH OOJiee COTHHU, MO3TOMY pean30BaH JAPYroi crocob pacmapasuienuBanus. Kax sl mporece, 3anpaiimiBas y
CHCTEMBI 00liee KOJMYECTBO MPOIIECCOB U CBOIl HOMEp, OIpEeessieT TOPH30HTAIBHYIO MOJIOCY W300paXKeHUs st
o0pabotku. [Ipu 3TOM cocenHHE MOJNOCHI MEPEKPHIBAIOTCS W TIIyOWHA ATOTO MEPEKPBITHS 3aBUCHT OT JUIMHBI
oOHapyXMBaeMbIX OOBEKTOB. | TaBHEIN mporecc mepenaét HeoOXOIUMYIO UISI PabOTHl MH(OPMAIHIO OCTATbHBIM
npoleccaM, KOTOpbIE, B CBOIO Ouepe/lb, 3aKOHYMB 00pabOTKy, COOOLIAIOT pe3yJibTaThl IVIABHOMY ITPOLIECCY.
AHAJOTUYHBIA MEXaHU3M paclapaUIeIMBaHUs PEATU30BaH U ISl OOHAPYKEHHUS KOJIBIIEBBIX CTPYKTYDP.

Pabota BbINIONIHEHA TPH YacTHYHOM (UHAHCHpOBaHuM 1o npoekty PODU 05-07-90057.
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The technology of analysis and processing of hyperspectral remote sensing data (RSD), founded on distributed
and parallel aerospace data processing in local networks of supercomputer centers, is being developed in ICMMG
SB RAS. On supercomputers RM600 and MVS-1000/M the system of parallel programming MPI, which allows
portability of parallel processing program packages to the most known multiprocessor parallel computers, is used. In
RSD processing the following steps, which require the parallel versions of corresponding algorithms because of
large amount of computations, can be picked out.

The system of supervised classification (the classification with training). This system consists of seven
classifiers (one classifier is per-element and other six — object classifiers), based on the use of strategy of maximum
likelihood for the normal distributed vectors data, and two object classifiers based on the minimum distance. For the
object we mean the block of adjacent vectors of square or crosswise form. As the physical characteristics of really
scanned spatial objects, as a rule, larger than the resolution of survey systems, connections between data vectors take
place. The usage of such information gives the opportunity to increase the accuracy of classification, if we try to
recognize the group of adjacent vectors simultaneously — the object mentioned in the sense as above. Variant, which
allows decrease greatly time expenses, is the creation the system of classification distributed between personal
computer and multiprocessor MVS-1000/M. The training of the classifier is carried out on personal computer, that is
the forming of estimates of vectors of means and covariance matrices of classes on the base of training fields.
Results of the training together with the data set being classified are passed by protocol FTP to MVS-1000/M, where
the parallel version of corresponding program is started. Paralleling is the distribution of data set between specified
number of logical processes; each of them stores the results of its work into separate file. These files, in their turn,
are passed to a personal computer, where they are “stuck together” and the results of received classification are
further interpreted.

Other algorithms, which require parallel computations, are the algorithms of linear and circular objects
detection. Nonparametric criteria are efficient for object detection as statistic distributions used in these criteria
don’t depend on distributions of observed values (unknown to observer). For each possible position the decision of
the object presence is made according to the result of the test by means of appropriate criterion or the hypothesis of
homogeneity of the values observed in a suitable way. Nonparametric criterion to test this hypothesis can be built
according the values of two pairs of Mann—Witney statistics. The parallel versions of the algorithms of linear and
circular objects detection are developed. Among different methods of paralleling the simple one in implementing
was chosen: the original image is divided into parts, the number of which coincides with the number of logical
processes run. Obviously, the maximal system output will be achieved at equal number of logical processes and
physical processors.

The work was carried out partly with financial sponsoring of RFFR project 05-07-90057.
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