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AHHOTALHUA

Ipeamer ucciaenosanus. [IpeacraBieH MeTON ONMHUCAHUS BEIYUCIUTEILHBIX MEXAHU3MOB U JOKYMEHTHPOBAHUS
BBIUUCIUTEIBHBIX IIaTdopM. HoBU3HA MeToa 3aKiII09aeTcsl B UCIIOIB30BAHNN YHU(DUIIMPOBAHHBIX CPEACTB IS
JOKYMEHTHUPOBAHUS HA Pa3HBIX YPOBHAX I'PaHYJIPHOCTHU allapaTHOTO, IPOIPAMMHOIO M MHCTPYMEHTAIbHOI'O
obecrieueHus, a TaKXKe PEKOH(OUTYPHUPYEMbIX (MHTEIUIEKTYalIbHbBIX, aJJallTHBHBIX) KOMIIOHEHT. MeTox M03BOJIseT
MIPE/ICTABIATh B IOHATHOM BHJI€ BBIYHCIUTEIbHBIC CUCTEMbl C HECTAHIAPTHBIMHM apXUTEKTYPHBIMU PELICHUSIMH.
Meton. IIpeioxeHHbIl METO 3aKII0YAETCs B OMMCAHUU MICATbHOM MOJIENN BBIYUCIUTENbHON MIaTGOPMBI C ee
nocrnexyomueil uTepaTuBHoi aeranusanueir. OcoOEHHOCTh METOAAa — HAIUUYUE €ANHOTO IS Pa3IUYHBIX CUCTEM
sIpa, KOTOPOE MCHONB3YETCsl Ul YIPOIIEHNsI ONMICAHNI U CTPYKTypHpoBaHus nH(opManuu. Sapo BKmodaeT B ceds
YHHBEPCAJIbHBIC IEMEHTHI M CO3/[aHO Ha OCHOBE aHATH3a OOJBIIOr0 KOMMYECTBA apXUTEKTYDP BBITHCIHTEIBHBIX
cucreM. OcHoBHBIe pe3yabTaThl. C HCIIOIB30BAaHHEM IPEIIOKEHHOTO METO/IA ONMCAHBI IIPHHIUITEI OPraHU3alnN
IIMPOKOTO CHEKTPa BEMYUCINTENBHBIX IU1aTdopM. PaccMoTpensr crnenyromnue miatgopMbl: 0000IIeHHbIE TPOIIECCOPHI
C KJIACCHYECKOW apXHUTEKTYPOH, KOTOpast SIBIISIETCS pa3BUTHEM NpHHIMIIOB (GoH-HeiimMana; nmporpamMmmHo-amnmapaTHsie
CUCTEeMBI Ha 6a3e MHUKPOKOHTPOJIJIEPOB; ONEPAMOHHBIE CUCTEMbI O0IIEero Ha3HAYeHHs; KPYITHOTPAHYISIPHbBIE U
MEJIKOTPaHYJISPHBIE PEKOHDUTYPUPYEMbIE BHIUUCIUTEIBHBIE CHCTEMBI; CHEIMATU3UPOBAHHbIE POLECCOPHI U
YCKOPHUTEIH; UCKYCCTBEHHBbIE HeipoHHBIE ceTH. IIpakTuyeckass 3HaYUMOCTb. [IpeanokeHHbI MeTO] MOXKET OBITh
HCIONB30BaH I CTPYKTYPHUPOBAHUS MH(POPMAINK KaK MO0 TPAJUIHMOHHBIM, TaK U MO aKTHBHO PAa3BUBAIOLINMCS
HaIpaBIeHUSIM: PEeKOH(DUTYPHUPYEMBIM BEIUHCIUTEILHBIM CHCTEMaM 1 CIEIHaI3HPOBaHHBIM mporieccopaM. Ha ocHoe
MeTozia co3ana o01mast 6a3a yHHBEpCAIbHBIX BRIUUCIUTEILHBIX MEXaHU3MOB, TIPUTOHEIX JUISI HCTIOJIB30BAHMS B PA3HBIX
y3J1aX CHCTEMBI, JUIsl 0O0BEKTOB Pa3HOW IPaHy/IIPHOCTH IPOTPAMMHBIMH, allIapaTHBIMU U HHBIMH CPEJICTBAMH, HA Pa3HON
2JIeMEeHTHOI 6a3e. Pe3ynbrarsl paboThl MOTYT OBITH MOJE3HBI CHCTEMHBIM apXUTEKTOPaM JUIsl IOKYMEHTHPOBAHHMS
CJIOKHBIX BBIYHCIIUTEIBHBIX KOMIIOHEHT, COCTOAIIMX U3 IIPOrPAMMHBIX, alllapaTHBIX U MPOYMX MeXaHu3MoB. Merox
HAIpPaBJICH Ha yIPOLICHHE TIOBTOPHOTO HCIIONB30BAHNS BEIYUCIIHTEIHBIX MEXaHH3MOB U TIPU3BaH OOJIErYUTh TEHEPALIUIO
HOBBIX apXUTEKTYPHBIX pelreHui. Takxke MeTon MOXKET ObITh Moe3eH NpH 00yYeHUH NMPOQHUILHBIX CIIEIUAINUCTOB,
TIOCKOJIBKY TTO3BOJISIET IEMOHCTPUPOBATh OCHOBHBIE MIPUHIUITBI BBIYUCIUTEIBHON TEXHUKH.
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9.I lopbayes

Abstract

The article describes a method for documenting the principles of functioning and internal organization of computing
platforms, including reconfigurable computing systems and non-standard processor architectures. The novelty is in using
of unified tools to describe: the design process and the computing process, hardware, software and tools, computing
components of different granularity. The proposed approach is to describe computing platform as an ideal model that
represents abstract algorithms for fulfilling functional requirements without specifying of how to implement it. Then the
iterative model refinement follows including selection of physical implementation options, specifying the technological
stacks, and additional mechanisms that provide the specified system qualities. A feature of the method is a kernel used
for structuring information, classifying and describing the computational mechanisms the system consists of. The
kernel includes elements common for different systems and is based on the analysis of a large number of computing
architectures. The method describes the principles of the organization of platforms which are usually not considered
together. These are: generalized processors with classical architecture which is an evolution of the von Neumann
principles; systems based on microcontrollers; operating systems; large- and small-granular reconfigurable systems;
specialized processors and accelerators; artificial neural networks. The proposed method can be used to structure
information in both traditional and rapidly developing areas: reconfigurable systems and specialized processors. Based on
the method, it is possible to create a common database of computing mechanisms suitable for use in different functional
units of the system and at different levels of granularity. The results of the work can be useful for system architects
to describe complex computing mechanisms consisting of software, hardware and dynamically generated adaptive
“intelligent” components which will simplify their reuse and can be used to generate new architectural solutions. Also,
the proposed method can be used in the process of training specialists, for a visual demonstration of the basic principles

of computer technology.
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BBenenune

CoBpeMeHHasi KOMITbIOTepHAsi HHAYCTPHS CIOKHA U
pasjesieHa Ha CaMOCTOsITeNIbHbIE, 000COOJIEHHO Pa3BUBAIO-
IMECs HAMIPABJICHUS (HAIIPUMEp, pa3padoTKa IPOrpaMMHO-
To M ammaparHoro obecrieuenus). Kak ciencrsue, MHOTHE
CIEIHMATNCTBI KOMIIETCHTHBI JIUIIb B KAKOK-TO y3KOU 00I1a-
CTH, IJIOXO MPE/ICTABIISIS, YTO MPOUCXOJIUT 3a €€ TPAHUIIAMHU.

CeMaHTHYECKas M TEXHOJIOTHYECKasl Pa300IIeHHOCTh
CHELHAINCTOB MPOAOIIKACT CTPEMUTENILHO PACTH C Pa3-
BUTHEM PEKOHPUTYPHUPYEMBIX cucteM [l] um obmimem
OPUTMHAJIBHBIX aPXUTEKTYP U KOHLENLMHI, HallpuMep:
NISC-cucrem [2], BeiunciaeHuii ¢ naMsaTeio [3] u B ma-
MsTH [4], mpouieccopoB GpyHKIIMOHAIBLHOTO YPOBHS [5],
WARP-mponieccopos [6] u ap. Kaxkgoe u3 HecTaHAapTHBIX
APXUTEKTYPHBIX PEIICHHUH TPeOyeT YHUKAILHOIO HHCTPY-
MEHTapUs 1 KOMIIETEHINH pa3paboT4nKoB, o0aaet coo-
CTBEHHBIM Ha0OPOM XapaKTePHUCTHK (IIPOU3BOUTEIIFHOCTS,
HAJIe)KHOCTh, CTOMMOCTb, CJIIOXKHOCTD H T. J1.).

Heo0xoaMMOCTh n3yueHus HeCTaHIaPTHBIX ApXUTEKTYP
BBIYHCITUTEIILHBIX CUCTEM CBSI3aHA C OKOHYAHHEM JICHCTBHUS
«3akona Mypa» 1 MOUCKOM HOBBIX MyTei MOBBIILIEHUS -
(heKTHBHOCTH BBIYMCIICHHIA, B TOM YHCIIE 38 CUET [TPEoJIoIie-
HUSI IPOOJIEMBI «OyTHUIOYHOTO TOPJIBIIIKAY) KIACCHYECKHX
apxuTeKTyp [4].

OnHa u3 mpodieM — 00OMeH HH(POPMAIHEeH MEXKIY CO-
TPYIHUKAaMH 00 HCIIOJIb30BAHHBIX B TPOEKTAX apXUTEKTyp-
HBIX PEIICHHSIX M IIEPEHOC CMEIIaHHBIX NPOrpaMMHO-aIl-
MAPATHBIX PEIICHUN MEXKIY Pa3HBIMH BBIYHACITATCIIEHBIMU
mwiatopmamu [7]. B aToMm cirydae oOmmienpuHsaTOE pasie-
Jenue Ha nporpammHoe odecreuenue (I10) u anmaparypy
HEAPPEKTHUBHO U MOXKET CHU3UTH MPOU3BOAUTEIHHOCTH
KOMaH/IbI Pa3pabdOoTINKOB.

B HEKOTOPBIX MPOrpaMMHO-AMIAPATHBIX PEIICHUSIX
OT/ICTIbHbBIE JICHCTBHUS, OOBIYHO BBIMOIHIEMbIE BO BPEMs

pa3paboTKH, cMemaTes B 00J1acTh (PyHKIMOHUPOBAHUS
(nmm HaoGopot). Knaccndukanum pekoHGUTryprupyeMbIX
CHUCTEM ¥ CHUCTEM, PEaTH3YIONINX MMapauIeIbHbIC BHIYHC-
JICHUS, 9aCTO OTEPUPYIOT MOHATHEM «TPaHYISIPHOCTHY,
KOTOpOE MOYKET OTHOCHTHCS KaK K pa30MEHHIO aNTOPUTMOB
Ha COCTABIIONINE, TaK U K TaHHBIM.

B cBs3u ¢ 3TiM HeoOXoaMa pa3paboTka criocoda peru-
cTpanuu HauboJsiee 3HaYMMON HHPOPMAIIMHU O paccMaTpu-
BaCMbIX aPXUTEKTYpaxX U BBIYMCIUTEIbHBIX MEXaHU3MAaX
0e3 MCKYCCTBEHHOTO Pa3JieJIeHus] Ha POTrpaMMHOe, all-
napaTHoOe ¥ MHCTPYMEHTAILHOE 00ECIeUeHH s, Ha JTaIlbI
MIPOEKTUPOBAHMS U HEIIOCPEICTBEHHOTO NCIIOIHEHUS JIIsI
00BEKTOB Pa3HOM I'PaHyISIPHOCTH.

Ecnu roBopuTh 00 M3BECTHBIX PENICHHUSX, MTO3BOJISIO-
IIMX OMHCATh MPUHIHITEI (DYHKITHOHUPOBAHUS BBIYUCIIH-
TEJNBHBIX CHCTEM, B IIEPBYIO OYEpEb CICAYET YIIOMSIHYTh
TTOHSATHE «MOJIENIN BRIYHCICHUIY [8]. Moaenu BErauCIeHHIA
ompenensoT (opMaIbHBIC TTPaBUIa U OTPAaHIMYCHHS, OTIH-
CBIBAIOIIHE TIOBE/ICHUE BEIYNCIUTEIFHON CHCTEMBI HITH €€
BUPTYaJILHOTO TPEICTABICHHUSI.

Jluist onricaHus annaparypbl BBIYUCIUTEIbHBIX CHCTEM
Ha apXUTEKTYPHOM YPOBHE CYyIIECTBYET 1IeJIbIi HA0OP SI3bI-
KOB onucaHust apxuTekTypsl [9]. K coxxanenuto, oHu B oc-
HOBHOM Y3KO CIIEIHaJIN3UPOBAHbI U NMEIOT 3HAYUTEIIbHbIC
OTpaHUYCHUSI.

JI0BOITEHO YHHBEPCAITBHBIC ApXUTEKTYPHBIC OTIHCAHUS
JIOCTYTIHBI Yepe3 CO3IaHNe BRICOKOYPOBHEBBIX MOJICIICH B
paMKax METOHOJIOTHH MOJEITFHO-OPHUEHTUPOBAHHOTO TIPO-
extupoBanus [10]. JlaHHAS METOIOIOTHS TIONACPKABACTCS
PSIOM IIUPOKO MCTIONB3YEMBIX B HHAYCTPUU HHCTPYMEH-
TOB, Takux kak Simulink u LabVIEW. OtaensHbiM Ha-
MIPaBJICHUEM SIBIISIETCSI TeHEPAIIUs alapaTyphbl C OMOIIBIO
cpencts HLS [11].

Pacnpoctpaneno onucanue [1O U BRIUMCIUTENBHBIX
cucteM Ha ocHoBe si3bika UML [12] u ero mogMHOKecTBa
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SysML [13]. OTu s13bIKH IIMPOKO MOIIECPIKUBAIOTCS pa3HO-
00pa3HbIMU HHCTPYMEHTAILHBIMU CPEACTBAMU, HATIPHIMED
cpenoit monenupoBanust Capella u meromom ARCADIA
[14].

B cmabo ¢opmann3oBaHHON 00NaCTH MPOTPaMMHOM
WH)XCHEPUH, T7Ie pa3paboTUNKN CTOJIKHYIINCH CO CXOKUMHU
npobmemamu (O0NBIIOE KOTHISCTBO PA3NUYHBIX CYITHO-
CTEH, KOTOPBIE CIIOKHO KIACCHU(PUIIMPOBATh, CPABHUBATD U
OIMCBIBATH), UCIIONB3yeTCs cranaapt Essence!, co3nannblii
JUISL OTTUCAHMsSI U IPUMEHEHHS Ha MIPAaKTHKE METO/IOB IPO-
IPaMMHOHN UH>KEHEPUH.

Hwu onH 13 ONMCcaHHBIX MOAXO/0B B IIOJIHOM Mepe He
YIOBIIETBOPSIET 3a/IaHHBIM TPEOOBAHMSIM.

Onucanmne MoaeIn

OTnpaBHON TOYKOW ISl ONTMCAHUS CIICITUATH3UPOBAH-
HBIX BBIYUCIIUTCIIBHBIX aPXUTCKTYP U BEIYUCIIUTCIIBHBIX ME-
XaHNU3MOB NPEIOKEHO B3ATh HEKYIO HJICANbHYIO MOJIEIb,
aHayor abCoOJIOTHO YEPHOTO TeJla ¥ JPYTHX IOJA00HBIX
¢usndeckux Mojeneil. Mojenb JoKHA OBITH PUTOTHA
JUISL OTIMCAHMS KaK MOKHO OOJIBILIETO KOJMYECTBA pa3Ho-
00pa3HBIX BBIUYUCIUTEIFHBIX MEXaHU3MOB 1 Iu1aTdopm, a
TaKXe 0ToOpakaTb HanboJiee 3HaYNMbIC ACTIEKTHI (hyHK-
LMOHUPOBAHMS ¥ KU3HEHHOTO LIUKJIA TP MAaKCUMaJIbHOM
npocrote st Bocupustus. ChopMmynupyem onpeneneHne
BBIYMCIUTENBHON MIaTGOpMBI KaK HaOOpa MPOrpaMMHBIX
1 anmaparHbIX CPeICTB (MM CTaHJapTa UX OpPraHMu3aliN)
JUISL pealn3alyy MPUKIIAJHBIX BBIYUCICHHUH, a BBIYNCIIHU-
TCJIBHOTO MCXaHHM3Ma — KaK YIPOUICHHOT'O IMPHUHIOUIIA
(YHKIIMOHUPOBAHUS U OPraHU3alluK OTIEIBHOIO acleKTa
WJIU DJIEMEHTA BBIYMCIIUTEIBHON TIIaT(OPMBI.

Juist co3manust Mojen Hanbosiee MepCreKTUBEH 01
X0JI, peIOKeHHbIN B crannapre Essence. [Tono6HO BbI-
JICTICHUIO OOIIETO s1pa U3 YHUBEPCAIBHBIX SJIEMEHTOB JIIS
METO/I0B U MPAKTHK POrpaMMHOI nHxeHepuu B Essence,
B 0071aCTH BBIYMCIUTEIFHON TEXHUKH TaKKe MOXKHO BBI-
JIETUTH 00IIee AP0 — OCHOBY ISl OMMCAHHS IIMPOKOTO
CIIEKTPa BBIYHUCINUTEIBHBIX CUCTEM U MEXaHU3MOB. SIapo
Essence Bkiro4aeT B cedsl yHUBEPCAIBHBIE SJIEMEHTHI M HE
3aBUCHUT OT KOHKPETHBIX peaTM3aluil U UX MPAKTHYECKUX
HpHMeHeHHﬁ. OT}ICJ’[BHBIC OJICMCHTBI BBIJICIICHBI U3 00JIb-
IIOTO KOJIMYECTBA KOHKPETHBIX IIPUMEPOB, a BCE peaan3a-
IIUM OMUCAHBI KaK HAJICTPOWKH MOBEpX HEM3MEHHOTO S/pa.

OauH U3 MPOCTEHIUX CIOCOO0B OMUCAHUS 00BCK-
Ta — €ro NpeACTaBIEHUE B BUJIE «UEPHOTO SIIUKa, KOIna
OITMCBIBACTCS] B3aUMOICHCTBHE 00BEKTA C BHEIIHIM MHPOM
1 peaKkiU¥ Ha BHEUIHHWE pa3Apa)KUTelld, a BHyTPEHHee
YCTPOMCTBO HE pacKpbiBaeTcs. Takoll «UepHBIN SIIUK»
TIPUHSAT 33 OCHOBY ITPEAJIOKCHHON MOJIEIIH.

Cucrema, paccMarpuBaeMasi Kak «9IEpHBIN SIIUK», Ka-
KUM-TT00 00pa3oM MPOU3BOIUT MPeoOpa3oBaHMe MOIaBac-
MO Ha BXOJI SHEPTUH (COOTBETCTBYIOIIHE YPOBHHA KOTOPOI
MOTYT UHTCPIIPETUPOBATHECA KaK JIaHHBIC) N3 HCKOTOPBIX
BXOOHBIX 3HAYEHUH B COOTBECTCTBYIOIIINE UM BBIXOOHBIC.
Kpome 3toro, B 0011eM cirydae BBIYUCIUTEIbHBIC (M HE

I Essence — Kernel and Language for Software Engineering
Methods (Essence), v1.2., 300 c. [DnekrpoHHBIi pecypc]. Pexum
nocryna: https://www.omg.org/spec/Essence/1.2/PDF, cBo6ox-
HBIW. SI3. anr. (mara obpamenus: 13.11.2022).

TOJIBKO) CUCTEMBI MOTYT UMETh BO3MOXKHOCTH COXPAHSITh
COCTOSIHHE.

J11s1 cMCTeMBI KaK «4epHOTO SIIIMKA» MOYKHO BBIJICIHTH
cietytomye 0000IeHHbIE ICHCTBHS MM 3Tarlbl (yHKIIHO-
HUPOBAHMS, KOTOPbIE COCTABIISIIOT OCHOBY sIIpa:

1) dreHue BXOMOB;

2) BBIUHCIICHHC,

3) coxpaHeHHe BHYTPEHHETO COCTOSHUS;
4) 3ammch BBIXOOB.

OTMeTuM, 4TO J100ast cucTemMa 00s13aTeIbHO JOJDKHA
BBIMOJHATH XOTS OBI 4acTh MEPEUYNCICHHBIX HeﬁCTBHﬁ.
OnucaHHOE AP0 — OCHOBA WACAIBLHON MOJIENIN CHUCTE-
MBI, Ha KOTOPYIO HajcTpauBaeTcs ee Ooiiee mojapooHoe
OIUCAaHUe.

Tax kak Mojenp upeanbHas, CYMTaeM, YTO BCE JICH-
CTBUSI IPOU3BOJISITCSI MTHOBEHHO, 00BEMBI OJIOKOB TIAMSITEH
OecKOHEUHBI, U He TpeOyeTcst TONMOIHUTENIBbHBIX TeHCTBHH,
HalpuMep 00eCTIeUeHHsI CUCTEMbI SHEpTHEH, HEOOXOANMOM
JUTS TNTAaTHOTO (hyHKIMOHUPOBAHMS.

IIpumem, 4uto nepexon OT AEUCTBUS K IEUCTBUIO UJIET
CBEpPXY BHHU3 C BO3MOXKHBIMH BO3BpaTaMM Ha3aJ U MOBTO-
PEHHUEM OTJIEIIBHBIX UTEPAIMi CTOJIBKO Pa3, CKOJIbKO HE0O-
XO0OUMO. OTMCTI/IM, YTO B OTACJIBHBIX CIIydasaXx MOXET 6I)ITI)
JIpYroi MopsoK ACHCTBUN.

[Tpu paccMOTpeHHH BBIYMCIUTENS B KOHTEKCTE HKH3-
HEHHOTO IMKJIa, HEOOXOMMO Yy4eCTh TaKue JACHCTBUSI, KaK
CO3JJaHME U YHUUYTOXKEHHE 00bekTa. KOHTEeKCT BBIUMCIIN-
TEJIHOM TEXHUKH JEIaeT ONPaBIaHHBIM BBIJICJICHHE ClIe-
JYIOIINX 9TAIlOB B CO3/IaHUU O0OBEKTA: CO3JJAHUE PeasbHO
CylIecTByIoIel B (PU3NIECKOM MUpPE U (PUKCHPOBAHHOU
OCHOBBI (amIapaTHOTO 00ECIIEYeHNs) U €€ TTPOTPaMMHUPO-
BaHHUe. B 1aHHOM Citydae mporpaMMHUpOBaHHE HEOOXOIMMO
MOHUMATh KaK IMPOrPaMMHPOBAHUE B IIMPOKOM CMBICIIE,
BKJIIOUAsl CO3/[aHNe M TIOCIEIYIONIYIO 3aliCh B IIEJIEBOC
YCTPOMCTBO MPOrpaMM, HACTPOEK, KOHPHUTypalui mpo-
IrpaMMUPYEMOM JIOTUKHU U T. 1.

OTMETUM OTIIMYHE MEKIY CO3JaHueM (QU3NYEeCKOM
OCHOBBHI U ee nporpamMmMmupoBanueM. Co3nanue dusznye-
CKOH OCHOBBI IIPOM3BOANTCS TOJIBKO OJUH Pas, MPH CO3-
JAHUU CHCTEMBI, M 3aKJIa/IbIBaeT HEU3MEHHBIC Ha BCEX
JTanax >KU3HEHHOTO LUKJIA MPUHIMIIGI (€CIM OCTaBUTh
3a CKOOKaMH JIerpaJjaliiio KOMIIOHEHTOB, TOMEXH U T. 11.).
IIporpammupoBaHre MOXKET (HO HE 00s3aTEIBHO TOIKHO)
MPOU3BOAUTHCS OOJIBIIE OJHOTO pa3a, SIBHO U 3aMETHO
M3MCHSISI CBOWCTBA CHCTEMBI.

O000I1IEHHO MOJKHO BBIICITUTh CIICAYFOIIHE STAITbI JKU3-
HCHHOI'O IIUKJIa HeKOTOpOﬁ CHCTEMBI, ITOJACHCTEMBI HJIU
aneMeHTa a1apa. [Ipu HeoOX0MUMOCTH OHU MOTYT Bapbu-
POBaThCSI U IOMONHSATHCS (IPUBEICHHBIN CITUCOK — JIUIITh
OJIMH M3 BO3MOXKHBIX BapUAHTOB MPEJICTABICHHS):

— (uKcalys OCHOBHBIX PUHIMIIOB ()YHKIIMOHUPOBAHHUS

CHCTEMBI;

— CO3/IaHMe MHCTPYMEHTapHs U1 pa3paOOTKH araparypbl;
— pa3paboTKa anmaparypsl;

— co3maHue HHCTpyMeHTapus s pazpadorku I10;

— pazpabotka I10;

— CO371aHMe UHCTPYMEHTapust i 3arpysku 110;

— 3arpy3ka [10;

— HHUIOUaJIn3a1usa CUCTCMBI,

— 1mTarHoe QyHKIMOHUPOBAHUE;

— YHHYTOXKCHHE.
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9.I lopbayes

OnwcanHast MOJICITh TPUMCHIMA JIJIsl TPOCTHIX CHCTEM,
WK 711 HEOONBIINX MOJCUCTEM, BXOAAIINX B CIOKHBIE
cucteMbl. 111 MOBEPXHOCTHOTO IIOHUMAHHUSI APXUTEKTYPhI
¥ 0COOCHHOCTEH (DYHKITMOHUPOBAHUS CJIOKHON CHCTEMBI B
[IEJIOM €€ HEeOOXOIMMO MIPEACTABIATE Ha 00Jiee AeTaTbHOM
ypoBHe. TakuM ypoBHEM MOXKET CTaTh MPEICTaBICHUE
CHCTEMBI KaK B3aMMOJCHCTBYIOINX «ICPHBIX SIITIKOBY —
aTOMapHBIX BRIUMCIUTENEH, KaXKAbIA 13 KOTOPBIX OCYIIECT-
BJISIET KAKOE-TO MpOCTeiIiee JeCTBIE B COCTABE CUCTEMBI.

TeM caMbIM MOKHO MOJIYYHTh €CTECTBCHHYIO TIaBAO-
U_IyIO rpaHHuy, HOSBOJ’IS[IOH_IyIO IIOBBIIIATH UJIN ITOHMXXAThb
ypoBeHb abcTpakuun. CHavansa B caMoM IrpyOooM mpuoIu-
JKCHUHU MBI PACCMATPHUBACM CUCTEMY KaK «UCPHBIH SIIHKY;
KOTJIa 3TOT0 HEJAO0CTATOYHO — KaK CUCTEMY B3aMMOJICH-
CTBYIOIIUX «YCPHBIX SIMIUKOBY; KOTIIA M 3TOTO HEIOCTATOU-
HO — Ka)XKIIBI U3 «YCPHBIX SIIHKOBY, COCTABIIIONINX CH-
CTEMy, pacCMaTpHBaeM KaK CHCTEMY B3aUMOJICHCTBYIOIINX
«UYEPHBIX AMIUKOBY», M TaK JI0 TEX TOP, ITOKA HE TOCTHTACTCS
HYKHBIH YPOBCHB JICTaTN3AIIHH.

CucTemMy «4epHBIX SIIAKOB» YK€ HE OIHMCATh MpPO-
CTBIMU JEHCTBUSAMU 1—4, paccpeOTOYCHHBIMHU 10 dTaraM
JKU3HCHHOI'O IUKJIA. PC3yJ'lI)TaTBI BBI‘II/ICHGHI/Iﬁ CUCTCMBI KaK
L[EJIOT0 €CTh MIPOU3BOJAHAS OT PE3YJIbTATOB BBHIYHCICHUI
KaX10T0 U3 COCTABJIAHOIINX CI/ICTeMy «qeprIx SAUIUKOB»
U 3aBUCSIT OT TOTO, KAK OHU B3aUMOJICHCTBYIOT.

[Ipu mepexone OT MPENCTaBICHHS CHCTEMbI KaK «4ep-
HOTO SIIIIUKa» K MPEICTABICHUIO0 CHCTEMBI KaK B3aUMOJICH-
CTBYIOIIHX «YCPHBIX SMIUKOBY TOSIBISCTCS HCOOXOAUMOCTb
OIHCATh YCTPOMCTBO 00CCIIEUNBAIOIICH CPEebl — TO, Ka-
KM 00pa30M BBEIYHCIHATEIBHBIC OJIOKH, OJIOKU TaMSTH,
BXOJIBI ¥ BEIXO/BI OOBEIMHSIOTCS B €IMHOE LI€JI0E U OJ1aro-
JIaps 9eMy OHH MOJTY4aroT BO3MOXHOCTH (PYHKIIMOHHUPO-
BaTh BMECTE, peliasi HEKOTOphIe 00IIre 3a1a4u.

O6ecnieunBaromias cpeaa UacaTbHONH MOAETH JTOJKHA
BBITIOJTHATH J1B€ (DYHKIIMHU: [ICPEMEIIIATh JAHHBIC MEIKITY BbI-
YUCITUTEIBHBIMHU OJI0KaMHM, OJIOKaMH TTaMSITEeH, BXOAaMU U
BBIXO/IaMH, U CHHXPOHU3UPOBATh BEIUUCIICHHS OTICIBHBIX
BBIYHCIUTEILHBIX OJIOKOB.

Ha »ToM 3Tare JIOrHYHO BBIACIUTD YIIPABJICHHS TaHHBIMH
Y BBIYUCIICHUSIMH. [Ipr 3TOM 001acTh YIpaBIeHUS BEIYUCTIC-
HMSIMU HE BKJIFOYAET B ce0sT cCaMU BEIYHMCIIEHNS] — OHA TOJIBKO
BBIABIISICT IPUIMHHO-CIICICTBEHHBIC CBS3U U 00ECIICUUBACT
Tepeaady yrpaBiIeHHs KOHKPETHBIM BEIYHCIUTEISIM, «Hdep-
HBIM SIIITAKaM», B KOTOPBIX W MMPOU3BOIAATCS BBIYHCICHNS.

[ monydeHus ONnMcaHus MOAEIN BCEH CUCTEMBI
HEOOXOAMMO OMKCAaTh B3aUMOICHCTBHE TPEX 00JacTei:
«qepme SAIIUKOB» WUJIN <<aTOMapHI:IX)> BBI‘-II/ICJ'IGHI/II\/II; noa-
CUCTEMBI praBJ’IeHI/Iﬂ BBIYUCIIUTCIAMU, IMOACHCTEMBbI
yIpaBJIeHUs TaHHBIMU. BMecTe nanHbIe o0nactu GopMupy-
FOT SIIPO MJICATBHOM MOJIEIH CUCTEMBI IIPH PACCMOTPCHUN
€e KaK CHCTEMBI «YCpHBIX SIMUKOBY. Kaxnoe neicTaue,
KOTOpOe (OPMHPYET SAPO BBIUUCIUTECIBHON CUCTEMEI,
JIOJDKHO 00€ecreynBaThCs ENOYKOM JIEHCTBUI U DTAIOB
JKM3HEHHOT'O [IMKJIA.

[oxyuenne nHGOpMaIUH O KETAEMOM IMTOBEICHUHT
CHCTEMBI U ee «00ydeHnn» (HarpuMep, aHaau3 QyHKIH-
OHAIIBHBIX TPeOOBaHMI, HAMCAHNUE YIOBICTBOPSIOMICH
HM TIPOTPaMMBbI U € MPOIINBKA), MOTYT BBIITOJIHATHCS Ha
JTarnax Co3IaHMs CUCTEMbI HJIH B Mporecce GpyHKIIHOHUPO-
BaHMS JIJIs1 CaMOOOYJaroIIMXCsl CHCTeM. B mocieanem ciy-
yae 00y4YCHHE MOXKHO J00aBHUTh B PACIIUPCHHBIN BAPHAHT

sapa JUTsk KaKJI0UW U3 TIOJICKCTEM, HHaue 00ydeHue B sIpo
HE BKJIFOYAeTCsI M BXOJHT B ITPOIIECC MPOSKTHPOBAHUSL.

[Toxcucrema ynpaBiaeHUs! BEIYUCICHUSMHU BKIIOYa-
eT CIIe/lyIolHe dTanbl (yHKIMOHUPOBAHUS (BapHaHT 0e3
BO3MOKHOCTH CaMOOOYUEHHUSI): OTIPEAEIICHHE CIIETYIOIIEro
BBIYHCIICHUS IO TIPEBIAYIIEMY; 3aITyCK BEIYMCICHUS.

[MoncncreMs! ynpaBieHus JaHHBIMH BKJTFOIAET CIEITYIO-
Iye 3Tarbl GyHKIHOHUPOBAHMS: YTEHHE BXO0B CHCTEMBI,
6710KOB TTaMATEH, BBIXOJOB BBIYMCIUTENICH; KOMMYTALIHS
JaHHBIX BHYTPHU CUCTEMbI; 3alIMCh JAaHHBIX B BBIYUCIIUTEIIN,
OJI0KH ITaMSITH 1 BbIXOAbI CHCTEMBI.

Camoo0y4eHue MOXeT ObITh J00aBJICHO B JIIOOYIO U3
JIBYX TOJICHCTEM M B caM BblumciauTedb. CamooOydeHne
BKJIIOYAET B ceOsl MOJyueHHUE U 3arpy3Ky (pean3aruio)
npaBuI pyHKIMOHUPOBAHHSI.

[TpencraBieHHas MOJEb MOXKET OBITH MCIIOIB30BAHA
JUIsl OTIMCAHMSI MEXaHN3MOB pa3HOH rpanHyisipHOCTH. B Ka-
YeCTBE TPAJAIil IPaHyIIPHOCTH ISl BBIYHCICHUH MOXKHO
BBIJICNIUTH: WHCTPYKIINIO, 0a30BEIH OJIOK, (PYHKITHIO U ITPO-
necc. I paHyIsIpHOCTD AT TaHHBIX BKIIFOYACT: OUT JAHHBIX,
J000€ KOJTMYECTBO OUT JaHHBIX (OANT, CIIOBO), MAKET JIaH-
HBIX, (Qaiii u ap. [Ipr HeoOXOANMOCTH MOYKHO HapSIy C
U (pPOBBIMU paccMaTPUBATh aHAJIOTOBBIE CUTHAJIBI.

IIpumeps! HCIOJIB30BAHUSI MOAECIH

KoppexTHOCTh MOnEnu OblIa IpOBEpEeHA HA CIIETY-
IOIUX MPUMEpax: OCHOBHBIC apXUTEKTYPHBIC PEIICHIS,
HCIIONB3yeMbI€ B TUITHYHOM COBPEMEHHOM IIPOIIECCOPE;
IporpaMma Juisi MUKPOKOHTPOJIIEpa; IporpaMmMupyemast
noruyeckas naterpanbHas cxema (FPGA); onepannonnas
cucTema; rpoueccop GpyHKIHoHansHOro ypoBss (Function-
Level Processor); maremMarnueckasi MOAEIb MEPIENTPOHA.
bruta paccmoTrpena kiaccu(uKanus BHIYMCIUTENBHBIX
MEXaHM3MOB, 00ECIIEUMBAIOIINX HAIKHYIO pabOTy OJICH-
CTEMBI TIAMSITH C PA3HOTUITHBIMHU OJIOKAMH B KOHTPOJLIEPAX
JUTS. OTBETCTBEHHBIX ITPHMCHCHH.

[IpuBenem mpuMep OMHUCAHUS APXUTEKTYPHl TUITHY-
HOTO COBPEMEHHOTO TIporieccopa (PUCYHOK), B KOTOPOM
WCTIONB30BaHbI MPUHIUIE (hoH-HeliMana U cTaHmapTHBIE
apXUTEKTypHBIE penieHns. [Iprumep BeIOpaH Kak Hanboee
YHUBEPCAJIbHBIN U NOHITHBIA IIMPOKOMY Kpyry cIenua-
JIUCTOB, MCTOA MOXET 6I)ITI) UCIIOJIB30BaH JIs1 OIIMCAHUs
Oonee CHeI_II/I(bI/ILIHI)IX 1 HCCTAaHAAPTHBIX BBIYUCIUTCIIBHBIX
APXHUTEKTYP.

Ha cxeme noka3zassl ToJIbKO Hanbosee BakKHbIE MOMEH-
THI, TAroIIxe 0a30BOC MOHUMAHUE YCTPOUCTBA TPOIIECCO-
pa — OCHOBBI, BRIHECCHHBIC Ha BEPXHUI YPOBEHB OITHCA-
Hus. [Ipu HeoOXomUMOCTH OoJee NeTaIbHOTO OIUCAHS
M000i U3 2JIEMEHTOB, MPEACTABICHHBIN Ha cxeme (Kak
9Tarn GyHKIIMOHUPOBAHUS, TAK U 3Tal KU3HEHHOTO IINKJIA)
MOKET OBITH pacmucaH 6oiee moapoOHO (Ha OTACIbHOMN
CXEMe WM B «TelIe» OCHOBHOM CXeMBbl). AHAIOTHYHBIM
00pa3oM OINHCaHbl BCE BCIIOMOTATENIbHBIE MEXaHH3Mbl —
KOHTPOJIJIEP NPEephIBAHUN, MEXaHU3MbI PAOOTBI CO CTEKOM,
K311, KOHBEWep MpolLieccopa, CpesicTBa pacnapaieInBaHus
Ha ypOBHE WHCTPYKIMH U JIp.

Ha «BepxHui ypoBEeHB» ONMCAHUS BEIHECEHBI CIIEYIO-
II[ME TPUHITAITEI 1 MCXaHHU3MBI:

— YHHBepcaJu3anus U pasJejeHue pecypca BO Bpe-

MEHH — HCIOJIb30BaHUE OJHOT'0 YHHUBEPCAIBHOTO

Hay4HO-TexXHUYeCcKni1 BECTHUK MHDOPMALIMOHHbLIX TEXHONOM M, MEXaHUKK 1 onTukun, 2022, Tom 22, N2 6
Scientific and Technical Journal of Information Technologies, Mechanics and Optics, 2022, vol. 22, no 6

1139
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(yHKIIMOHAIBHOTO OJI0Ka, apu()METHKO-TOrHYECKOTO
ycrpoiictsa (AJIY) nporeccopa st BBITOJTHEHHS pas-
JIUYHBIX OTICPAITHIA;

— WCIIOJIb30BaHKE [IMHBI JAHHBIX I0J] YIIPABICHUEM OT-
JIEITBHO HO0aBICHHBIX B MPOTPaMMHBIN KOJl HHCTPYK-
Uit — mpoctoe 60a30BoOe ICHCTBHE, «CUUTATh TAHHBIC
CO BXOJIIOB CHUCTEMBI/N3 OJIOKOB IMaMSITH/C BBIXOIOB
BBIYMCIIUTENENY, PA3I0KEHHOE B LIENIOUKY JEHCTBUH,
BBITIOJTHSAEMBIX CHauaja MpoTpaMMHUCTOM TIPH HaIHca-
HUH [IPOrPaMMBI, a 3aTeM MPOIIECCOPOM B MPOIIECCE e¢
HCITOJTHEHUST;

— ¢dopMHUpPOBaHUE MOCJCAOBATCIHBHOCTH BBIMTOJHCHUS
oIepanuil ¢ MOMOIIBE0 MEXaHU3MOB YIIPABJICHUS TIPO-
rPaMMHBIM CUCTUYUKOM M HAITUCAHHOTO BPYYHYIO IPO-
rPaMMHICTOM QJITOPUTMA, XPAHSIIETOCS B TIAMSITH.

Ha pucyHke mpencTaBlieH ¢IHHBINA alropuT™M (QyHK-
OHOHUPOBAHUS W CO3JIaHUS CUCTEMBI C pa3/ieJiCHUEeM Ha
TPH dTana XU3HCHHOTO LUKJIA: (QyHKIIMOHUPOBAHUE, CO-
3laHMe ammapaTtHoTo obecmedenus; cozmanue 110 (mpu
HE0OXOMMOCTH KOTHYECTBO ATAOB MOXKHO YBEIHUHUTH,
n00aBWB, HAIPUMEDP: M3TOTOBICHUE CHCTEMBI, 3aTPy3Ky
ITO, mHUIManM3anuio 1 T. 1.). [OpU30HTATBHO OpPHECH-
TUPOBAHHBIC ISTHYTOJBHUKH B 00JacTH, 0003HAUYCHHOMN
kak «KRUNTIME PROCESS», onuchIBaroT BIYHUCIUTEb-
HBII MPOLIECC — JCHCTBUS, TPOU3BOIMMBIC CHCTEMON Ha
srane (pyHKIHOHUPOBaHUs. BepTUKaIbHO OPUECHTHPO-
BaHHBIC ISITHYTOJBHUKU B 00JIACTSIX, 0003HAYCHHBIX KaK
«HARDWARE DESIGN» u «SOFTWARE DESIGN»,
OITHCHIBAIOT JCHUCTBHUS, IPOU3BOAMMBIC Ha ATAIaX CO3IaHUS
anmapatypsl 1 [1O cooTBeTCTBEHHO, 0€3 KOTOPBIX CaMO
(YHKIMOHHUPOBaHHUE CHCTEMBI HEBO3MOKHO.

B cooTBeTCTBHHM C MPEITIOKEHHBIM YCTPOUCTBOM sI7Ipa,
JeHCcTBUS dTana (QyHKIIMOHUPOBAHUS PA3NCICHBI HA TPU
nojcucteMbl: BerancicHus (Computations); moacucreMa
ynpaeieHus BeraucieHussMu (Computation management
subsystem, KOTOpO#l B IPOIIECCOPE COOTBETCTBYET OJIOK,
00b19HO HazbiBaeMbii «Countrol Unity, CU); moacuctema
ympasieHus naHHeIME (Data management subsystem).
OTmeTnM, 9To Kakaoe JeiicTBre dTana (pyHKIMOHUPOBa-
HUSI OTHOCHUTCS K OJHOMY U3 0a30BBIX ACHUCTBHIA Apa, 000-
3HAYCHHBIX HC6OJ'IBIHI/IMI/I IpAMOYTOJIBHUKAMH, B KOTOPBIC
OHHU BIIMCBIBAKOTCA. HaHpI/IMep, JJIA TIOACUCTEMBI YIIpaBJIC-
HUS BBIYUCIICHUSMH 3TO: OMPEICICHUE CIICAYIOIICTO BbI-
YHCIICHUs 10 npepLayneMy (Select next computation), ko-
TOPOE 3aKIIFOYACTCSI B UTCHUU PETHCTPa CUCTUMKA KOMAH]T
(PC) u 3anyck Berunciaenus (Launch next computation),
KOTOPBIH MOIpa3yMeBaeT MO cOOOH 3arpy3Ky COOTBETCTBY-
foreit komauael B peructp komaua (IR).

B ommcanHOM mpuMepe 00ydeHHE BBIYUCIUTEIBHOTO
6moxa cuctemsr — AJIY (ALU) npormeccopa — mpouc-
XOIIUT HA 3Talax CO3aHHUs armapaTypsl U pa3paboTKu ap-
xutekTypsl koman[ (ISA). Ha pucynke 1ot 3Tam 0o003Ha-
yeH kak TRAINING (ISA design). I[TociienoBareabHOCTh
BBITIOJIHEHMSI OTAEIBHBIX omepanuii ¢ momousio AJIY u
KOMMYTAI¥sI JAHHBIX BHYTPH CHCTEMBbI (DOPMHUPYIOTCSI Ha
atane cozaanus [10 u o603nauenHs! kak « Writing Programy.
Ha cxeme aBa s1eMeHTa ¢ TAKMM Ha3BaHUEM, I1OCKOJIb-
Ky B IIEPBOM CJIy4ac MOJIPa3yMeBacTCsl UCKIIOYUTEIBHO
(hopMupOBaHUE TTOCICIOBATEIFHOCTH BBIYHCICHUH, a BO
BTOpOM — JI00aBIICHHE B IPOTPaMMY OTICITBHBIX HHCTPYK-
LM, 00eCIIeYnBaOIIMX B3aUMOIEUCTBHE C MaMAThIO. TeM
HE MeHee 00e 3TH pabOTHI BBITIOIHSAIOTCS POTPAMMICTOM

HARDWARE v Program Instruction . Register TRAINING Data Data
DESIGN CU design Memory bus ALU design Memory (ISA design) Memory bus
design design design design design
- —_— = - _—
L ] [ | 1 | =
SOFTWARE Writing
DESIGN Program
¥
RUNTIME PROCESSES ) Data Management
! v Set Write to Subsystem Read 1/O
c Select next Launch next Outs \ /O registers ata registers
2 @ E| computation computation - J | commutation ||
s E& 3
5% Send pe -~
2 = %|| ChangePC Read PC Read Instruction save /[ Writeto L/ rough 82 g =
£E53 l P | state \ Memories || 8 Memories [© 2
S3» value value Instruction load to IR data bus
\)
. Write to Read
— P:;)V‘Ide processor ‘ GQ][ processor €
SISAN registers LESULS registers
)
A
Execute
computation Set Outputs
Instruction Instruction Instruction Results
é i fetch Decode > execute id writeback /
8
i Read input
£ el P Operands
8 = fetch
Pucynox. Ilpumep 10KyMEHTHUPOBAHUSI OCHOBHBIX APXUTEKTYPHBIX PEIIEHUH TUITMUHOTO COBPEMEHHOTO MUKPOIIpoLieccopa
Figure. An example of documenting the basic architectural solutions of a typical modern microprocessor
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npu Hanucanuu [10 1 00BIYHO HE PA3AENAIOTCS Ha CaMo-
CTOSITENBHBIC CYIIHOCTH.

3akarouenne

B pabore npeuioxkeH METo/1 IOKyMEHTUPOBAHUST apXHU-
TEKTYPHBIX PEIICHUH BBIYMCIUTENBHBIX IIIaThopM 0e30T-
HOCHUTEJIBHO K CIIOCOOY MX KOHEYHOH peann3aiyu, Korjaa
B €/IMHBIX TEPMHHAX OMHUCBIBAIOTCS: TPOIIECC MPOEKTHU-
POBaHMs U BBIYMCIMTENBHBIN MpOIece, anmnaparypa, npo-
rpaMMHOe ofecrieueHne u nHecTpyMeHTapuid. [1naBatommit
YPOBEHb a0CTPAKIMH MO3BOJISIET TTOMYYUTh OIMCAHUS IS
00OBEKTOB Pa3HOH I'PaHyIIPHOCTH BBIUMCICHUH U JaHHBIX.

Merton npenocTasisieT 0coOble MpaBuiIa CTPYKTypH-
poBaHus HHPOPMAUHN 00 OPTAaHU3AIMH BHIYHUCIUTEIBHBIX
IaTGOPM H O TIPOTEKAOINX B HUX mporeccax. OCHOBHAs
LeJb MeToa — 00prda co CIOKHOCTBHIO U YIIPOIIECHHE
obmeHa nH(OpMaIHel ¢ OTHOBPEMEHHBIM YBEINUCHHUEM ¢
o0Obema (paccMarprBaeTcsi OTHOBPEMEHHO IPOrPaMMHOE
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obecrieueHue, armnaparypa 1 HHCTPYMEHTAIIbHbIC aCIIeKThI
CO3/IaHUS CUCTEMBI).

Vcnonb3oBaHue MeToa JaeT BO3MOKHOCTD B3IVISIHYTh
MO0-HOBOMY Ha MHOTHE BOMPOCHI M MO3BOJISIET T€HEPUPO-
BaTh HOBbIE HeCTaHAAPTHBIE pemeHus. OHO U3 IIaBHBIX
JIOCTOMHCTB METO/1a — HANIJHOCTb NIPEICTABIECHHUS TIPO-
TEKAIOIINX B CUCTEME MPOLECCOB M BO3MOXKHOCTD BBIJE-
JICHUS OCHOBHOH CyTH (DyHKIIMOHWPOBAHHS CHCTEMBI —
00pa3yromuX €€ BBIYMCIUTENbHBIX MEXaHU3MOB, MJIST UX
OT/JICITHHOTO ONMMCAHMS U JAaJbHEHUIIET0 MOBTOPHOTO HC-
MOJIb30BAHUS.

[IpencraBieHHbII METO B IEPBYIO OUEpe/b PeAHa3HA-
YeH U1 CUCTEMHBIX apXUTEKTOPOB U TEXHUUECKUX MHCa-
Teleid, HO MOKET OBITh UCIIONB30BaH B Ipoliecce 00yueHust
CHELMAINCTOB COOTBETCTBYIOIIMX HampaBiieHui. B gact-
HOCTH, METOJI TIpomie arpodario B Yausepcutere M”TMO
B paMKax MarucTtepckoil nporpammsl «KoMIbroTepHbIE
CUCTEMBI U TEXHOIIOTHI.
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