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e OaHONPOLECCOPHbIE BbIYUCUTESbHBIE
610KHU

e PacnpeneneHHble CUCTEMbI U3
OIHOMNpOLeCCOpHbIX 6/10KOB

e MHOromMoAy/ibHbl€ BbIYUCIUTENbHbIE
610KHU

o ApXUTEKTYpa MHTErPUPOBAHHOM
MOAY/IbHOW aBUOHUKM

ENIOV4dIALHN



HeobxoanMbit MUHUMATN3M:
OIHOMNpPOLIeCCOpHble 6/10KK

e [exHonorndyeckme orpaHnyeHus:

— BbIHY>XZIEHHOE NPUMEHEHNE «rpyboro»
TEXHOJIOrMYEeCKOro NpoLecca

— YXECTKMEe orpaHmyeHmnsa no pasMepam u
3HepronoTpedbneHunto
e OTKyaa 6epyTcs orpaHnyeHus

— TpeboBaHME K YCTOMYNBOCTU K BHELLHUM
BO34EUCTBUAM (M3/TydYeHne 1 T.M.)

— HEPA3BUTOCTb TEXHOJIOMTNMYECKUX MpoLeCcCoB
NnponsBoacrea MUKPOCXEM

— 06NN NTMMUT Ha pa3Mepbl K
sHepronoTpebneHne NYC PB




=y AnnapaTtbl C )XECTKUMU
T orpaHunyeHnammn Ha NYC PB
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LieHTpanbHble 9BM mapcoxoaoB

Annapat CPU RAM Flash | EEPROM OC
Sojourner | Intel 80C85, 2 Ml'y, | 512 176 HeTt OaHo3aaa4vHas,
(1997) 8-pa3psiaHbIn, Kbant | Kbaut XECTKNN
6000 TpaH3ucTopoB NopsiAoK
(aHanor Intel 8080 BbIMNOSIHEHUS
1974 r. pa3paboTkn) 3a4au
Mars IBM/BAE RAD6000, | 128 256 3 M6ant | VxWorks,
Exploration |20 Ml'y, M6ant | Mbant MHOro3azadHas
Rover 32-pa3psaHbin,
(2004) 1.1 MaH
TPpaH31CTOpPOB
Mars BAE RAD750, 256 2 256 VxWorks,
Scientific 132 Mlu, Mb6ant | Méant | Kbant MHOro3agay4Has
Laboratory | 10.4 mnH
(2011) TPaH3UCTOPOB
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PacLunpeHmne ogHonnaTHoro
KOMMbloTepa: KapTa-Me30HUH
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e Ha ogHoONNaTHOM KOMMbKOTEPE — NoKasbHas wuHa (Hanpumep, PCI)

e K NTOKanbHOM LLUMHE NMPUCOEANHSIETCA KapTa paclumpenns (HanpuMep,
afanTep KaHana)

e KapTa pacluMpeHuns He 3aBUCUT OT «OCHOBHOr0» pa3béMa, yepes
KOTOpPbI KOMMNbIOTEP MOAK/IOYAETCA K YIPaBISEMON CUCTEME



Deep Impact (nonet kK komeTte)

Mars Reconnaissance Orbiter (cnyTHUK
Mapca)

Lunar Reconnaissance Orbiter (CnyTHKK
JlyHbI)

WorldView-1 (cnyTHUK ONTUY4ECKON CHEMKK)

Fermi Gamma-ray Space Telescope
(opbuTarnbHbIv Teneckon)

Kepler space telescope (opbutancHbin
Teneckon)

Wide-field Infrared Survey Explorer
(opbuTanbHbIN TENECKON)

Mars Scientific Laboratory (mapcoxon)




. Cnabas uHTerpaums: oqHONpOLECCOpHbIe
| OMNoKW Ha MeaneHHOW WNHE

Environment (pilot. plane mechanics. plane environment. landscape profile. other flying objects)

| i L : !
Cucrtema
NaTumku VHaonkaTopbl Oprabl yripaBnexms Pagunonokatop
yI'IpaBJ'IeHVIFI AOBUWXEHUEM

lUnHa MIL STD-1553B

C-1 ‘ C-2 ‘ C-3 ‘ C-4 ‘

Timer 1
LLInHa MIL STD-1553B:
— Obujas — nopsiaka 100 Kbait/c
Timer 2 NaMsiTh Timer 3




Ha3HayeHne 610K0B

o C-1:
— KOHTPOJIb COCTOSAHNSA 6OPTOBbLIX CUCTEM
— Bblbop pexuma paboTsl UYC PB
— ynpasneHne obMeHoM no wurHe (KOHTPosiiep KaHana)

i ’-. C_Z-

= ' ..

= — BblUMC/IEHWE YNIPaBASIOLMX NapaMeTPoB NonéTa Ans nepeaayn
= & B CICTEMY YNpaB/eH!s [ABIKEHNEM

= — NOAroTOBKa AaHHbIX ANsi MHAMKATOPOB

a3 | C3:

O = - BbluMC/IEHWE NApPaMETPOB ABUXEHUS CAMONETa Ha OCHOBE

NoKa3aHUN AaTUYMKOB
— obecneyeHne ABMXEHNS CaMONETA MO MapLpyTy
— ynpaB/ieHME AaTYMKaMm
o C-4.
— ynpaBneHue NonéTOM Ha Masion BbICOTE MO NMOKa3aHWsAM paaapa

[TpsMou KaHarn
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TecHad uHterpaumsa: wuHa VME

————————

[TapannenbHas WWHa ¢ apobuTpaxem

Peanuayet npamon 4oCTyn K NaMsATy
Moayneu

ObbeanHsaeT moadynu B B10K (KpeuT)

PaspagHOCTb LUWHBI AaHHbIX:
32 unun 64 dbuta

[TponyckHas cnocobHOCTb:
— 40 Mbawut/c (VME32)
— 80 M6ant/c (VMEG4)

— po 320 Mbaut/c (VMEG4 B 61104HOM
peXnme, Ha OaHY nepeaadvy agpeca —
HECKOmMbKO nepeay AaHHbIX)




CTpykTypa WwunHbl VME

e AApecHas WnHa

e |lInHa faHHbIX

e llinHa apbutpaxa (ana ynpasieHuUs A0CTYNOM)
e |lInHa npepbiBaHUn

ITO MOXO0KEe HA l

NPOIECCOPHVIO INMHY! ~ 1~~~ - ~———-—=—=—--=—=—-----
'""p' """ £ "y““'-y--r-' 9TO OHA M €CTh

(mpoueccop Motorola
68000)



Ponu moayneun Ha wuHe VME

Beaywmn (Master)

e MOXeT MHUUMMpOBATb Nepeaayy AaHHbIX
[MoaunHEéHHbIM (Slave)

e OTBeYaeT Ha 3anpockl OT BeayLlero
cTouHuK npepbiBanusa (Interrupter)

e Moaynb, CNocobHbI hopMmnpoBaTh npepbiBaHne (06bIYHO —
MNOAYNHEHHBIN)

Ob6paboTumnk npepbiBanus (Interrupt handler)

e Moaynb, cnocobHbI 06pabaTbiBaTb NpepbiBaHMs (Kak
NpaBnNo, OAHOMNNATHBLIN KOMMbIOTEP)

ApbuTp (Arbiter)

e Moaynb, ynpaBasioLmM AOCTYMNOM K LUIMHE U OCYLLECTBASIOLLIMM
MOHUTOPUHI 0bMeHa no wuHe. YcTaHaenueaeTtcsa B cnoT N21
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[lpoueanypa nepenayn AaHHbIX

1. Beaywum yctaHaBnAMBaET 3anpocC Ha nepeaady
[IaHHbIX Ha WKHe apbuTpaxa
— Mpu 3TOM BEAYLIMM YCTaHAaBNMBAET Ha LLLA.

«CBOIO» JIMHWUIO 3arnpoca B akTUBHOE COCTOSIHNE
(nornyeckum 0)

2. LlnHa ocBobOXAaeTCA OT TEKYLLEN nepeaadmn
NAHHbIX =>

— apbuTp onpeaensieT, Kakne NMHUM 3anpoca
aKTUBHbI Ha LL.A.

— apbuTp BblIbUpaeT Beayllero, KOTOpPOMy OTAaTb
LLUMHY, N YCTaHABNMBAET B aKTUBHOE COCTOSIHME
nnHUo LA, «gocTyn gaH» ang 3Toro BeayLwero
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[lpoueanypa nepenayn AaHHbIX

3. [MonyumB OOCTYN K LUMHE, BEAYLUMA YCTAHAB/IMBAET:

— Ha LUMHEe AAHHbIX: 3Ha4YeHust nepenaBaeMbiX AaHHbIX (B Ciiyyae
OTNpPaBKKW); pa3psiAHOCTb AaHHbLIX — He 6o/blue pa3psaHOCTU
LUMHBI AaHHbIX

— Ha WuHe aapeca:
e HOMEp NOAYMHEHHOrO YCTPONCTBA
e aapec B NaMsATU NOAYMHEHHOIO YCTPOMCTBA

* pa3psiAHOCTb NepeaaBaeMblX AaHHbIX
(8, 16, 32 buTta; Takxe 64 6uta ana VME64)

® NPU3HAK «4YTEHUNE» UJIN «3alncb>

4. TloAYNHEHHOE YCTPOUCTBO:

— Ha LL.A. np13Hak «4TeHMe» => yCTaHaBIMBAET Ha LUNHE
[AHHbIX 3HAYEHMA AaHHbIX 3a4aHHON Pa3psaaHOCTY C
3a/laHHOro agpeca CBOEN NamMsTH

— Ha LL.A. npu3HaK «3anncb» => 3anucbiBaeT No 3agaHHOMY
aflpecy CBOEW NamsTu AaHHblE 3a4aHHOW pa3psiAHOCTU C LNHBI

OaHHbIX
15



[ 1pepblBaHUSA

e [IpepbiBaHMe — crocob ans
NOAYMHEHHOIO YCTPOMUCTBA ONOBECTUTD
kakoe-nnbo n3 BeayLmnx YCTpOUCTB O
HeobxoanMMoCT obMeHa AaHHbIMY

e 3anpoc NpepbiBaHMS BbICTABNSAETCS Ha
OAHOW U3 7 NMNHUW LLIMHbI NPEPbIBAHUS

e Beayuine ycTtponcrtBa camu
pa3bupaloTcs, KOMy aZipecoBaH 3arpoc
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£l bnoyHasi nepeaaya AaHHbIX

e [lopnepxmBaetca B VME64

e B Hauane obmMeHa 3a0a€TCsa aapec U
4YMCo nepenaBaeMbix 6/10KOB AaHHbIX

e BbinonHaeTca nepeaaya 3aJaHHOMo
yncna 6noKoB AaHHbIX (KaXkabln 610K —
HE LWMPE LUMHbI AaHHbIX)

e => 3HaUUTENbHASA S3KOHOMUSA BPEMEHM
Ha 3aJaHUKN aapeca
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Hepnoctatkun VME

e MeaneHHas WwuHa (No CoOBPpeEMEHHbIM
MepKaM)

e [MapannenbHas WnHa (MHOrO NMMHUKU Ha
MaTEPUHCKOW NnaTe, CI0XHOCTb
MOBLILUEHNS YacTOTbl paboThl)

e HeBO3MOXXHO OAHOBPEMEHHOE
BbINO/IHEHNE HECKO/IbKNX 0OMEHOB
OAHHbIMU

18



bopbba ¢ HepocTaTkamm VME: VPX

e [lporpamMmma «VME Renaissance»: aatb VME
byaylluee B MMpe CKOPOCTHbIX MPOLIECCOPOB

e ObpaTtHas coBMecTuMOCTb € VME: BO3MOXXHOCTb
yCTaHoBKkM B VPX-cuctemy cyuiectsytowmx VME-
Moayien

— MeXaHN4YeCKad COBMEeCTUMOCTb
— noAaaep’kka nportokona un «ungeonornn» VME

 Yxof OT 06LLeN WKNHbI C apbUTpaXKeM: NMoAAEpXKKa
KOMMYTUPYEMbIX CeTeN
— Gigabit Ethernet, 10-Gigabit Ethernet
— PCI Express

— InfiniBand (BbICOKOCKOPOCTHOW NpsSIMOW AOCTYN B
NamMsTb)




VPX: nnaBHbin yxoa ot VME

CoBpeMeHHasa VPX-cucrema:
— HeT VME (T.K. HET YHacneaoBaHHbIX MoAy/en)
— X86 npoueccop

— TEeXHO0rmMmn u3 HactonbHbiX cncrteM (PCI Express,
Gigabit Ethernet, USB, HDMI/DispIayPort)

— ME&XMO/y/IbHOe B3aMMOAENCTBME — MO KaHa/iaM
Ethernet (aopoXkkn Ha MaTepVIHCKOVI nnaTe Kpenta)

DaKTUYECKM — BbIYMCIIUTENbHBLIW K1acTep Ha
TEXHOMOrnAX «Mupa x86»

— AN CO3AaHNA CUCTEMbI HY>)KHO MEHbLUE 3K30TUHECKNX
3HAHUN

MOLI,YJ'IVI B 3dKPbITbIX KOXYXdX — MOXHO BCTaBJIATb
N BbIHUMATb U3 pa60Tarou_1eM «B MnoJse» CUCTEMbI

20



IHTerpupoBaHHaa MoaynbHas
aBMOHNKa

HepocTtaTok TpaanLUMOHHbBIX MHOFOMOAY/IbHbIX 6/10KOB:
ype3MepHasa BHYTPEHHAA MHTerpaums
VME: wwnHa orpaHuyeHa npepenammn 6noka

— EAMHCTBEHHBIV apbuTp

— [MapannenbHas wWuHa (C/I0XXHO NpoBecTn Mexay 6nokamu, B
T.4Y. 3aLUNTUTb OT MOMEX)

— Bbixoa apbutpa u3 ctpos — cataneH (cnot N°1 -
€IMHCTBEHHbIN)

— Vipeonorua npsMoro AoCTyna K namMATu: y Moays
«C/INLLIKOM MHOTO» 3HaHWA O BHYTPEHHEM YCTPOWCTBE
ApYrnx moaynemn Toro e 6noka

B utore:

— CcucTteMa HeogHopoaHa (6710kM CUABbHO pasnMyaroTcs)

— MOAYNu oAHOro 6510Kka TECHO MHTErpMpOBaHbI APYr C APYroM
— MOAYNW pa3HbiX 6/10KOB CINLLIKOM U30/IMPOBAHbI

— HM3Kas 0TKa30yCTONYNBOCTb U PEKOH(PUIYPUPYEMOCTb (6n0|<
BbIXOAUT U3 CTPOS LIETMKOM)



IHTerpupoBaHHaa MoaynbHas
aBMOHNKa

Cpena obMeHa AaHHbIMW Ha OCHOBE KOMMYTATOPa

— MCMNOJb30BaHWE BUPTYasIbHbIX KaHANOB A8 Pas3AeNeHus
MPOMYCKHOM CNOCOBHOCTM

— OrpaHWYEHHbIE 3aEPXXKM NpU Nepeaade coobeHnn

Moaynu Bcex 6710KOB paBHOMPaBHO NOAKNIOYEHbI K cpeae
obmMeHa AaHHbIMU r

=> cuctemMa — «0b6nako» moayneu

CepBuCHas WKWHa — nocnegoBaTesibHasi, OTHOCUTESTbHO
MeaneHHas (MOMEXOYCTOMYMBOCTb), MOXET 06beaMHATL BCE
mMoaynu cuctembl MMA

— CAN bus
TpadvK No cepBUCHON LUMHE MUHUMANIEH (HU3KOYPOBHEBbIE
[NaHHbIE O COCTOSIHMM, NPOCTENLLNE KOMaH/bl BPOAE BKJ1/BbIK/
Moayns)

Bbicokasi 0TKa30yCTOMUYMBOCTb U PEKOHDUTYPUPYEMOCTb

— MOAYy/b BbIWEN U3 CTPOS => 3aMEHUTb ero MOXeT Moay b U3
apyroro 6noka

— noaaep>kKa BUPTYaJibHbIX KaHa/0B => BO3MOXXHOCTb MUIpaLlnn
BbIYMUCJTUTESIbHbIX 3a4a\
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YHUpuKaums
BbIYNCIUTENIbHbIE MOAYIN
ceTeBoe 06opyaoBaHue U

MPOTOKO/bI

NHTerpaunsa
nporpaMmmMHoe obecneyeHve

NMOTOKWN AaHHbIX

BupTtyanunsauus

MpoLIeccopbl
namsTh
ceTb

NHTerpupoBaHHasa MoAybHas

aBMOHMKaA (5 NokosieHme)
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BbluncneHus
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Yy~
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KoMmmyHumkaumm
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Kommy Kommy
TaTop l TaTtop

Kommy
TaTop
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N N
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CepBucHas wwunHa CAN

AboHeHT CAN Ha moayne UMA — oTaenbHas noacucTema

— BKJIKOYAETCA A0 aKTnBN3aUUun OCHOBHOW JIOTUKM MoAayiA

— npoao/mMKaeT MYHKLUMOHNPOBATL NMpu cboe 0OCHOBHOM JIOMMKM MOAY/ISA
KopoTkue coobuieHuns (Ao 8 6anT AaHHbIX)

— MNepUuoanyecKas Bblaa4a MOAYJ1IAMN CTATYCHbIX COOGLLI,EHVIVI

— 3anpoc cTaTyca Moayns + OTBET Ha 3anpoc

— KOMaHAbI BK}'I/BbIKJ'I OCHOBHOM JOTNKMK MOoAyNA
ApbuTtpax

— KaXAabl abOHEHT «CNbIWUT» nepeaady AaHHbIX MO KaHany

— HET nepeaayn AaHHbIX => MOX>XHO Ha4MHATb OTNPaBKy CBOUX AaHHbIX,
MHAYe XAaTb 0CBOOOXKAEHUS KaHana

— Nnpwv 0 gHOBPEMEHHOM Ha4aJ/1€ BblAa4Wn.
® JIOMWUHAHTHbIE N peELECCUBHbIE OUTHI
e CoobLlEeHne HauUMHaeTCs C aipeca aGOHeHTa-OTHpaBMTeﬂﬂ

e abOHEHT C «MEHbLUUM» JIPECOM C/IbILLIMT B CETU HE TO, YTO BbiAan, u
NpeKpalLaeT Bbiaayy

Kak orpaHnuunTb 3a4ep>XKy AOCTaBKM AAHHbIX?
— WMA: HM13Kasa 3arpy3ka KaHana, HeT rnpobnemsl
— B cneaytowen nekumm: CAN C LEHTPanM30BaHHbIM YpaB/iEHUEM



4

npoueccopa AaHHbIX

~

Mopaynb

®YHKUMOHANbHbI MoAYNb
06L1ero HasHayYeHus

3apaun:
* 06paboTKa AaHHbIX,
* BbIMO/IHEHUE
BbIYMCAUTENbHbIX 33434,
* NMPUHATME YNPABEHYECKUX

peLueHunn.

4 N

®OYHKUMOHANbHbIN MOAYNb
CneunanbHOro HasHa4eHus

Moaynb
BBOAA-BbiBOAA

3apauu:
*npuem/Bblgavya CUrHanoB Mo
«yHacnenoBaHHbIM»
6opTOBbIM UHTEPDENCAM,
*npeobpasoBaHme
yHacnenoBaHHbIX popmaTos
CcoObLEHNN B CTaHAAPTHbIN

@pmaT ARINC 653.

[pumepbl Moaynen UMA

/Mo,u,ynb rpad)mquKorA

KOHTpoAepa

®yHKUMOHaNbHbIA MoAay b
cneunanbHOro HasHaYeHus

3apaun:
*rnocTpoeHune n3obparkeHui Ha
OCHOBE AAaHHbIX, MONYYEHHbIX OT
BbIYMCAUTENbHbIX 3343y,
* 06paboTKa BXOAHbIX
BMAEON306parKeHUN,
*npuem/Bblgava n3obparkeHui

w onTn4YeCKnm BMAEOKaHaﬂaV

4 4 )
Mopaynb KommyTtaTtopa FC Moaynb NCTOYHUKA NUTAHMA
MpepHa3HayveH ana obecneyeHmn BcnomoraTtenbHblt mogynb, obecneymBatownia

B3ammogencteua B cetn Fibre Channel BTOPUYHOE NUTaHKE Mmoaynein c Tpebyembimu

\_ J U XapaKTepUCTUKaMm Y,
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[lpMep NpMMeHeHns LLNHbI
PCI Express

__________ A
| Moaynb
Bbluncnenus | Apantep FC KOMMyTaTopa |
| BbluncneHus l Apantep FC |
| I
: Bbluncnenus | Apantep FC Ii‘:;"(';"g :
I
: |I :: KoMMyHMKaumnm : Apantep FC |
' I
: "paduka ! Apantep FC |
| - I e a) —

PCI-E

FC
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Cnacnbo 3a BHMMaHue
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