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HOCIIeHee BpeMs B TEXHUYECKHX ITyOIn-
KaIlMsAX BCe Yalle M Jalie IOJHIMAeTC s
Borpoc 06 ucronpsoBanuu IIJIVC mist
Pa3pabOTKH He POCTO MU(POBBIX CHCTEM, A CH-
cTeM-Ha-KpHUCTaJule — TO eCTh YCTPOHCTB, Ha-
PALY ¢ IPOYUMHU HUPPOBBIMHA Y3TaMHU COTEP-
JKAIlIX Ha KpHUCTaJule U rporeccop. B kadectse
HAIJBIIHOTO IIpUMepa MOJKHO TIpuBecTH [1], re
OIMCAaHBI BO3MOKHOCTH MOIITHBIX FPGA ce-
MmeirictB Virtex-1I Pro u Virtex-4 FX dbupmsr
Xilinx, KoTOpBle cofiep;KaT Ha KPUCTaJlIe allIa-
paTHoe szpo npoueccopa PowerPC 405. Ha 6a-
3e gaHHbIX [IJIMC MOXXHO ITOCTPOUTH MOIITHYIO
BBIYHCIUTEIBHYIO CHCTEMY C BeCbMa 60raThIMU
BO3MOKHOCTSMH, COIIOCTaBUMBIMHU C BO3MOJK-
HoCcTAMHI PC-COBMECTHMBIX HACTOJIBLHBIX KOM-
IIBIOTEPOB.
OpnHako coyeTaHHe TEPMUHOB «IIPOLECCOP»
u «[TJINC» He 06s13aTeIbHO MOIpa3yMeBaeT pe-
aIM3aIUI0 BHICOKOIIPOU3BOIUTETbHON BBIYUC-
JIATEIbHOM CHCTeMBI Ha 6a3e yCTPOUCTBA CTOH-
MOCTBIO B HECKOJIBKO COTeH JIoJu1apoB. Obpara-
SCh K IPOILIBIM IyOnuKanusaM B KuT, MOxHO
BBIJIEINTH, HATIPUMED, CEPHIO CTaTeH, OCBAIIEH-
HBIX nporieccopam MicroBlaze u PicoBlaze dup-
MbI Xilinx [2]. DTH IPOEKTHI, 110 CYTH, IIPeCTaB-
JBTIOT 0001 0c06BIM 00Pa3oM OpraHH30BaHHBIE
1 poBbIe YCTPOUCTBA, BHIIONHsEMbIe Ha Oase
06braHbIX Jlorndeckux staeek [IJIVIC. Bripouew,
IU1s pa3pabOTYUKa TaKHe YCTPOUCTBA BBITJIIAT
KaK IIPOIIECCOPBI CO BCeMH CONYTCTBYIOITUMU
aTpuOyTaMU: PETHCTPOBOI MONIEINIBIO, CHCTEMOI
KOMaH/I, BO3MOKHOCTBIO BBITTOJIHEHHUS ITPOTPaM-
MBI, 3aIIHCAHHOMN B IIAMATD, U T. /I. BaxkHO, 4TO
O 0OHEIE IIPOEKTHI, PeaTU30BaHHbIE C IOMO-
IIBIO A3BIKOB OIMCAHMS ANIIapaTyphl, He IPU-
BsA3aHBI K KOHKpeTHOH Mozern [IJIMC, a moryT
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lNpoekTUpoBaHHue
KOH(PUIypHUpYyEMDbIX

npoueccopos Ha 6a3e MNJINC

[Jlonroe BpeMs nporpaMMUpyeMble IOrHYeCcKUe HHTerpasibHble CXeMbl BbiCTymna-
NU B KauecTBe JONOJIHEHUSA K MUKponpoueccopy, o6ecneunsas apekTuBHOE
BbiMOJIHEHUE BCMOMOraTe/ibHbiX ONepauui U onpefeneHHbi 3anac rubkocru
npy nocTpoeHuu LudpoBbix UHTepdeiicoB. OgHaKo B nocnegHee BpeMs yyu-
weHUe TexHU4Yeckux xapakrepuctuk MJIUC noszeonsietr um npuobperatb BCe
60nbLyi0 PYHKLHUOHANILHOCTb NPOLIECCOPOB, NPEBPALLASICh U3 «PACCHIMHOM J10-
rMKHU-Ha-KpUCTanne» B «CUCTeMY-Ha-KpucTtasie». [laHHas cTtaTba nocBslieHa
BOMpPOCaM NPOeKTUPOBaHUA KOH(UTYpUPYEMbIX, UK COT-NPOLLECCOPOB, KO-
Topbie cnocobHbl npuaaTh npoeKkTy Ha 6ase MJINC Bce anemeHTbl CTaH[APTHOW
MHUKPOKOHTPO/JIEPHON CUCTEMBI, BK/IIO4asi BO3MOXXHOCTb NPOrpaMMHUpOBaHHsl
nony4eHHOro yCTPOMCTBA C MOMOLLbIO OObIUHbIX A3bIKOB BbICOKOrO YPOBHS.

BCTPAauBaTbCA B PAa3JIMYHbIE CEMENCTBA B Kaye-
CTBE YCTPOICTBA YIIPABICHUS IPOIUMH I -
POBBLIMH y371aMu. JIoCTaTOYHO HHTEPECeH U TOT
axT, 9TO pa3paboTKa Iporeccopa Kak TakoBO-
ro He 00513aTeJIbHO IIPEBPALIAETCS B IPE3MEPHO
CJIOKHBII ITPOIIECC, JOCTYIIHBIN TOJIBKO BBICO-
KOKBaINGUINPOBAHHBIM HHKeHepaM ¢ 6ora-
TefmuM onpiToM paborsl. Hampumep, B [3]
IPUBOIMIACH AHAJIOTUYHAA METOJHUKA pa3pa-
60TKM OPUTHHAIBHOTO IIpolLeccopa Ha Oase
TIJIMC Altera, rioe Bce He0OXOIUMbBIE CBEIEHUS
OBLIN yKa3aHBI B paMKaX OHOI SKyPHAJIbHOM
Iy OJIHKAIIAH.

Crieptyet cpa3y MoguepKHYTb, 4TO IIPOIECCO-
pot B IUIVIC (Tak HaspIBaeMble cOT-IIporiecco-
PBI) HU B KO€l1 Mepe He CTAaHOBSITCS yHUBEPCaylb-
HBIMH PellleHUAMHU, OIMHAKOBO IPUTOIHBIMU
IS PAa3HBIX KJIACCOB 3aad. B JaHHO cTaThbe Oy-
ZIeT 110 BO3MOKHOCTH TIPeJICTaBjIeHa KOHCTPYK-
THBHAs KPUTHKA IOJXO0/Ia, OCHOBAaHHOTO HA MC-
0JIb30BaHUH COPT-TIporieccopoB. ITpencrapsa-
€TCsI, 9TO MOPOOHBIIT AHAIN3 HX IIPEeUMYIIeCTB
U HeJOCTAaTKOB IIPHHEeCEeT YUTATeJI0 OO0JIbIle
IPAKTHYECKOI IOJIb3bI, YeM IIPOCTOI HabOp i~
CTUHTOB Ha KaKOM-JILOO SI3bIKE OIIFCAHMI AIlIla-
parypsl.

HraK, mepBoe 5ke BO3paskeHHe IIPOTUB COPT-
npoueccopos (i [TJIFIC Boo611ie) BBIIISIUT CIie-
IYIOLTAM 00pPasoM: «...0JIrasi IIPAKTHIeCKast pa-
60Ta 1 OIIBIT IIPOU3BOMCTBA KOMMEPIECKH yC-
HENIHOM IIPOMYKIIUH TOBOPAT HaM O TOM, YTO
MaccoBO BBIITYCKaeMble MUKPOKOHTPOJITIEPEI
BIIOJTHE CIIOCOOHBI PEIIIUTD JIOOYIO CTOSIIYIO ITe-
pen HaMmu 3afady». JJaHHBIH apryMeHT [eiiCTBH-
TeJbHO BECOM U CyIIleCTBeHeH. B camoM fere,
cpaBHuBast 06beMbl ponax ITJIMC u Mukpo-
KOHTPOJIIEPOB, HeJIb35 He YBUJIETD, 4TO, HECMOTPS

Ha OYpHBIIT pOCT pbIHKa IIPOrPaMMHPYEMOII JI0-
TUKHI U BO3PACTAIOIINI HHTEPEC K 3TON TeXHO-
JIOTUH, CYIIIeCTBYeT MHOKECTBO 001acTel, B KO-
TOPBIX IOJITO U IUIOTOTBOPHO MCIIOJIB3YIOTCS
MaccoBble perienus u3 Mupa ASIC (To ecTb «wke-
CTKO¥1» JIOTHKH ). MOJKHO [ja)Ke IIPeIOJIOKUT,
YTO U1 Pa3pabOTINKOB, TABHO U YCIIEIIHO [IPH-
MEHSIOIIIX MUKPOKOHTpPOJIIEPHBIE CHCTEMBI YII-
paBiienus, moneITK nepexona k IIJIMC mo co-
06paKeHUSIM «TeXHIIECKOI MOMIBI» MOTYT OKa-
3aThCSI MOIIPOCTY BPeNHBIMU. [lefiCTBUTETBHO,
ecin udpoBast CUCTeMa YIIPaBJICHUsI He SIBJISI-
©TCsI OTIpeIeIISIIONIeH YacThIO IIPOEKTa, TO 3aMe-
Ha OfIHOTO TEXHUIECKOTO PEIIeHHSI IPYTHM, CKO-
pee Bcero, c1abo CKakeTcs Ha IIOTPeOUTeIbCKUX
KaJecTBaX BBIITyCKaeMOTO H3JeJIHs, HO 3aCTa-
BUT Pa3pabOTINKOB HPUIOKUTH HEMAJIO YCU-
JIMI LIPH TIepexojie Ha HHYIO dJIEMEHTHYI0 6agy
(¥, COOTBETCTBEHHO, METOMBI Pa3pabOTKH).
W perrounsbIe goxu npoussogutenei [1JIMC
1 MEKPOKOHTPOJITIEPOB B HACTOSIII[ee BpeMsI Ha-
IJISTHO IEMOHCTPUPYIOT CTEIIeHb BOCTPeOOBaH-
HOCTH IIPOTPaMMHPYeMOH JIOTUKH. B Kakux-To
IIPIMeHEHVSIX HU ITPOU3BOIUTEIbHOCTD, HH CTIe-
I[MaTbHBIE BO3MOKHOCTH YIPABILIONIETO yCT-
POTICTBA HE SABJISAIOTCS KPUTHIHBIMHE, 2 OCHOB-
HBIM TpeOOBaHUEM K MUKPOKOHTPOJUIEPY CTa-
HOBHUTCS obecriedeHne mporecca cOopa TaHHbIX,
UX HECJIOKHOI 06pabOTKH U Iepeadrt ¢ IOMO-
IIBIO CTAH/IAPTHBIX HHTEP(DEICOB. DTU 3aadn
BIIOJIHE 10 CHJTaM MUKPOKOHTPOJIIEPAM MUHH~
MaJIbHOU CTOUMOCTH, YbF BO3MOKHOCTH XOPO-
10 M3BeCTHBI pazpaborymkam. O4eBHIHO,
IIPH TOCTATOYHO YeTKOM BHJCHUU ITyTel HC-
TI0JIb30BAHUS CYIIECTBYIOIINX MIKPOKOHTPOJI-
nepos obparrarbcest k IIJIVIC Bpsz siu 1jeseco-
o6pasHo.
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B TO 5Ke BpeMs MOKHO yKa3aTh OCHOBHBIE
TeXHHUYeCKHe 3a1adH, KOTopble 9 HEKTHBHO pe-
matorcst mocpencrsom [TJIMIC. Mcxonst n3 Ha-
4ust B coBpeMeHHbIX FPGA 60JIb1110T0 KOJIH-
YecTBa alIapaTHBIX YMHOXKHUTeEJIEH, UMeeT
CMBICII PACCMOTPETDH BO3MOKHOCTD ITIOCTPOEHNUS
Ha 6ase takux FPGA cucreM pacrpeiesieHHOM
06paboTKH, MHOTOKaHAJIBHO II(POBOIT (PUIIb-
TPAIMK 1 IPOYUX BEIYUCIUTEIBHBIX YCTPOKCTB,
TPeOYIOIINX BBIIOTHEHNS 3HATUTEIBHOTO 00~
eMa OJHOOOPAa3HBIX BIYUCIeHNUH. [ToIe3HBIM
MO’KeT OKa3aThCsl U BBITOMHeHne BHyTpu FPGA
IIPOMEKYTOYHBIX IIPe0OPa30BaHMII IIOTOKA JaH-
HBIX, IpuxonAmux u3 sHenrsero AIIIT ¢ Bbico-
KOU 9acTOTOI. MHOroKaHaJIbHast 06paboTKa,
BO3MOKHOCTB BbIIIOTHeHHs Ha 6ase [TJIVIC He-
CKOJIBKHX He3aBUCHUMBIX (MU C1abo 3aBHCS-
XX JAPYT OT ApyTa) HU(POBBIX YCTPOICTB, MU~
HUMH3aIUs rabapUTOB H3MIe/IUs — BCe 9TO ap-
TYMEHTEI «3a».

I[Ipu peanusanuu aIropuTMOB HUPPOBOIL
06pabOTKI OCHOBHAS HATPY3Ka JIOXKUTCS Ha aIl-
napatasle yMHOKuTenu B [TJIMC. Opaako kpo-
Me COOCTBEHHO BBIYHCIUTENIBHBIX Olleparuil
OT KPHCTAJITa MOKET IIOTPeO0BAThCS HONIEPIK-
Ka 60JIee MIII MeHee CJIOKHBIX IIPOTOKOJIOB 00~
MeHa C BHEIIHIMH yCTPOMCTBaMu, paboTa co
BCIIOMOTaTeIbHbIM 000PYIOBaHHEM U IIPOYHe
ollepallny, KOTOpble 6e3 TPy/a PelIaloTcs yII-
PaBJITIONIEH TPOrPaMMOIi TI060r0 MUKPOKOH-
Tposiepa. MiHOraa BO3MOKHOCTD OIIePaTHB-
HOTO BHECEHUS HeCYI[eCTBeHHBIX N3MEeHeHU I
ABJIAETCA €CJIU He PEIIAIOIINM, TO O4eHb BaK-
HBIM (DaKTOPOM IIPH OIIpefie/IeHIN SKI3HECII0-
COOHOCTH U3MIeNHs B IeJIoM. VIMeHHO B 9TOH
CBA3H YaCTO NOABJIAIOTCS PEIleH s BUIA «MHK-
poxonTposutep + IJIMCy, mpudeM MUKPOKOH-
TPOJLIEP OOBITHO XOPOIIO U3BECTEH CIIeIHaII-
CTaM U He BBI3BIBAeT TPYAHOCTEN IpH pabore,
a IUTMC BbIIIONIHSAET OCHOBHOI 00beM OJHO00-
PA3HBIX BBIYHCIICHUI, U €€ BBIOMPAIOT UCXOS
UMEHHO M3 TpeOOBaHUIT 06eCIIedeH s HyKHOM
IIPOU3BOJHUTEILHOCTH.

ITpu TakoM IOAXOJIe PE30HHO 3a7aTh BOIIPOC:
ecym yox [IVIMC Tak min mHAYe NCIOTB3YeTCs
B CHCTeMe, HeJIb3sl JIM UCKJIIOUUTD U3 Hee MUK-
POKOHTPOJLIEP, MePeJOKHUB ero (QyHKIUH
Ha [IJIMC? A ecin TOBOPUTH TOUHeE, HETb3S
1u pasmectuts B ITJIMC Hekoe nmopobue MUK-
POKOHTPOJLIEPA, YTOOBI IIOSBUIACH BO3MOXK-
HOCTB IIPHBJIEYb K Pa3pabOTKe IIPOrpaMMHCTa,
a He BO3JIaraTh JOIOJHUTEILHYIO HATPY3KY
Ha WH)KeHepa, mpoekrupylomero Ha HDL?
B aToM cirydae mpu yMeHbIIIEHUHT YHCITa MUK-
POCXeM COXPAHSETCs OOIIUI HOPSIIOK OTIaIKH
CHCTEeMBI: /I YTOYHEHMS aJITOPUTMOB JOCTa-
TOYHO BHECTH U3MEHEHHS B UCXO[IHbIE TEKCTHI
YIIPaBIIAIOIEH IPOrPaMMBbl, HAIIMCAHHOM Ha OfI-
HOM U3 3BIKOB BBICOKOTO YPOBHS U 3arpysKae-
MO¥ B CHCTEMY IO JOCTaTOYHO IPOCTOMY HH-
tepdeiicy. TakuM 06pa3oM, OCIIe CO3TAHUS OC-
HOBHOTO 6JI0Ka BEIYUCIUTEIBHBIX YCTPOUCTB
pabota ¢ IVIHIC MosKeT OBITH IPOJOJDKEHA B TOM
Ke CTHJIE, 9TO ¥ C MUKPOKOHTPOJLIEPAMU.

JIpyroit He MeHee y6elUTeTbHbII KOHTPApTy-
MEHT — IIPOeKTHPOBaHUe CHCTEeMBI Ha Oa3ze

nanc

ITJTNC o6pran0 TpebyeT Gosiee BBICOKOI KBa-
yuduKayuy pa3paboTIHKOB. [la U IIporecc Ipo-
eKTHPOBAHUS C HyJIsL, KOIZIa KpoMe caMuX (yHK-
LU U3MIeTHS U JITOPUTMOB IIPOEKTHUPYeTCS
7 OTJIaKUBAETCS IIPOLECCOP, IPeBAT OOIBIINM
KOJITIECTBOM OIINOOK. MIX HCTOYHHKOM MOXKET
crath 1 cor-mporeccop (BBUAY OIIHOOK, 1O~
IYIIeHHBIX IPH €TI0 IIPOeKTHPOBAHUH), U CUC-
TEeMHOE IIPOrPaMMHOe OOecIiedeHHe, HeKOPPEKT-
HO OTpaykalolee 0COOEHHOCTH TOJNBKO 4TO
CIPOEKTHPOBAHHOTO YCTPOMCTBA. B TO 5Ke Bpe-
Mst on6ku B anmapatHoit yactu ASIC-MuKpo-
KOHTPOJIIEPOB KpailHe PEMIKH, a OIIHOKH B KOM-
IMIIATOPAX UL HUX, €CIIH JIayKe ¥ BCTPedaroT-
cs 4Yalle, TO IO KpallHell Mepe M3BeCTHBI
7 CBOEBPEMEHHO YCTPaHSIOTCS IPOU3BOIUTE-
JAMH. B KOHEYHOM HTOT€ KOJUIEKTHB, IIPUHSIB-
I PelleHre O Pa3paboTKe COOCTBEHHOTO IIPO-
neccopa Ha 6aze I[TJIVIC, GyzeT BHIHYXIEH BOC-
IPOU3BONUTH NPOIECC CO3AAHUS U OTIAIKH
CHCTEMHOTO U IPUKJIAJHOTO IPOrPaMMHOTO
obecrieqenst. KoHeqHO, Beerna CyIecTByeT BO3-
MOYKHOCTB HCII0JIb30BAaTh FOTOBBIE IIPOIIECCOP-
HBIE sA1pa, Takue Kak MicroBlaze u PicoBlaze
y Xilinx uiau Nios y Altera. B nannom ciygae
1 pa3paboTKa CaMUX sIfiep, U CO3[[aHHe CUCTeM-
Horo ITO yske BBIIOTHEHBL

U Bce 5Ke OCTAHOBUMCSI Ha BOIIPOCAX CO3JIa-
HUSI YHHKAJIBHBIX IIPOIIECCOPHBIX YCTPOICTB,
KOTZIa pa3pabOTINK UMeeT BCe BO3MOKHOCTH
171 BBIOOPA apXHUTEKTYPBI, CHCTEeMBI KOMAH][,
1 IIPOYMX XapaKTePUCTHK IPOEKTUPYEMOTO yCT-
poricTBa. PeanbHO 111 9TO, M CaMoe TJIABHOE,
MIPUMEHHMO JIX 32 IIpeJieJIaMHU «HAaYJIHOTO MH-
Tepeca»? KcraTh, X04eTcsl HAIOMHHUTD, KaK
B Poccuu (mpuyaem co sBpemer CCCP) HaunHa-
JI0Ch MaccoBoe UcroIb3oBanme OBM. Peus uper
AMEHHO O PaJHOTIOOUTeNbCKON MPAaKTHKe
7 TOM IepeJioMe B CO3HAHUHU HH>KEHePOB, KOT-
Zla CTaJIo IIOHATHO, YTO KOMIIBIOTEP BIIOJIHE pe-
aJBHBII HHCTPYMEHT, CIIOCOOHBII He TOIBKO
IIOMOTaTh B IIpOIlecce IPOeKTHPOBAHUS,
HO ¥ 3aMeHATh COO0H IIedaTHBIE IIIAThI, COCTOS-
II1e U3 TPUITEPOB, CICTINKOB, AemnppaTo-
POB U TporX IUGPOBLIX y310B. Hembast He co-
DJIACHTBCS, ITO IPHMeHeHIe MIKPOIIPOLIeCCOp-
HOI TEXHHKH Pe3KO COKPAaTIWIO U (PUHAHCOBEIE,
7 BpeMeHHBIe 3aTPaThl Ha Pa3pabOTKy CIOXK-
HBIX cucTeM. Ecin mpesxne 1y BHeCeHUsS 13-
MeHeHU ObLI0 He06X0AUMO HepepaboTaTh
IPUHIMIHATIBHYIO 3JIeKTPHYECKYIO CXeMY, CO-
31aTh II€YaTHYIO IIIATY, BBIITOTHUTH MOHTaXK
1 HaJIaIKy, ¥ TOJIBKO IIOTOM IIPHCTYIIATh K Te-
CTHPOBAHUIO HOBOTO aJITOPUTMA, TO HCIIOIb-
30BaHHe IPOIeCCOPHOI CHCTEMBI IIO03BOJISIIO
HOOUTHCS aHAJIOTMYHBIX Pe3YJIbTATOB IIPO-
CTOY IEPEKOMITMIIAIIMEN YIIPaBIIAIOIIEN IIPO-
rpamMMbl. [IprdeM K JaHHOMY IepUOAY OBUIN
BIIOJIHE IPIMEHIMBI apIyMEHTHI THIIA: <KOM-
IOBIOTEpP CIHIIKOM CJIOKHOE YCTPOHCTBOY,
«pa3paboTKa IPOrpaMMBI TOCTYIIHA TOJBKO
npodeccnoHanaM», «OTJIAAUTh IPOTPAMMY
He IIPOIIle, YeM YBHIETb OMINOKY B JJIeKTpUde-
CcKoil cxeme» u Ipodee. OfHAKO HA CETOHSIII-
HUII IeHb CaMble Pa3Hble MUKPOKOHTPOJIIEPHI
IIPOYHO BOIILIH B HH)KEHEPHYIO IIPAKTHKY, a UX
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OCBOEHHE He IPEJICTABIIAETCA YeM-TO Ipe3Mep-
HO CJIOKHBIM.

B cBsI37 ¢ 9THM XOTeJIOCh GBI 3a1aTh ellle He-
CKOJIbKO OTBJIE4eHHBIX BOIIPOocoB. ComocraBu-
MBI JIi1 Xapakrepuctuka O9BM PK-86 ¢ sapy6ex-
HBIMU aHAJOTaMH, BHIIIOJTHEHHBIMHY Ha Oa3e
mporeccopa i8080? [IpeBocxonnnm u poccHii-
CKHe Spectrum-coBMeCTUMBbIe KOMIIBIOTEPDI
opurnHanpHEIH ZX-Spectrum? Jlymaercs,
BO BPeMeHa IOsABJIeHNs BCeX TepedrCIeHHbIX
YCTPOMCTB TaKue BOIPOCHI BO3ZHUKAIH JaJIEKO
He B IIepBYI0 odepefb. M ropasno 6osee Baxk-
HBIM SIBJISIETCS] BKJIAJI, BHECEHHBI B OOIIYIO KO-
IHJIKY MHKeHePHBIX KalpoB O1arofaps Tomy,
4TO MHOTHUE Pa3pabOTINKYU KOT/[a-TO H3TOTOBH-
JIM ¥ OTJIAJYUIH COOCTBEHHBIH Specrtum-coBMe-
CTHMBIII KOMIIBIOTEp U B GOJIBIIEH MJIH MEHb~
IIIei CTelleH! U3YYHIN U IPOrPaMMUPOBaHUE,
1 CXeMOTEXHHKY CHCTeM Ha 6ase MUKPOIPOI[ec-
COpoB. B KOHIIe KOHIIOB, peYb He O TOM, Ha-
CKOJIBKO 3D PeKTHBHBIMU OBLIH BBIIIOIHSIEMbIE
IIOBCEMECTHO Pa3paboTKH, HAMHOTO IIeHHee
MHUIUIPOBAHUE IIPOIeCCa U3yYeHH MUKPO-
IIPOL[ECCOPHBIX CHCTEM «CHU3Y». TOYHO TaK ke
qyTh MO3XKe, ¢ mepexogom IBM PC B paspsn
00BI9HOI foMalHeir DBM, mosBUINCh IpO-
IPaMMUCTHI, IIOJTyYaBIIe HaYaJbHbIe 3HAHUS
camocTosTesbHO. Clle[0BaTeIbHO, MOXKHO OBI-
JIO PACCYUTBIBATH HA TO, YTO ITOCTYIAIONIAI
Ha paboTy COTPYIHHK He CTaHEeT TPATUTb Bpe-
MsI Ha 0CBOeHHe a30B. M IIaBHOe, 6071bIIOe KO-
JIMYeCTBO NHUITATUBHBIX HCCIEOBAHHIM, CTY -
IeHYeCKUX NPOEKTOB H IIPOYMX Pa3paboToK,
BBIIIOJTHAEMBIX MacCOBO, HECOMHEHHO CII0CO6-
cTBYeT GOPMHUPOBAHHIO TOU «IIUTATEIBHOM Cpe-
IbI», O1arofiapst KOTOPOl POKAAIOTCS MO-Ha-
crosteMy 9¢deKTHBHbIe TeXHHIeCKUe perre-
Hus. [ToaToMy 6e3 NOsIBIeHHs aHATOTHIHOM
«ITUTAaTEIBHOM Cpefbl» (TOIBKO YKe B OTHOIIIe-
HUH COPT-TIPOIIeccOpoB) 06cy)naTh addex-
THBHOCTb YI€OHBIX IIPOCKTOB BPSL JIL HMeeT
cMBICIL Llesp my6iKanuii, monoOHBIX 9TOM, 3a-
KJII09aeTCsl IMEeHHO B POPMUPOBAHUY IIPef-
CTaBJIeHHI 0 codT-IpoIleccopax BoobIIe,
U TOJIBKO IIOTOM B IIPEJIJIOKeHIH IPaKTHIec-
KHUX pelIeHn.

Kpome Bcero mpodero, IpencTapieHus 06 ap-
XUTEKTYpPax IPOIIeCCOPOB M IPAKTUIECKUE Ha~
BBIKH UX IIPOEKTHPOBAHIS IOMOTAIOT POPMU-
POBaTh KPYT pa3pabOTIHKOB, CIIOCOOHBIX 3aHU~
MaTbhCs He TOJBKO CO3JaHHEM IIPOILEeCCOPOB
Ha 6a3e [TJIVIC, HO ¥ IpOEKTHPOBAHUEM ITPOLIEC-
COPOB KaK TaKoBBIX. [Ipo6yst pasiIuIHbIe apXu-
TEKTYPBI U TeXHUYECKHE PeIleHHs], UCIONb3Ys
CTOJIb YIOOHBIII HHCTPYMEHT, KaK IIPOrpaMMU-
pyeMas armapartHas IIaT$opMa, CIeIHAIHCThI
HOJIyJaT HeoOXOAUMBble 6a30Bble HABBIKH, KOTO-
pble BIIOCJECTBUM OKaKyTCS HOJIE3HBIMU IPI
BBITIOJIHEHUH IIPOEKTOB ITPOI[ECCOPHBIX U KOH-
TPOJUIEPHBIX YCTPOMCTB C alllIaPATHBIMU COEJIU -
HEHUAMH. B paMKax opraHu3aIiy 9To 03HAYAET,
4TO HAJIMIHE Y Pa3pabOTINKOB OOLINX IPENCTaB-
JIEHHTI O BO3MOKHOCTSIX IIPOrPAMMHPYeMOH dJ1e-
MEHTHOU 6a3bI II03BOJIUT MM BBIIIOJIHSATH Peasb-
Hble IIPOEKTHI, XOPOIIIO HOHMMAas BCE BBITOJIbI
cO(T-IIPOIIECCOPOB X UCTIONB3YSI OIIBIT OTHOTO

KOMMOHEHTbI U TEXHOJIOTUN « Ne 2 2006




80

KOMMNOHEHTbI

U3 IPEAbIIYIINX IPOEKTOB, BHIIIOTHEHHBIX IIPU
OCBOEHMH JJAHHOH TEXHOJIOTHH.

Hrak, pe3atloMupys, MOKHO OTMETUTD, YTO
nporeccops! B I[IJIMC He TONBKO HHTEpeCHOE
X000 1 BO3MOKHOCTH NPHOOIIEHHS K MUPY
Pa3pabOTINKOB MUKPOIIPOI[ECCOPHBIX CHCTEM.
Brajlenne HaBBIKAMH IPOEKTUPOBAHUA IIPO-
meccopos popMupyeT XOpOILINIi 3afen Ha Oy-
Iyliee, KOTJa paHee BBIIOJTHEHHBIE YIeOHbIe
IIPOEKTBI HEOKU/IAHHO HAXOAT IIPAKTUIECKOe
npumeHeHne. K Tomy ske B poccHiiCKuX ycI1o-
BHSIX TPOEKTHpOBaHue mporeccopos B [1JINC
IIPEICTABIIAETCS OYeHb EePCIEKTUBHBIM B ILIa-
He Pa3BUTHSI OTEUeCTBEHHOM 9JIeMEHTHON 6a3bl.
JleficTBUTENILHO, IPK 3aTPATaX, HA IOPAAKA
MEHBIIINX [10 CPABHEHHIO C 3aTPaTaMy Ha CO3/Ia-
HHe TeXHOJIOTUYECKHX JINHUM J1JI51 BBIITYCKa MU~
KPOCXeM, POCCUIICKHE CTYIEHTHI 1 HHKeHepBbI
IIOJTY4al0T BO3ZMOKHOCTD U3YYUTh METONUKI
IIPOEKTUPOBAHHS IIPOIECCOPOB 1 ONIPO6OBATH
Ha IPAKTUKe CBOU UJIen. ByIyT JI 9TU IIPOeKTHI
PeaJII30BaHBbI B IPOMBIIIUIEHHBIX MacIITa0ax?
BeposTHO, OIaBJIsIIoIee GONBITHHCTBO He Oy~
JIeT OCYIIECTBJIEHO, HO BePHEMCsI K IIPOrPaMMHU-
posanmio aist IBM PC. MimerHO MaccoBoe pac-
IIPOCTPaHeHUE ITUX KOMIIBIOTEPOB M METONUK
IIPOrpaMMHUPOBAHH IJISl HUX B O4€Hb OOJIBIIION
CTEIIeHH CIIOCOOCTBOBAJIO TOMY B3PBIBHOMY POC-
Ty #HQOPMAIIMOHHBIX TeXHOJIOTHI, KOTOPBII
Ha0JIoaeTcst ceronHs. AHaJIOTHIHO, popMupo-
BaHNE «IIATATeTbHON CPeJibl» U3 IPOCTHIX H 110~
HATHBIX METOJIMK HPOEKTHPOBAHNUS HECIOKHBIX
IIPOLIECCOPHBIX YCTPONCTB MOMOKET IHPOKO-
MY KpYTy pa3paOOTIUKOB LIIy6yKe IIOHATD IIPO-
671eMbl, BOSHHKAIOIIHE Y KOHCTPYKTOPOB Mac-
COBO BBIITYCKaeMBbIX ITPOIIECCOPOB, & BO3MOKHO,
U TIPEJJIOKUTD T10JIe3HbIe ApXUTEKTYPHBIE U CXe-
MOTeXHIYECKHE PellleHHs.

MJIUC kak annapaTHas OCHOBa
Ansa codT-npoLeccopos

Wrtak, mouemy xe umenHo [TJIMC npenmara-
I0TCSL B Ka4eCTBe aNapaTHo I1aT(opMbl Jist
CO3/1aHMsI KOH(MUTYPUPYEMBIX IIPOIECCOPOB?
B 061mux yeprax MOXKHO OTBETHTH TaK: IIOTOMY
gT0 nMeHHO [1JIMC no3BoJsIoT MOTyIuTh Ma-
KeTHBIIl BapuaHT LHUPPOBOTO YCTPOICTBA
B KpaTJalIIne CPOKH U C BO3MOKHOCTBIO HEO-
IPaHIYEHHOTO BHECEHNUSI U3MEHEHNUIT 6e3 3aTpar
MaTepUaAJIOB WIN KOMIUIEKTYIOIINX. B koHed-
HOM HTOTe IIPOIecC IIPOeKTHPOBAHNS IIPOIIeC-
copa Ha 6aze ITJIVIC oueHb HalIOMUHAET pa3pa-
60TKy 1porpaMmbl. Eciii TOBOPUTH O IOJIHOM
IepeyHe IpOrpaMMHOTIO | aIIlapaTHOro obec-
TIeYeHUsT, HEOOXOIUMOTO [IJIsI IIOJTyYeHUS MaKeT-
HOTO BapMaHTA, TO CETONHS OH He IMpeycMar-
pUBaeT CYIIeCTBEHHBIX 3aTPaT U COCTOUT M3 CTIe-
TYIOIINX ITyHKTOB!

o [IJITMC wim makeTHas ruiata Ha 6aze [TJINC;
e CAIIP IUINC, noanepKuBaroIasi BBIOpaH-

HYIO MHKPOCXEMY;
® IIPOTpaMMaTop.

CBezieHusI 0 IOCTYITHOCTH IepedrCIIeHHbIX YCT-
POJICTB U IIPOrPaMMHOT0 0OeCIIedeH s 11 06~
CTBA U HAIJISTHOCTH IPKBeJeHbI B Tabmue 1.

namc

Tab6nuua 1. AnnaparHble # NPOrpaMMHbIE HHCTPYMEHTbI
LN peann3aLmk cotT-npoLeccopa

Craprosbiit Habop

- Spartan-3 Cyclone-Il
Ha base cemelictea MN/IMC ; ;
HAYA/IBHOTO YPOBHA Starter Kit Starter Kit
CAMP Manuc ISE Webpack Quartus Web Edition
Mporpammarop Parallel Cable Ill ByteBlaster

B aroii TabuIIe IPHBEEHBI CBEIEHNUS, OTHO-
csAImyecs K IBYM BeyIIUM IPOU3BOMUTEILIM
IVINC. Tot dakTt, 4T0 OCHOBHASI 9aCTh PIHKA
HOYTHU IOPOBHY (1mpuMepHO 50% y Xilinx 1 35%
y Altera) moziesieHa MeXy IBYMs1 KOMIIAHUSMI,
BBIITY CKAIOLITMMH IIPUOIU3UTETBHO aHATOTHY-
HYIO IIPOJYKI[HIO, 6JIarONPUATHO CKa3bIBACTCS
Ha HX IIeHOBOY ITOJIATHKE 1 OTHOLIEHHIO K IIpe-
nocrapieHnio CAITP 1 moxpo6HOI TeXHIIeC-
KOII JOKyMeHTanuu. VI3 mpuBeeHHOTro B Ta6-
nume 1 crucka Heo6XoIuMOTro 060pyIOBaHNUS
u ITO dakTuIecKn TOIBKO IepBasi CTPOKA BIIe-
JeT CKOJIbKO-HUOYIb CyILIeCTBeHHbIe (PMHAHCO-
BbIe 3aTparhl. O6e hrpMbI OeCIUIATHO IIPeoCTaB-
ot Bepcuio CAITP ¢ orpaHmdeHnsIMH 110 J10-
rirgeckomy o6bemy [TJIHIC (He monep>KuBatoTCst
[TJIMC, eMKOCTB KOTOPBIX HCIHUCIIAETCS] MIUIHO-
HaMU JIOTHYeCKUX BEHTUIEN, @ CTOMMOCTb — COT-
HSAMH I0JUIapoB). Jl0CTaTOYHO IIPOCTO COOMpPa-
I0TCS M TIporpaMmaropsl. B cirygae Xilinx motpe-
OyroTcs 1Be MUKpocxeMbl 74125 (555JIT18),
a mporpammatop ¢upmsr Altera cobupaercst
Ha OJTHOI MUKpocxeMe 74244 (555ATI15). Co6-
crBeHHO, [TJINIC MOXXHO IPHOGPECTH U OTHENb-
HO, IIPUYEM €€ CTOUMOCTb COCTaBUT $10-15
(Spartan-3 myst dupmst Xilinx u Cyclone-1I st
Altera). Crenryer 106aBUTb, YTO B COCTAB CTapTO-
BBIX HAOOPOB (starter Kit) BXOZUT Bce mepednc-
JeHHOe B Tabyume. [y Hadana paboTsl, TAKAM
006pa3oM, OKa3bIBAETCS JOCTATOYHBIM HaiiTi PC
co cBo6oHBIM pazbeMoM LPT 1 onepanioHHO#M
cucremoit Windows XP. [laske 17151 paguono6u-
TeJIell TaKye HabOPBI BIIOJIHE NOCTYITHBI — UX Iie-
Ha cocTasisteT okoo $130-150. Pasymeercst, po-
eKTUPOBaHUe IIPOIIECCOPOB IAeKO He eIUHCT-
BEeHHasI 3aJ1ada, KOTOPask MOJKET OBITh pellleHa
C UX IIOMOIIBIO.

ITpuBenieHHBIE B TaOJIHIIE CBEIEHISI OTHOCSTCS
K IIPOAYKIIMH IBYX CaMbIX H3BECTHBIX IIPOM3BO-
mutenet [IVIMC, ogaako He ciremyeT TyMarTh, ITO
TOJIBKO 9TH YCTPOICTBA MOTYT OBITh HCIIOIB30~
BaHBl IS Pa3paboOTKH COT-IIPOIECCOPOB.
I1pu opHeHTaUN Ha COBPEMEHHBIE SI3BIKU OIIU-
CaHU AIIIapaTyPhI BIIOJIHE BO3MOYKHO CO3aBaTh
IPOEKTEL, IePeHOCHMBbIe KaK MEKIY CeMeliCTBa-
mu TTJTC onroit dupMsl, Tak u Mexxay TITTHC
pasimHbIX GupM. I109TOMY BEIGOD 9JIeMeHTHO
6a3bI — BOIIPOC JIMIHBIX IIPEIIOYTeHII KaXK 0~
To pa3paboTIMKA. Pas/nius B apXUTeKType 1 BO3-
moxHocTsix [VIMC Xilinx 1 Altera Hecy1mecTBeH-
HbI Ha YPOBHE 3BIKOB OIIMCAHNU alIIapaTyphl,
a Ha IIPAKTHKe OKA3bIBACTCSI BO3MOKHBIM ITOJI0-
6paTh apXUTEKTYPHOE pellleHHe, XOPOIIIO COOT-
BETCTBYIOII[ee UCIIONIb3yeMoil MuKpocxeMe. [Tpu-
MepBl, IIPUBeIeHHbIE B IAHHON CTaThe, BBITIOIHE-
HbI Ha 6ase Spartan-3 Starter Kit pupmer Xilinx.

Mpoueccop c TOUKK 3peHUs TeEOPUH

Pazsurtue mporeccopos 1 repexos KOMIbIO-
Tepa B pasps/| JOMaIlHeld TeXHUKU IIPUBeIN
K TOMY, 9TO C TepPMUHOM «IIPOIIECCOP» TACTO
ACCOLUHPYIOTCS MOHATUS U3 00IaCTH COBpe-
MEHHBIX BEICOKOIIPOU3BOIUTENBHBIX IIPOIIeC-
COpoB ¢ X86-apxuTeKTypoil. B MmaccoBom mpep-
CTaBJIEHUHU 9aCTOTA IIPOLECCOPa MOJLKHA U3Me-
pAThCA rUrarepuaMu, oObeM ampecyeMoi
IaMSATH — rUrabaifTaMy, a caMa apXuTeKTypa
JI0JDKHA OBITh KaK MUHUMYM CYTIepCKaJIsIpHO,
HoJIep KUBalolIeil out-of -order-BoInoaHeHHE
KOMaH]I, MHOTOYPOBHEBBII K3111, IPe/ICKa3aHie
IIePeXOJIOB M IIpo4ne aTpuOyThI (pIarMaHCKUX
U3[eJIHIl MEPOBBIX JIUIEPOB B 00JIACTH pa3pa-
60TK; IIporeccopoB. Pasymeercsi, BO3MOXKHOC-
T [IJIMIC B 3TOM TUIaHe TOCTaTOYHO CKPOMHEI,
XOTs1 HeOOXOJIIMO HMeTh B BUJY, 4TO BCe Iepe-
YHCJIEHHOE BBIIIIE COBEPIIEHHO He 00513aTeIbHO
JIOJKHO TIPUCYTCTBOBATH B YCTPOMCTBE, KOTO-
poe popMaIbHO MOJKET Ha3bIBATHCS IIPOLECCO-
pom. Boitee Toro, mporpamMmupyemast Iatgop-
Ma caMa Io cebe IpeNIIoaraeT UCIONIb30BaHHe
HECKOJIbKO MHBIX METOJUK ITPOEKTHPOBAHUS
110 cpaBHeHuIo ¢ ASIC, a T0TOMy 6OJIBIINHCTBO
HOHATUH U3 MUpa X86 Ha IIePBOHAYAILHOM 3Ta-
I1e OKayKyTCS JINITHUMU.

B momysspHOIl TeXHHYECKOH JuTepaType
OYeHb YaCTO MOKHO BCTPETHTb PUCYHKH, H30-
6paskaloliye CTPYKTypy Iporeccopa. BHyTpu
IIpOIIeccopa IOMEIIAIOT S PETUCTPBI, aprdMe-
THKO-JIOTIYecKoe ycTpoiicTBo (AJIY), KoHTpOII-
JIephl TaMATH U NepHePUITHBIX YCTPOCTB, He-
KOe aOCTPAaKTHOE «YCTPOICTBO YIPABICHHSD. ..
1 Ha 9TOM IlepedeHb, B 00IIeM-TO, 3aKaHIUBA~
ercs. Taxkoe u3JoyKeHNe SBJIAETCA BIIOTHE JOCTa-
TOYHBIM JIJI1 O3HAKOMJIEHUS I10JIb30BaTeNIel
C BHYTPEHHHM YCTPOHMCTBOM KOMIIBIOTEDA,
HO COBEpIIEHHO He JIAeT IPeJICTaBIECHNS O TOM,
KaKHe IPOLECCHI TPOUCXONIAT BHYTPH, KaK HIMEH-
HO B3aHMOZIECTBYIOT MeXKIy COOOI y3IIbI IPO-
Ieccopa, ¥ HaKOHell, Kak He0OXOIUMO IIPHCTY~
IIaTh K €0 IPOEKTHPOBAHMIO?

1151 TIOSICHEH U METOIOJIOTUH ITPOEKTUPOBA-
HUS IPOIeCCOPOB HEOOXOAMMO 0OPATHThCS
¢ abcTpaKTHON Mogesl — MarnuHe ThIopHHTa.
XoT4 9Ta MalllMHA B YUCTOM BHUJIe HE MOKET
GBITH peal30BaHa, OHA SIBILIETCS TeOPETHIec-
KOIT OCHOBOH JIJIs1 BBIIIOJTHEH! S BCEX U3BECTHBIX
B HacCTosIIIIee BpeMs airopuTMoB. B ocHose Ma-
mHbl Thropunra (puc. 1) 1exuT 6eckoHeqHas
JIEHTA, Ha KOTOPOH 3aIIMCaHbI CUMBOJIBL, U YKa-
3aTesb, CIOCOOHBIN MepeMelaThCs 110 JIeHTe.
Ha Ka’>k1oM I1are paboThI MOKHO IIPOCMOTPETh
CHUMBOJI, HAXOJIAIIMIICS TI0] yKa3aTesieM, 3aMe-
HHTB €ro [PYTUM CUMBOJIOM, a TAKKe IlepeMe-
CTUTH yKa3aTeJb Ha HOBoe MecTo. [lepedeHn
IIpeAIoIaraeMbIX IEMCTBUIA Ha II€PBBII B3TJIAN
BBLITJISAIUT NOBOJIBHO OTPaHMYEHHBIM, HO BCe
MHOT0006pasue olepanuil ¢ TaHHBIMHI CKPBIBa-
eTCsI 32 TEPMUHAMH «3aMEHUTb CHMBOJI» U «IIe-
PeMecTuTh yKasaTenby. [ IpaBria 3aMeHEI 1 Iiepe-
MeIl[eHHs, 10 GONBIIOMY CUeTy, He peria-
MEHTHPOBAHBI, I09TOMY JTI00bIe OIlepanum,
peausyemble [UPPOBOIL JIOTHUKOM, He IIPOTH-
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BOpEYAT TAKOI MOMIENIH. B efiCTBUTENIBHOCTH,
BCE CYIIECTBYIOLIIE IPOLECCOPBI TAK WIIH IHA-
e IPUOIIIKAITCA K MatuHe ThlopHHTra, 110-
CKOJIBKY afipecyeMasi IMH IaMsITh MOKET pac-
CMaTpUBATHCS KAK (pparMeHT GeCKOHeTHO JIeH-
TBI C CUMBOJIaMH, @ C MIOMOIIBI0 CHCTEMBI
KOMAH]JI BBIPaXKAIOTCSL T€ IPABIIIA, 10 KOTOPBIM
OfIH CHMBOJI 3aMeHsIeTCsl IpyTuM. Brpodem,
3/1eCh eCTb ¥ CBOM TOHKOCTH. Hampumep, ¢ yka-
3areseM B MalIrHe ThIOPHHIa MOKET OBITH CO-
[IOCTABIIEH TOT PETUCTP, HOCPENCTBOM KOTOPO-
O afIPeCyIOTCSI TAHHbIE BO BHEIIHEH MaMSTH
(mo xpaiiHeil Mepe, TaK [OJUKHO CJIELOBATH
U3 IpeJICTaBIeHHOM Mofent). [Ipomeccopst Mo-
TyT MMeTh HeCKOJIBKO TAKHX yKasaTelleil Ha JJaH-
HbIE, 3aTO YHHKAJIbHBIM PETHCTPOM-yKa3aTe-
JIeM SIBJISIETCSI CIeTIMK KOMAH]I, He OTPasKeH-
HBI B abcTpakTHOI Mogenu. Ero moseneHme
KaK pa3 OYeHb II0X0JKe Ha [OBEeJIeHIe yKasare-
1151 B MatuHe ThIOPHHTa, IOCKOJIBKY B XOJIe BbI-
HOJIHEHUS] KOMAH[ OH CIIOCOGEH ITepeXOIuTh
K IIPOM3BOJIBHOMY a/Jpecy IPOTrPaMMBI, HO yKa-
3BIBAeT He Ha CUMBOJIBI JICHTHI (IaHHbIE B IIa-
MSITH), @ Ha BBIITIOJIHSEMYI0 KoMaHy. YeM BbI-
3BaHA [OJ00HAs ITy TAHUI[A, CTAHOBHTCS IIOHSIT-
HBIM, €CJIH y9eCTb, 9TO [IepeMeIaTh yKasaTelb
B a6CTPAKTHOI MAlIMHE MOXET U Ye0BeK
(ITO TeM IIpaBHIIaM, KOTOPBIE OH «XPAHUT» B TO-
JIOBE), a BOT BCe HEFICTBIS IPOLIeCCOpa JOJKHBIL
6bITh r71e-T0 3a(hUKCHPOBAHBL. B KOHEITHOM HTO-
Te OKa3bIBAETCsl, ITO MOJKHO HCIIOIB30BATD /IBE
«JIEHTBI C CAIMBOJIAMIU»: OJJHA XPaHUT 00pabaThI-
BaeMble IaHHBIE, a APYTasi — «YIPaBILIOLIIE
CHMBOJIBI», TO €CTh KOMaHJ[bI Iporieccopa. B mu-
KPOIIPOILIECCOPHOI TEXHHUKE TAKOE PasJInIre 3a-
(bukcHpOBaHO SIBHO: (hOH-HEHMAHOBCKAs APXHU-
TEKTypa [PEIII0JIaraeT XpaHeH e KOMAH]I I JJaH-
HBIX B OOIIeM aJpecHOM IIPOCTPAHCTBE
(ZpyruMu clroBaMu, «Ha OIHOIL JIEHTe» ), a Tap-
BapJICKast apXUTEKTypPa PasfiessieT yCTPOHCTBa
XpaHeHHs! KOMaHJl U JaHHBIX. B mociemyrormux
9ACTSIX CTaThH OY/IET TOKA3aHO, KK C IOMOIIIBIO
SIBHOTO Pa3fIeJIeHIsI alpeCHBIX IPOCTPAHCTB
MOJKHO HOBBICHTb IIPOU3BOLUTEIBHOCTD IIPO-
Ieccopa.

PeannaoBathb IIpoIeccop MPoLIe BCEro ¢ Ho-
MOIIIBIO TaK HA3bIBAEMOTO KOHEIHOTO aBTOMaA-
ta (KA). B aHIII0SI3BIMHOI JTHTEpATyPe UCIIONb-
3yercst TepmuH finite state machine (FSM).
ITox KOHEYHBIM aBTOMATOM IIOJPA3yMeBaCTCSI
YCTPOICTBO, COCTOSIHIE KOTOPOTO MOXKET OBITh
OJIHO3HAYHO OIMCAHO HEKMM HaGopoM Iepe-
MeHHBIX. Ha KaykioM aj1eMeHTapHOM Iare CBO-
eit pa6orsr KA mepexonut B HOBOe COCTOSIHHE,

MNpocmatpuBaembii cumson

IHEENEEEENN

MpocmoTtp
cuMBONa

3ameHa
cuMBONa

<>
I'IepeMeLu.eHue yKasatens

Puc. 1. MawwuHa Tbioputra

nanc

3aBHCsIIee OT BHELTHUX CUTHATIOB (Bcerna)
1 OT ero HpefbIAYIero COCTOSIHU (B crydae
TaK Ha3bIBaeMoro aBromara Munn). Vimenuo
9Ta MOC/IEHsIST Pa3HOBUIHOCTD aBTOMATA HPefi-
cTaBJsieT 0cOObIil HHTEPeC B KOHTEKCTE Pac-
cMaTpuBaeMoro Bompoca. [IpegcraBum, 4to
IIPOIIECCOP BBIMOJIHSET OMEPAINI0 HHKPEMEH-
Ta OJHOTO U3 PErucTpoB. B Kakoe cocTosHIe
OH IPHJET I10CJIe BBIIOMHeHUs? O4eBUIHBII
OTBET: PETUCTP YBEIUIUTCS HA eJUHALLY OTHO-
CUTEJIBHO CBOETO IPEebIAYIIEro COCTOSHUSL.
CienoBaTeIbHO, IS Y CIEITHOTO BBIIOTHEHUSI
OIlepaluyi HHKPEeMEHTa TPeOyeTcst 3HATh IIpe-
IBIAYIIIee COCTOSIHIE HHKPEMEHTHPYEMOTO pe-
rucrpa (B Haubosee 00IIIeM CITydae — BCeX pe-
ructpos). TakuM 06pa3om, IJIsI BHIIIOTHEHUS
OCIeI0BATEIbHOCTH KOMAH]I IIPOIIECCOp HOJ-
JKEH OPTaHH30BaTh PETUCTPBI HAIIOKO6UeE TIepe-
MEHHBIX B SI3bIKaX IIporpaMmuposanust. Torna
B IIPOI[ecce MCIOTHEHUSI KaXK[0H KOMAHIBI Ka-
KHe-TO PEruCTPBI U3MEHST CBOE COCTOSIHUE.

Ot KOHeuHoOro aBTomMara
K npoueccopy

PaccMoTpHM Ha KakKOM-JIHOO IIPOCTeHIIeM
IIpHEMepe OCIeN0BaTeIbHOCTh IIPOEKTHPOBAHIS
IIPOIIECCOPHOTO YCTPOICTBA. B KadecTBe Takoro
IIpHMepa MOKHO BBIOPATh YCTPOICTBO YIIPABJIe-
HU cBeToOopoM. DTO He MePerpy3uT U3JI0Ke-
HIYe U3/TUIITHAMY IeTaJSIME, OJHAKO TO3BOIHUT
HAIJIIIHO IPOWLTIOCTPUPOBATH BCE TAIIBI IIepe-
X0JIa OT KOHETHOTO aBTOMATa K IIPOIIeCCOpYy.

B 06m1ux depTax mopsnok pabotsl cBeTodo-
Pa BBIIJIATUT CJIEAYIOIIIM 06pa3oM.

1. BriioyeHNe KpaCHOTO CUTHAJIA.
2. Bxirouenne KeaToro CUrHaa.
3. BrIoueHue 3e/1eHOr0 CUTHAJIA, BBIKIIOUeHHe

KPacHOTO H JKeJITOTO.

4. MuraHue 3eJIeHOTO CHTHAJIA.
5. BKIIoUeHe JKeJITOT0 CUTHAJIA, BBIKIIOUeHH e
3€JICHOTO.

ITprBeeHHBII IOPSIIOK HepPeKTIOYeHH s CHT-
HAJIOB CBeTO(Opa IINPOKO U3BECTEH, H Ha IIep-
BBIi B3IVISI, IIOJTHOCTBIO KOPPeKTeH. MOYKHO BBI-
IeIHUTD TIepeMeHHBIe COCTOSIHUS, YIIPaBIeHUS
KOTOPBIMHU OKa)KETCSI JOCTATOUHO IS peajnsa-
I[IM IPOU3BOJIBHOTO IIOPSIIKA HePeKIIOYeHUS
curHaioB. K TaKuM IepeMeHHBIM OUeBHIHO OT-
HOCSITCSI ONHOOHUTHBIE CHTHAJIBI, YIIPaBJISIOIIIe
3a)KUTAaHUEM COOTBETCTBYIOIHX CUTHAJIOB CBe-
todopa. O6o3HaIMM ux Kak red, yellow, green.
MO’KHO TOCTaTOYHO IPOCTO MEPEIHCATh AJIr0-
PUTM IePeKII0UeHHs CUTHAJIOB C HCIIOIb30Ba-
HHeM OIIepaTOpPOB IIPUCBANBaHUS STUM IIepe-
MeHHBIM 3HaueHu:t 0 ¥ 1, OHaKO C TOYKHU 3pe-
Hs1 [U(POBOIL CXeMOTEXHHKH, IAHHBII ITOIXO]
COZIEP>KHT CYIIeCTBEHHBIN HeOCTaTOK. JleficT-
BHUTEJIBHO, PACCMATPHBAs AITOPUTM, COTeprKa-
LM cTpoku Bupa red=1 yellow=1 He TpynHO 3a-
METHTb, 4TO TaKasl 3aIIUCh He COIePKUT HHPOP-
Malud O BPEMEHHBIX HHTEPBATAX MEXKIY
OT/eJIbHBIMY NePeKIIOYeHHSIMU CUTHAJIOB. boree
TOT0, YCTPOYCTBO, OIICAHHOE IIOIOOHBIM 00pa-
30M, HeJb3sl PeaIN30BaTh C HCIIOJIb30BAHUEM
TOJIBKO ACHHXPOHHOI JIOTHKH.
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Tabnuua 2. Mopsaok H3MEHEHHS NEPEMEHHBIX COCTORHHS
KOHEYHOro aBToMaTa

0-10 1 0 0
1-12 1 1 0
13—19 0 0 1
20 0 0 0
21 0 0 1
22 0 0 0
23-24 0 1 0

It obecriedeHust TpeGyeMbIX BpeMEHHbIX HH-
TepBaJIOB HEOOXONIMO Pa36UTh IOCITEIOBATE b~
HOCTb paboTsI cBeTo(opa Ha OTHEIbHBIE IITATH
1 BBECTH JIOTIOJTHUTEIbHYIO IEPEMEHHYIO COCTO-
SHUSL, OIIPeeNIONTyI0 HoMep Iara. O603HaquM
ee Kak st (0T cyoBa «state» — cocrostaue). Torna,
C Y9€TOM COOTHOILEHHMS JUTUTEIbHOCTEH OT/eNb-
HBIX PeKIMOB PaboTHI cBeTO(OPaA, OIpeIeTuM
HOPSIOK pabOTHI, KaK YKa3aHo B TabiuIe 2.

OG6patuTe BHUMAaHUe, YTO B TAOJIAIIE OTCYTCT-
BYeT TaKOe COCTOSTHIIE, KaK «3eJIeHBII MUTAIOIITHI».
Bmecro aTOT0 MHTaHMe 3€1€eHOT0 CUTHAJIA OTIpe-
TIeIEHO KaK TI0C/IeloBaTeIbHasl CMEHa COCTOSHUIM
«BKJTIOYEHO» U «BBIKJIIOYEHO». AJIbTEPHATUBOM
ABJIAETCA BBENEHNE TIEPEMEHHOM COCTOSAHUS I
3€JIEHOTO CHTHAJIa, CIIOCOOHOI 0TOOPaykaTh COCTO~
SIHUSA «3€JIEHDII HE TOPUTY, «3€JIEHBIA TOPUTY, «3€-
JIEHBII MUTAeT», YTO HECKOJIBKO YCIIOKHSET aIlma-
PAaTHYIO peajn3aIiio KOHTPOJIIepa.

[ToryyenHas mocie0BaTeIbHOCTh CMEHBI CO-
CTOSTHMII TIEPEMEHHBIX JIETKO PEan3yeTCs B BU-
Iie KOHEIHOTro aBTOMaTa. IlepeMeHHOII-ceekTo-
POM ABJISIETCS HOMEP COCTOSHNSA $t, HA OCHOBE
KOTOPOTO peajuayeTcst olepaTop Beidopa. I1pu-
Mep peaau3alliu KOHeYHOro aBroMaTta Ha VHDL
IIPUBENIEH B CIEAYIOIIEM JIACTHHTE:

library TEEE;

use IEEE.STD_LOGIC_1164.ALL;

use IEEE.STD_LOGIC_ARITH.ALL;

use IEEE.STD_LOGIC_UNSIGNED.ALL;

entity svetofor is
Port ( clk : in std_logic;
red : out std_logic;
yellow : out std_logic;
green : out std_logic);
end svetofor;

architecture Behavioral of svetofor is
signal st : integer range 0 to 31;
begin

process(clk)
begin
if clk'event and clk="1" then
case st is
when0=> red<="1};
yellow <
green <=
st<=st+1;
when 11 => yellow <="1'; st <=st + I;
when 13 => red <=0’
yellow <
green <='1';
st<=st+1;
when 20 => green <="0'; st <= st + 1;
when 21 => green <="1; st <=st + 1;
when 22 => green <='0; st <= st + 1;
when 23 => yellow <="1;st<=st+ I;
when 24 => st <=1;
when others => st <= st + 1;
end case;
end if;
end process;

end Behavioral;
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IITa6;10H KOHEYHOTO aBTOMATA, OIICAHHBII
BBIIIIE, TOCTATOYHO YHUBEPCAJIeH U IIPUTOJeH
IV TIOCTPOEHNUS CaMBIX Pa3HOOOPA3HBIX YCT-
poricTB Ha ero ocHoBe. [TopsAoK IpoeKTHpoBa-
HUSA KOHEeYHOro aBToMarta Ha VHDL BeImIsanuTr
CIIeyIOIUM 06pa3oM:

1. Be16op mepeMeHHBIX cocTostHIS KA 1 pacripere-
JIeHHe ¥IX 110 IlepeMeHHBIM BHIa std_logic_vector
WU integer.

2. Ilepednciienne BO3MOKHBIX cocTossHUI KA
U IPHCBOEHUE UM HOMEPOB.

3. Onmcanue 11 KaKoro ua cocrostuuii KA sa-
PUAHTOB MOIU(UKAINY IIepeMeHHbIX COCTO-
AHUA U IIepexosia K HOBOMY COCTOSHHIO.
ITpu nono6uoM noaxoze HDL-omucanue Mo-

KeT OBIT CBEJICHO K eIMHCTBEHHOMY OIIepaTo-

PY case, BBHIIOJIHAIOIIEMY U3MEHEHHE COCTOs-

HHS1 10 PPOHTY TaKTOBOTO CUTHANA. BBUIY TO-

ro, 9To KA sIBJIsIeTcsl cTaHnapTHBIM HU(POBBIM

yaiom, cymecrsytommue CAITP TTJIC o6sraH0
00J1a/1al0T BO3MOKHOCTBIO OIITUMAIBLHOTO CIIO-
coba peal3a Uy TAKUX YCTPOHCTB.

Terepb paccMOTPUM IOPSITOK MOAUDHUKAIIUY
anroput™a paborsl KA. B mpuBeneHHOM IpH-
Mepe aKTyaJIbHBIM MOJKET SBJIATBCS, HAITPIMep,
u3MeHeHHe JUINTeIbHOCTU CBeYeHNUs OHOTO
u3 curaanos. Crieys OIMCaHHOMY HOPSAKY IIPO-
eKTHPOBAHU, HEOOXOIMMO CKOPPEKTHPOBATD
TaOJIHITY NIePeXOIOB MEKY COCTOSIHUSIMY, yBe-
JIMYUB KOJIMIECTBO COCTOSHUM, B KOTOPBIX 0TI~
JKeH 0CTaBaThCs aKTHBHBIM MHTEPEeCYIOIHil Hac
curHain (HarmpuMep, KpacHelil). B aToM ciydae
BCs1 TabJIMIIA JOJDKHA OBITh «CIBHHYTa» HA HYX-
HOoe yucio cocrostuuii, 1 HDL-omnmcanne koHeu-
HOTO aBTOMaTa OTPeJaKTHPOBAHO TaKUM 06pa-
30M, ITOOBI BCe MOCIENYIOIIe HePeKIIOUeHs
CUT'HAJIOB OCYIIECTBIIAINCH Ha N TaKTOB I1037Ke
(rme N — tpebyeMoe yBeInIeHUe [UIUTETbHOC-
TH CBEYeHHsI KPACHOTO CUrHaia). [Topsmok me-
PEKII0YeHNs OCTAIbHBIX CUTHAJIOB IIPH 9TOM
He U3MEHUTCS.

HecMoTps Ha IPOCTOTY TaHHOI KOPpeK-
I[UH, OHA, TeM He MeHee, HOTpebyeT H3MeHe-
Hus ucxonHoro Tekcra HDL-onucanus u Ho-
Bolt TpaHcisanuu npoekta B [TJIMC. Mamene-
HUsA annapatHoi yactu KA moryT B naHHOM
CTydae KOCHYThCSA, IPeXkK/e BCET0, N3MEHEHH
Pa3psHOCTH CYETYNKA COCTOSHUN (HAaIpH-
Mep, eCJIM 10CJIe BHECEHN I U3MEHEHH B JIUC-
THHT OyZleT HeJOCTATOYHO 5 Pa3psioB Iepe-
MEHHOI $t).

PaccMoTpuM ceMaHTHKY onepanuii, BBIIOJ-
HSEMBIX 110 OTIEIbHBIM IIepeX0jjaM BHYTPH IIPO-
extupyemoro KA. B mpuseneHHOM npumepe
BCTPEYAIOTCS CIIeAYIOLIHe omepalun (Tabm. 3).

Tab6nuua 3. MepeueHb onepauui,
BbINOJHSIEMbIX KOHEYHbIM aBTOMATOM

Bbikn0UHTb KpacHbIi curHan

1

2 BK/I04MTb KpacHbli cUrHan

3 yellow <="0" BbIK/IOYNTD XKENTbIN CUrHaN

4 yellow <= BkntounTb skenTbiit curHan

5 green <='0"; BbikOUNTb 3eneHbli cUrHan

6 green <="'1'; BkntounTb 3e/1eHbIM CUrHaN

7 st <=0; lMepexoa K HayanbHOMY COCTOSIHUIO

namc

Omepanus yBenudeHns HoMepa COCTOSHUSA

B TabJIHIIe He IIPUBE/IeHa, II0CKOJIBKY OHO IIPO-

HCXOIUT OTHOBPEMEHHO CO BCEMH OCTaIbHBIMU

olepanusaMy, 3a UCKTIOYeHHeM onepanun Ne 7,

P KOTOPOI HOMepP COCTOSHHSA NPUHYUTENb-

HO U3MeHSeTCsl Ha HadaIbHbIA. MoyKHO cop-

MYJIIPOBATh HOPSIOK padoTsl KA crremyromum

o6pasom. ITo kaxgoMy GPOHTY TAKTOBOTO CUT-

HaJla IIPOMCXONIUT:

1. Homep cocTOAHMA WU yBEeIMYUBAETCSH
Ha eIMHUILY, WM 3arPy/KaeTcss HeKOTOPBIM
(buKkcHpOBaHHBIM 3HAYCHHEM.

2. IIponcxonuT nu3aMeHeHMe IPOU3BOIBHOTO KO-
JIMYeCTBA ITePeMEHHBIX COCTOSHUSL.
Monudunupyem paspaboranusiit KA ra-

KHM 06pa3oM, 4TOOBI IlepeMeHHbIe COCTOSHI

U3MEHSINCh He B COOTBETCTBUHU C HOMEPOM

COCTOSIHUA St, @ IO HEKOTOPOMY BHEITHEMY

curHany cmd, KOGUPYIOLIeMy H3MeHeHNUe T1e-

PeMEeHHBIX COCTOSIHUS B COOTBETCTBHH C Ta6-

nunei. O4eBUIHO, ITO COLEPKIMOe TaGIHIIbI

IOJDKHO IIOCTYIIATh UL 06paboTKU OCTIeN0-

BaTeJIbHO, C KAJK/BIM HOBBIM TaKTOM. [l BBI-

6opa HOMepa CHI'HaJIa HeOOXOIHMO 3aBeCTH

elrje OJJMH PEruCTp — CYeTIUK KoMaHyl. B mu-

KPOIIPOIIECCOPHOU TeXHHKe BCTPEYAIOTCsI 060~

snagenust PC (Program Counter), a taxske IP

(Instruction Pointer). B nanHOM cirydae peus

UJIET O perucrpe, onuceiBaeMom Ha HDL, ube

UMsI MOKET OBITH HPaKTUIeCKH JTIOOBIM, 110~

9TOMY BOIIPOCHI BBIOOpa 0003HAYEHUS OCTaB-

JIeHBI HA YCMOTpeHue yuTarese. [Ipumem s

CYeTINKa afipeca 0603HadeHHUe ip, IPUBBITHOE

II0 OTIBITY UCIIOJIb30BAHHS IIPOIECCOPOB C ap-

XUTEKTypoil X86.

library IEEE;

use IEEE.STD_LOGIC_1164.ALL;

use IEEE.STD_LOGIC_ARITH.ALL;

use IEEE.STD_LOGIC_UNSIGNED.ALL;

entity svetofor_p is
Port ( clk : in std_logic;
cmd : in std_logic_vector(3 downto 0);
ip : inout std_logic_vector(7 downto 0);
red : out std_logic;
yellow : out std_logic;
green : out std_logic);
end svetofor_p;

architecture Behavioral of svetofor_p is
begin

process(clk)
begin
if clk'event and clk ="1" then
case conv_integer(cmd) is
when 0 =>ip<=ip +1;
when 1 =>red <="05ip<=ip+;
when2=>red<="15ip<=ip+1;
when 3 => yellow <="0; ip <=ip + 1;
when 4 => yellow <="1%;ip <=ip + I;
when 5 => green <='05ip <=ip + I;
when 6 => green <="15ip<=ip + I;
when 7 => ip <= conv_std_logic_vector(0, 8);
when others => ip <=ip + ;
end case;
end if;
end process;

end Behavioral;

CpaBHeHUE JIUCTUHIOB IO3BOJISET BBIIEIUTD
pasmmaus Mexxy Humu. IIpexie Bcero, BTopoit
JIMCTUHT He COZIeP/KUT ONUCAHUSA HOPAIKaA Ie-
PeX0J0B MeXKILy COCTOSHHUAMU, @ TOJIBKO OIIHU-

CBIBAeT CEMAHTHKY 9THX EePeXOI0B — H3MeHe-
HUe TIepeMeHHBIX cocTosTHU. OIHAKO I pa-
60TBI YCTPOCTBA, OIMCAHHOTO B HOBOM JIHIC-
THHTE, TPeOyeTCs BHEIITHUI MOJYJIb IAMSITH,
00ecIIeynBaroIIUi TOTOK KOMaH/I B COOTBETCT-
BHU C aHATN30M curHaina ip. Co3magum Takoi
MOJIYJb, YIUTEIBAS, YTO OH IOJIKEH IIPeJCTaB-
JSITH COO0Y ACHHXPOHHYIO ITAMSTb.

library TEEE;

use IEEE.STD_LOGIC_1164.ALL;

use IEEE.STD_LOGIC_ARITH.ALL;

use IEEE.STD_LOGIC_UNSIGNED.ALL;

entity svetofor_code is
Port (ip : in std_logic_vector(7 downto 0);
cmd : out std_logic_vector(3 downto 0));
end svetofor_code;

architecture Behavioral of svetofor_code is
begin

with conv_integer(ip) select
cmd <= conv_std_logic_vector(2,4
conv_std_logic_vector(4,4
conv_std_logic_vector(6,4
conv_std_logic_vector(1,4
conv_std_logic_vector(3,4
conv_std_logic_vector(5,4
conv_std_logic_vector(6,4
conv_std_logic_vector(5,4
conv_std_logic_vector(4,4
conv_std_logic_vector(3,4
conv_std_logic_vector(7,4
conv_std_logic_vector(0,4

when 0,
when 11,
when 13,
when 14,
when 15,
when 20,
when 21,
when 22,
when 23,
when 24,
when 25,
when others;

end Behavioral;

Ocraercst COeAMHUTH NOTyIeHHBIE MOMYJIH,
KaK 9TO II0Ka3aHo Ha pHUC. 2.

Ha pucynke BugHa npousolemas TpaHc-
dbopmanus xoneqnoro aBromara. OH 6osbIire
He BBIIJIIINT KaK «I€PHBIN SITUK», BBIXOJAMNI
KOTOPOTO SIBJISIOTCS COOCTBEHHO 3HAYEHMUS I1e-
PEeMEHHBIX COCTOsIHUA. Pa3opBaB BHYTPEHHIOIO
I[EIIOYKY MeKITy BEIXOIOM CHUTHAJA ip ¥ BXOIIOM
€ro Iepe3anucy, Mbl IPUXOJUM K TOMY, YTO
B CXeMy J00aBIIsIeTCsI BBIXOI HOMepa KOMaH/Ibl
(vtm IpoItie — anpec KOMaHIbl) ¥ BXOJ KOMaH-
mbl (MIJIM JKe IIMHA JaHHBIX, HOAKIYaeMast
K BHeIIHel maMatu komasj). CoOCTBEHHO To-
BOPs1, IPOHU3OLIEIINe U3MEHEHUA TOCTATOYHO
IUTaBHBIE U ecTecTBeHHBbIe. OTHAKO TeTeph MO~
HO He U3MEHATD JIOTUKY I1€PeX00B BHYTPH
HDL-onucanus aBTomMara, a Bce U3MeHEHU
B IIOPSIJKE IIePEeKII0YeHNS CUTHAIOB IIPOU3BO-
IUTD 3a CYeT KOPPEKIUH COEPsKUMOTO BHEII-
HeW IaMsITHU.

Ha cxeMe Takxe BHIHO, 4TO 00pa3oBaHHOE
YCTPOVICTBO COZIEPIKUT OOPATHYIO CBSI3b: HOBOE
3HAYeHHe KOMaHIbl Ha IMHUU cd ITOABIIAETCS
C HEKOTOPOII 3a[eP’KKO OTHOCUTEJILHO yCTa-
HOBJIEHHSI HOBOTO 3HAaUeHU ip. B To ske BpeMms
CHUTHAJ ip YCTaHABIMBAETCS Yepe3 HEKOTOpoe
BpeMs Hocsie ppoHTa TAKTOBOTO CUTHAIIA. Bpe-
MEHHbIE IUarpaMMmbl ero paboThl peacTaBie-
HBI Ha puc. 3.

DpOHT TAKTOBOTO CUTHAJIA BHI3BIBACT OOHOB-
JIeHIe IIepEMEHHBIX COCTOSIHUS, K YUCTY KOTO-
PBIX OTHOCHTCS M CIeTIHK afipeca ip. Yepes He-
KoTopoe BpeMs T, COOTBETCTBYIOIIee 3aTePsK-
Ke paclIpoCTpaHEHHs CHTHala O BBIXOIA
perucrpa ip, 3TOT CUT'HAJ yCTAaHABINBAET HO-
BOE 3HAYEHHUeE ajipeca Ha BXofie 0JI0Ka IaMsTH.
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Puc. 2. Mpoueccop: KoHeuHbIH aBTOMAT C BHELUHEX NaMATbIO MPOrPaMM

JauHbIT 610K, paboTast aCHHXPOHHO, 0OHOBJIS-
eT CHTHAJI ¢rmd Ha CBOeM BbIXofie depes Bpemst T,.
Crenyomuit ppoHT TAKTOBOTO CUTHAJIA MOYKET
OBITH ITOIIAH Ha BXOJ YIIPABJISAIOLIEr0 aBTOMAaTa
IIPU TOM YCJIOBHH, YTO C MOMEHTA YCTaHOBIIE-
HUsI HOBOTO 3HAYEHHUS cmd IPOILITO BpeMs
HE MEHEE ooy (BpeMsi yCTaHOBJICHUS CUTHAIIA,
IIPUBOJIMMOE B TEXHUYECKOM JOKYMEHTAIIIH).
Taxum 06pasom, Bpemsi T3 OT MOMEHTA HIOSIBIIE-
HHsI HOBOTO 3Ha4eHus cid 1o GpoHTa TAKTOBO-
O CUT'HAJIA, JOJUKHO OBITh He MEHBIIIE, YeM CyM-
MapHOe BpeMsl YCTaHOBJICHUSI CUTHAJIA U BPeMst
pacrpocTpaneHus cmd T BbIxozia 6J10Ka mamsi-
TH JI0 BXOia yIpasJiustrortiero 61oxa. Cymma Bpe-
men T, T, u T; ompenesnsieT MUHIMAIIbHBIH TTe-
PHOJL TAKTOBOTO CHI'HAJIA.

CrenyeT OTMETUTB, 9TO GJIOKH, MCIIOTb30BaH-
HbIe [JIS1 HOCTPOEHHUS IIPOrPAMMHPYEMOro KO-
HEYHOTO aBTOMATa, SBJISIIOTCS CTAHAPTHBIMU
nyst coBpemeHHBIX CAIIP, ocHoBarHbIX Ha HDL.
ITpuBesieHHbIE B INCTHHTAX MOJYJIH Pealnsy-
JOTCSI C IOMOILIIBIO CTAH/APTHBIX I11a0JI0HOB IIPO-
eKTUPOBAHUSI, UCIIOJIb3YIOIMNX OITUMATBHOE
OTHOCHTEJIBHOE Pa3MellleHIe JIOTHIeCKHX STIeeK,
YTO HO3BOJISIET IIOJYYaTh yCTPOICTBA C BHICO-
KAMH pab0YUMHU 4aCTOTaMU lake 6e3 mpume-
HEHUSI CJIOKHBIX IPUEMOB OIITUMU3AIINH Pag-
MeIleHNsI T9eeK.

[TpuBeneHHas cxeMa KOHEYHOTO aBTOMATa
C BHEIIHEN aMAThIO, 3a/Ialolllell MocIesoBa-
TEJIBHOCTD I1€PeX0/0B, (PAKTHIECKHU SIBIISLETCS
1porieccopoM. Xots (PyHKIIMOHAIbHBIE BO3MOXK-
HOCTH U CIIMCOK PETHCTPOB TAHHOTO YCTPOTCT-
Ba He BIOJIHE COOTBETCTBYIOT KIIACCHIECKHM CXe-
MaM LIIPOKO PacIpOCTPaHEHHBIX IIPOLIECCOPOB,
KaueCTBEHHO PasHUIbI HeT. [IpuBeneHHbII
m1a6JI0H KOHEYHOI0 aBTOMAaTa JIETKO MOYKET
OBITh IOIIOJTHEH TAKKM 00pa3oM, 9TOObI HOJIHO-
CTBIO COOTBETCTBOBATh HAOOPY PErUCTPOB,
apuQMeTHKO-JTIOTUYECKUX YCTPOICTB U HHTEP-
(ericoB, xapakTepHBIX JUISI MUKPOIIPOLIECCOPOB
PasINIHBIX THIIOB.

C IpaKTHYECKOI TOYKH 3PEHISI MOXKHO CJie-
JIaTh 1Ba COBEPIIIEHHO IPOTHBOPEYMBBIX 3aMe-
YaHU:

1. Cxema B npuHIHIIe pabOTOCIOCOOHA.
2. He crouT UCnoabp30BaTh ee B IPAKTHIECKOM

KOHCTPYKI[HUH.

CyLIHOCTb 3aMeYaHIil CTAHOBUTCS IIOHSATHA,
€CJTH y9eCTh 0COOCHHOCTH peasiin3anuy nudpo-

BoIX ycrporicTs B [TJIMC, tae 3amepskku pacripo-
CTpaHEHHs CUTHAJIOB 110 IPOTPAMMHUPYEMbIM
TPACCHPOBOYHBIM JTHHUAM HOCTUTAIOT JOCTA-
TOYHO GOJIBIINX 3HAYECHUI U BIIOJHE COIIOCTA~
BHMBI C 3afiepKKaMU CUTHAJIOB B JIOTHIECKUX
Adeiikax. [Ipexxzie Bcero, eIy MOIBITATHCS pea-
JIM30BaTh IaMSATh IMEHHO B BUJe 0JIOKa BHYT-
pu IUIVIC, o9eHb JIeTKO CTOIKHYTHCSA C TaK Ha-
3bIBaeMBIMU F'OHKaMU GpoHTOB. OCOOEHHO JIer-
KO ITOJYYHUTh 9TOT 9(PeKT, ecin IONaTh
TaKTOBYIO YACTOTY C JeJUTENs — HAIPUMeD,
9T00BI IPOHAOIIONATE PAbOTY MPOIIECCOpPa, TaK-
tupyemoro yacroroit 1 I'm. IIpu atom BHYTpHR
ITJIMC ob6pasyercs Tak Ha3bIBaeMbIil gated
clock — BMecTO 17106aJIBHOI TAKTHPYIOLIETT Ce-
TH TaKTOBBII CUTHAJI OyZIeT IOJJaH Ha TPUTTEPhI
Jepe3 0OBIYHBIE STYCHKH X KOMOUHATOPHYIO JIO-
ruky. Toraa samepsKKi pacIpocTpaHeHus MO~
TyT OKa3aThCs HeIlpeICKa3yeMbIMH (pasyMeer-
s, UX MOKHO OIIPeNeNHUTDb IIPH TPACCUPOBKE,
OJTHAKO B IIPOIIeCCe Pa3pabOTKHU OIIMCAHNUS HeJlb~
351 3apaHee CKa3aTh, KAK OHa Oy/IeT BBIIIOJIHEHA).
Hab6moanuce CUTyaIuy, KOra OT/aeIbHble O1-
ThI ¢Md N3MEHSUTUCh PaHblIIle, 9eM BCe IIepeMeH-
HBbI€ COCTOAHUS, 4YTO HAPYIIAJI0 HOPMAIbHOE
GYyHKIMOHHPOBAaHNUE YIPABIISIOIIEro 6JI0Ka.
BBujy BCero nepeyrciIeHHOTO MPHUBeJeHHbIH
IIpUMep MOKHO PacCMaTPUBATh TOJIBKO B Kade-
CTBe IIPOMEXYTOYHOTO JTaIla TpaHCHOpMaL UK
IIPOCTOTO KOHEYHOTO aBTOMATa B PeabHOE yCT-
POIICTBO, IIPUTOIHOE K IIPAKTUYECKOMY HCIIONb-
30BaHHIO.

OmmcaHHas CHTYaIus, BOOOIIe FOBOPSI, BeCh-
Ma xapakrtepHa 1t FPGA. B psanme pyxoBoncTs
(marpuMep, [4]) HaCTOSATETBHO PEKOMEHIYETCS
HCIIO0JIb30BATh ACHHXPOHHOE (DOPMHUPOBAHHE
CUTHAJIOB Haps/ly C CAHXPOHHBIM U3MEHEHHEM
HOMepa COCTOSHUSA. B npuBeieHHOM IIpuMepe
CciIeflyeT NCKIIOYUTD U3 BETOK OIlepaTopa case
IIPUCBOCHNE HOBBIX 3HAYECHUI CHTHAJIAM red,
green, yellow, a BMecTo 91010 HOPMHUPOBATH Ta-
KHe CUTHAJIBI aCHHXPOHHO, aHAIU3UPYS TEKY-
1Iee COCTOSTHUE ip.

Janee, B mpuMepe ObLI CO3MaH MOZIYJIb
Ha 256 sr9eek 110 4 OUTa, YTO BIOJHE peasrn3ye-
Mo B coBpeMmeHHBIX [TJIMC. OnHako crout
HUMETb B BH]Y, 9TO BCE «MACCOBBIE» PECYPCHI
B IVIMIC o6maarot BecbMa BBICOKOI «yIeIbHOI
CTOMMOCTBIO». B psifie cTydaeB MOJKHO BOCIIONIb-
30BaThC BHYTPEHHeN OJIOYHOM MaMATBHIO

Puc. 3. BpemenHble auarpammbl paboTsl npoleccopa

(06 aTOM OyZIET pacCKa3aHo B CIICMYIOIIEeH JacTh
CTaThM), HO €CJIM HeKasl CTaHIapTHas QyHKIUI
peanu3ayercs IelIeBbIM BHEIITHUM YCTPOHCTBOM,
TO ITPAKTUYECKH CO BCEX TOUEK 3PEHNS BHITOIHEE
UCIIOIL30BaTh UMEHHO ero. B TanHOM npumepe
HONKIIOYHTH ClIenyeT MukpocxeMy duram-T13Y,
rje u 6y[ieT XpaHUThCSI BeCh IPOTPaMMHBII KOJI.
Kakyto sxe 3aepsKKy HacT Takasg MUKpocxema?
ITo Bceit BUIUMOCTH, 70 1iu 55 HC (OpHEHTUPY -
ACh Ha COBPEMEHHBIE YCTPOHCTBA TAKMX IPOH3-
BoauTereit, kak Amd, Atmel, Intel u 1p.). o6as-
151 ciona 3azepkky BHyTpu [1JIMC, oxpyrien-
HO @oigyyaeM Imepuoj oxoiao 100 Hc, 4TO
COOTBETCTBYeT TakToBOM dacrore 10 MI'w. IToxka-
3aTeslb He CJIMIIKOM BBICOKHUIH, IOCKOJIBbKY OYe-
BHJIHO, YTO OOJIbIIAs YaCTh 3a[ePIKKH BHOCHTCSI
BHEIITHEN MUKPOCXEMO.

Ectp 7 ipocroit Berxon? OueBugHOE pele-
HHe — HCII0JIb30BaTh HAKPHCTAIBHYIO 6104~
HYIO IIaMATb C CHHXPOHHBIM HHTepdeiicoM, Ko~
Topas B coBpeMeHHBIX [IJIMC nmeercs B mocra-
TOYHO 00JIBIIOM KoymdecTBe. CHHXPOHHBIH
unTepdeiic cam 1o cebe GbIcTpee U HAJIEKHEE,
HO II03BOJISET IIOJTyYaTh HOBYIO KOMaH/y I10CTIe
YCTaHOBKH HOBOTO 3HAYeHHUS ip — HOTpeldyer-
¢s1 etrie ofuH PPOHT TAKTOBOTO CUTHAJA, UTOOBI
HOBOE 3Ha4YeHNe MOSBHIIOCHh Ha BBIXOJE 6104~
HOII ITaMATH. B cienytonest 9acTu cTatbu OyzeT
IpHBe/ieHa METOMKA IIPOEKTHPOBAHHMS IIPOLIEC-
COpa, UCIIONB3YIOIIEro /I XPaHEeHHU s TPOrpaM-
MBI 6;109HYI0 aMATh [TJIVIC ¢ CHHXPOHHBIM
unrepdercom.

IIpodonxenue cnedyem
Jlutepartypa

1. Tapacos W. Cucremsr Ha kpucraute Ha 6aze FPGA
Xilinx ¢ BcrpoenupiMu mporneccopamu PowerPC //
Kommonentsr u rexnonoruu. 2005. Ne 7-9.

2. 3oros B. PicoBlaze — cemeiicTBO BOCBMUpa3psifi-
HBIX MHKPOIIPOIIECCOPHBIX SITIeP, Pealn3yeMbIX
Ha ocHose [TIJIMC dbupmsr Xilinx // KommonenTs
u rexHonorun. 2003. Ne 4.

3. Kapuren6oim . Muxkporporeccop cBOUMHE pyKa-
mu // KommonenTsr 1 Texnonoram. 2002, Ne 6-7.

4. Tpymsunxuii P. 1., Mypcaes A. X., Yrpromos E. T1.
ITpoexTupoBaHUe CUCTEM Ha MHKPOCXeMaxX IPo-
rpammupyemoit soruku. CI16.: BXB-Ilerep6ypr,
2002. 608 c.: m.

KOMMOHEHTbI U TEXHOJIOTUN « Ne 2 2006

KOMMOHEHTbI 83




