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ITAPAJIJIEJIBHAY PEAJINSAIINA MEJIKOSEPHNCTBIX
AJITOPUTMOB B CUCTEME WINALT"!

M.B. Ocmanxkesuy

JlaHo KparTKoe OnKCaHUe CUCTEMBbI UMUTAIIMOHHOIO MOJIETUPOBAHUS AJTOPUTMOB U CTPYKTYD C
MesTKo3epHUCTBIM napauien3MoM WinALT. OriunuuresbHble 94epThl CHCTEMBl — BU3YAJbHOE II0-
CTPOEHME U OTJIAJIKA MOJIEJIEH, a TaKXKe OPUEHTAIMS HE TOJIbKO Ha, KJIETOYHBINH aBTOMAT U HEKOTOPbIE
€ro pacilupeHns, HO ¥ Ha IMUPOKHUH CIEKTDP JIPYIUX MEJKO3EPHUCTBIX AJIIOPUTMOB. PaccMoTpena
CYIIECTBYIONIAs IOJICUCTEMA TTaPAJJIeJIbHOTO UCIOTHEHUS, KOTOPAasl II03BOJISAET BBIIOJHATH MOJIEJII-
poBanme ¢ ucnoab3oBanueM kiacrepoB Windows mammuua. CdopmymmpoBansl TpeboBaHusi K HOBOIA
IPOEKTUPYEMOil TOJCUCTEME TAaPaJIeIbHOIO UCIOTHEeHUs, KOTOPas IPUTOHA, [IJIsl UCIIOJIHEHUS MO~
Jiesieil Ha IIMPOKOM CIEKTPe COBPeMeHHBIX HapaJsutesbabix 9BM. Ilpemioxkena ee apxurekTypa,
PACCMOTPEHBI PEXKUMBI TAPAJLIETBHOTO UCIIOTHEHUS MOJIEEH 1 c(DOPMYJIUPOBAHbBI TIAHBI PA3BUTUS
CUCTEMBI.

Knoueswie caosa: menro3epHucmuiil napaiiesudm, UMUMAUUOHHOE MOOEAUPOBAHUE, NAPAA-
AENBHOE TPOPAMMUPOBAHUE, CUCTIEMA MOOCAUPOBAHUA, AAZOPUMM NAPAAAEALHHIT TOOCTAHOGOK.

BBeneunune

Menkozepuucterii napasuiesusm (M3II), Hapsty ¢ KpyHIHOOJOYHBIM, SIBJISETCS OJHUM U3
JBYX OCHOBHBIX BUJOB MapaJuiean3Ma. Ero oTiamanrebHas IepTa — OrPOMHOE YHUCJIO MTPOCTBIX
napaJiieibHO pabOTAIONIUX TTPOIECCOPHBIX JIEMEHTOB. K IITMPOKO M3BECTHBIM KJIACCAM aJIro-
PUTMOB C MEJKO3€PHUCTHIM MapasljIe;IM3MOM OTHOCATCHA KJIACCUYECKUN KJIETOYHBLIM aBTOMAT
(KA) u ero paciimpenusi (KA ¢ okpecrroctbio Maprosyca |1, acunxpounsiit KA, BeposiTHOCT-
ueiii KA), cerb KA, kireTo4HO-HEpOHHAS CETb, JMCKPETHAS TMHAMUYECKAs CETh, CUCTEMBI
Jlunnenmaitepa. Aaroputver u cTpyKTyphl ¢ M3II ucnoas3yoTest s MOAeTMpOBAHS (DU3U-
qecKnx |1], Xummudaecknx, OMOJIOrMIECKIX U COIMAIBHBIX MTPOIECCOB, PA3BHOOOPA3HBIX BBIUUCIIU-
TeJILHBIX yCTPOWCTB (ACCONMATUBHBIN MPOIECCOpP, CHUCTOIMYECKAs CTPYKTYPa, OTHOPOIHAs
cpesia, YHUBEPCAJIbHAST BBIYUCINTEIbHAS CPEla, KOHBeepbl apudMeTHIECKUX YCTPONCTB).

O0beM JAHHBIX U CJIOXKHOCTH IpaBui ux Tpancdopmarun B M3II Monenax menaer mpak-
TUYECKN HEBO3MOXKHBIM UX HCCJEI0BAHUE 0€3 CUCTEMBI MOJIETUPOBaHUA. VI3BECTHO HECKOJIBKO
necsaTkoB cucrem Mogeaupoanus M3IT (2, 3|. Mx obmumit Hegocrarok — pabora TOJIBKO C
kiaaccuaeckuM KA M HEKOTOPBIMH €ro pacIiipeHusiMi. JIIs MOIeTMpOBaHus BCETO CIIEKTPa,
MB3II asroputMmoB Gbliia 1mocTpoena cpejna Mogeauposanusd WinALT [4]. Iesb sToro npoekra
— pa3paboTKa CUCTEMHBIX aJlOPUTMOB U pear3amys cucreMbl Momeauposanus WinALT na
IIUPOKOM CIIEKTPE JIOCTYITHBIX MaPAaJIIEbHBIX BBIYUCIUTEIbHBIX CPEJICTB. Takas peausarus
00ecIeunT BO3MOXKHOCTH PAOOTHI C OOJIBIITUMHU O0beMaMU TAHHBIX U BLIYUCJIEHUI, XapaKTep-

HbIMM JIJIA OOJILIINHCTBA, IPpaKTUYI€CKU ITOJIE3HbIX MOILeHefI.

1 o
Crarbs PEKOMEHJ0BaHa K Hy6m/n<a1mn IIporpaMMHBIM KOMHUTETOM NIG)KﬂyHapOﬂHOI/I CYyIIEPKOMIIbIO-

tepuoit koudepennun «Hayuusrit cepsuc B cetu VuTeprer: monck HOBbIX perneHuii — 2012».
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B crathe jmaHa obimas xapakKTepUCTHKa cpeabl MomeanpoBanns WinALT, ee Tekyree co-
CTOSTHWE, OIMNCAHA CYIIEeCTBYIONIAsa IMOACACTEMa mapasieabHoro wuctosanenuss WinALT
(ParSIM /Win32) u cdopmymupoBanbl TpeGOBAHUST K IIPOEKTHPYEMOil TIOJICHCTEME TTapaLIeTb-
Horo ucrosenusi (ParSIM,/Omni), npejyiozkeHa ee apXuTeKTypa U cpOpMyJIUPOBAHBI TLJIAHBI

Pa3BUTHUA CUCTEMDI.

1. OO6bmnijasi XxapakrepucTuka cpeabl MmojaeaupoBannsa WinALT

Cpena momermpoBannsg WinALT peanusyer HaOOp MOIB30BATETLCKUX (PYHKITHI, TO3BOJIS-
IOIIAX CO3/IaBaTh, PEJAKTUPOBATDH, OTJIAXKUBATH MU HUCHOIHATH Mojesau M3II asropurmos.
Cpena mperocTaBsisieT BO3MOXKHOCTU KaK BU3YAJbHOI'O ITPOEKTUPOBAHUS MOJIEJIel, TaK U I10-
CTPOCHMST WX AHAJUTUYIECKUX OMUCAHWM. BU3yaJbHBIN MOAXO MO3BOJISET MPEICTABIITH Ipa-
dudeckn He TOJBKO JAHHBIE MOJEJel, HO W MpaBujia uX TpaHcdopMarmy. AHaJIATHIeCKui
O/IXOJI TIO3BOJISIET ONUCATH JII0ObIe ACHEeKThI PAbOThI MoJieJiell (Kak CojepKaresbHble, TaK U

TGXHI/I‘IGCKI/IQ) Ha A3bIKE MOJC/INPOBAHUA CHCTEMDI.

FAWInALT - CELLOBJ.3do*

File Edit Ohject Virtual Execute Yiew Settings Window Help
[ozd|semelon|ose|ls g M e e e el

3

100] 200]

IO A begin {main}

00
€
Preparation of source data.}
B clean_arrays();
fill_field():
t 1
show
pause
ex {EXECUTION OF PIPELINED ADDITION OF MULTIPLE BINARY NUMBERS}

L
Shift of three control codes syl1 in register snel.}
in sncl
atclt
do crl

M 1O

snel  sne2

L
Implementation of parallel 3 > 2 counter.}

[] <] <M [ in (field; sncl)
:g:ﬁ X}i I . I I E II at (111; syl1)

M UM o1 o1 o2 12 do i1

12; syl
1l ml syll  syrl = (:lo rg :
ell  erl at (r13; syl1)
do 13
at (rl4; syl)
do red
r x at (rl5; syl)
12 12 do 115

{
Marker of row in array field, where the result of addition will be obtained
using the only topmost cell in state 1 in register sncl, the rest of register sncl
cells will be in state 0.}

113 113 in (snct; sne2)

= = at (f'yl1; h:)
o syr
B B C
’X‘ X Algorithm of addition of two binary numbers in two uppermost rows
1 - or array field. Performed in case when the two uppermost cells of registers
14 4 snct and snc2 are in the state 1 and all the others are in the state 0.}
in {field; snel; snc2)
] [] at (1111: syr1; bl)
5 I do rrit
B <[] at (1112; syrt; bl)
s 5 do 12
& e t 1
show
pause
end {ex)

53

end. {main} {end of file - program.src} >
=] -

Globals Cells Locals = 1| T <1 [Stndad =] | F _I T _i =
Paramalers Constants | Build | Dutput| Function] Calls | EI"EQE' = [stando =] | Fom: | o [ Step: | =E R

Ln 113, Cal 21 =] A

Puc. 1. CHUMOK 9KpaHa C IPUMEPOM MOJIEIU CYMMATOPa MHOTHX YUCES 3 B 2

1%

Mogens Ha puc. 1 mMuTHpyeT padOTy CyMMaTOpa MHOTHX YHCesJ. B JIeBOil 9acTu OKHAa
MIOKA3aHbl OOBEKTHI TAHHBIX (KJIETOYHbIE MACCHBBI U IAOJIOHBI TIOICTAHOBOK) Mozesn. 1o mc-
TIOJIHEHUsT MOJIEJTM CTPOKM KJjeTodnoro maccusa field comepxkar mpowdnbie uncia. [locie mc-
ITOJTHEHUsT BCE CTPOKHM KJIEeTOYHOro Mmaccuba field, kpome BepxHeill, comepxKar HyJn. BepxHsis

CTPOKA COJIEPKUT Pe3YJIbTAT CyMMHUpOBaHUA. KeTodnble MaccuBbI sncl u snc2 — craTyCHBIE
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PETUCTPBI, TOKA3BIBAIOIINE, I KAaKWX CTPOK BBITIOJHEHWE CJIOXKEHUS 3aBeplmaercd. Bce
ocTasbHble OObEKTHI JIAHHBIX OIMCHIBAIOT JIEBbIE U IIPABBIE YACTH [TOJICTAHOBOK (ITA0JIOHBI 10T~
CTAHOBOK). JleBasi 4acTb OIpe/iesisieT yCIOBIe IPUMEHIMOCTH ITOJICTAHOBKH, & IIpaBasi — HOBOE
COCTOSIHIE KJIETOK, M3MEHsIEMBIX ITOJCTAHOBKOM. B mpaBoil YacTu OKHA ITOKA3aHa MOJIETUPYIO-
mas mporpamMma cymmaropa. OHa COCTOUT W3 JIBYX YacTell — CEPBUCHOHN U COJIePIKATEIHHOMA.
CepBucHasi 9aCTh CJIYKUT JJIs 3aII0JHEHUST 00padbaThIBAEMbIX 00bEKTOB HAYAJbHBIME JAHHBIMHI
(BbI30B mporieayp clean arrays u fill field). ComepkaresbHast 9acTh OIHUCHIBAET HEOOXOIUMBIE
ITOJICTAHOBKHU M PEXKUM HX IpuMenenusi. OrepaTop ex 3a71aeT CUHXPOHHBIN PEXKUM HMCIIOJTHEHUST
OJICTAHOBOK JI0 MX HempruMeHuMmocTu. OmepaTop in yKa3blBaeT UMs KJIETOTHOIO 00beKTa (M
MMEeHA HECKOJIbKUX KJIETOYHBIX OOBEKTOB JIjisi 00JIee CII0XKHBIX MOJCTAHOBOK ), KOTOPBIi Oy1er
TpaHCOPMUPOBATHCS OMUChIBAEMO# ToIcTaHOBKOI. Omeparop at ykaseiBaer 1mabaoH (uiu
mabJI0Hbl) JIeBO YacTu mojcTaHoBok. Omeparop do 3amaer mabsion (win mabsioHbl) TpaBoil
YacTH MOACTAHOBKU.

JuctpubyTuB cpejibl MOJIEJIMPOBAHNS U KOJIJIEKIUsI TIPUMEPOB MOjiesieil ocTyHbl Ha [2].
Cpesia uMeeT OTKPBITYIO0 apXUTEKTYPY, 9TO TO3BOJISIET TIOJIB30BATEISIM J100aB/IATh B HEE HOBBIE
dyHKIMH, GOPMATHI JIAHHBIX, PEXKUMbI 0TOOParKeHMsI, PEXKUMbI MOJICJIMPOBAHUS U (DPATMEHTHI
Mojeselt 1 PopMUPOBAThL U3 HUX OMOJIMOTEKH.

B wactHOCTH, OubaunoTeka HOPMATOB HAHHBIX COMEPIKUT TOIJIEPKKY (POPMATOB PacTpo-
BbIX n300pakenuii. Ha puc. 2 nokasana mnpocreiiinasi Mojieb BU3yaJsbHO Kpuirrorpadun (5],

EEX o EEX
|Ql o7 e e i procedure randomize_share_11() -~
hegin

ch
in bmp2iimg_share_1
steplz, 2.1)

at p2x2
do randomizer_2x2(c00, c01, 100

end
end {crypth

procedure generate_share_2()
begin
ch
in (hmp2:img_share_2. bmpZ:img_secret_inp
step (2, 2.1)
at (any2x2, black2xz, up2xa)
do (down2x2)

at (arydx2, black2xE, downxd)
do (up2x2)

at (any2x2, white2x2, up2x2)
do (up2x2)

at [any2x2, white2x2, downzx2)
do (downZx2)
end
end {crypth

procedure crypt])
hegin

IIIIIIIIIPUIIIIIIIIQPUIIIIIIIIBPUIIIIIIII“P[

|IIIIIIII1P0|IIIIIIII2PU|IIIIIIII3P0|IIIIIIII4PU|IIII

blacklxl

1).-' —

q:IIIIIIIII

1 |

anylxl wintelxl

oy 2xl downlx2
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< b4

Puc. 2. Ilpumep momenn Bu3yasabHO Kpurrrorpadun
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KOTOpasl WCIOJb3YeT UX JJisi XpaHEHWs HAYAJbHBIX, TPOMEXKYTOUYHBIX U KOHEUYHBIX JIAHHBIX.
JleBas yacTh okHa secret.3do coyiep:KUT MCXOJIHOE M300paxkKeHue, KOTopoe Tpedyercs 3arud-
poBathb. JIBa m30bparkenusi B okHe shares.3do, 0HO U3 KOTOPBIX BUIHO HA PUCYHKE, XPAHAT
nzobpaxkenue B 3amndpoBanHoM Buje. Vzo0parkenue B 1paBoit yactu okHa secret.3do comep-
KUAT PEIYJIbTAT JIENTUPPAIIAH.

Cpena monenuposanust WinALT npencrabiieHa CeayrOMMMI OCHOBHBIME IIOICACTEMAMME:

1) KOHCOJIbHAST BEPCHs CHCTEMBI MOJIEJTMPOBAHUS (MCIIOJIHSIET MOJIEHN 0e3 OTJIAIKN, BU3ya-
JIM3AIMU U B3AUMOJIEHICTBHUS C TI0JIb30BATENIEM );

2) rpadwuteckas cpega WIinALT (obecnieunBaer BU3yaJbHOE IIOCTPOEHUE, OTJIAJKY U HC-
[OJIHEHUE MOJIesieil, UMeeT Pa3BUThIE CPEJICTBA B3aUMOJIENHCTBUSI C TIOJIb30BATEIIEM );

3) web cpema (comep:KuT IUCTPUOYTHUB CHCTEMBI, JOKYMEHTAINIO, KOJUIEKIIUIO MOJIEJIeH,
maccus uadopmarmu o remaruke M3II);

4) mojcucreMa napasieabaoro ucnoraenns ParSIM /Win32 (ucnosnenue momesneil Ha mma-
paJLIEJIbHBIX BBIUYUCJIUTEIbHBIX CUCTEMAX ).

ParSIM /Win32 peann3oBaHa Kak IMPUJIOXKEHNE, UCIIOJHIEMOE HA HEBBIJICJIEHHOM KJIacTepe
KOMITbIOTEPOB ¢ 32 6uTHoit wiardopmoit Windows (Win32). st iepeiadu JaHHBIX U KOOPJIU-
Harmu paboThl ObLT pas3padoTaH COOCTBEHHBIM MPOTOKOJ. Ero peanmsarnus Ga3upyeTcs Ha
Windows socket library. ParSIM /Win32 obecrieunBaer mapaJuieibHOe UCIIOTHEHHE (€3 KaKuX-
JInb0 M3MEHEHUl B MOJIEJMPYIONINX IIPOrpamMMax JJjisi MOJIeJieil, B KOTOPBhIX BCE IOCTAHOBKHU
UMEIOT JIOKAJIbHBIE OKpecTHOCTH 3x3 KieTku; ParSIM /Win32 ¢ 01Ol cTOPOHBI TIOKa3aJ1a 60J1b-
IIYIO TIOJIE3HOCTD JIJIsi YMEHBIIIEHNUS] BPEMEHN MOJIETUPOBAHUS, YBEJIUYEHUS JIOIYCTUMbBIX Pa3-
MepOB OOBEKTOB JIAHHBIX B MOessx. C JIpyroit CTOPOHBI, €€ UCIOJIb30BAHUE BBISBUJIO HEIO-
CTAaTKM, IJIABHBIE U3 KOTOPBIX:

1) peammzanus Ha mwatdopve Windows, mepeHoc KOTOPOii Ha JIpyTrHe aaTdOpMbl TPYI0-
€MOK;

2) HermOKasi ApXUTEKTYPa BUPTYAJbHON MAIIUHbI (MOJLY s, KOTOPBIi YIIPaBIISeT MCIOJIHE-
HIeM JI000N MOJIeIM B CHCTEME), KOTOpasi He JIOIyCKAeT ee IEePEHOC HA PsiJi COBPEMEHHbBIX
apxutekTyp (GPU) mpu coxpanennu 10CTaToqHOM 3hDDEKTUBHOCTH;

3) mojyiepIKKa pacrapasuleInBaHusi TOJIbKO TaKOrO Kjacca MoJIeJiel, B KOTOPbIX BCE T10-
CTAHOBKU HUMEIOT JIOKAJbHBIE OKPECTHOCTU 3X3 KJIETKH;

4) mpuBsA3Ka K €JIMHCTBEHHOMY COOCTBEHHOMY ITPOTOKOJIY MepeIadn JAHHBIX U KOOD/INHA-
1 paboThl yIAJIEHHBIX IIPOIECCOB PACIIPEIEIEHHOIO TPUIOXKEHUA.

C yderom ykazanubix HegoctarkoB ParSIM /Win32 akTyasbHO MOCTpOEHME HOBOM TO/ICH-
cTeMbl TTapasiieabroro ucrosHenus (ParSIM/Omni), nmpeooeBatoreii ux.

['maBubie TpeboBanusa K ParSIM /Omni ciemytore:

1) sacbdekTuBHOE HcHoNHeHMEe mUPOKOro crekrpa M3II Mo/iesneii Ha MyJIBTHKOMIIBLIOTEPAX
B II€JIOM U Ha OTJEJbHBIX CYETHBIX y3JIaX B YACTHOCTH;

2) WCIOIb30BaHKE CYIIECTBYIOIIE ceTeBoil MHMPACTPYKTYPHI U KOMIIBIOTEPOB C PA3HO00-
Pa3HBIMH KOHMUTYPALUIMU, apXUTEKTYPOii 1 HAOOPOM CHCTEMHOIO IIPOrPaMMHOIO obeciiede-
Hust 6e3 mepenactpoiikn WinALT;

3) mojyIepIKKa PA3IMIHBIX TIPOTOKOJIOB JOCTYIa U OOMEHA JAHHBIME JIJIs B3AUMOEeHCTBUST
C KJIACTEPAMU U MEXKJTY BBIYUCIUTEHLHBIMUA yCTPOHCTBAMH,

4) BO3MOXKHOCTb HCITOJIHEHHsT MOJIEJIeil, COJIepKAIX OObEKTHI JAHHBIX, KOTOPBIE HE MOT'YT

ObITH PA3MEIEHBI [IEJTMKOM B OCHOBHOI /BUPTYaJIbHON TTAMATH.
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2. Apxurektypa ParSIM /Omni

[Tpemyaraemasi apxXuTEKTYpa, € OJHONH CTOPOHBI, PU3BAHA YIOBJIETBOPUTH IIPEIbIBIIEH-
HBIM TPeOOBAHMAM, a C APYTrOil CTOPOHBI B MAKCUMAJILHON CTEIeHU UCIIOJIb30BATh yrKe CyIle-
CTBYIOIIHE PEATU3AIII MOJLYJIEH CPEJIbl MOIETUPOBAHKSA.

Ha BepxHeM ypOBHE MOYKHO BBIJEIUTH CJIEIYIOIIIE OCHOBHbIE KOMIIOHEHTH! (pHC. 3):

1) BupryasibHAsI MaIlUHA;

2) MeHe1Kep 00bEKTOB;

3) MeHe Kep PeXKUMOB MOJIEJUPOBAHUST;

)

4) MeHeKepP TPOTOKOJIOB U MHTEePENCOB.

BHpTyansHasi MallHa

] | -

MeHe:xKeD Menen:xep MeHemKep
00LEKTOR TIPOTOKOJIOB H PeKHMOE
HHTep{eHCOB MO ETTHP OB AHHA
] [
H bmp ssh H CUDA sync 3D arrays
H wav http N OpenCL async graphs
H  winalt/dta winalt/p 2 MPI mixed strings

Puc. 3. Ocuosubie kommnonerTsl ParSIM /OMNI

[TepBoie mBa M3 HUX wMmeoTca B cymecTByomeit cpene WIinALT wu, B wacrtHOCTH, B
ParSIM /Win32, Ho ux cBoiicTBa u HabOp (pyHKIWMii nperepren udmenerusi. OcTajbHbIE sABJIsI-
FOTCSI HOBBIMU KOMITOHEHTAMU.

Bupryanabnas MarmmHa ynpaBageT UCIOTHEHHEM MOIETUPOBAHUS, TOJIL3YICh OMEPAITUIMH,
peann30BaHHBIMI BO BCEX OCTAJbHBIX OCHOBHBIX KOMIOHEHTaX. HoBas Bepcusi BUPTYaJIBHOIT
peasmn3yeT He TOJIBKO ONEPAITUIO 3aIlyCKa MOJIEJIM Ha UCTIOJHEHNE, HO TaKKe M OIepalliy IIpH-
OCTaHOBKM, BO30OHOBJIEHUS U TPEKPAIIEHUS UCIIOJHEHUS, TOCBLIKH CUTHAJIIOB O COOBLITHIX HC-
nosageMoit Mogenau. Kpome 3Toro, HOBast BepCusl MO3BOJISIET OJHOBPEMEHHOE WCIIOJTHEHUE He-
CKOJIbKUX TIPOIIECCOB BHYTPU OHOW BUPTYAJbHON MAIMHBI. XOTd HAOOP MHCTPYKIIUNU BUPTY-
AJIbHOM MaIlTMHbI MAKCUMAJILHO TTPUOJIMKEH K YIKE UMEIOIIEMYCs, MUHIMAJILHbBIN HADOp 00s3a-
TEJIBHBIX WHCTPYKIMI CYIIIECTBEHHO COKpAITEH, YTO JejaeT ee peaM3aliio Ha HOBBIX ILIAT-
dopmax, Brinovass GPU, menee Tpy10eMKoii.

Menemxkep 00BbEKTOB 0OeceUNBAET YHUMDUIIMPOBAHHBIM JOCTYT K KJIETOYHBIM OOBbEKTaM
JIAHHBIX TI0 UMEHU KJIETOYHOTO OOBbEKTA M KOOPJUHATAM KJIETKH BHE 3aBUCUMOCTU OT KUCIIOJIb-
3yeMbIX (POPMATOB JAHHBIX U MPOTOKOJIOB JocTymna. HoBbIMu cBOiCTBAMU MeHEIXKepa sABJIs-
10TCsi: 1) BO3MOYKHOCTH YACTUYHON 3arpy3Ku O0bEKTa B BUPTYAJBHYIO MaMATh (HEOOXOIMMO
J7Is1 PAOOTHI CO CBEPXOOJIBIIIMMHU 00BEKTAME JIAHHBIX ), 2) BO3MOXKHOCTH 3aIDy3KH U COXPAHEHNST
00bEKTOB, HE ABJIAIONINXCs pailaMu JIOKAJIbHOHN (hail/;IoBOM CUCTEMBI, 8 JOCTYITHBIX IO KAKOMY-
MO0 TTPOTOKOJTY.

Menemxkep pezKIMOB MOAETUPOBAHNST peaN3yeT ONepaIlny MONCKa U TPUMEHEHNS TTOJICTAa-
HOBOK M 00€CIIeYnBAET CJIEIYIONIE BO3MOXKHOCTH T0JIb30BATEIIO:

1) BbIGUpaATH GOJIEe OJHOrO PEKUMA CUHXPOHHOCTH BHYTPU OJIHOM MOJIEJILHOIN TIPOrpaMMBbI,
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2) UCHOJIB30BATH B KAYECTBE OOBEKTOB JIAHHBIX HE TOJILKO KJIETOYHBIE MACCUBBI, HO M WHBIE
CTPYKTYDBbI, HAIIPUMED, T'padbI,

3) MCITOJIBL30BATH PA3HBIE PEXKUMBI PACIIAPAJIIETMBAHUS.

B ParSIM /Win32 ecTb TOJIBKO PEXKUM PACIApAICTUBAHUS C Pa3pe3aHneM 00bEKTOB JIaH-
HBIX U UX PACIIPE/IEJIEHNEM TI0 CIEeTHBIM y3i1aM (puc. 4). OH sABJIsSIeTCs IPUMEPOM MapaslIeIn3Ma
10 JIAHHBIM U obecrieunBaeT 3pHEeKTUBHOE paciapaIeInBAHIE TOJIBKO JIjI MO/Iesieil ¢ HeDOIb-

MMM JIOKAJbHBIMU OKPECTHOCTAMM IIpaBUJI IIOJACTaAHOBKH.

. NoACTaHOBKU:
o6pabatuizaemsili [N HEE [ [ ]

knetounsiii Maccue [l B HEE [ [ ]
(ncxogHoe cocTosiHme) H H-E1 N
| [ [ ] L [ [ ]

il r1

pacnpegeneHue

[ [ ] ] | [ ] ]
[ e
| [ ] ] L [ ] ]

12 r2

warl cyer

war2 cyer

obpabaTbiBaeMblli ]
KNeTOUHbI Maccue

(pesynbTupytowiee |l
cocrosiHue) BN

Puc. 4. Pexxum mapaJiiesibHOTO UCTIOJIHEHUS MOJIeJIell ¢ pa3pe3aHueM 00bEKTOB JIAHHBIX

IIpu mcnosb30BaHUM pexRKUMa pa3pe3aHueM OOBLEKTOB JAHHBIX TEPE]T MapaslyIeTbHBIM HUC-
MIOJTHEHUEM TIPOUCXO/IUT pazfiesieHne 00padaThIBAEMOI0 KJIETOYHOI'O MAacCHBa HA YACTHU C Iepe-
KDBITHEM (C TEHEBBIMHU KJIeTKaMn). VX 9IHCII0 ONpeIessieTCs 9ncIoM HapaJIesbHBIX [TPOIECCOB
obpaboTku. Bo MHOrMX Cily4asix OHO COBIAJIAET C YUCJIOM CUYETHBIX y3JIOB. ByJliem paccmarpu-
BaTh UMEHHO TakKoi ciiydaii. O0acTb HAJIOXKEHUS 33/a€T T€ KJIETKU, KOTOPHIE Pa3MEIAI0TCS
B JIByX WJIK OOJIee COCETHUX CYETHBIX y3jax. ['eoMeTpusi 3Toil 00JIaCTU ONPEIESIETCsS TOMOJIO-
rueil pa3pe3aHus KJIeTOYHOrO MaccuBa (JinHeiika, Kosbio, 2D, 3D pererka nim Top) U Makcu-
MAaJIBHBIM Pa3MePOM OKPECTHOCTHU MMEIOITUXCSI B MOJIEJIN TPABUJI TTOJICTAHOBKHU, IPUMEHSIEMbBIX
K JTAHHOMY KJIETOYHOMY MACCHUBY.

Ilocse paspe3aHust KJIeTOTHOTO MACCHBA, €0 IACTU MEPETAIOTCS COOTBETCTBYIOIIMM CUET-

HbBIM y3JlaM, U Ha4YUHAECTCHA ITapaJljIeJIbHOE MCIIOJIHEHUE. Omno IIPOUCXOOUT UTEPATUBHO 10 TEX
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Op, TIOKA& €CTh KJIETKW, 3HAYEHNE KOTOPBLIX MEHSIJIOCh Ha TocjemaHeM Imare. Kaxkmwrit mar co-
crouT u3 AByxX dasz: cyera u odMeHna. [lociie 3aBepiiieHns MapaJuIeIbHOTO UCIIOIHEHNST YACTH
KJETOYHOI'O MAaCCHBa, COOMPAIOTCA B 1IN MAcCUB B Buje (baiija BO BHEIIHEH IMaMATH.

B ParSIM /Omni BBOATCS JOMOTHUTETBHBIE PEXKUMBI PACTIAPAJIICINBAHNS, KOTOPBIE PAc-
MIUPs0T Kitace 3 dekTuBHO ncnosusieMbix M3II moseseit. MHOXKECTBO 9TUX PEKUMOB MOXKET
pacmupaTbCA KaK pa3spabOTYMKOM CHCTEMBI, TAK U €€ I0JIb30BATEIAMU UMEIOIIUMU HABBIKHI
MIPOrpaMMUPOBAHUS, TaK KaK HEBO3MOXKHO 3apaHee MPEeyCMOTPETh BCE JOCTATOUHDLIE JIJIST MO-
Jesielt J1ioboro MmoIb30BaTENs PEKUMBI. VI3HAYAIBHO UMEEeTCHd pean3allusl TPEX PEXKUMOB Ta-
paJsiesabHoro ucnosinenusi. Ilepsbiit u3 Hux 3ammcrBoBad u3 ParSIM/Win32 u pacecmorpen
BbIlle. JIBa HOBBIX PEXXMMa PACCMATPUBAIOTCH JIAJIEE.

Pexum ¢ paszbueHnneM MHOXKECTBA IIOJICTAHOBOK (pUC. 5), sIBJIAIONIMICS TPUMEPOM (DyHK-
[IUOHAJILHOTO TIAPAJUIEJIN3Ma, TT03BOJIAET 3(PMEKTUBHO pACIapaIeuBaTh UCIIOJIHEHIE MOJIe-
Jiefl, B KOTOPBIX €CTh OOJIbINNE OKPECTHOCTH B MPAaBWJIAX TOJACTAHOBKHA, HO TPU ITOM OJIA
U3MEHSIEMbBIX KJIETOK OT ODIIEr0 MX YUCJIA JIOCTATOYHO MaJa.

. noACTaHOBKM:
o6pabarteizaemsiii [IINEN

knetounsiii maccve [l I
(ncxoaHOe cocToAHME)

anaysna 1:

[ [ ] | [ [ ]|
[ I Bl W |
AEE EER
[ [ ] | [ [ ] |
[ B Bl W |
EEE EEE

Aana ysna 2:

[ [ |
EEE - ' H
[ |

pacnpegeneHune

warl cuer

[ [ ] |
| el |
L

ANs y3na 3:

war2 cuet

obpabaTtbiBaeMmblii

KNeTouHBbI Maccve il
(pesynbTupytowee il

coctosiHve) HINEE

Puc. 5. Pexxum mapaJiiesibHOTO UCTIOJIHEHUS C PA3breHneM MHOXKECTBA TOJICTAHOBOK

B sToM pexknme mepesr mapaJIeTbHBIM CHETOM BCE y3JIbI BBIUUCJIUTENIS TTOTYYaioT OIUHA-
KOBYIO TIOJTHYIO KOIHUIO 00pabaThIBAEMOT0 MaccuBa. MHOXKECTBO BCEX TTOJCTAHOBOK JIEJUTCH HA
HeIepeceKaloIecs MoIMHOXKecTBa. VIX 9uCiI0 onpefiesisseTcs YUCIoM TapaJsljIeSIbHBIX ITPOIIeC-
coB 00paboTku. Bo MHOrUX cily4dasgx OHO COBIIAJIAET C YUCJIOM CUETHBIX y3JI0B. Byjiem paccmar-
pUBaTh UMEHHO TakKoil caydail. Kaskablil y3es mosydaeT cBOif KOMILIEKT TOJICTAHOBOK. llapadi-
JIeJIbHOE UCIIOJIHEHUE IIPOUCXOAUT UTEePATUBHO C CUHXPOHU3ALMEN BBIYUCIECHUN MEXK/y UTepa-

IUAMU I TpoBesiennst odmeHoB. Ha daze cuera KaxKIbIil y3e OTBICKUBAET BCE TIPUMEHUMBIE
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[TOJICTAHOBKHU U3 CBOEI0 KOMILJIEKTA, BBIUUC/IsIET HOBbIE 3HAUEHUS U3MEHSAEMbIX KJIETOK U (POp-
MUPYET CIMNCOK BCEX M3MEHEHHBLIX KIeTOK. Ha dasze oOMeHa KarKIblil y3eJ PACCHLIAET BCEM
JIPYTUM y3J1aM 3HAYEHUS BCEX MOIMMDUIIMPOBAHHBIX KJIETOK. KU CIIUCKU MOTUMPUITTPOBAHHBIX
KJIETOK TYCThIE HA BCEX Y3J1aX, TO PE3yJbTAT MOJIYYUEH, U TMApaJIeSIbHOE BBITUCICHIE TPEKPAa-
IIAETCS.

s ciydast, Korja o0beM JaHHBIX YMEPEHHBIH, HO eCTh OOJIbIION pa3dpoc BpeMeHu odpa-
OOTKHU OJIHOM TTPUMEHMMOI TIOJICTAHOBKU, OITPABIAHO UCIIOJIb30BAHUE PEXKUMA, [TapaAJIIeTbHOTO
UCTIOJTHEHUST ¢ pasduenneM 0O0pabATHIBAEMBIX JAHHBIX W BBIYUCIECHUIO TI0 TOTOBHOCTU JIAHHBIX

(puc. 6).

|
NOACTaHOBKMU:

t/ yseni HE -1 B
0 ||
0 N e B
d B | H E--E0Nn
0 H—- B
1
ey L — F(x)
? HE HEEEEER
2
3
Y |
5H

Puc. 6. Pexxum mapaiesbHOTO UCIIOTHEHNs pa30neHneM 00pabaThIBAEMbIX TAHHBIX

1 BBIYMCJICHUIO II0 TOTOBHOCTH JTaHHBIX

B sTOoM pexkmme BO3MOXKHO XpaHeHWE 3HAYEHWH OJIHOTO JJIEMEHTa MAHHBIX I PA3HBIX
uTepanuii. ITO JaeT BO3MOXKHOCTD IIPOJIOIXKATE CUET JIjIsd BHYTPEHHUX 00JIaCTell KJIETOK JTarKe
B TeX CJIyvasx, KOTJIa HOBbIE 3HAYEHUS KJIETOK B ODJACTU TE€peCeveHus eIle He MOJIyYeHbl OT
TeX y3JI0B, KOTOPhIE OTBETCTBEHHBI 33 00PA0OTKY 9TUX KJIETOK. B 9TOM pexKmMe HET KeCTKOro
yepeioBaHus a3 cuera u ooMeHa. OHU MOTYT Peau30BhIBATHCS OTACIbHBIMU ITOTOKAMU KO-
MAaH/I, UCIIOJIHSIEMBIMU HA CUETHOM y3JI€ B PeXKMUME Pa3/ieJIeHusI BDEMEHU.

B sToM pexkmMe BO3MOXKHO XpaHEeHWE 3HAYEHWIT OJTHOTO dJIEMEHTa JAHHBIX IS Pa3HBbIX
uTepaIyii. TO JAeT BO3MOXKHOCTH IPOJIOJIXKATE CUET JIJId BHYTPEHHUX 00JIaCTell KJIETOK JlaXKe
B TeX CJydYasx, KOr/la HOBBIEC 3HAYEHHS KJIETOK B ODJACTH IIEPECEYUEHUSsI €Ile HE IOJyIeHBbI OT
TEX Y3JIOB, KOTOPBLIE OTBETCTBEHHBI 38 00pabOTKY ITUX KJIETOK. B 9TOM peKnMe HeT >KeCTKOTO
qepenoBaHus da3 cuera u ooMeHa. OHU MOIYT peau30BbIBATHCS OTACABHBIMUA ITOTOKAMU KO-

MaH/[I, UCIIOJIHAEMbIMU Ha CYETHOM Yy3JI€ B DEXKHMME Pa31€JICHUA BPEMEHU.

3aKJI0OYeHUue

Ha nacTositiiuit MOMEHT peajii30BaHa HOBasi BEPCUsl BUPTYAJbHON MAIIIUHBI U Pa3pado-
TaHbl 6a30Bble CUCTEMHBIE AJTOPUTMBI JIJIsi PEAJIN3AIUN OCTAJILHBIX KOMIIOHEHTOB. Pazpada-
THIBAIOTCSI OCTAJIbHbIE KOMIIOHEHTH! BepxHero ypoBHst ParSIM/Omni. B nepsyto ovepens 3a-
IJIAHUPOBAHO 3aBepienne peasusarnun ParSIM/Omni va 6a3e OpenCL.

Peamuzarus ParSIM /Omni 103BOJIMT pacCIMPUTh KJIACC MOjeupyeMbix B cpege WinALT

SIBJIEHUII U HOBBICUTH TOYHOCTD PE3YJIbTaTOB MOJC/IMPOBaAHUA 3a CHET YBC/IMYCHUA PA3MEPOB
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oOpabaThIBaeMbIX O0LEKTOB JAHHLIX. [IpuOmusnTesnbHast ONEHKA TPENETbHBIX PA3MEPOB KJile-
TouHbix MaccuBoB B ParSIM/Win32 cocrasiaser 30000x30000 kierok s 2D n
1000%x1000x 1000 mst 3D. B ParSIM /Omni ona cocrasur 1000000x 1000000 xieTok st 2D u
10000x10000%x 10000 mrs 3D. Hurst MHOTHX MOJIEJIel, HAIIPUMED U3 00JIACTU TEOPUH ITPOTEKA-
Hus |6, 10/100HO€ yBeMtIeHne pa3MepOoB IPUBEJIET K CYIIECTBEHHO 00JIee TOUHBIM M KaveCTBEeH-
HBIM pe3yJbTaTaM MOJeTupoBanud. g psma Apyrux Mojesiei, TaKux KakK KaTaJuTUIEeCKUe
peaKIu TI0oJIydeHne pe3yJIbTaTa B IPUHIMIE HEBO3MOXKHO IIPH MAJIOM HHCJIE KJIeTOK. B [7]
YKa3bIBAETCH, YTO TPEOyeMOe HUCJIO B3AUMOJIEUCTBYIONINX MOJIEKYJ COCTABJISIET 10%.

Taxxke, peasusanusi ParSIM /Omni mo3BouT yBeJNIUTh 00bEM IIPOU3BOIMMBIX BBIUUCIIE-
HUN KaK 32 CYET BO3MOXKHOCTH UCIIOIH30BAHUSA BHICOKOITPOU3BO/INTEBHBIX TaPaJJIE]bHBIX BbI-
YUCTUTEbHBIX KOMIIJIEKCOB, TaK M 3& CYET BO3MOXKHOCTH BHUPTYAJbHON MAITUHBI COXPAHATH
COCTOsTHHE ITPOIIECCA MOJIEINPOBAHUS U BO30OHOBIIATH MOJIETUPOBAHUE TTOCIIE COOEB PA3IIMIHOTO

XapakTepa.
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PARALLEL IMPLEMENTATION OF FINE-GRAIN
ALGORITHMS IN WINALT SYSTEM

M.B. Ostapkevich Institute of Computational Mathematics and Mathematical
Geophysics (Novosibirsk, Russian Federation),

A brief description of a simulation system for algorithms and structures with fine-grain paral-
lelism WinALT is given. The distinguishing features of the system are a visual construction and
debugging of models as well as its orientation to a wide range of algorithms and structures with
fine-grain parallelism rather than only to a cellular automaton along with its certain extensions.
The existing subsystem of parallel execution, which is capable to execute models using a cluster of
Windows hosts, is considered. The requirements to a new implementation of the subsystem for
parallel execution are formulated. This new implementation is oriented to a wide range of modern
parallel computers including hybrid clusters. The architecture of the subsystem is proposed. Its
modes of parallel execution are considered. The plans of further development of the system are
outlined.

Keywords: fine-grain parallelism, simulation, parallel programming, simulation system, par-
allel substitutions algorithm.
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