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PA3BPABOTKA BBICOKOINPOU3BOJAUTEJIbHON BLIYUCJIUTEJBHOM
CUCTEMBI HA BA3E IP-SIJIPA J1JII KOCMHUYECKOM
HAYUYHOM AMNMNAPATYPbBI

B craTbe mpeacTaBieH pe3yabTar pa3pabOTKH U peanu3aluil YHUBEPCAIbHOIO CHHTE3UPYEMOro MPOLECCOPHOTO si-
pa Ha unTerpanbHbIX Mukpocxemax [IJIMC oTeuecTBEHHOr0 U MMIOPTHOTO MPOU3BOACTBA. [lokazaHa BO3MOKHOCTh
CO3JIaHMs BBICOKOTIPOM3BOAUTENBHOM BhIUMCINTENbHOM cucTeMbl Ha 6ase [TJINC. [IpuBeneHo onucanue CTpyKTypbl
CUCTEMBI, OCHOBHOTO IPOLECCOPHOTO SIpa ¥ CONPSDKEHHBIX ¢ HUM Moxynei. IIpuBenena cucteMa KoMaH IpoLec-
copa. IlpencraBnen mpouecc pa3paboTKu MPOrpaMMBI JUIs CHHTE3UPYEMOTo KOHTPOJUIEpA M BapHUaHT peann3alun
CHCTEMBI yIpaBJieHus Ha 0a3e pa3paboTaHHOTO KOHTPOJLIEpa.

Ka. cn.: TINIAC, IP-sapo nporieccopa, MUKPOKOHTPOJIIEPBI, OOPTOBBIC CUCTEMBI

BBEJIEHUE

[Ipu paspaborke HaywyHou ammapatypsl (HA) s
KOCMUYECKUX HMCCJICAOBAaHUN MPUOPUTETHBIM SIBIISET-
Csi WCIOJb30BAHHE BBICOKOHAJEKHON 3JIEMEHTHON
0a3pl. YacTo JOMONHUTENBHBIM YCIIOBHEM SIBIISAETCS
NPUMEHEHHE OTeYeCTBEHHOH 3JeMeHTHOH 0asbl. [Ipu
HAIMYNA HMMIIOPTHBIX aHAJIOTOB, OOJiee BBITOAHBIM
U YAOOHBIM SIBIAETCS IPOBEACHHE MAaKeTHPOBAHMS
W OTJIAJKH DJIEKTPOHHBIX CHCTEM HMEHHO Ha HHX
C JaJbHEHIINM IEPEBOAOM pa3pabOTaHHBIX CUCTEM
Ha oanexktpopaauomsaenus (OPU) oteuecTBeHHOTO
MPOM3BOACTBA. B CBSI3M ¢ 4eM BO3HMKaeT HEoOXoau-
MOCThb Pa3pabOTKH YHHBEPCAIBHOIO pELICHHs, KOTO-
poe MOKHO ObUTO OBI MPUMEHSATH I CUCTEM YIIPaB-
neHust, 00paboTku u cbopa nHPOpPMaIMK BHE 3aBUCH-
MOCTH OT MPUMEHSEeMO# 3nemeHTHOU Oasbr [1]. Mc-
NOJIb30BAaHUE  CTaHIAPTHBIX  MHKPOKOHTPOJIIEPOB
(MK) nmnst maHHBIX TIeJIeH 3aTpyAHUTETBHO, T.K. Iepe-
HoOC npoekTa ¢ ogHoro tuna MK Ha apyroii yacTo BbI-
3bIBa€T HEOOXOIMMOCTh CYIIECTBEHHOW J0pabOTKU
mporpamMMmbl. A MHOTHe cTolikne obpasisl MK cHab-
JKEHBl OJIHOKPATHOM MaMATBHIO, YTO CYIIECTBEHHO yC-
JIOKHSIET TMpoLecc OTNIaAKu mporpaMmMbl. K Tomy ixe
UCIIOJIb30BAaHUE MAKCHUMaJlbHO MOIIHOTO, CTOHKOTO
K BHelHuUM BosfeiictBusiM MK ¢ pasBuroit nepude-
pueli yacTo ObIBaeT HE BBITOAHO 3KOHOMHMYECKH. JliIst
pelieHrs] JaHHBIX MPOoOJeM M3BECTHBI HECKOJIBKO
KOHCTPYKITUI CHHTE3MPOBAHHBIX MHUKPOIPOIIECCOPOB,
ONHUCAHHBIX B HAYYHBIX CTaThsX [1-8].

B nanHO# cTaThe MPUBOAUTCS MIPUMED PEaNTU3aALUH
MOIIHOM BBIYMCIUTEIBHON CHUCTEMBI Ha 0a3e HHTe-
rpanpHbIX MukpocxeM (MMC) supa IIJIMC — mpo-
IrpaMMHUPYEMBIX JIOTHYECKUX HHTETPAJbHBIX CXEM
pasnnuHbIX npoussoauteneil. [IpennosxkeHHoe pere-
HHE SIBJISICTCS YHMBEPCAIBHBIM U MOIAXOIUT Ul pea-
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mu3aui Ha JmoOeix  Mukpocxemax FPGA (Field-
Programmable Gate Array, mporpamMmmupyemMasi mojib-
30BaTesieM BeHTHIbHas Matpunia, [IIIBM) kak orede-
CTBEHHOTO, TaK ¥ UMIIOPTHOTO IPOU3BO/ICTBA.

OIIUCAHHME I''TABHOI'O
MNPOHECCOPHOTI'O AOPA

BreluncnurensHass cuctema TOCTpoeHa Ha 0Oase
paspaboranHoro mpoieccoproro IP-sapa, HazBaHHO-
ro "NMR", sBasiomierocss mpoIeccopoM ¢ rapBapi-
CKOWM apXUTEKTYpOil, U COAEPKUT OTAEIIbHBIE LIUHY
KOMaHJ, IIMHY JaHHBIX M HECKOJBKO LIMH mepude-
pun. Pa3psaaHocTs afpeca maMaTH IpOTrpamMM COCTaB-
nser 32 Owura, paspsAHOCTh MIMHBI WHCTPYKLUH
16 6ut, 0OJHAKO caMH WHCTPYKIIMM MOTYT UMETh pa3-
TUYHYIo JUMHY: 16 6ut unun 32 Outa. Paznenenue He-
KOTOPBIX KOMaH/] Ha JIB€ YacTH MPelyCMOTPEHO apXH-
TEKTYpOl siipa M He OTpaXkaeTcs Ha Mporpamme, T.K.
CHCTeMa YMpaBJIEHUS MPOIEccopa MO THUIY KOMaHJIbI
aBTOMAaTHYECKHU OIpeAeNieT cMeleHue aapeca. CTpyk-
Typa KOMaH/IHOTO CJIOBA Mpe/ICTaB/IeHa Ha puc. 1.

Cucrema xomana u apxutekrypa "NMR" pazpabo-
TaHa CIeUHajIbHO A PabOThl C BHEUIHEW MaMATHIO
MporpaMM, OpraHM30BaHHOM B ciioBa 1Mo 16 OUT, T.K.
JaHHasg OpraHu3alys MaMsITH SIBISETCS paclpocTpa-
HEHHOH KaK B UMIIOPTHOM, TaK U OT€YECTBEHHOW HO-
MeHkiIarype OPU, B TOM yuciie CynecTByIOT BEICOKO-
HaJeKHBIE OJHOKpaTHO mporpammupyembie II3VY,
Hanpumep PP45PT3Y. Jlannas mamsaTh UMEET MOBBI-
HICEHHYIO CTOHKOCTh K BHEITHUM (aKTOpaM U OpraHu-
saruio 128 K x 16 [9]. Crpykrypa [P-sapa "NMR"
MpeJICTaBIeHa Ha puc. 2.

[Ipenmonaraercs, 4To MaMsATh Nporpamm OyneT
paboTaTh Ha TOHIKEHHOW OTHOCHUTENBHO sjipa IMpo-
1eccopa yactote. IloaTomy B opraHu3anuy CUCTEMBbI
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Puc. 2. Ctpykrypa IP-sapa nporeccopa "NMR"

KOMaH[J mponeccopa U €ro BHYTpeHHeﬁ APXUTCKTYPbIL HHUE KOMAaHJBI €1I€ 10 €€ IIOJHOI'O CYHUTHIBAHUA. Hucr-
pealin30BaH MOAXOMI, HO3BOH$IIOHIPH>1 Ha4daThb BBIIIOJHEC- PYKOHHN BBITIOJIHAIOTCA Ha KOHBeerpe napajuICJIbHO
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CO CUMTHIBAaHMEM YacTel KOMaHJ U3 MaMsATH, YTO TO-
3BOJISIET TIOBBICUTDH OBICTpOJICHCTBHE TpoIieccopa, T.K.
NaMsTh NepecTaeT ObITh y3KUM MECTOM U IJIUTEIb-
HOCTB TPOILIECCOPHOTO TaKTa B CPEIHEM COOTBETCTBY-
eT IITUTEIIBHOCTH CUYUTHIBAaHUS 32-OMTHOTO KOMAaHI-
HOTO CJI0Ba U3 NaMsTH MIPOrpamMM.

B apxurextypy "NMR" BXOIUT MaccuB perucTpoB
obmero nHazHauenus (POH), paspencHHbi Ha 1Ba
He3aBucuMblx Onmoka REG A u REG_B. Kaxnprii
ostox comepxut 256 32-6utoBbix peructpoB. C peru-
CTPOBOM MaMATHI0 BO3MOXHBI BCE JIOCTYIHBIE OIepa-
LM, KPOME CIIELHUAJIbHbIX MHCTPYKLIHH W3 CHUCTEMBI
komaHa npoueccopa. Cucrema xomann "NMR" npu-
BeneHa B [Ipmnoxenwn (tadm. IT1-115).

Bnok paboTsl ¢ onepaTHBHON MaMsTBIO COCTOMT
M3 HECKOJBbKMX dacTeil. IlepBas gacte — amst paboTsl
¢ ObicTppiM BHyTpeHHHM OankoMm O3V, KOTOpbIi
UMEET CTPOCHHE, CXOXKee C perucTpamu OOIIero Ha-
3HAUEHUA, U UCHOJb3yeT BHyTpeHHIo0 O3Y IIJINC,
KOTOpasi UMEeT pa3psiiHOCTh IIMH JAHHBIX M ajpeca
mo 16 6ur, uro mo3BoisteT aapecoBars qo 131 Kobait
namsTy. [lepsoie 256 sueex O3Y (Muammmii cekTop)
MO3BOJISIIOT BBITMOHATE OOJBIIEe KOJIHYECTBO JOC-
TYIHBIX OIEpanni, 4eM ¢ OCTaIbHBIM 00beMoM O3V,
YTO TO3BOJISIET CHU3UTH Harpy3ky Ha Omoku POH.
B "NMR" npeagycMoTpeHa BO3MOKHOCTh HOJKIIIOUYE-
uus BHerHero O3Y uepe3 IP-konTposiep, mist gero
MpeIHa3HAYEeHbl PETUCTPHI PACIIMPEHHUS W BXOIHBIE
JMHUM BHEIIHUX CUTHAJIOB. B 3aBucuMocTH OT THma
paemaero O3Y (SRAM, SDRAM, DDR) IP-
KOHTPOJIIIEP MOXKET OTIINYATHCS.

B cucreme xomaHj mporieccopa MpeayCcMOTPEHbI
MHCTPYKUUH Ul PabOTHl ¢ AMHAMHYECKOH MaMsThIO,
Takue Kak IMaKeTHas 3allich W YTeHHEe OJoKamMH 00be-
MoMm a0 131 Ko6aiit, ocTanpHble (QYHKIHN TI0 B3aUMO-
neictBuio HenocpeactseHHo ¢ UMC Baemnero O3Y
BeImoHsIeT [P-koHTpOIITep BHemmHero O3Y.

[Ipoueccop comepXUT KOMMYTaTtop, BHEIIHUE
MOPTHI KOTOporo Oydepu3upoBaHbl PETUCTPAMHU CIIe-
nuansHoro HasHadeHus (PCH). PCH neoOxomuMbl
JUTst paOOTHI C OJIOKAMH PErvMCTPOBOM MaMsT, OaHKOM
O3V, a Takke ¢ BHEIIHMMM IIMHAMHM IPOLECCOpA.
B cucreme komann (IIpunoxenue, tabmn. I11) conep-
Karca HHCTPYKIUU psMoro B3anmonencTsus ¢ PCH,
YTO MO3BOJISIET OCYILECTBIATH T'MOKOE ympaBlieHHE
(paznuuHBIe BapHaHTHl KOCBEHHOH ajpecarnuu) U yc-
KOpATh OIEpaluy YTCHUS / 3aIIUCH, KONHUPOBAHMS
CEKTOPOB, MOTOKOBOE UYTCHUE Mepudepun perucTpo-
BoM mamsatu u O3Y. Ilpu ucnosp30BaHUM CTaHAAPT-
HBIX OIlEepalyii, CBI3aHHBIX C IEPEMEIEHUEM AAHHBIX
(ITpunoxenne, Tabmn. [12), cucrema ympaBiaeHus mpo-
LIECCOPOM aBTOMATHUYECKH BBINIOJHIET BCE ONEpaluU
C CHCTEMHBIMH PETHCTPaMH: aJIpecalnnio, TaKTHPOBa-
HHE OJIOKOB, BHICTABJIICHUE U YTCHHE JAHHBIX C OAaHKOB
namstu. Bee nepudepuitHpie MOAYIIN MOJKITIOYAIOTCS
yepes3 yHUBEpCANbHYIO afpecyeMyto muny "HAVOC"
(Hexadecimal Addressable Vast Outer Connection).

Jlng urenns ganHbix u3 muHel "HAVOC" ucnons3y-
eTcsl BHEUIHMH MOJyJb MYJBTHUIIJIEKCOpa IINHBI,
yIOpaBJIsieMbId AJAPECHBIM IPOCTPAHCTBOM JIaHHOM
muHbL Aapo "NMR" yHuBepcansHO U OBIIO HCIIBITA-
Ho Ha pazHbix UMC IUINC, nomydeHHbIE XapaKTepH-
CTHKM sJpa CBelIeHbl B TaONMIy M MpPeICTaBICHBI
B [Ipunoxenun (tad:mn. I16).

Cuctema komann "NMR" nmopnmep:kuBaeT yciaoB-
Hble M 0€3yCIOBHbIE KOMaHIbl NEPEX0JIOB, CIHCOK
KOTOpPBIX npencTanieH B [Ipunoxennn (Tadm. I13).

B cucremy komaHJ BKJIIOYEHBI KOMaHAbl mark,
MO3BOJIAIONINE AEaTh annapaTHble OTMETKU 110 X0y
WCIIOJTHEHUS MPOTPAMMBI, JUIsl JAHHOM OIepanuu Joc-
TymHbI Kak 6ok POH, tak n muaammuii cekrop O3Y.
VYcioBHBIE NTEpEXO0/Ibl NPU BBINOIHEHUH YCIOBHS T0-
3BOJISIFOT YBEIMYUTH 3HAYCHHS CYCTUMKA HHCTPYKIUU
ot 1 mo 255. B mpormymeHnHo# 001acTH MOXKET Haxo-
JMTHCSL BETBb MPOrpaMMBbI, oOpabaTbiBacMasi Ipu He-
BBINOJIHEHNUH YCJIOBUS, JTMOO MEpexoa Ha Ipyroi cex-
TOp HaMsITH, €CITU JTAaHHOW BETBH 255 sueek MaMsaTH
HEZOCTaTOYHO.

Jlornyeckue M apu(pMETHUECKHE ONEpalud BbI-
nostHstIoTcst Ha 32-0mtHOM AJIY. JloctymHbie Ha AJTY
orepanuu TpejcrasieHsl B [Ipunoxennn, tadm. 114.
SAnapo "NMR" paspaboTraHo kak yHHBEpCaIbHOE pe-
menne st 1r00bx UMC FPGA, mostomy n3 KoMaH[
WCKJIIOYEHBI OINEpaluy amlmnapaTHOrO AENEHUS U yM-
HOKeHMsI, T.K. He BO BceXx UMC ecTh COOTBETCTBYIO-
mue anmnapatHele Onoku. s BbINOIHEHHs Oojee
CJIO)KHBIX MaTeMaTHYECKHX, BRIYMCIUTENBHBIX U CIIe-
LHUAIBHBIX OMNEpanyil MpeaycMOTpeHa BO3MOXHOCTh
MOJIKITIOYEHNS U B3aNMOJIEHCTBHS C BEIYUCIUTEIHHBIM
COMPOLIECCOPOM, KOTOpPBIH, ecnu pecypcsl UMC 3to
MO3BOJIAIOT, MOXKET OBITh pa3MElIeH Kak Ha TOW e
FPGA, tak u B otnensroit UMC [10].

[ns B3auMonencTBUsA C CONPOLECCOPOM CYIIECT-
BYET BBIJIETICHHAs CKOPOCTHAs MIMHA, KOTOPask TO3BO-
nsiet OyiokaMu A0 256 GalT OCYLIECTBIATH EPECHUIKY
uHpopmanuu Mexay Oankom O3Y "NMR" u O3Y
conpoueccopa. Componeccop HMEET BbIICICHHYIO
JUHUIO TIpepbiBaHus. 3a padoTy CO CHenUualbHBIMH
CpeACTBaMM IpoLieccopa OTBEYAET MOCIETHUH OJIOK
komaHn] (cM. [lpunoxxenue, Tadmn. I15).

st ymoOGcTBa paboTHl ¢ CHCTEMOW KOMaH[ B Ha-
CTOSIILIMIT MOMEHT BeJeTcsl pa3paboTKa KOMITMIIATOPA,
ceiiuyac ISl OTIIAJKH HCIOJIB3YETCsS TPAHCIATOP KO-
MaH[ ¢ (PyHKIKEH onpeneneHus BEeIMYMHbI CMEILCHHS
MIpU YCIIOBHOM IE€PEX0/ie, aBTOMATHYECKOr0 Ha3zHayde-
Huga POH u HaBuranuu no nmamsitu nporpamm. Ilpu-
Mep KOJa M 3Tambl ero npeodpa3oBaHus MpencTaBie-
HEI B Ta0II.

[IporpamMma cocTouT U3 OOBSBICHUS MapaMeTPOB
maMsaTH, oOHyJeHusT Heooxoaumeix POH, wHMIMMAmm-
3anuu 0JO0KOB nepudepun, B TOM YUCIe KOHTpoJLIepa
npepeiBanus. [lanee 3amyckaeTcs OECKOHEYHBIH UK
C MEepPUOJUYECKON OTIPaBKOM HA BHEUIHUM MOPT UH-
KPEMEHTUPYEMOI IEPEMEHHOM.
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Ta6u1. Dtamsl npeoOpa3oBaHUs TPOTPAMMEI

Hcxonnas nporpamMma

Komanae! nmpoueccopa

Hannsie B MIF-daiine

#memory size: 8192

#first address: 1024

#interrupt file: C:\NMR\inter1.txt
// zeroing the register, optional:
A0<=16'd0

A0><

A0<=16'd0

// zeroing and writing regB0:
B0<=16'd0

BO><

B0<=16'd100

// zeroing and writing regAl:
Al<=16'd0

Al><

Al1<=16'd200

PRH41<=16'd25
PRH42<=16'd25
PRH40<=A0

PRHI1<=16'd1

// naming, optional.:

name AOQ as counter;
name B0 as limit;

let PRH40 as SINT;

let PRH65535 as outportl;
// program:

pointA:

while (counter<limit){
outportl=counter;
counter++;

H
A0<=16'd0

goto pointA;

// sectop program at 8000:
address>>8000

delayAl

SINT=counter;

intoff

// peripheral module configuration:

// activation of vector "1" interrupt:

A0<=16'd0
A0><
A0<=16'd0
B0<=16'd0
BO><
B0<=16'd100
Al<=16'd0
Al><
Al1<=16'd200
PRH41<=16'd25
PRH42<=16'd25
PRH40<=A0
PRH1<=16'd1
marck RAM1
marck RAM2
if(AO<BO)up4
PRH65535<=A0
AQ++

jamp RAM?2
A0<=16'd0
jamp RAMI1
address>>8000
delayAl
PRH40<=A0
intoff

0 : 1024

1 : 8000

2 : 8100

3 1024
1022 : 1024
1023 . 7424
1024 : 0
1025 : 7936
1026 : 7424
1027 : O
1028 : 7680
1029 : 0
1030 : 8192
1031 : 7680
1032 : 100
1033 : 7425
1034 : 0
1035 : 7937
1036 : 7425
1037 : 200
1038 : 7209
1039 : 25
1040 : 7210
1041 : 25
1042 : 4352
1043 : 40
1044 : 7169
1045 : 1
1046 : 10753
1047 : 10754
1048 : 12032
1049 : 4
1050 : 4352
1051 : 65535
1052 : 16384
1053 : 11522
1054 . 7424
1055 : O
1056 : 11521
1057 : O
8000 : 32001
8001 : 4352
8002 : 40
8003 : 32515

HAVYYHOE [NIPUBOPOCTPOEHME, 2022, Tom 32, Ne 4
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Puc. 3. OcrpiorpaMMbl HCITOJHEHUS TECTOBOM MPOrpaMMbl U3 Ta0JI.

[Iponecc mpepeIBaeTcsi MO CHTHATY O TOTOBHOCTH
OT MOJIYJIsl TepeaTyrKa, KOTOPhI 3aXBaThIBAET 3Ha-
YeHUE MEePeMEHHON M HauMHaeT OTIpaBKYy, MO 3aBep-
LIEHUM KOTOPOH BBI3BIBAET IpepbiBaHue. [Iporpamma
MpepbIBaHUs omNMcaHa No ajpecy HauuHas c¢ 3000-i
STYCUKHU.

Ha puc. 3 u 4 nokazaHnsl OCHUIUIOTPaMMBI BBITIOJI-
HEHHsI TpOrpaMMbl W3 TalJl. Ha TECTOBOM ILIaTe
¢ EP3C25 na wacrore snapa u nepudepun 50 MIm.
Ha puc. 3 mpencraBieH TONHBIA LMK, B KOTOPOM

BBITIOJTHEHHE OCHOBHOW IpOrpaMMbl  (MHKPEMEHT
u BbIBOJ| nepeMeHHor u3 POH B mmHy mepudepun
(IUIT). Curnan 4 Ha puc. 3 — MIaAIINA BEIBOJUMBIH
paspsan nepeMeHHOW counter. IlpoBepka ycnoBHA
U yCIIOBHBIHN nepexoa, HHKpeMeHT oaHoro n3 POH, BbI-
Boz 3HadyeHus B I u OpebkOK Ha NPOBEPKY YCIIOBHS
(ocHOBHasi mporpamma) 3aHHMarOT HpuUMepHO 260 Hc.
Ha puc. 4 nokasana peakuus Ha HpepbIBaHUE U pas3-
Opoc BpEeMEHHU PEaKIHH.

Puc. 4. Otrmamounble KOMIUIEKTHI CHCTEM
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CucTema ynpasJieHusi Ha 6a3e nponeccopa
"NMR"

Jnst HacTpOWKM M WCHBITaHUS pa3pabOTaHbl JIBE
otnamounbie miatel (IIpunoxenwne, puc. 1) Ha Gaze
UMC B3III 5578TC034 u UMC Intel EP3C25, xo-
Topas TakXke wWMeeT aHamor u3 Karajora I[IJIMC
B3IIIT 5578TC094 [9]. dusa ynobcTBa OTIAaIKA U HC-
neitannid B EP3C25, nnst xpanenus HeOONbIINX MPO-
rpamMMm Hcmonb3oBagach ROM-mamste Ha 6aze MIK
O5OKOB ¢ 3arpy3koil m3 KoH¢urypanuonHoi flash-
mamsatd EPCS16 B HavanbHBIE MOMEHT. s mcmo-
HEHHsl OOJBIIMX MPOTpaMM MpPHUMEHsJIach BHEIIHSS
HNMC O3Y c¢ 3arpy3koii u3 pHemHel flash croporanm
IP-monynem. [l nmonayu MHCTPYKUUHU sAPY BHYTPH
5578TC034 ucnons3oBanack miata ¢ EP3C25, mon-
KJIIOUYEHHAs M1ehoM — IIHUHOM NaMsITH IPOrpaMM.

Pe3ynbraTel, npexncraBieHHble B IIpunoxenuw,
tabn. 16, mns gamaeix UMC (puc. 3), u3HavaabHO
MOJTy4eHbI CPEJICTBAMK MOJIENMpoBaHus B cpene Quar-
tusll u moarBepkaeHbl ucnbiTaHusMu. Ilo  Bpe-
MeHHOMY ananu3y Quartusll, paspabortanHoe sapO

93

B cemeiictBe FPGA Flex moxer paboTath Ha 4acTo-
tax oT 23.5 MI'n, ogHako ctabuibHas paboTa smpa
B 5578TC034 (amamor) Obula MOTydYe€HAa HA YaCTOTE
20 Mrr1, 9TO HE ABJISCTCS KPUTUYHBIM, M, CKOpPEe BCe-
r0o, JAaHHOE SIBJICHUE BBI3BAHO OCOOCHHOCTSIMH IeyaT-
HOW TIaTBl W TMPUMEHEHHEM NUIeH(OBOTO coeanHe-
HUS 1[I0 MMHE MaMAtu nporpamM. SAnpo B MMC
EP3C25 crabwisHO pabotasio Ha yactore jo 100 Ml
(6611 mpuMeHen Momyib PLL).

[lo pesynbpraTamM mpojaenaHHOW pabOTHI, MPOBe-
JICHHBIM BHUPTYaJIbHBIM U PEAJbHBIM HCIBITAHUSM,
a TaKke ¢ y4eToM paHee pa3paboTaHHbIX [P-mMonyneit
OBUTa TIpEUIOKEeHA CTPYKTYpHAs CXeéMa BBICOKOIIPO-
W3BOJUTEIBLHON CHUCTEMBI 00pabOTKM M yNpaBleHHUS
Ha OTCUYCCTBCHHONW KOMIIOHCHTHOH 0ase IMOBBINICH-
HOW croiikocth. [IpuMeHsINCh M KOMIIOHEHTHI 0e3
MOBBIIEHHON CTOMKOCTH, HAalpUMEpP HAKONUTEIh
Ha flash-mamsaru, ObLTO TIpEMTyCMOTpPEHO pe3epBUPO-
BaHue. CTpyKTypHas cxema pa3pabOTaHHON CHCTEMBI
MIpECTaBIEHA Ha pUC. 5.
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Puc. 5. CtpykTypHas cxema CHCTeMbI 00paOOTKH ¥ yTIpaBlieHHs Ha 0a3e

npoueccopHoro IP-aapa "NMR"
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BBIBO/IbI

[loxazana BO3MOXKHOCTH CO3JaHUSI TPOM3BOJN-
TEJIbHBI BBIYMCIUTENFHON CHCTEMbl Ha 0asze orede-
CTBEHHOM CTOMKOM 3JIEeMEHTHOM 0a3bl, B KA4eCTBE OC-
HOBHOro kommnoHeHTa Beictynaer UMC IIJIMC Ttuna
5578TC034 unu Gonee emkue oOpas3usl. [Ipeanoxen
BapUaHT CO3JAHUSI CHCTEMBI yIpaBIICHUS U 00paboT-
KU C MCIIOJIb30BaHUEM Pa3paboTaHHOTO MPOLECCOPHO-
ro sapa u mnepudepuitapix moxayned. Ilposemeno

MPaKTUUECKOE UCIBITAHUE NPEMJIOKEHHBIX PEUIEHUH,
pe3yabTaThl KOTOPBIX MOJHOCTBIO COBIAIN C PE3YIIb-
TaTaMy MOJICIMPOBaHus. B manpHeHmmx pazpaboTkax
IJIAHUPYETCS  YBEMWYCHUE (QYHKITMOHATBHBIX BO3-
MoxkHOCcTel ctannapTHeix MK mocpencTBoM ontumMu-
3aruu [P-monynmeit m moOaBiIeHHS HOBBIX, a TaKXkKe
CO3[JaHHE MPOTPAMMHOM COCTaBIIAOLIENH CpENbl pas3-
paboTKH.

IMPUJIOKEHUE

Taoa. IT1. Cucrema koMaH ¢ perucTpaMu crieninaibHoro HazHadenus: (PCH)

OcHOB. Hom.
4acTb qacCTb
Komanna _ « - Omnrcanne KOMaHIbI
SlE|g|E
o o o
ATA<=X 1 x | - 3anmch yrcna B cucTeMHbIN peructp agpeca ATA 6moka
per. A
ATB<=X x| = 3anuch ymcaa B cUCTeMHBIH peructp aapeca ATA Onoka
per. B
ATR<=X 3 1 X | — | 3anuce uncna B cucremusiit peructp agpeca ATR O3V
_ 3anuce Yyncia B CUCTeMHBIN peructp aapeca ATR IHIT
ATP<=X 3 2 | X | - "HAVOC"
ATA<=B# 8 # 1 - | -
ATB<=A# 9 | # | — | — |3anucek B cneunansubie peructpsr agpecos (ATA, ATB,
ATR, ATH) conepxumoro siueek ¢ aapecom [#] u3 6JI0KoB
ATR<=A# 10 # — — | per. A nnn per. B B 3aBUCUMOCTH OT KOMaH/Ibl
ATP<=A# 1y # | -1\ -
A<=RAM 4 1 - | -
3anuck B 6510k per. A wm per. B 1o 3apanee ycTaHOBIICH-
A<=PRH 4 [ 4| — | — | »ubivanpecam B peructpax aapeca ATA, ATB jaHHBIX U3
O3V wmu IIIT "HAVOC" no Taxxe 3apaHee yCTaHOBJICH-
B<=RAM 5 1 — | — | #BIM agpecam B cienmanbHbIX peructpax agpeca ATR,
ATH cooTBeTCTBEHHO
B<=PRH 5 4 1 - | -
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Tao6a. I11. IIpodorncenue

OCHOB. Jom.
4acTb 4acTb
KOMaH[[a — ~ - Onucanue KOMaH/Ibl
Sle|lg|g
o o o
A<=RAM+ 4 12 -1 -
3ammce B 610K per. A wim per. B o 3apanee ycTaHOBJICH-
A<=PRH+ 4 5 | _ | ueim agpecam B peructpax aapeca ATA, ATB nannbix u3
O3V umn "HAVOC" no Takxe 3apaHee yCTaHOBIEHHBIM
B<—RAM.+ 5 ) aZjpecaM B clieluaiIbHbIX peructpax agpeca ATR, ATH
B B COOTBETCTBEHHO, 3HAYCHHS B KOTOPHIX ITOCIIE 3aIMCH WH-
KPEMEHTHPYIOTCS
B<=PRH+ 5 5 - | -
A+<=RAM+ 4 3 - | -
3amuck B 670K per. A uiu per. B no 3apaHee ycTaHOBJICH-
A+<=PRH+ 4 6 | _ | ueim agpecam B peructpax aapeca ATA, ATB nansbIx u3
O3V umu IIIT "HAVOC" no Taxxe 3apaHee yCTaHOBJICH-
_ HBIM aJ[pecaM B CIIEUAIbHBIX perucTpax aapeca ATR,
B<=RAM+ > 3 | | ATH cooTBeTCTBEHHO, 3HAUCHHUS BCEX PETUCTPOB ajapeca
HHKPEMEHTUPYIOTCS
B+<=PRH+ 5 6 | — | -
RAM<=A 6 1 - | -
3anuce B O3V unu HIIT "HAVOC" no 3apaHee ycTaHOB-
RAM<=B 6 [ 4 | — | — | nennwim anpecam B peructpax ATR u ATH cooTBeTcTBEH-
HO JTaHHBIX U3 OJIOKOB per. A wmim per. B
PRH<=A 7 1 — — | C TaKXKE NPEAYyCTAaHOBJICHHBIMU aApeCaMu B perucTpax
ATA u ATB
PRH<=B 714 -1 -
RAM+<=A 6 21 - | -
3anuce B O3Y wimm LIHIT "HAVOC" no 3apanee ycTaHOB-
RAM+<=B 6 5 | _ | nennsim anpecam B peructpax ATR u ATH cooTtBercTBen-
HO JaHHBIX U3 OJIOKOB per. A wiu per. B
B C TaKXe MPEAyCTaHOBJICHHBIMHU aJIpecaMH B PETHCTpax
PRH+<=A 71 2| |~ | ATA u ATB. 3uauerms ATR mwm ATH mocre oreparuu
3aMyCH UHKPEMEHTUPYIOTCS
PRH+<=B 7 5 - | -
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Tao6a. IIl. Oxonuanue

K. 1. CYXAUEB, K. E. BOPOHOB, A. C. JJIOPO®EEB, /1. A. IIECTAKOB, A. A. APTIOIIMH

OcHOB. Hor.
qacTb qacTb
Komanma _ ~ - Omnncanne KOMaHIbI
Slelele
o o o
RAM+<=A+ 6 3 _ _
3anuce B O3V unu HIIT "HAVOC" no 3apanee ycTaHOB-
RAM-+<=B+ 6 6 B | nennsm aapecaM B peructpax ATR u ATH cootsercTBen-
HO JIaHHBIX U3 OJIOKOB per. A wim per. B
_ C TaK)Xe MPEyCTaHOBICHHBIMH aIpecaMu B pErucTpax
PRH*<=A+ 7 3 ~ | | ATA u ATB. 3Hauenust BceX perucTpoB aapeca mnocjie 3a-
MIMCU UHKPEMEHTHPYIOTCA
PRH+<=B+ 7 6 | - | -
RAM<=PRH 6 71 - | -
PRH<=RAM 7 71 | — Oo6wmen nanabiMu Mexay O3Y u LIUIT "HAVOC" ¢ npea-
yctanoBineHHbIMH aapecamu B PCH ATR u ATH c unkpe-
RAMA<—PRH 6 2 MeHTHpoBaHueM aapeca B peructpax ATR n ATH nnm 6e3
- N | B 3aBUCHMOCTH OT KOMaHbI
PRH+<=RAM 7 8 - | -
P=>R(X) | - | - | — |3amucsus I B O3Y (xox 12) nim HaoGopor (kox 13)
050Ka JaHHBIX 00BEMOM X CJIOB, 110 MPEyCTaHOBICHHBIM
_ angpecam B peructpax ATR, ATH ¢ uakpeMeHToM ajipeca
R(X)==P Bl =171 |o3vsatrR

Taoa. I12. CucreMa KOMaH[ EPEMEILIEHHUS U 3aITUCH

OCHOB. Jorm.
qacThb qacThb
Komannma _ «~ o Omnucanue KOMaHIbI
Slels|e
o o o
RAMe<=A# 15| # | o | —
RAMe<=B# l6 | # | ® | — | 3amuce 8 O3Y wm IIIT "HAVOC" no azpecy [@] comepx umo-
ro siueiiku [#] 010K0B per. A wiu per. B B 3aBUCMOCTH OT KO-
PRHe<=A# 17 | # ° — | MaH7BI
PRHe<=B# I8 | # | o | —
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PA3PABOTKA BbICOKOITPOM3BOAUTEILHOM BBIUUCIUTEILHOM CUCTEMBI

Taba. I12. Oxonuanue

OCHOB. Jorm.
qacThb qacThb
Komannma _ « o Omnucanue KOMaHIbI
Sl gl g8
o o o
A#<=RAMe 19 | # | o | —
A#<=PRHe 20 | # | e | — | 3amuck B AueiiKy [#] 6110k0B per. A mim per. B u3 anpeca [@]
O3Y wm LTI B 3aBUCHMOCTH OT KOMaHIbI
B#<=RAMe 21 | # | o | —
B#<=PRHe 22 | # | o | —
B#<=Ae 23 | o # | — | 3anmcp B s4eiiKy [#] Onoka per. B u3 siaeiiku [®] 6mo0ka per. A
A#i<=Be 24 | o # — | 3anuce B sueiiky [#] Onoka per. A u3 siuciiku [®] Oioka per. B
RAM#<=X 27 | # | X | —
PRH#<= X 2wl # | x| - 3amce O3Y, HIIT "HAVOC" unu 6moku per. A wnn per. B
c azpecoM [#] uncna ## n3 namatu nporpamM. st O3V u LI
Ad<= X 0l # | x| - JOCTYIHBI TOJIBKO NiepBble 256 anpecos. s 32-OUTHBIX peru-
CTPOB 3aIMCh OCYILECTBISIETCS B Miaqmue 16 out
B#<=X 30| # | X | -
A#>< 31| # | — | -
O6wmeH crapmux 16 6uT Ha Muagmue B 32-OUTHOH sueiike
Béoc 1 | # | | canpecom [#] 6mtoxoB per. A wmu per. B
A#<=Ae 33| e | # | —
[Tepemernenne BHyTpH Os10Ka ojiHOr0 O1oka POH: 3anuch
B4<—Be 14 | e " | B AYeHKy [#] siueliku o]

Ta6u. I13. Cucrema KoMaH[ IIEPEX0/IOB IO MIPOCTPAHCTBY agpeca MPorpaMm

OcHOB. Hom.
4acCTb 4acCTb
Komanna _ |- ~ - Ornucanue KOMaHIbI
S =¥ a8 | &
S| E| E|E
o o o
mark A# 40 | # | — | — | Coxpanenue B siueiike [#] 610ka peructpos A uiu B Teky-
IEr0 HOMEPA MHCTPYKIMK (3HAYEHHE CUETUMKA UHCTPYK-
mark B# 41 | # - — | mui)
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Ta6a. II3. Oxonuanue

OcHOB. Jom.
4acCThb 4acCThb
Komanna B _ « o Onrcanue KoMaHIbl
o =" g, ="
18|88
mark RAM# wm e | _ Coxpanenue B siuelike [#] muaamero cektopa O3Y TeKyLLle-
r0 HOMEpa HHCTPYKINY (3HaUeHHE CUETUYNKA HHCTPYKIIHIA)
jamp A# 43 | # | - | - . .
besycnoBHBIN nIepexo 1Mo ajfpecy u3 siaeiku [#] 010K0oB
jamp B# a4 | # | _ | peructpor A wiu B, a takxke u3 sueiku [#] MIIaILIEro CeK-
topa O3Y (mpucBOEHUE CUETINKY MHCTPYKIUN 3HAUCHUS U3
. TueiKu [#])
jamp RAM# 45 | # | - | —
if(A#>Be)up X 46 | # o | X
VYcnoBHbl niepexoa. Ecinu ycinoBue BbIOIHIETCS, TPOUC-
if(A#<Be)up X 47 | # e | X | Xomur NpeoKOK Ha X 3HAUEHHH BIIEPE]], MHAYE BHIOJHEHUE
pOrpaMMBbl HJIET MO OPsIKY. [Jist MpoBepKH yciaoBus Oe-
if(A#=Be)up X 48 | # ° X | pyrcs siuetiku [#] u [®] u3 PASHBIX 610k0B peructpos A
u B cooTBeTcTBEHHO
if(A#!=Be)up X 49 | # o | X

Ta6u. I14. Jlornueckue n apupmMeTnIeckne KOMaHIbI

OcHOB. Hor.
qacTb qacThb
KOMaHZ[a — ) - Onucanue KOMaH/IbI
= . . .
B
AH+X 60 | # | X | — | Onepauus: CI0KEHHE COAEPKUMOTO SUEHKH [#] GII0KOB pe-
ructpoB A win B u 16 OutHOro uncna X U3 mamsITH Ipo-
B#+X 61 | # - | = | rpamm
A#-X 62 | # — | — | Onepanus: BHIYMTAHKUE COAEPIKUMOTO SUEHKH [#] GII0KOB
peructpoB A unu B u 16 6utHOTro yncna X U3 maMsTH Ipo-
B#-X 63 | # | — | — | rpamm
A#++ 64 | # — | — | MaKpemenT sueiiku [#] 6ioka peructpoB A
B#++ 65 | # — | — | VikpemeHT sueiiku [#] Oioka peructpos B
A#-- 66 | # | — | — | Hexpemenr sueiiku [#] 610Ka peructpoB A
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Taba. I14. IIpooonsicenue

99

OcHOB. Hor.
4acCThb 4acCThb
KOMaH[[a — ) - Omnucanue KOMaH/IblI
S| 8| g 8
18|66
B#-- 67 | # | — | — | Hexpement siueiiku [#] Oioka peructpos B
A#<=AeandB0 68 | # ° 0
B#<=A eandB0 69 | # ° ¢ | Jlornueckue onepauuu (and; or; Xxor) Mexay suedkamMu
PA3HbIX 6510K0B perucTpoB: suelika 0JI0Ka perucTpoB A
A#<=A 00rBO 70 | # o o | ¢ anpecom [®] u sraeiika u3 6;oka peructpoB B ¢ anpecom
[0]; pe3ynbTaT momemnaercs B s4eUKy [#] OJ0Ka peructpos
_ A, azmpec TOMEIeHHs pe3yIbTaTa MOKET COBIIAAaTh
Bi#<=AeorB0 L # ° 0 ¢ aapecoMm [e] orepanga 6J10Ka pErUCTPOB A, B TAKOM CITy-
yae NCXOJHOE 3HaueHue OyIeT 3aMEeIleHO Pe3yIbTaToM olle-
A#<=AexorBO 72 | # ° ¢ parn
B#t<=AexorB0 73 | # ° 0
A#t<=Ae+B0 74 | # ° O
B#t<=Ae+B0 75 | # ° ¢
_ Matematndeckuie onepaliy CI0KEeHHUS WA BEIYUTaHHS Me-
A#<=Ae-BO 76 | # 0
* * xny staetikamu [Q], [#] PASHBIX 6mokoB per. A u per. B;
AH<—Be-Ad 77 | 4 . o pe3yJIbTaT ONepaluy MOMEIACTCs B suckiky [#] OJ0koB
per. A u per. B B 3aBUCHMOCTH OT KOMaHbl
B#<=Ae-B¢ 78 | # ° 0
B#<=Be-A0 79 | # ° 0
notA# 80 | # | — | — N
Jlornueckoe MoOUTOBOE OTPHUIIAHUE COACPKUMOTO STUCHKH
notB# g1 | # | — | - [#] 6moxoB per. A u per. B B 3aBUCHMOCTH OT KOMaH/IbI
mask(X)AL# 82 | # | X [TobuToBast Macka muraamumx (koz 82) wim crapmux (kox 83)
16 6ut 32-OutHOH sueliku [#] 61I0Ka perucTpoB A ¢ YHCIOM
mask(X)AH# 8| # | X | - |X
mask(X)BL# 86 | # | X | — | Iloburosas Macka muaamux (ko 86) win crapimx (ko 87)
16 6ut 32-OutHol sueliku [#] 61oka peructpoB B ¢ unciom
mask(X)BH# 87 | # | X | - | X
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Ta6a. I14. Oxonuanue

OcHOB. Hor.
4acCThb 4acCThb
KOMaH[[a — ) - Onucanue KOMaH/IbI
= .
JHHE
rotAL# 84 | # - | -
Onmnepartus BpalieHus 9rcia B Miaamei (kox 84) u crapieit
rotAH# 8 | # — | — | (xox 86) obnacrtu sueliku [#] O10ka per. A unu Bcero 32-
outoBoro umcina sueiiku [#] per. B (xox 88)
rotBF# 88 | # - | -
A#<<X 89 | # 0| X
A#>> X 89 | # 1 X .
CrBwr BIIpaBO WX BIEBO COICPKUMOTO sSTUCHKH [#] Oitoka
Bé<< X 00 | # o | x peructpoB A unu B Ha yncno X
B#>> X 90 | # 1 | X
<<A# o1 | # | — | — .
CrBur BIIpaBO WX BIEBO COJCPKUMOTO sTuciiku [#] 6moka
S AH 0 | # | | perucTpoB A win B Ha 1 pazpsn

Taoa. II5. CucteMa JOMOJIHUTEIBHBIX KOMAaH/T

OcHoB. Horm.
4qacTb 4qacTb
Komanna § _ ~ - Omnucanue KOMaHabl
Elelg|g
o o o
R#+X=>DTD 93 | # | X | — | OrmpaBka e M0JydeHre B/OT COMPOIECCOPa MAKETa [aH-

HbIX 13/B O3Y o0bemMoM 10 X coB, Ha4uMHAas C aapeca [#]
o3y

<
|

R#+X <=DTD 94 #

3anmch B cnenmanbHbIN peructp ADR sueiiku [#] Gnoka

adr<=A# 95 # — _
per. A

Adt<—adr 96 | # | | 3amucek B sueiiky [#] Gioka per. A COIEPKUMOTO PETUCTpa
ADR

adr+8'd X 97 | x | | YBenanueHue colepKUMOro crieuaibHoro perucrtpa ADR
Ha X

stat<—A# | o# o 13;2;11/121) B CIIEMANIBHBIN peructp Status sueiiku [#] Oioka
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Taba. II5. Oxonuanue

OcHOB. Jorm.
4acCTb 4acTb
Komanna . . . Onucanue KOMaH bl
gleg|g|lsg
o o o
Adt<—stat s 4 _ | | 3amuck B suekKy [#] Gioka per. A cOIEpKUMOTo perucTpa
Status
A#<=GPI1 #H # — | — | 3anmcs manubx co Bxona GPI1 B seiiky [#] 6moka per. A
B#<=GPI2 H # — | — | 3anmcs panabIX co Bxona GPI1 B sueiiky [#] 6ioka per. A
intoff H#H# — — — | Komanya BbIxo/a U3 mpepeIBaHUs
slee wu | | | Ocranoeka mporeccopa, 3aycK mporeccopa BO3MOKEH
p 10 CUTHAJIaM NPEPBIBaHUS
delayA255 s 4 L I?;H;paTHaf{ 3aJiep’KKa Ha KOJI-BO TAKTOB M3 TYEHUKH [#]

Ta6u. I16. Xapakrepuctuku sapa "NMR" B pasasix UMC IIJIMC

TUINC
[apamerp 5578 TC034 EPF10K100- EP2CS8F- EP3Cl16- EP3C40- EP355F-
EBC356-3 256C6 U484C6 F484C6 780C8
3aHuMaeMbIi 4807 4807 3519 3540 3535 3560
00beM (96%) (96%) (43%) (23%) (9%) (6%)
3aHumaemast 32768 32768 147456 81920 147456 278528
namsith [OUT] (67%) (67%) (85%) (82%) (13%) (12%)
Kon-so POH 512 512 512 512 512 512
O6vem O3Y 2 Kb 2 Kb 16 Kb 8 Kb 16 Kb 32 Kb
Oneparuit 6.4 7.5 254 47.0 453 37.2
B CEKYHIY MIPS MIPS MIPS MIPS MIPS MIPS
Makec.
qacToTa 20 MI'g 23.5MI'g 79 MI'ng 149 MTI'g 141 MTI'g 116 MI'g
Cucrema ko- 108 uncrp. 108 uncrp. MOJIHAS MOJIHAS MOJIHAA MOJIHAA
MaHJl
. . Akeron + Akeron +
Jom. mpo. BHEIIHUH BHEIIHUH Akeron Akeron Sip CPU Sip CPU
Bpewms ot-
o ta 300 He 255 me 76 wc 40 e 42 ne 51 e
npephIBaHue,
He Ooiee
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USB-UART
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dna 5578TC034
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DEVELOPMENT OF A HIGH-PERFORMANCE
COMPUTING SYSTEM BASED ON AN IP-CORE
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The article presents the result of the development and implementation of a universal synthesized processor
core based on integrated FPGA circuits of domestic and foreign production. The possibility of creating a high-
performance computing system based on a FPGA is shown. The description of the structure of the system, the
main processor core and associated modules, is described. The system of processor commands is presented. The
process of developing a program for a synthesized controller and a variant of implementing a control system

based on the developed controller are presented.

Keywords: FPGA, IP processor core, microcontrollers, onboard control systems

INTRODUCTION

When developing scientific equipment for space
research, the use of highly reliable element base is a
priority. Often an additional condition is the use of a
domestic element base. In the presence of imported
analogues, it is more profitable and convenient to use
them for modeling and debugging electronic systems,
with the further transfer of the developed systems to
domestically produced EEE parts. In this regard, there
is a need to develop a universal solution that could be
employed in systems of control, processing, and col-
lection of information, regardless of the element base
used [1]. The use of standard microcontrollers (MCs)
for these purposes is difficult, since the transfer of the
project from one type of MC to another often necessi-
tates a significant refinement of the program. Many
resistive MC samples are equipped with a write-once
memory, which significantly complicates the pro-
gram’s debugging. In addition, the use of the most
powerful MC that has developed a periphery and is
resistant to external influences is often not economi-
cally profitable [1-8].

This article provides an example of the implemen-
tation of a powerful computing system based on inte-
grated circuits (ICs) of the programmable logic device
(PLD) type from various manufacturers. The proposed
solution is universal and suitable for implementation
on any FPGA (Field-Programmable Gate Array) mi-
crocircuit of both domestic and imported production.

THE MAIN PROCESSOR CORE DESCRIPTION

The computer system is based on the processor IP
core, called NMR, which is a Harvard architecture
processor and contains a separate command bus, data

bus, and several peripheral buses. The bit length of the
program memory address is 32 bits, the bit length of
the instruction bus is 16 bits, but the instructions
themselves can have different lengths: 16 bits or
32 bits. The division of some commands into two
parts is provided by the core architecture and does not
affect the program since the processor control system
automatically detects the address offset by the com-
mand type. The structure of the command word is
shown in Fig. 1.

Fig. 1. Command word structure

The NMR command system and architecture are
specifically designed for working with external pro-
gram memory organized into words of 16 bits, since
this memory organization is common in both imported
and domestic EEE parts, including highly reliable
once-programmable ROMs, for example RR45RT3U.
This memory has increased resistance to external fac-
tors and has an organization of 128 K x 16 [9]. The
structure of the NMR IP core is shown in Fig. 2.

Fig. 2. NMR processor IP core structure

It is assumed that the program memory will work
at a reduced frequency relative to the processor core.
Therefore, in the organization of the processor instruc-
tion system and its internal architecture, an approach
is implemented that allows a command to start even
before it is completely read. The instructions are ex-
ecuted on the pipeline in parallel with reading parts of
commands from the memory, which increases
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the processor speed since the memory ceases to be
a bottleneck and the duration of the processor clock
on average corresponds to the duration of reading the
32-bit command word from the program memory.

The NMR architecture includes an array of gener-
al-purpose registers (GPRs), divided into two inde-
pendent units REG_A and REG_B. Each unit contains
256 32-bit registers. All available operations are poss-
ible with register memory, except for special instruc-
tions from the processor instruction set. The NMR
command system is given in the Appendix (Tab. IT1-
I15).

The RAM block consists of several parts. The first
part is to work with a fast internal RAM bank, which
has a structure similar to general-purpose registers and
uses an internal RAM PLD, which has a data bus and
an address width of 16 bits, which allows addressing
up to 131 KB of memory. The first 256 RAM cells
(low sector) allow one to perform more available
operations than with the rest of the RAM, which
reduces the load on the GPR units. The NMR pro-
vides the ability to connect external RAM via an IP
controller, for which expansion registers and input
lines for external signals are designed. Depending on
the type of external RAM (SRAM, SDRAM, DDR),
the IP controller may differ.

The processor command system provides instruc-
tions for working with dynamic memory, such as
packet writing and reading in blocks up to 131 KB,
the rest of the functions for interacting directly with
the external RAM IM are performed by the external
RAM IP controller.

The processor contains a switch, the external ports
of which are buffered by special-purpose registers.
SPGs are necessary for working with register memory
units, RAM bank, as well as external processor buses.
The command system (Appendix, Tab. I11) contains
instructions for direct interaction with the SPR, which
allows flexible control (various options for indirect
addressing) and acceleration of read/write operations,
sector copying, and streaming reading of the peripher-
al of the register memory and RAM). When using
standard operations related to data movement (Ap-
pendix, Tab. I12), the processor control system auto-
matically performs all operations with system regis-
ters: addressing, block timing, setting and reading data
from memory banks. All peripheral modules are con-
nected via the Hexadecimal Addressable Vast Outer
Connection. To read data from the HAVOC bus,
an external bus multiplexer module is used, con-
trolled by the address space of this bus. The NMR
core is universal and has been tested on different PLD
ICs. The obtained core characteristics are tabulated
and presented in the Appendix (Tab. I16).

The NMR command system supports conditional
and unconditional transition commands, the list of
which is given in the Appendix (Tab. I13).
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The command system includes mark commands
that allow one to make hardware marks during the
execution of the program. Both the GPR units and the
lower RAM sector are available for this operation.
Conditional transitions, when the condition is met,
increase the statement counter values from 1 to 255.
The skipped area may contain a program branch that
is processed when the condition is not met, or a jump
to another memory sector if 255 memory cells for this
branch are not enough.

Logical and arithmetic operations are perfomed on
the 32-bit ALU. The operations available on ALU are
presented in the Appendix, Tab. [14. The NMR core is
designed as a universal solution for any FPGA ICs.
Therefore, hardware division and multiplication oper-
ations are excluded from the commands, since not all
ICs have corresponding hardware blocks. To perform
more complex mathematical, computational, and spe-
cial operations, it is possible to connect to and interact
with a computational coprocessor, which, if the IC
resources allow, can be placed either on the same
FPGA or in a separate IC [10].

To interact with the coprocessor, there is a de-
dicated high-speed bus that allows blocks of up to
256 bytes to transfer information between the NMR
RAM bank and the coprocessor RAM. The coproces-
sor has a dedicated interrupt line. The last block of
commands is responsible for working with the special
means of the processor (see Appendix, Tab. I15).

A compiler is currently being developed for the
convenience of working with the command system. At
present, for debugging, a command translator is used.
It has the functions of determining the offset value
during a conditional transition, automatic assignment
of the GPR, and navigation through the program
memory. An example of the code and its transforma-
tion steps are shown in Tab.

Tab. Program transformation steps

The program consists of declaring memory para-
meters, zeroing the required GPRs, initializing peri-
pheral units, including the interrupt controller. Then
an infinite loop is started with the periodic sending of
an incremented variable to an external port.

The process is interrupted by a ready signal from the
transmitter module, which captures the value of the
variable and starts sending, upon completion of which
it causes an interrupt. The interrupt program is de-
scribed at the address, starting from the 8000 th cell.

Figs. 3 and 4 show the oscillograms of the pro-
gram’s (from Tab.) execution on the test board with
EP3C25 at core and peripheral frequencies of
50 MHz.
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Fig. 3 shows the complete cycle in which the main
program is executed (increment and output of the va-
riable from the GPR to the peripheral bus (PB).

Fig. 3. Oscillograms of the execution of the test pro-
gram given in the Tab.

Signal 4 in Fig. 3 is the low output bit of the coun-
ter variable. Condition check and conditional transi-
tion, increment of one of the GPRs, output of the val-
ue to the PB, and jump for condition check (main pro-
gram) take approximately 260 ns. Fig. 4 shows the
response to interruption and the response time spread.

Fig. 4. Debug kits of systems on the NMR core using
various PLD ICs

NMR processor-based control system

For tuning and testing, two debug boards (Appen-
dix, Fig. IT) based on IC VZPP 5578TS034 and IC
Intel EP3C25 have been developed. The latter has an
analogue of 5578TS094 from the catalog VZPP
FPGA [9]. For ease of debugging and testing the
EP3C25, ROM memory based on M9K blocks was
used to store small programs with a boot from the
configuration flash memory EPCS16 at the beginning.
To execute large programs, an external RAM IC was
used with loading from an external flash by a third-
party IP module. To give instructions to the core in-
side the 5578TS034, an EP3C25 board was used, con-
nected by a loop — the program memory bus.

The results presented in the Appendix, Tab. I16 for
the IC data (Fig. 3) were initially obtained by model-
ing tools in the Quartusll environment and confirmed
by tests. According to the Quartusll time analysis, the
developed core in the FPGA Flex family can operate
at frequencies up to 23.5 MHz, but the stable core op-
eration in 5578TS034 (analog) was obtained at
a frequency of 20 MHz, which is not critical. and,
most likely, this phenomenon is caused by the features
of the printed circuit board and the use of a daisy
chain via the program memory bus. The core in the IC
EP3C25 worked stably at a frequency of up to
100 MHz (the PLL module was used).

Grounded on the results of the work done, virtual
and real tests, as well as taking into account the pre-
viously developed IP-modules, a structural diagram of
a high-performance processing and control system
based on a domestic component supply of increased
resistance was proposed. Components without in-
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creased resistance were used, for example, a storage
device on flash memory. Also, redundancy was pro-
vided. The structural diagram of the developed system
is shown in Fig. 5.

Fig. 5. Block diagram of the processing and control
system based on the IP processor core NMR

CONCLUSIONS

The possibility of creating a productive computing
system based on the domestic reliable element supply
is shown. The main component is an FPGA IC of type
5578TS034 or more capacious samples. A variant of
creating a control and processing system using the
developed processor core and peripheral modules is
proposed. A practical test of the proposed solutions
was carried out, and the results completely coincided
with the results of the modeling. In further improve-
ments, it is planned to increase the functionality of
standard MCs by optimizing IP modules, adding new
ones, and creating a software component of the devel-
opment environment.

APPENDIX

Tab. IT1. Command system with special purpose reg-
isters (SPRs)

Tab. I12. Move and write command system

Tab. I13. Program address space navigation command
system

Tab. I14. Logical and arithmetic commands

Tab. II5. Additional command system
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