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BbICOKOCKOPOCTHOW
MHOIOKJIACTEPHbIW
WHTErPUPOBAHHbDIN
MOZYNb OGPABOTKM AAHHbIX

1 B.JTlo6uLKMH rea@milandr.ru

CerogHs TpyaHO HanNTU chepy AesaTenbHOCTH, byab TO NPOM3BOACTBO,
Hayka, obpa3oBaHue, yripasieHne, SKOHOMUKA, MeguUuUHa U T. 4.,

B KOTOPOW HE UCNO/1b30BaINCh 6bl UHOOPMALMOHHbIE TEXHOIOM UN.

OT AOCTYMNHOCTU BbIYNCAUTE/NIbHbLIX CETEN U CEPBUCOB B It060e BpemMs
CYTOK 3aBUCUT MHOXECTBO A0/Ir0CPOYHbIX MPOEKTOB N HAYKOEMKMX
npoueccos, OAUH KOMMbIOTEP YXXe He B COCTOSIHUKU obecnevnTb
TpebyeMble BblYUCANTENbHbIE MOLLHOCTU N BbICOKYIO HAAEXHOCTb.

[nsa peweHuns Bce 6oee C/I0XHbIX 3a4a4 B LileHTpe NpoekTupoBaHus
pagmo3neKTpoHHOM annapaTypbl komnaHum AO "MKK Munanap" 6bin
peann3oBaH BbICOKOCKOPOCTHOM MHOTMOK/AACTEePHbIA MHTErpUPOBAHHbIN
MoAaynb 06paboTku AaHHbIX. B 3TOM nepcnekTMBHOM COBPEMEHHOM
cMcTemMe BOMJIOWEHbl TeXHOJIOMMmM, obecneymnBatoLine BbICOKMN YPOBEHDb
OTKa30yCTOMYMBOCTU NMPU ONTUMANIbHOWN CTOUMOCTU peLLeHUs.

nacTtepHass apxuTekTypa npeacTaBnseT
cobom MoAyNbHYIO MHOrOMpOLECCOPHYIO
CUCTeMY, CO34aHHY0 Ha 6a3e BbICOKONpPOU3-
BOAMTENbHbIX BbIYNCANTENbHbLIX Y3/10B, COe-
LVNHEHHbLIX BbICOKOCKOPOCTHbLIMU KOMMYHWN-
KaLWOHHbIMM KaHanamu. Chepa MpuMeHeHUsa Kna-
CTEPHbIX CMCTEM B HacTosLLee BpEMS OYeHb LWNPOKA.
Hanpumep, kKomMmnbtoTepHass obpaboTka reopusmye-
CKUX AaHHbIX MO3BONAET CO34aBaTb AeTa/IM3MPOBAH-
Hble MoAenn HedTAHbIX U Fa30BbiIX MECTOPOXAEHUN,
4TO NoBbiWaeT 3¢ PeKTUBHOCTL, 6e30NacHOCTbL paspa-
6OTKM CKBAXKUH N CHUXXAET TPyAO3aTpaThl.

OAWH 13 NPUMEPOB KJIACTEPHbIX CUCTEM — BbICO-
KOCKOPOCTHOM MHOFOKAACTEPHbI MHTErPUPOBAHHbIN
Moaynb 06paboTkM AaHHbix (puc.1), pa3paboTaHHbIN
LleHTpoM npoekTupoBaHusa PIA (LM P3A) AO "MKK
MunaHap" COBMeCTHO C yHuBepcuTetamm MOTU, HITY
Ha OCHOBE BbICOKOMPOM3BOANTEJIbHbLIX MPOLLECCOPOB
06paboTku curHanos (BMUOC) cob6cTBeHHOM paspa-
60TKW. aHHble MOAYNU, OCHALLEHHbIe COBPEMEHHbLIM
nporpaMMHbIM obecrneyeHneM, npegHasHayYeHbl 414
napannenbHom 06paboTkmn LMPPOBLIX CUTHANOB, MOCTY-
NatLWmX OT BHELHNX YCTPONCTB (paamnonoKaLMoHHbIX
cncTem, cnmctem pagmnocBA3N C UHTeNNeKTYa/IbHbIMW
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Puc.1. BEICOKOCKOPOCTHOM MHOTOK/IACTEPHBIN HHTe-
T'PHPOBAaHHBIN MOAY/b 06pabOTKU JaHHBIX

AHTEHHAMMW, CUCTEM PAANOU3MEPEHUNA U T.4.), MOTYyT
NPUMEHSTLCS B CUCTEMax ynpaBieHWs TPaHCNopT-
HbIMMW, aBMALMOHHO-KOCMWYECKUMU W SHepreTuye-
CKUMW KOMMAeKcaMn. BbICOKOCKOPOCTHOM MHOTOKAa-
CTEepHbIN UHTErPUPOBAHHbIN MOAYAb 06PabOTKM AaHHbIX
coCcToUT M3 6a30BOM nnaTbhl (C BO3MOXHOCTbIO yCTa-
HOBKM Ha Hee [0 NATW cybmoaynen) n npeacrasnset
cob0oM MOHOB10K C NACCMBHBLIM BO3AYLWHbLIM OXNaXAae-
HVeM, NpefHa3HAYeHHbIV 41 MPUMEHEHWS B LLe/IeBOM
ycTponcTee (LlY) —annapaTHOM KomnJekce, B COCTaBe
KOTOpOro byaeTt aKCNAyaTMpoOBaThCS.

OCHOBHbIe TexXHUYeCckme XapakTepuUCTUKU BbICOKO-

CKOPOCTHOrO MHTErpnupoBaHHOIO MOAYNS:

e KOMMYeCTBO KJ1aCTepoB: A0 5 WT,;

e Konmyectso BIMUOC B kKnactepe: 4 Wt

e CKOpPOCTb 06MeHa mexay BMLOC B knacTepe:
o MO CUCTEMHOU LWWHE: He MeHee 450 MbanT/c,
o no Link-nopTy: He meHee 200 MbanT/c;

e noTpebnsemas MOWHOCTL: He 6onee 86 BT;

e TemnepaTypHbIM AMana3oH: ot —40 po 60°C;

e BHelWHMe nHTepdencol: PCI-Express, Ethernet

10/100 M6uUT/C;

e AmManasoH paboyero nuTaHus: 22-30 B;
* noanepXuBaemble onepaumMoHHbIe CUCTEMDI:

OC Linux, OC Windows.

Pa3paboTka cooTBeTCTBYeT TpPebOBaHMSAM MPOYHOCTHU
npv BO34eNCTBUM CMHYCOUAANbHOW BMbBpauum B Ana-
nasoHe yacTtoT 200-500 Iy € aMNAUTYAO0M BUBPOYCKO-
penns 50 m/c? (5 g) n amnanuTyaon BubGponepemMelle-
HK1a 0,5 MMm.

Moaynb yCTOMYMB K BO3AEUCTBUIO MeXaHW4yeckux
y42APOB MHOFOKPATHOTO AeNCTBUS C MUMKOBbLIM YAAPHbLIM
yckopeHnem 150 M/c2 (15 g) M ANNTENbHOCTbIO eNCTBUS
yOAPHOT0 yCKOpeHUs oT 2 A0 20 MC, a TakxXe K BO3aen-
CTBUIO MeXaHW4yeckux yaapoB OAMHOYHOrO AENCTBUS
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Puc.2. Cybmonynp Ha ocHoBe BIILIOC, pa3paboTaH-
HbIX KoMnaHuern AO "TIKK Munaugp”

C MUKOBbLIM yAAPHbLIM yckopeHmneM 200 m/c? (20 g) (ann-
TeNbHOCTb YAAPHOr0 YyCKOpeHMs 2-15 MC).
B KayecTBe BLIMMCAUTENLHOTO A4pa B KaacTepe

MCcrnonb3yeTcs BbICOKOMPOWU3BOAUTENbHbIN DSP-
npoueccop, paspaboTaHHbin KoMmnaHuen AO "TKK
Munanap".

Takoe pelleHne NO3BONSET:

e repeBecTu annapaTypy Ha COBPEMEHHYI oTeye-
CTBEHHYIO 3/IeMEHTHYI0 basy;

* CHM3UTb CTOMMOCTb pa3paboTku 3a cHeT yHUpUKa-
LM INeMeHTHOM 6asbl;

* 3aMEHWUTb HECKObKO OAHOTUMHbLIX 6/T0KOB Ha OAWH,

c mogmnodurkaumnen No;

NOBbLICUTb HAAEXHOCTb U YBEIMYUTbL NMPON3BOAN-

TeNbHOCTb;

* MNPOANNTbL CPOK IKCMyaTaLUU CUCTEMDBI B 2—3 pasa.

YCTPOWCTBO UHTEFPUPOBAHHOIO MOAYNA
OCHOBHbLIMU QYHKLMNOHANbHLIMW y3/1aMWU YyCTPOMCTBA
MHTErpupoBaHHoro moayna (MM) agnatoTtcs cyomMoaynu,
cocTosLmMe U3 YeTbipexX MUKPOCXeM BbICOKOMPOWU3BOAN-
TebHbIX MPOLLECCOPOB LNPPOBON 06PABOTKM M MUKPO-
cxeM namaTtu. MiMeeTcst HeCKOJIbKO BapMaHTOB MCMo-
HeHus cybmopaynen, KOTopble MAEHTUYHbLI MO annapart-
HOMY MOAK/TIIOYEHMIO, HO Pa3/INYakOTCS MO BHYTPEHHEN
apxuTekType. BapnaHTbl UCNoNHeHUs MM pasnuyaroTcs
Mexay cobom KoAM4ecTBOM 1M CMOCOBOM M3rOTOBJIEHNS
yCTaHOBNEHHbIX CybMoAaynen (B 3aBMCMMOCTM OT 3a4ay,
BbIMOJIHSAEMbIX VM),

AnsB3avmonencTens MM c nepcoHanbHbIM KOMIMbHO-
TepoMm, paboTawwmm nog ynpasaeHmem OC Windows
mnn OC Linux, co3gaHo cneunanm3mpoBaHHoe NpuKknaa-
HOe NporpamMmmHoe obecneyeHue.

B3avmogencTeme C nporpaMMHbIM obecrnevyeHnem
npepocTaBasgeT BO3MOXHOCTb 3arpy3Kun NporpaMmMHbIX
MOZLYNen C NepCcoHaNbHOro KoMmnbtoTepa Ha MM, 3anycka
NpOrpamMMHbIX MOAYAEN HA NCMOSTHEHNE, MOHUTOPUHIA
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Puc.3. Cxema coeguHeHHs link-moproB cybmomyns

npouecca nx paboThbl, a TakKe 0bMeHa AaHHbIMWU MeX Ay
nepcoHanbHbLIM KOMMbOTEPOM N VIM.

C BHELWHNMM ycTponcTBaMum MIM conpsaraeTca nocpes-
CTBOM pPa3beMHOro COeAMHeHs, CoOAep KaLlero BbiBOAbI
Hanps>XXeHns NUTaHnA, BbiBOAbl JTAG-nHTepdenca npo-
rpammumpoBaHuna NMINC, BeiBoabl JTAG-mHTepdenca, obe-
cnevyuBaroLme cBa3b npoueccopos MM yepe3 USB-nopT
C NepCoHaNbHbIM KOMMALITEPOM, @ TaKXe MHTepbenchbl
PCl Express u Ethernet 10/100, oTBevatoLime 3a o6MeH
OaHHbIMKY Mexay MM 1 3BM. TensoBas MOWHOCTb OTBO-
OUTCS C NOMOLLbLIO CUCTEM TENIONPOBOAALLMX NPOK/IA-
[OK 1N paccemBaeTCsi AByMs pebpucCTbiMKU pagmatopamu,
MeX Ay KOTOPbIMM 3aKpernieHa Hecywas naara.

Ha Hecywen nnate MM pasmelwieHa nHTtepdencHas
MINC Spartan 6 — cBa3yloLee 3BeHO Mexpay npouec-
COpHbIMK Knactepamu u M3IBM. Csa3b MJINC ¢ npo-
LeCcCopHbIMM KacTepamu ocyuiecteasgeTrcs no link-
KaHanam. MHTepdenc link-kanana sxkawo4vaet gndde-
PEHLMANbHYIO LWWMHY AaHHbIX (C pa3paaHOCTbio 11nun 4),
anododepeHUManbHbIM TAKTOBbLIM CUTHAM U ABA CMTHaNa
ynpasaeHus.

Cxema coegunHeHus link-noptoB cybmoayns npuse-
[eHa Ha puc.3. BzanmonemcTBMe MpoLeccopoB BO3-
MOXHO Yepes link-nopTbl LNK_A, LNK_B, LNK_C, LNK_D
n LNK_F, a Takxe 4yepe3 0OLWY CUCTEMHYIO LUNHY.
BHewHMe noptbl LNKO 1 LNK1 npegHasHadeHbl A4
B3ammogencteusa c MNJNC Spartan 6 Ha 6a3oBon nnaTe.
C nomolbto BHeWHMX link-nopTtos (A, B, C, D) cy6Moayb
MOXeT B3aUMOAeNCTBOBATb C APYrnMMU CybMOoaynsMu,
a TaK>Xe C UHTerpuMpoBaHHbLIMW MOAYASIMU.

[Ans pacluMpeHns BO3MOXHOCTEW CUHXPOHM3ALWUK
NpOLLeCCOPOB MPU BLIMOTHEHUU NMPOTrPaMM Ha KaXXAO0OM
cybmoayne peanvsoBaHa Cxema CBSI3eW MeXxAay nop-
TaMmu BBOAA-BbIBOAA MPOLLECCOPOB U JIMHUSAMW 3anpo-
COB MpepbIiBaHUS.

BblumcnmTennHas cMctema, B COCTaB KOTOPOW BXO-
anT UM, npeactasnseT cobom ynpasasitoLLyo MalnHy
C NpUCOeAUHEHHBLIMWU K HEW OAHUM UAN HECKONbKUMM
WHTErpmpoBaHHbIMK MoaynamMmn. CoefnHeEHWe MOXeT
ncnonb3oBaTh UHTepdenc Ethernet u (nnmn) PCI-Express.
KOHCTpYKUMS yNpaBAsoLLEN MALLUHbBI, NCTOYHUKA NUTA-
HUS N NHTEpENCHBLIX COeANHUTENbLHbLIX Kabenen MoxeT
pasnn4yaTbCs ANS pasHblX LesieBbiX YCTPOMCTB. B Kaye-
CTBE yNpaBAaoWen MallnHbl (xocTa) BbICTYNaeT nepco-
HaNbHbLIM KOMMblOTep NoA ynpasneHnem OC Linux nam
OCWindows. VIHTerpupoBaHHble MOAYIN COEANHAOTCS
C XOCTOM Mo KaHanam Ethernet n (unun) PCI-Express.

OCOBEHHOCTU UHTEFPUPOBAHHOMN

CPEAbI PA3PABOTYUKA

NHTerpmupoBaHHasa cpefia paspaboTtumka (MCP) BkaoyaeT

B cebs komnunaTop C/C++ 1 rpaduryeckyro cpeay npoek-

TUpOBaHMUS. KoMnuaaTop npeobpasyet UCXOAHbLIA KOA

(dbarnnos =.c, *.cpp) B UCMONHAEMDbI LBONYHbIN KOA.

B cocTas rpaduyeckon cpefbl MPOEKTUPOBAHMS BXO-
OAT pefaKkTop UCXOAHbIX TeKCTOB, MOACUCTEMbI CTPYK-
TYPHOrO aHann3a UCXOLHOro TekcTa, cObopkM NpoeKTa,
OTNALAKM U TeCTUpOBaHMS MO MHTErpUPOBAHHOIO MOAYAS.
PeflaKkTOp MCXOAHbIX TEKCTOB AaeT BO3MOXHOCTb NO/b-
30BaTeNto co3fasaTtb U MOANDULMPOBATL KOHTEHT TeK-
CTOBbIX GanMNoB, Kak BXOASAWMX B MPOEKT, TaK U 3arpy-
>KaeMblX OTAE/bHO.

MoacmcTteMa CTPYKTYPHOro aHam3a MCXOLHOro Tek-
CTa OTBeYaeT 3a COCTAaBNEHME U MOAAEPXKKY B aKTyasb-
HOM COCTOSIHWUM CMMCKa BCeX OObLABMIEHHbLIX B MPOEKTe
naeHTndunkatopos. Mogcmcrema c6opkm npoekTa ynpas-
naeT npoueaypon c6opku Leam npoekTa (MCNosHAeMoro
ob6pasa nam 6MbAnNoTeKN 06bLEKTHbLIX MOAY/IEN), a MOACHU-
cTemMa OT/IaflKW M TeCTUPOBAHMS MPOrpamMMHOro obecne-
4yeHnsa VIM obecnedmBaeT 3arpysKy, 3anyck Ha NCMOAHe-
HVe 1 OTNAAKY WUCMOMHSAEMOro KoAa Ha LeneBou apxu-
TekType BMUOC. Mpadunyeckas cpefa NnpoekTUPOBAHUS
CTpouTCs Ha 6ase cBOBOAHO pacnpoCTpaHIeMOn NUHTe-
rPMPOBAHHOW Cpebl pa3paboTKM MOAYNbHbLIX KpoCcCcnaaT-
dOopMeHHbIX npuaoxeHun Eclipse CDT.

OCHOBHbIe acneKkTbl npumMeHeHus NCP:

e ynpas/ieHWe NpoekTaMun 1 KoHUrypaumsmm paspa-
baTbiBaemoro Mo;

* CUMHTAKCMYeCKn OpMEeHTUPOBAHHOE pefaKkTUpOBaHMe
NCXOLHbLIX TEKCTOB Ha A3bikax C++, Cn accembnep ang
BMUOC;

e aBTOMAaTMyecKkas NpoBepKa CUHTAKCUYECKOM KOPPEKT-
HOCTU UCXOAHbIX TEKCTOB B NpoLiecce peAakTUPOBaHMUS;

e noaAepyka npoecca cbopku npoekTa c UCNoab30Ba-
HUEM YTUIUT KOMAHAHOW CTPOKM (KoMmnunsaTop C++,
accembnep, MMHKEpP U A4p.);

« obecnevyeHune npouecca MHTepakTUBHOM (BbICOKOY-
POBHEBOW U HU3KOYPOBHEBOW) 0TNaaKku MO;
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e NOAAepXKa pexuMoB MNPOrpaMMHON CUMYASLUN
M OTnafKu C UCNOJIb30BAHMEM annapaTHOro oTnaja-
4YUKa;

e OTOb6paxkeHue n pefakTUPOBAHME AaHHbIX, COgepxXa-
LLMXCA B MAMATU U permctpax obuero n cnewumnanb-
HOro Ha3HaveHus BMLOC;

e OTObOpa)keHMe coCcToAHNS KOHBenepa BMLOC.

ONEPALMOHHASA CPEAA "MUNAHAP-OC"

OnepauunoHHas cpega "Munangp-OC", npefHa3HavyeH-

Haa O/18 UCNOIb30BaHUSA B KNACTEPHbIX MHOrOMpoLec-

COPHbIX peleHnsax Ha OCHOBE LMPPOBbLIX CUTHAMbHbIX

NpoLeccopoB C KOMMYHMKALUAMKM TUMNA "TOYKA-TOYKA",

BLIMOMHAET CefylolMe YeTbipe 3a4a4u.

e [pepocTaBasgeT NpuUKNALHbIM NporpammamMm Habop
CepBUCOB A5 ynNpaBaeHus pecypcamu MM, 4To N03BO-
nset npu paspaboTke NpUIOXKEHUIN abcTparmpo-
BaTbCs1 OT KOHKPETHOM annapaTHOW peannsaunm Tex
WAN UHLIX KOMMNOHEHTOB, TakMX Kak cucTema npe-
PbIBAHUN, KOMMYHUKALWOHHbIE KaHabl, PerucTpbi
nepupepumnHbLIX yCTPOUCTB U T. 4. ABCTparmpoBaHue,
B CBOIO 04epefb, NpefoCTaBAsieT BO3MOXHOCTb pas-
pabaTbiBaTb NporpaMMHoe obecneyeHmne, KOTOpPoOe
OAVHAKOBO BbIMOJIHAETCS HAa Pa3INYHbLIX MOANDU-
Kaumnsax M.

Erar e a
Egﬁfﬁf’

e ObecneymBaeT BO3MOXHOCTb UCMONHEHMUS MHOTOMNO-
TOYHbIX MPUAOXKEHUIN HA M C MPOMU3BObHBLIM KO-
4eCTBOM MOTOKOB.

e ObecneymBaetT QyHKUMOHAN ANs 06MeHa AaHHbIX
N CUHXPOHM3ALNK MeX Ay NOTOKaMn. CUHXPOHMU3aLMS
MeXay MOTOKaMK OCyLLecTBAAETCS NOCPeACTBOM
CTAHAAPTHLIX NPUMNTUBOB: MbIOTEKCOB, CeMadOopoB,
COBLITUN N COOBLLEHUN.

e Ob6ecneymBaeT 0O6MeH AAHHLIMY MeXAY MPOrpaMMONn
Ha MM 1 xocT-MaLwunHom.

Pa3zpaboTka 1 NpOM3BOACTBO 31EKTPOHHBLIX MOAYEN
Ha OCHOBE MUKPOCXeM COBCTBEHHOM pa3paboTKuM 1 Npo-
M3BOACTBA — OAHO M3 MepCneKTUBHbLIX HaMpaBAeHUN
peatenbHoctn AO "MKK MunaHap" Ha 6a3e cobcTBeH-
Horo LleHTpa npoekTnpoBaHmnsa P2A. B pamKkax AaHHbIX
paboT NpoBOANTCH KOMMIEKC MMMNOPTO3aMeLlatoLLmx
MeponpuATUA MO MOAEPHMU3AUUM INEKTPOHHbLIX 6J10-
KOB, a TakxXe pa3paboTke HOBbIX MporpamMMmHo-anna-
paTHbIX pelweHnin. Moaynm, nporpaMmmHoe obecneyeHune
W pagmo3sneKTpoHHasa annapaTtypa, paspabaTtbiBaemas
B LM P2A, MOryT NpUMEHSATLCS B 6OPTOBbLIX BbIYUCAN-
TesbHbIX KOMMeKkcax (Ha3eMHOro U HagBOAHOrO pas-
MelleHMa), cuctemax ynpasseHusa, o6paboTku Buaeo-
nHbopMaLnK, pagmnonoKaLNOHHbLIX KOMIAEKCaX U ApY-
TMUX MPOMbILLJIEHHbIX CEFMEHTaXx. {

LEHTP ITPOEKTUPOBAHNA
VHTETPATIBHBIX CXEM:

TAPMOHNS
B KAXJON PASPABOTKE

= MukpOKOHTPOIEPbI/MUKPONPOLECCOPbI
= Mukpocxembl namsatn

=AUI, AT

= YIHTepghesiCHbIE MUKPOCXEMbI

= Mukpocxemsi ynpaBneHns NUTaHNnem

= Paino4acToTHbIE CXEMbI

= =MNnNAHaP
e

r. MockBa, 3eneHorpag,
[eoprveBckuin npocnexT, f. 5
www.milandr.ru
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