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[TapanienibHbIE aATOPUTMBI MATEMATUYECKUX MOJICIICH:
MCCJIEIOBAHUE JIOKAJIBHOCTU U MPUMEHEHHUE si3bika Ada

C. U. Kupkopos, JI. C. Kupkopoa
Hayuno-npouszeoocmeennoe npeonpuamue MeouaCrau, benapyce
benopycckuii eocyoapcmeennviii ynusepcumem, benapyco
CTaTLSI IIOCBsIIICHA pa3pa60T1<e moxona K MOJACINPOBAHUIO napaJiieJIbHbIX
AJITOPUTMOB  KOJAUPOBAHUS BHHSOHH(bOpMaHI/II/I, KOTOpLIﬁ OCHOBaH Ha NIPOTOKOJIE
CCSDS 133.0-B-1, peamn3anuu Ha TECTOBOM CTEHAE M s3bIKE AIa. DTOT MOXOJ
BKIIIOYA€T HCCJIENOBAaHUE JIOKAJIBHOCTH [JAaHHBIX B aJIrOpUTMax M acCIIeKT
npoektupoBanusi cucreMsl Xilinx. OOOCHOBBIBAIOTCS NPEUMyIIECTBA SI3bIKa Aza B

peamm3anuu annapaTHo-nmporpaMMHBIX CUCTEM.
Kniouegste cnoea: napanenvuulii aneopumm, 6uOeouHpoOpMayus, J10KAIbHOCHb OAHHSX, MAll,
mecmoswlit cmeno, sA3uxk Aoa, VHDL

CraTTs mpucBsiUeHa po3poOIi MIX0Xy 0 MOAETIOBAHHS TMapajelbHAX alTOPHTMIB
KomyBaHHs Bimeoinpopmanii , mo 0Oasyerbcss ma mportokom CCSDS 133.0-B-1,
peamizauii Ha TecToBOMY CTeHAI Ta MOBI Anma. llell miaxix BKIIIOYae JOCIIiIKEHHS
JIOKAJILHOCTI Yy QJIrOpUTMAax Ta acleKT mpoekryBanus cucremu Xilinx. Jlanoo
0oOrpyHTYBaHHS IIepeBar MOBU AJla y peanizanii amapaTHO-IIPOrPaMHUX CHCTEM.

Kntouosi cnoea: napanenvnuii  aneopumm, 6i0eoingpopmayis, I0KAILHICMb OAHUX, MATLT,
mecmosuti cmeno, mosa Aoa, VHDL

Article is devoted to working out to modelling of parallel algorithms and checks of
their conformity to mathematical model. On an example of coding of a video
information, necessity of creation of the stand for testing and application of Ada
language is shown. This approach includes research of locality of data in algorithms
and aspects of designing of system Xilinx, report CCSDS 133.0-B-1. Advantages of
Ada language in realisation of hardware-software systems are proved.

Keywords: parallel algorithm, video information, data locality, tile, test stand, Ada language,
VHDL

1. O6mas npo6Jiema

AKTYaJIbHOCTh ~MOJEIMPOBAHMS QJITOPUTMOB, PEANIM3YIOUINX MapauIeIbHBIE
BEIUMCICHHS B O0NAacTH CXaTWsl JaHHBIX, OOBICHSIETCA HEOOXOIUMOCTBIO WX
JTATBHEUIIIET0 PUMEHEHHS B alllapaTHO-TIPOTPAMMHBIX WJIHM alllapaTHBIX CHCTEMaX.
M3BecTHO MHOTO CXEM amnmapaTHOW WHTEPIpEeTallii BBIpaXXEHWH, Ha KOTOPHIX
OCHOBaHBI ATH alTOPUTMEL PeleHne MmpoOieMbl OCIOXKHSIETCS C OJHOW CTOPOHBI
OTIpeICICHHBIMU TEXHOJOTHYECKUMHU TPYAHOCTSIMH B pEANM3allid TPU MOCTPOCHUHN
3aKa3HO# BBIYMCINTENHHON CHCTEMBI, OPHEHTUPOBAHHON Ha A(PQPEKTHBHOE pEIIcHHE
KJlacca 3aj1a4y U3 KOHKpEeTHOW nmpukianHoit o6nactu. C Apyroil CTOPOHEI - S36IKOBBIMH
mpobiieMaMu ¥, HAKOHEIl, CJIO0XHOW JIOTMKOW CaMHuX pEHmIeHWH W CIO0XKHOCTHIO
3¢ (}EeKTUBHOTO TPUMEHEHHS TapajUIeNbHEIX BeauciacHnii [1,2].  OcoOeHHOCTH
anmaparHbiX CpPeJICTB — 3TO BOBMOXKHOCTh MapajlieIbHOr0 (YHKIIMOHUPOBAHUS JIBYX U
Oonee Momyliell cuCTEMBl, MpUYeM 000N MOMIYJIb MOXET caM COCTOSATh W3
napajuieTbHO paboTaroMmuX yacTei. /{7 BceX KOHKPETHBIX BRIYMUCIATENBHBIX CHCTEM
MMEHHO CTENEHb COTJIACOBAHHOCTH CTPYKTYPHI QIFOPUTMOB C apXUTEKTYPOH CHCTEM
UIrpaeT camylo Ba)KHYIO pOJIb B JJOCTHXKEHMM HAUBBICHIMX CKOPOCTEH BBIYMCIIEHMI.
Takxe HE0OXOAUMO OTMETHTH, YTO CYIIECTBYIOT MPUKIAIHBIE 3a]a4d, HAIIPUMED, B
obyiacti TeXHUuYecKol 3aiuThl HHGOpMaluu, rjae Tpedyercss Kak QopmMaibHOe
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JI0Ka3aTesIbCTBO NMPABUIILHOCTH aJIFOPUTMa, Tak U ero (aktuueckas peaiusanusi. B

TakNX TPWIOKEHUAX, Kak JUCTaHIMOHHOe 3oHaupoBanme 3emuu (/133), rae

napauieIbHO € allTOpUTMaMu IMU(POBAHUS U KOJWPOBAHUS JaHHBIX MPUMEHSIOTCS

cpelcTBa cxXaTtusi WHPOPMAIUHN, MOJCIUPOBAHNE AalTOPUTMOB, PEATHU3YIOIINX
napajieqbHble BBIYHACICHUS BO3MOXKHO € TMpHUMEHEHHeM TmakeToB Tuma MatlLab.

OpHolf W3 TpWYMH OTPAaHWYEHUIl HA WCIOJB30BAaHUE TAKOTO WHCTPYMEHTAPUS

SBIISIETCS CIIO’KHOCTH M BBICOKAs! CTOMMOCTH 00ECTICUEHHSI COOTBETCTBYIOIIETO YPOBHS

rapaHTuii KOHEYHOTO MPOJYKTa B 00JAcTH TEXHUYECKOH 3aiuThl UH(OpMAIMU 1O

BCEM TPEM COCTABISIONAM — KOH(UIECHINATEHOCTh, EJIOCTHOCTh U JOCTYITHOCTS.

DTo cleAyeT W3 CYIIECTBEHHOW pa3HHUIBI MEXIy ONTHMU3UPOBAHHBIM IO

NPUKIQHYI0 OO0JIACTH QJITOPUTMOM M €ro IepBOHAYAILHONW MaTeMaTu4ecKou

MOJIETThI0, peanu3zyeMoil moJoOHsIME TTakeTamu. B [3] yTBepikmaetcs, 9To «kadwcOwiil

YUCTIeHHBLIL MEMOO NOPOHCOAem OeCKOHEeUHO DOIbULIOe MHONCECTBO MAMEMAMUYECKU

9KBUBANIEHMHBIX ANI2OPUMMOSE U NPOSPAMM 3a CHem MamemMamuyecKu SK8UEAIeHMHbIX

npeobpazosarull. Bee oHu npu 0OHUX U mex Jce 6XOOHbIX OAHHBIX OArm OOHU U me

JHce pe3ybmamsl MOAbKO 8 mex CAYUasx, Ko20a 6ce onepayull 8bINOIHIIOMCSA MOUHO.

OOHako Ha OAHHOM MHOJCECHBe UMeemcsi OZPOMHbBIL pa3dpoc BbIYUCTUMETbHBIX

ceoticms, mMakux Kaxk ooujee UYUCIO BLINOJHAEMbIX onepayull, GIUsHUe OUUOOK

OKpY2JleHUs, YUCIO NAPAIeSIbHbIX 6emeell 8blYUCIeHUL, pazmep mpebyemoll namsamu,

CLONCHOCIb KOMMYHUKAYUOHHBIX C6513ell U MHO2ux Opyeux. BajcHo noduepkHyms,

umo Haiuuue OOHUX XOPOWLUX CBOUCME YV aIeOpUmMMA UIU NPOSPAMMbL  He

2apanmupyem, 4mo XOpoutumu makaice 6yoym u Kakue-mo opyeue c8olcmea. »

Emte GompImieid cTeneHn CI0XKHOCTh M CTOMMOCTh BO3PAcTalOT, KOT/1a CTOWT 3a/1a4a
nepeHoca MoJIeNIM aJIrOpUTMa M €€ peain3alliyi Ha JPYTryIo JJOBEPEHHYIO TiaTdopmy.
ITox noBepeHHOl 1IaTGOPMOI  1OJPa3yMEBACTCS COOCTBEHHBINM  BBIUMCIIUTEID,
HaTpUMep CHEIMaTu3upPOBAaHHBIA TIPOIECCOp C YCTAHOBIEHHOW Ha HEM JpyTroit
omeparonHoi cucteMoil (mnu 6e3 OC) winM mporpaMMHpyeMBIE TOJIH30BATEISIMHE
BeHTHNIBHEIC MaTpunbl (Field-Programmable Gate Array — FPGA). Jlist TectupoBanus
JIOBEPEHHOW TIaT(GOpMBI U peaTu3yeMbIX Ha Hell MapajuleThbHBIX BBRIYHCICHHIA, Kak
MPaBUIO, CO3/J[Aa€TCA CTEHIO0BOE OO0OpYJOBaHHME. JTO CTEHAOBOE O0OpY/I0BaHUE,
paccMaTpuBaeMo€ KaK CpEeACTBO HM3MEPEHUS TMapaMETPOB  OCYIIECTBIEHHON
peanuzainyu, Takke TpeOyeT COOTBETCTBYIOLIETO YPOBHSI TapaHTHil MPaBUIHHOCTH
CBOETO (PyHKIIMOHUPOBAHUSI.

[IpaBuIBbHBIM BEIOOPOM B 9TOM ciiydae ObLIO OBl HCIOIB30BaTh HHCTPYMEHTAIBHOE
CpPEeJNCTBO, KOTOPOE:

1. Camo wMoriao OBl TPOWTH cepTHQUKANMOHHBIE WCHBITAHUS B 00JacTH
TEXHUYECKOM 3amuThl WHPOPMAIIHH, TO €CTh, KAK MUHIUMYM HMEIO OTKDPHITHIE
JUIsl UcTbITaTeliei crennuKanim, KoJibl IPOrpamMMm U Tak Jiajiee.

2. CoOTBETCTBOBAIO CTaHAAPTY, CTPOTO €r0 BBIMOTHSIO, ¥ CYIIECTBOBAN

CHeNMalbHBIA CTaHIAPT, PErIaMEHTHPYIONIUI 3TH TPOBEPKH.

brut0 peann3oBano (MM MOTIIO OBITH aJalTHPOBAHO) IS TICJIEBBIX TUIATHOPM.

4. OGecneunBaio MOAJMEPIKKY MHOTO33daquHOCTH ISl MOJIETMPOBAHNS aJlTOPUTMOB,
peanm3yIonux napajieIbHble BEIUMCICHUS HA YPOBHE S3BIKA BBICOKOTO YPOBHS
(aTuM focTHTaeTcsi CTaOMIBHOCTh CEMAHTHKH, pa3paboTuymK u30aBiseTcss OT
HEOOXOJMMOCTH HUCTIOJIF30BAHUSl Pa3HOPOJHBIX BHEIIHHX OWOIHOTEK WM
COOCTBEHHBIX peIIeHuil IIst 00€CTIeYeHNs MHOT03a/Ia9HOCTH ).

W
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5. VYaosiaersopsuio Obl TpeOOBaHMSIM KOHOMHUYECKOH dddexrrBHocTU. Harnpumep,
MOKHO IOJIOXKHTH, YTOOBI CTOMMOCTH NMPHOOPETEHHSI U COBOKYITHOTO BIaJICHUS
TAaKoro HHCTPYMEHTApHUs HE NpeBbiana 1/3 ot Bcell CTOMMOCTH pa3paboTKu.

B cBi3m ¢ 3THM OTMETHM, YTO BCTPOEHHAs TMOJJICP)KKa MHOTO033J[a9HOCTH
SBISICTCS.  YHUKAJIbHOW W IMHPOKO  M3BECTHOH  OCOOCHHOCTHIO  SI3BIKA
nporpamMMupoBanusi Ada, KOTOpas BBITOAHO OTJIMYAE€T €ro OT OOJIBLIMHCTBA
COBPEMEHHBIX SI3BIKOB TporpamMMmupoBaHusa. Ciexyer oco00 TMOTYEpPKHYTh, UYTO
HOJ/Iep’KKA MHOI033JauyHOCTH O0ECIIeUYUBACTCS HE C IOMOLIBIO  KaKUX-TH0O
paciupeHnii Wik BHEITHUX OMOIHMOTEK, a C IOMOIIBIO CTPOTO CTaHAAPTU3NPOBAHHBIX
CPEJICTB, KOTOPBIE BCTPOEHBI HEMOCPEACTBEHHO B SI3BIK POrpaMMUpoBaHust [4-5].

2. TocraHoBka 3agayd H HCNOJIb3yeMble Pe3yJbTaThl  MPEKHUX
HccJe0BaHui

Paccmorpum  HekoTopytro 0000meHHyt0 TocTaHoBKY [2]. Ilycth wmmeetcs
BBIUMCIIUTEIHHBIIT ¢bparmeHT  (Hanpumep, BBIPAXKEHHUE), BBITTOJIHAIOI Uit
coJiepKaTeNbHYI0 (QYHKIMIO B TporpamMe. Peanmmzanusi Toro ¢parmenrta Tpedyer
BBINOJIHEHMSI HA00pa KaKUX-TO 3JIEMEHTApHBIX 0a30BbIX ONEpaluil u nepeaad JaHHbIX
OT OJIHUX OTepaIyii K ApyruM. BEITonHeHe onepanui mpy 9TOM 3aBUCHT TOJBKO OT
TOTOBHOCTH JaHHBIX JUIg 3Toil omepanuu. JIns aHaigW3a paccMOTPHM IpPHUMEP
BBIYUCJICHUS IPOU3BEJCHUSI HECKOJIIBKUX MATPHIL

Y=[Tx, . (1)
i=1

Peanuzanust Takoro mpeoOpa3oBaHus OOBIYHO MPHUBOJIUT K MOCIICIOBATEIHHOMN
mporpaMMe ¢ [UKIaMH W, BO3MOXHO, YCJIOBHBIMH omepatopamu. Jlpyroit myTe —
WCTIONB30BaTh TapaijielbHbIe BBRIYHCICHUS (pealn30BaHHBIE, IO BO3MOXHOCTH,
anmnaparno). Torjpa st ocyuiectBieHus: peodpa3oBaHus JIAHHBIE «IPOTOHSIOTCS
yepe3 JOCTYNMHBIE B JAHHOW peaan3alii Pecypchl — CYMMAaTOphl, YMHOXHTEIH,
CHENNaTn3UPOBaHHBIE TIOJICUCTEMEI, SIEMEHTHI JIOKAThHOM MaMATH.

B pycine aToit u3BecTHOM 00111€# Maeu aBTOPHl pabOTH TPOBENIU UCCACAOBAHUS IO
VIIYUYIICHUIO JIOKATFHOCTH MHOTOMEPHBIX JITOPUTMOB C TIOMOIIBIO TaK Ha3bIBAEMBIX
TaiinoB  (cM. [6-18]) mpm  HOBOM  KIIIOUYEBOM  YCIOBHH  HCIIOJIB30BAHUS
WHCTPYMEHTAIBHOTO CPEJICTBA, YJIOBJIETBOPSAIONMIETO C(HOPMYIUPOBAHHBIM BBIIIE
TpeboBaHmsIM 1-5.

Vicnonp30BaHNe TaiJIOB MPEANOIAracT YMEHBIICHHE HAKIAJHBIX pacxXxoJ0B Ha
0o0OMeH JaHHBIMH MEXIy MpoIlecCopaMi, aJanTalliio alTOpPUTMa K HCIOIB30BAHUIO
MEpapXUUYECKOW TamsITH OJHOTO Tmporeccopa. Tala MCrmoss3yercs B alrOpUTMax
00paboTKN pacTpOBBIX N300paKEHUH, KOTOPHIC MPENOJIAral0T 3aBUCUMOCTh SIPKOCTH
TeKyIIel TOYKH U300paxKeHns OT SIPKOCTEH TOUeK OKPYIKEHUS KakK 1Mo och X, TaK U 10
ocu Y. YMHOXKEHHE KBaJpaTHBIX MaTpHI] Taitla n300pakeHHus pazMepoM 8§ TOoueK B
crpoke U 8 Touek B croJible Ha mMarpuily Kod(QGUIMEHTOB TaKOW e pa3MEepHOCTH,
3TO OJAWH u3 cmocoboB >(dexTnBHON peanm3anmu anroputma cxarus JPEG
(cm. [19], B maHHOM ciyyae pa3Mep W KOHQUryparus Taiiia 3aJaHbl CTaHIAPTOM).
brovnbie anropuT™MBI MUQpaIi U KOAUPOBAHHUS JAHHBIX UCIIONB3YIOT Tallll ¢ IENBIO
pacmapasuielBaHs BEIYUCICHUN M MPU anmnapaTHON peaqn3alii 3THX aJTOPUTMOB.
ITonsitue “TILE” M COMYTCTBYIOIIMX €MY CTPYKTYP OIPEIEISCTCS U B JIPYTUX
rpaduyeckux crtaHgaprax, Hanpumep B JPEG 2000 [20, page 6]. Pexomenmyemsrit
pa3Mep Taiima ans OonpmuHCTBAa ipuMeHeHwi JPEG 2000 sto 1024 mo ropuzoHTanu
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Ha 1024 no Beprukaiu (B JIaHHOM cllyyae pa3Mep Tailjla MOXeT BbIOUpaThcs B
3aBUCHMOCTH OT MPHUKJIaTHON 001acTu).
[Tox Taitnom (3epHOM BEIUKCIIECHUH |8 ]) MOHUMAETCS MHOXKECTBO OmepaIfuit
aJropuTMa, BEITIOTHSIEMBIX KaKk OJIHa €IMHUIA BEIYUCIEHN, aToMapHo. [lpu 3amanmn
3epHa BEIUKCIICHUN, KaK MPaBUJIO, PENIAIOTCS ClIeaylomue 3aaauu [9]:

1. Beibop dopmer Tatina.

2. Breibop pazMepa, uncia oneparuii Taitia.

3. Be1bop mocneoBaTensHOCTH BHITIOIHEHUS OIEpallnii Taiia.

(3ameTum, TOPSAAOK BHITIOTHEHUS OIEpanuii BIUSET Ha JOKATLHOCTH JIaHHBIX, a,
clemoBaTeNbHO, W Ha BpeMsl BbuucieHuid. OAWH MyTh — TMOBTOpPHOE pa3dueHue
TaiJOB HA Tailjbl BTOPOro YpOBHS. J[pyroil mnyrte — yCTAHOBJIIEHHE INPUOPUTETOR
BBIMIOJIHEHUS IIMKJIOB C TOYKU 3PEHUS JIOKAIGHOCTH JAHHBIX U MEPECTAHOBKA UX B
COOTBETCTBUM € Hpuoputreramu. ONpeneauTs ONTUMAIbHBIA MOPATOK BBIUUCICHUS
LUKJIOB, MHAY€ TOBOPSI, CPABHUBATH JIOKATHHOCThH I'HE3JT IUKJIOB, MOXHO C MOMOIMIBIO
TaK Ha3bIBAEMOTO BEKTOpA JIOKAJTHHOCTH.)

4. Bribop mocnenoBaTeNbHOCTH BBITIOJHEHHS TAiIOB, pEalM3yeMBIX OIHUM
MPOIIECCOPOM, UTO MOYKET BIUATH Ha 3arpyKEHHOCTH MPOIECCOPOB.

(EcTecTBeHHO CTPEMHUTHCS B MEPBYIO OUEPEb BHIMOIHITH TallIbl, OT pe3yIbTaToB
oTiepaIyii KOTOPBIX 3aBUCST BRIYUCICHHS JPYTUX MPOIIECCOPOB.)

JUIsi  HarIsIAHOCTU  Taillly COMOCTABJISIIOT MHOXKECTBO TOYEK MHOTOMEPHOMH
LEJOYUCICHHOW pEeIIeTKH, KOTOPOE 4Yallle BCEro SBIAETCS IPSIMOYIOJbHBIM
napaienenumne oM. Hampumep, ecnu airopuT™M MOXET aToMapHO paboTaTh C
KJIETKaMH, Ha KOTOpBIe pa3duTa MpsSMOYTroibHas MaTpHila, TO YMHOXEHHE Ha TaKylo
KJIETKY — Tailll, © EMy COMOCTABJISIIOTCS BCE TOYKH MIOCKOCTH, KOOPIUHATH KOTOPBIX
paBHBI MHJEKCAM 3JIEMEHTOB, MPUHAIEKAIINX KIIETKE.

B BBIYHCINTENHHBIX JKCIEPUMEHTAX HACTOAIIEH paboThl B KauyecTBE THITUMYHOM
MOJIETN alrOPUTMa, TIOIEKAINEr0 ONTUMU3AINH, BEIOPAHO YMHOXEHHIE KBaPaTHBIX
MaTpuil. PaccMOTpeHBI pa3nuuHBIE MOAWU(HKAINN aAITOPUTMa, MOJYYCHHBIE C
MOMOILBIO TIEPECTAHOBKUA IUKJIOB M € MOMOILIBIO 3€pEH BBIUUCICHUI HAa OCHOBE
CIoCcOOOB YIYUIIIEHUS JTOKATHHOCTH MHOTOMEPHBIX IMKJIOB (TIEPECTaHOBKA ITMKIIOB,
3epeH BeIYHCICHHUIT). [IpoBesieH BRIYMCINTENRHBIN SKCIEPUMEHT TI0 BBEIOOPY pa3Mepa
(uncna omepanuil) Taiia, YYMTHIBAIOMIMK TapaMeTphl: MPOU3BOAUTEIHLHOCTD
MpoIeccopa U UX KOJIUIECTBO, MPOIYCKHYIO CIOCOOHOCTh KaHAIOB JIOCTyTa K 00meit
MaMATH MPOIECCOPOB, BpeMsI HHUIIMAIN3ALNH T110/133/1a4 BHITIOTHIEMBIX TapalIeIbHO
WJIN TICEBAOTAPAILIETHHO.

BHe kakux-mub0 TEeXHOJOTHYECKHX OTpaHWYEHHUI 3TOT MOIXO]] arpoOupoBaics B
pabote [10] (drcneHHBIE SKCTIEPUMEHTHI TPOBOAMINCE Ha Kadeape MaTeMaTHIecKoro
MOJICJIMPOBaHMS W yrpaBieHuss (akyjibrera NPUKIQJHOW  MareMaTMKu U
nH(popMaTHKH benopycckoro rocy/1apcTBEHHOTO YHHBEPCUTETA).

3. MaTepuaJibl H pe3yJbTaThl HCCJIEA0BAHHS

Texandeckne W (UHAHCOBBIC YCIOBUS, B KOTOPBIX HAaXOIATCS aBTOPHI,
OJTHO3HAYHO IMPUBEIN UX K MHCTPYMEHTAIBHOMY CPEACTBY, KOTOPOE BKJIIOYAET: a) —
KOMITHJISITOP SI3bIKa MporpamMMupoBanms Ada as pa3paGoTKU pa3THYHBIX MOJIeTei
napajieqbHBIX BRIYHCIICHUIT U 0) — CTeH10BOe 000pyToBaHNE COOCTBEHHOM COOpKH.
Kputepuun BeIOOpa MHCTpYMEHTAapHs COTJIACHO MyHKTaM 1-5 pa3aena 1 3aBucAT OT
perroHa 1 SKOHOMHYECKUX YCIIOBUil, B KOTOPBIX HAXOAUTCS pa3paboTYNK MOJEIIEN,
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OT CXEMBI pacnapajuieIMBaHus BEIYUCIEHUH. ABTOPHI pabOTh NCTIOIH30BAIN
nacTpymenTtapuii ot pupmel AdaCore (http://libre.adacore.com) GNAT GPL 2009
(20090519) nns oneparmonHoii cuctembl Windows XP ¢upmsr Microsoft (noctymst
TaKe BBIITYCKH MO IPyTHE TOMYJISIPHBIC TIaTPOPMEI).

B http://www.mediascan.by/index.files/ (chaiin Tile9.zip) npuBeaeH ympoIieHHbIH
WCXOJHBIN TEKCT pa3paboTaHHOTrO mporpammHoro cpeactBa Tile9 (cokpamenus He
BJIMAIOT HA MOHUMAHUE CYTH) JUIS OIIEHKH MPOM3BOJUTEIHHOCTH BEPCHil alroputMa
Ha BBIOMpaeMOii armapaTHO-IIPOrpaMMHOI TIaThopme.

B pesynprare MHOrHX cepuil BBIYHCIUTEIBHBIX HSKCIEPUMEHTOB Ha Ppa3HBIX
KOMITBIOTEpaX MOJTBEPAWIOCH BIMSHUE TMEPECTaHOBKH IMKJIOB W TNPHUMEHEHHUS
TallIMHTa Ha CKOpPOCTh PabOThl MOJEIBHOTO anroputma. ONTHMANBHBIE PEHICHUS
ObUTM pa3HBIe B 3aBUCHMOCTH OT ammapaTHoi miatdopmbl (CpaBHEHHE MTPOBOIUIOCH
Ha OJHOSIEPHBIX M JBYXSAEPHBIX mpoleccopax ¢upmbl Intel). DkcrnepumeHTs ¢
nomouibto Tile9 mno3BosiviM ONpesesinTh MaKCUMajlbHbIE 3HA4YEeHUs] KOJMYeCTBa
TailJIoB, KOTOPHIE MOXHO peaTn30BaTh B BHJE 3a/1a4 s3bika Ada-95 u ux ontumaabHOE
Ui OBICTPOAEHCTBUSL KOJMYECTBO JUIl KOHKPETHBIX COYETAHUH NPOrpaMMHBIX H
anmnapaTHBIX CPENICTB.

Hcnons3oBaHne TailJloB 3HAYWTEIBHO TMOBBIIIAET CKOPOCTH pacueToB, a B
HEKOTOPBIX ~QJITOPUTMAX CXKATUS H300paXKEHUs SIBISIETCS OCHOBOM [yl €ro
peanuzanuu [11-12]. Ilpum pas3HOil MOCIENOBATENBHOCTA IUKIOB B aJITOPUTME
ONTUMAJIBHBII pa3Mep Taila He 0OJIMHAKOB JIs BCeX ciydaeB. Eciu paccmarpusath He
MOJU(PHUIMPOBAHHBIA AITOPUTM TIEPEMHOKEHHS KBaJpaTHBIX MaTpHIl, TO OCHOBHAs
YacTh aNrOpUTMa TPEJCTaBIseT co0Oil TpoitHOW THMKI mo i, j, k ¢ omHUM

oneparopom S1:
declare
subtype Count is Integer range 1 .. 1000;
begin
for i in Count loop
for Jj in Count loop
for k in Count loop

<<S1>> c(i) (J) := c(1)(3) + a(i) (k) * b(k)(J);
end loop;
end loop;
end loop;
end;

[lepecTaHOBKOIl IMKJIOB MOKHO TOJYYaTh Pa3IMYHBIE MOJU(PUKAIMU JTAHHOTO
anroputma. Beero 3aech TpM mmMKia, a, 3HAYMT, CymiecTByer 3!, TO €CTh IIECTs,
MOIU(HKANN alropuT™Ma IIEPEMHOKEHNS KBaJPATHRIX MaTpPHII.

Jlns Toro 4ToOBI XapaKTepH30BaTh JIOKAIBHOCTh THE3J NUKIOB M BBHIOpaTh
HAWIYYIIyl0 MOAWQUKAIMIO alrOpuTMa MEpEeMHOKEHUS] KBAJPATHBIX MaTpHIl U3
IIECTH BO3MOXXHBIX, BBOJMTCS, cieays [6], BeKTop JOKaJdbHOCTH. Yem BHIIIE
JIOKAJbHOCTh, TEM OOJNbIINN 00BEM BBIUUCICHUIT MOXKET BBIIOIHATHCS PA3JeIbHO, a,
CJIEIOBATENLHO, MOXKET OBITh CHIIbHEE J(PQEKT OT MPUMEHEHUS NapauieIbHOI
APXHUTEKTYPHI pEATN3YIONINX MPOTPaMM.

[lyctk a — MaccuB pa3MepHOCTH OOJBIICH WM PaBHOW JBYM, XpaHCHHE
3JIEMEHTOB MAacCHBa B MaMATH KOMIBIOTEpA OCYIIECTBISIETCS 110 CTPOKaM.



BicHuk XapkiBcbkoro HaujoHanbHoro yrisepenteTy Ne863, 2009 135

Paccmorpum nanssie a(F(J)),J € V', ucnosp3yemble Ha ¢ -OM BXOXKJICHUU MacCUBa

a B omeparop S, rie @ — HEKOTOPBI MacCUB C JIAHHBIMH, BCTPCYAIOIIUICS B
omeparope S ; F — HekoTopas GYHKIHUs, KOTOpasi OMUCHIBACT WHICKCHI 2JIEMEHTOB
MaccHBa JAHHBIX ( , OTHOCSIIErOCs K ¢ -OMY BXOXKJEHUIO 3JIEMEHTOB 3TOT0 MacCUBa

B omeparop S; J — wurepamus mukiaa; V- o0nacTe uTepanyii, To ecTh 00JacTh
M3MCHEHHS TapaMeTpoB THe3/Ia IUKIIOB JUIS oriepartopa o .

[Monoxum A =(4,,4,), rae A, — 4UCIO BHYTPEHHHUX LUKJIOB, HA UTEPALIHAX
KOTOPBIX UCIIOJIB3YETCS JIEMEHT MacCchuBa €O BCeMH (PUKCHPOBaHHBIMU WHJIEKCAMU
(TO ecTh, MCMONB3YETCST TOMBKO OJHMH DJIEMEHT MaccHBa); A, — YHCIO BHYTPEHHHX
[IUKJIOB, Ha WTEpalusiX KOTOPHIX HCIOJB3YIOTCS DJIEMEHTHI MaccuBa d C OJHUM
HOCJIETHIM TIEPEMEHHBIM HH/IEKCOM (€CITH d — JIBYMEPHBIN MAaCCHB, TO UCIIOJIB3YETCS
omHa CTpoka). Bektop A HasbIBaCTCA  6EKMOPOM  JIOKAILHOCMU — OAHHbIX
a(F(J)),J €V . llepBas KOMIOHEHTa XapaKTEpU3yeT BPEMEHHYIO JIOKaJIhbHOCTH,
BTOpasi — MPOCTPAHCTBEHHYIO.

JITsi onTUMM3alK MaMATH HEOOXOAMMO, 4TOOBI KaK MOXKHO OOJIbIIE BEKTOPOB
JOKaNBHOCTH A OBUTH HEHYJICBHIMH WM 3HAYCHHS KOOPJIMHAT OBUTH KaK MOXKHO
OoJble.

PaccmoTpum Ha mpumepe anropuTMa MepeMHOKEHHS KBaJAPATHBIX MaTPHI] BEKTOP
JIOKaJbHOCTH W WCCIEeNyeM, Kakas W3 IIecTH MOIU(HKaINWil JaHHOTO ajiropurMa
SIBJISIETCS HAWILY YLICH.

[To mocraHOBKE 3ajJaydl W aIrOPUTMYy HUMEIOTCS TpU MaccuBa d, b u ¢
pasMEepHOCTH JBa. XpaHEHHE OHIEMEHTOB MacCcHBa B TaMSITH KOMIIBIOTEpa
OCYILIECTBIISIETCSL 110 CTPOKaM, TaK KaK MpU peaju3aliyi allrOpuTMa Ha KOMIIbIOTEpe
UCTIONB3yeTCsl IMEHHO Takoe Tpe/ICTaBlIeHUE JaHHBIX B MaMmsITH. B gaHHOM ciydae
urepanmst J  mpeacraBiser  coboit  J =(i,j,k). OOnacte  uWrepanmii

V={Gj,k)eZ|0<i,j,k<1000}. J u V onpeaenstorcs Ui €AMHCTBEHHOTO
oneparopa S1:c[i][j]= c[i][j]1+ alillk]*[K][/].
Temneps ompeenM BeKTop JoKambHOCTH A = (A, 4,) A KaxI0ro u3 MaccHBOB

a, b m ¢, To ects ompenemum Bektophl A‘ = (A0, A°), A =10, A) wu

7

A =(4;,4]), rae, kak yxe rosopuinock, A,,i={a,b,c} — 4YHCIO BHYTpEHHHX
IMKIOB, HA HTEPAlUAX KOTOPHIX HCIMOJB3YETCs SIEMEHT I -r0 MacCHBa CO BCEMH
dukcupoBaHHEIMI MHAeKcaMu; A,i={a,b,c} — WHCTO BHYTpEHHUX IHKIOB, Ha
WTEPALMAX KOTOPHIX MCTONB3YIOTCS DIEMEHTHI I -r0 MaccuBa ¢ OJHOI mocieaHeit
TIEPEMEHHOI CTPOKOIi, TaK Kak BCE MAaCCHUBHI B JAHHON 3a/1aue — IByMEPHEIC. BekTOphI

JOKaJIbHOCTH TpejcTaBieHsl B Tabmume 1. Kak yke roBopwiioch BbIIIE, JUTS
ONTHMU3AIMN TAMATA HEOOXOAMMO, dYTOOBI Kak MOXHO OOJbIleé BEKTOPOB

JOKanbHOCTH A GbLIM HEHYJICBBIMUA M 3HAYCHHSI KOOPJIUHAT OBLTH OBl KaKk MOXKHO
OOJIBILIMU.



136 C. V1. Kupkopos, I1. C. KupkopoBa

Taba. 1. Bekmopwi 10KanbHOCMU 0151 PA3TUYHBIX MOOUDUKAYUT ATCOPUMMA NEPEMHOICEHUS]
mampuy

ijk ikj jki jik kji kij
A (1,2) (0.2) (0,0) (L1) (0,0) (0,1)
A (0,2) (1,2) (0,0) (0,1) (0,0) (1.1)
A (0,0) (0.1) (1.1) (0,0) (1,2) (0,2)

AHnanm3upys Tabnuity 1, HECIOKHO YBUAEThH, UTO HaWiydieid Moaudukanueit (¢
TOYKH 3pEHUS BpEeMEHH pealu3alid) aJrOpUTMa  SIBJISETCS  alrOPUTM  C
110CJIC/I0BATEIILHOCTHIO LIMKJIOB ikj , @ HauXyuumu — jki u kji .

DKCIepUMEHTANbHBIE  JIaHHBIE OBLIM  MOJYYEHBI Ha JIByX KOMIIBIOTEpaXx:
omuosiiepHoM Intel Pentium 4531, 3000MHz, 1 GB RAM wu asyxsesaepHoM Intel
Core2Duo 6420, 2,13 GHz, 2 GB RAM. B ganHoM ciyyae UCIoIb30BaIach MaTpuila
pasmepa Thics4a Ha Thicssdy. B Tabi. 2 1eMOHCTPpUPYIOTCS MOJTy4YEeHHbIE JIAHHbIC:

Tabn. 2 — Bexmopbl 10KANIbHOCNU U IKCNEpUMeHMANbHble OaHHble (8peMs GblYUCTeHUll 8 CeK)
OJ15 PA3IUYHBIX MOOUPUKAYUL ANOPUMMA NePEMHONCEHUS MAMPUY

ijk ikj iki jik Kji kij
A (1,2) (0,2) (0,0) (1.1) (0,0) (0.1)
A° (0,2) (1,2) (0,0) (0.1) (0,0) (1.1)
AP (0,0) (0,1) (1,1) (0.0) (1.2) 0.2)

Pentium 4 | 25484 | 12,063 | 32265 | 21,031 | 44,547 | 12813

Core2Duo | 20,641 | 11,578 | 23.953 | 15,797 | 32.063 | 12.360

M3 tabn. 2 BUIHO, YTO BEKTOPHI JIOKAJTBHOCTH B OCHOBHOM BEPHO IPEJICKA3BIBAIOT
TO, HACKOJIBKO XOpOIIO TIPOMCXOMUT ONTHMM3ALUS HaMATH. MckmodeHue: Mo
BEKTOPAaM JIOKAIILHOCTH alTOPUTM € TOCIE/I0BATENBHOCTBIO WHKIOB ki 1omen

paboTate XyXe BCEro, a Ha MPaKTHKE MNOIYYWIOCh, YTO 3TO IHUKII kji . Hns
o0bsicHeHust 3Toro (akra TpedyroTCsi 00Jiee TOUHBIC UCC/ICHOBaHMS YPPEKTUBHOCTH
UCIIOJIb30BaHUsl UEPAPXUUYECKOT MaMSITH.

MOKHO 3aKITIOUUTh, YTO JIOKAIU3alMsl JAHHBIX CUJIBHO BIIHMSIET Ha BpeMsi paOOThI
IporpaMMel, IpuuéM camasi OblcTpasi U caMasi MeJUIeHHas MOJUGHUKALUU aJlrOpUTMa
MOTYT OTAMYATHCS pa3a B ABA-TpHU W OOJbIIE JUISl 3a/a4 OOJBINEro pa3Mepa, a 3TO
JIOBOJIBHO CYIIECTBEHHAS pa3HHILIA, KOTJIa BayKHA CKOPOCTH paOOTHI.

Jlnst Kax ol mepecTaHOBKM NHKIOB ONTHMAJIBHBIA pa3Mep Tailia MOXKET OBITh
cBoii. PaccMoTpuM umnciieHHBIE Pe3yNIbTaThl IKCIIEPUMEHTA 110 OTITUMM3AIIUH pa3Mepa
(cm. Tabut. 3) juist Haubosiee pacipocTpaHeHHol Moaudukanuu anropurma — 1JK.

B nannHo#f Tabmuie ans peanuzanuii, TPAKTYIOIIUX Taiabl, Kak 3agadu AJbl
(Jloruyeckue mpoLeccopsl), Ul pa3HbIX pa3MepOB Taiiga MpPeNCTaBIEHO a0COOTHOE
¥ OTHOCHTEJILHOE BpeMsl (TOYHEE, KYyCKOPEHHUEY) EPEMHOXKEHHUsI KBaJIPATHBIX MaTPHIL
1000x1000. «YckopeHue» paccMaTpUBAETCS OTHOCUTENIBHO peajn3alud TaljJuHra
0e3 “cnoIbp30BaHms 3a/1ay KaK BEJIMYNHA, OOpaTHasi OTHOCUTEIbHOMY BPEMEHHU:
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6pems 6e3 noozaday

2)

Yexopenue =
P 6peMmsi ¢ nod3aoavamu

I[aHHBIe NpEACTABJICHBI IJId Pa3jIMYHbBIX KOMIIBIOTEPOB W C pa3/IMYHBIMU
OnepaMMOHHBIMA CUCTEMAMU.

Tabn. 3. Bpems nepemHOdICe U KEAOPAMHBIX MAMPULY 6 CEK

Pasmepraiiia | 20 | 25 | 40 | 100 | 125 [ 200 | 250 | 500

Intel Pentium 4531 3GHz 3.5GbRAM OSWin32XP

Bes nomsazau | 7,210 | 7,535 | 8,196 | 11,247 | 11,065 | 10,644 | 10,892 | 11,913

C nomsazauamu | 25210 | 18,504 | 11,583 | 11,125 | 11,410 | 11,636 | 12,585 | 12,442

Vckopenue 0,29 0,41 0,71 1,01 0,97 0,91 0,87 0,96

Intel Core2CPU 6400 2.13GHz 3.50GB OSWin32XP

Bes nojsazau | 3,820 | 3,897 | 4,059 | 4494 | 4462 | 2429 | 4.645 | 7.237

C nomsazauamu | 11,079 | 6,589 | 3.644 | 2,872 | 2.843 | 2,847 | 3,031 | 5,731

Vckopenue 0,34 0,59 1,11 1,56 1,57 0,85 1,53 1,26

Intel Core2CPU 6400 2.13GHz 4.00GB OSWin64Server

Bes nojsazau | 3,788 | 3.899 | 4,053 | 4,495 | 4464 | 4468 | 2503 | 7.365

C nomsazauamu | 10,979 | 9,046 | 3,581 | 2,871 | 2.834 | 2,858 | 3.050 | 5,991

Vckopenue 035 0,43 1,13 1,57 1,58 1,56 0,82 1.23

Intel Core2CPU 6400 2.13GHz 4.00GB OSWin64XP

bBes momzanau 3,773 3,888 4,043 4,487 4,457 2,372 4,637 7,200

Cnomsamawamu | 11,294 | 8,257 3,865 2,885 2,841 2,850 1,035 5,756

Yckopenue 0,33 0,47 1,05 1,56 1,57 0,83 4,48 1,25

Intel Core2CPU 6400 2.13GHz 8.00GB OSWin64XP

bBes momzanau 3,820 6,331 4,069 4,516 4,483 6,710 4,667 7,340

C nomg3amagamu | 17,506 | 8,590 3,923 2,905 5,169 2,864 3,060 5,678

Yckopenue 0,22 0,74 1,04 1,55 0,87 2,34 1,52 1,29

Intel Core2Duo E675 2.66Hz 2.00GB OSWin32XP

bBes momzanau 3,031 3,126 3,245 3,599 3,574 3,580 3,716 5,455

C nogzamavamu | 7,909 6,764 2,843 2,295 2,267 2,284 2,416 4,059

Yckopenue 0,38 0,46 1,14 1,57 1,58 1,57 1,54 1,34

Intel Pentium 4 CPU 2.60GHz 2.00GB OSWin32XP

bBes momzanau 8,275 9,131 9,607 11,662 | 9,520 11,510 | 12,246 | 13,256

C nom3amauamu | 24,042 | 22,875 | 15,984 | 18,954 | 18,924 | 20,153 | 20,160 | 20,085

Yckopenue 0,34 0,40 0,60 0,61 0,50 0,57 0,61 0,66

Intel Xeon CPU 5130 2.00GHz 4.00GB OSWin64Server

bes momzanau 4,037 4,160 4,330 4,802 4,767 4,778 4,961 7,284

C nom3amauamu | 14,497 | 10,014 | 4,191 3,094 3,045 3,064 3,232 5,356

Yckopenue 0,28 0,42 1,03 1,55 1,57 1,56 1,53 1,36

Intel(R) Pentium(R) D CPU 2.80GHz OSLinux

bes momzanau 7.894 8.136 8.556 10.338 | 10.283 | 10.807 | 11.420 | 12.343

Cnom3amauamu | 11.953 | 8.763 7.009 7.426 6.773 5.578 5.771 6.424

VYckopenne 0,660 | 0,928 | 1,221 | 1,392 | 1,518 | 1,938 | 1,979 | 1,921

Pesynbrarsl 13 Tabl. 3 MOATBEPXkKIAIOT €CTECTBEHHOE OKUJIAHUE, YTO TAMIUHT «C
3ajia4aMmuy 11eJ1ec000pa3HO MPOBOIUTH TOJIBKO B CIIy4ae MHOTOSIJICPHBIX MTPOIIECCOPOB
(1t MYJBTHUIPOIECCOPHBIX Yy  aBTOPOB  JAHHBIX HET) WM MPOIECCOPOB
OpUEHTHPOBAHHBIX Ha cepBepa (Intel Xeon CPU 5130 2.00GHz). Torja B GOJIbIIIUHCTRE
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ciyuaeB (TJie pa3Mep TaillloB HE caMblii MaJICHBKHUiT) UMEEM YCKOpEeHHE padoThl, 10
KpaiiHeil Mmepe, B ojiropa pasa. J[jist 0THOSAEPHBIX KOMIIBIOTEPOB MBI BUJIIM B OJTHOM
ciaydae (mpu pasmepe Taiina 100) yckopenne 1.01, a B oCcTanbHBIX — 3HAYUTEIHHOE
3amesienne padotsl. Heoxunmanusiii 2 dekt nposana HabmomaeTcst mpu padote ¢ 4-
8GB onepaTuBHoit mamsTH ¢ npoieccopoM Intel Core2CPU 6400 2.13GHz.

Jlns HardsAHOTO TIpefCTaBieHUs ATOro 3(deKra cpaBHUM TpapuKu yCKOPEHUS
JUI IBYX CIydaeB: JUId OJHOsAepHOTO KommbtoTepa Intel Pentium 4531 3GHz CPU,
3.5Gb RAM, OS MS Windows XP (32 bit) u muorosiieproro IntelCore2 CPU 6400
2.13GHz CPU, 3.50GB RAM, OS MS Windows XP (32 bit), puc 1:

CFIEIEIHEHHE YCKOpEHWA 0NA OOHOAOEPHOMD W OBYXBAOBNHOMD KOMOEHOTEROE
16 T T T T T T

141

o] —_
(] —_ i
T T T

YCKOpeHKE

=
o
T

0.4 o] 2 OnHoAREpHEIR .
#*  HeyxbAnepHER

D2 1 1 1 1 1 1
20 25 40 100 125 200 250 500

FPazmep Taina

Puc. 1. CpasHnenue yckopenus.

Just ppyrux anropurmoB (He 1JK, a juist jpyroii 1mocjieoBaTe/IbHOCTU LUKJIOB)
nporpamMa Tile9 nomkHa ObITH OUYeBHAHBIM 00pa3oM u3MeHeHa. Torja sKkcrepuMeHT
C wuccie/oBaHMeM  MoauUKanMii  3TOr0  ajroputMa  IO3BOJMT  10a00parh
ONTUMAJIBHBINA pa3mep Tailna u yJay4dlluTbh BPEMS BBIYUCICHUN.

Ha ocHOBe ommcaHHOTO WCCIENOBaHMSA [JaHHBIA IOAXOA K MOJAEINPOBAHUIO
IrOpuTMOB OBUT JIOMOJIHEH CO3[JaHUEM CTEHIO0BOrO O0OpyJOBaHMS Ha OJHOM U3
NpeAnpusTHii Tpu  pa3paboTKe MPOTPAMMHBIX CPEJACTB CXAaTHUS WHQOPMAITUH,
OpUEHTHPOBAHHBIX HA CHCTEMBI JUCTAaHIIMOHHOTO 30HAMpOoBaHHA 3eMin. KoHeuHbIM
pe3yabTaToM 3TOi paboThl OBLIIM TOTOBBIE K BHEJPEHHUIO CPEICTBA AJISI CCIEIOBAHUS
Ha CTEHIOBOM 00OpYJIOBAaHNY alMapaTHBIX U MPOrpaMMHBIX pealn3alnnii anropuTMOB
CKaTUsl ¥ BOCCTAHOBJICHHS M300pakeHmid. [IporpaMMHast 4acTh (MCKIIOUYas, KOHEUHO,
TaKue MOKYIIHBIE CPEICTBA KaK OIEPallIOHHBIE CUCTEMBI) IIOJHOCTHIO PEaln30BaHa Ha
s3p1ke Ada-95. DTo mporpaMMHBIE MOJIENN aJTOPUTMOB CHKATHSI JaHHBIX, MTOJTHOCTHIO
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COOTBETCTBYIOIIME arnmnaparHoii peanmzanuu Ha FPGA ¢dupmbl Xilinx u umMeromiue
dbopmar gaHHBIX, aHanmormuHbli TpoTokomy CCSDS-133.0-B-1. Ilporpammusie
MO/JIEJIN AJITOPUTMOB BOCCTAHOBJIEHHSI CKATBHIX JAHHBIX PEATN30BaHbl TAKKE HA SI3BIKE
Ada-95. TlporpaMmHBIe peain3anuy MoOjENeil aJrOpUTMOB MOTYT HCMOJIh30BATHCS
BHE CTEHJIOBOTO 00OPYAOBaHUS B MPHUKIAIHBIX CHCTEMaX, PeaN30BaHHBIX Ha SI3bIKE
Ada-95, Tak kak SBIAIOTCS TUIAT()OPMO-HE3aBHCHUMBIMH ¥ HUMEIOT BBICOKHE
MoKa3aTeNn TPOM3BOJUTENFHOCTH W HWCHOJIB30BaHWA BBIUMCINUTENBHBIX PECYPCOB
LIEJICBOU anmaparyphbl.

CreHzoBoe 00OpyZOBaHHE pPEATHU3YET «METa-KOMIBIOTHHT» B IEPBOHAYAIHHOM
ero cwmpicie. OCHOBHasi II€Jb TIOCTPOEHHSI METa-KOMIIBIOTEpA 3aKJIIYaeTcs B
ONTHMAJBHOM paclpeneeHnn dYacte paboThl MO BBYMCINTENBHBIM CHCTEMaM
pa3IUYHONl apXUTEKTYpPhl W Pa3IMYHOM MOIIHOCTH Ha 0a3e BBICOKOCKOPOCTHOM
ceTeBoil HHGPAcTPyKTYpsI [13].

Ha puc. 2 mpuBeneH mporecc pa3pabOTKU aJrOPUTMOB CKATUS JAHHBIX IS
I[EJIEBOI anmaparypbl TUCTAaHIIMOHHOTO 30HINPOBAHUS 3EMITH.

[TporpaMMHoO-anmapaTHbIil KOMILIEKC, PEaTU3yIOMIUi CXeMY pHC. 2, BKIIIOYAET:

1. mporpammuble cpecTBa cxxatus ganubx (I1C CB);

2. TmporpamMHEIEe cpeicTBa BoccTaHoBineHus ganHbix (I1C BB);
3. mporpamMHBIE cpeicTBa cTeHnoBoro obopyaoBanus (IIC CO);
4. oOubmmoreka HaOopoB naHHBIX BHeonH(DopMaruu (bH/IB).

Mpouecc paspaboTkn anropuTMoB

MaTemaTnyeckoe onucaHme (MoAens) \4
anropuTMa cxatust o~
PaspaboTka Paspa6oTka Paspa6otka
OYHKUMOHaNbHOW > nporpaMmmHon nporpamMmmHon
MOAEMNW anropuTMa Ha peanusayun anroputMa peanusaynu cpescTs BB
a3blke Ada Ha sizbikax Ada unmn C Ha A3bikax Ada unn C

Mposepka u aHann3
peanusauuu anroputMa
nporpammHeiMy cpeacteamu u CO

OTKoppeKkTUpoBaHHas MporpammHas TporpaMMHeIA KOMANEKS
MoAEnNb anropuTma peanusauus OUEHKU KauecTsa u
cxatus (Bnok-cxema) anropuTma cxaTua CpaBHEHUS anropuTMos

A Y
PaspaGoTtka HDL
peanusaynu anroputMa <

v

RTL cuHTes

v

Implementation

Y

KoppekTuposka
anroputma

A

A 4

BubnnoTteka Habopos
JaHHbIX
BUAEe0M300paXeHnin

MNposepka u aHanus
peanvaauni B
MATLAB/Simulink

Y

Y

A 4
Otnagka Ha Annapathas Mposepka n
annapatype TectTuposaHue

peanusauus
CTEHA0BOro anropvuTMa cpeacTsamu
anropuTMa cxaTust

oBopyacBaHus (CO) CO

Puc. 2. Ilpoyecc paspabomxu anzopummos coicamust OAHHbIX OJis Yeleeoll annapamypbl.
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TIC BB npejHazHayeHsbl i BOcCTaHOBJIEHUS JlaHHbIX, ckaThix [IC CB u MOCB.

I1IC CO npennaznayeHsl Ui pa3paboTKU, MOJIETUPOBAHUS, OTIAJAKN U UCTIBITAHUS
IIC CB, IIC BB

BH/IB npenna3naueHa ajs GopMHUPOBAaHUS CTEHIOBBIM 000PYI0BaHUEM TECTOBBIX
MOTOKOB BUCOJAHHEIX U 00€CTICUnBaET XpaHeHHe (HailoB 11abI0HOB B Tpa@uecKoM
¢dbopmate BMP.

CTpyKTypa mporpaMMHBIX CPEJICTB MPEICTaBlICHA HA pUC. 3:

nc co

OC paboyeit cTaHumn

ODBC [—

MS SQL Server

- MNC nNMUeH3NoHHbIe
nnu ceoBoaAHO
pacnpocTpaHsiemble

- paspaboTaHHble
nc

Basa
AaHHbIX
STREAM

oC
cepsepa

daiinosoe
XpaHunuiie

Puc. 3 — Cmpyxmypa npoepammuulx cpeocms

ATmmapaTHbIe CpeIcTBa KOMIUIEKca (CTEHZ0BOE 00OpYJAOBaHME) TpeaHa3HAYCHBI
JUIL MOJICIIUPOBAHMSA, OTJIAJKU W HCIBITaHUS IPOrPAMMHBIX CpPEACTB CXATUS U
BOCCTaHOBJICHUS! JIaHHBIX U MOJATBEPXKJICHHUS BO3MOXKHOCTH PEATM3ALUU AITOPUTMOB
I1C CB B 6opToBoii anmaparype cxatust Ha MOCB.

CrpykTypa anmapaTHbIX CpeJcTB  creHjoBoro obopyuoanusi (AC CO)
npezcrapieHa Ha puc.4. [loscHIM HaaHUCH.

UIIB (umutarop mnoToka BHJCOMHPOpMAIMM) — TpeJHA3HAUCH LIS BbIJIAYH
UCX0JHOW BujicoMH(opmaluu B BHUJE MHPOPMAIMOHHBIX MOTOKOB, UMHTHUPYIOIINX
CHEMOYHYIO almaparypy;

UPM (ucnbitaTensHoe padodee MECTO) — NMpeJHA3HAYEHO IS IPHEMa JTAHHBIX U3
MOCB wiu UTIB u nutanuss MOCB;

MOCB (makeTHBIIT 00pa3en 60pTOBOI anmaparypbl CKaThs BUACOUH(OPMAITHH) —
OpeJHa3HAYeH ISl  TOATBEPXKACHUS BO3MOXXHOCTH — pealu3allud  BBIOpaHHBIX
anroputMoB I1C CB B GopToBoii anmapaType cxarus;

TexHonornyeckoe o0Opy/JOBaHWE — TpeAHA3HAUYEHO Ui  TEXHUYECKOTO
oOecnieyenus BoinoaHenust OKP.
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Puc. 4 — Cmpyxkmypa AC CO
Buemnwii Buj crengoBoro obopyaosanns 1 MOCB nipezcTaBiieH Ha puc. 5.

4. 3aka04eHue

KomnbroTepHOE MOAETMpPOBaHNE MapajUIEIbHBIX BBIYMCICHHH, OpraHW30BaHHBIX
Ha OCHOBE TalIMHra M JAPYIUX METOJOB, BIEPBBIE pEATN30BaHO TakK, YTO
JKCIIEPUMEHTHl TI0 HCCIEJOBAHMIO JIOKAIW3alMM aJTOPUTMOB W ONTHMH3ALNN
napameTpoB (HarpuMep, YKciia TaifjloB) MOTYT BBITIOJHATHCS Ha JIFOOBIX IuiaThopmax.
B "acTtHOCTH, OHM BHEIPEHBI B TOTOBOM K HCITOJIB30BaHUIO aIllIapaTHO-IPOrpaMMHOM
KOMIUIEKCE JUI1 WCHBITaHWS MPOrPaMMHBIX CpEICTB  CKaTUSA JAaHHBIX  JUIS
KOCMHYECKHUX CHCTEM.

KirouoMm Kk peiieHuo npodJembl  ojuiLiarOpMEHHOCTH B JIAHHOW 3aja4e
HOCIY)KWIO  HUCIONAB30BaHUE si3blIka Ada u  cBOOOJHO  pacHpOCTpaHSEMbIX
komnujsitopoB - GNAT. Hcnosib3oBaHa 1porpaMMHasl  MOJI€)Ib, pean3yloLast
OCHOBHBIE, MpUYEM TMapaiiebHble, BHIYMCICHUS Ha s3bike Ada. OtpabotaHHas
nporpaMMHasi Mojiesib OblIa aJanTHpOBaHa IMoJ KOHKpeTHBIH kpuctamn FPGA na
s3pike VHDL. Bo3mokHa aBTromaruzauusi 3Toro mpoiecca. Hanpumep, ucnosb3ys
JRS Research Labs [14] co3nana Ada-to-VHDL Translator.

HanpHelye ucciae oBaHusl 11€7€c000pa3Ho BECTH B HAIIPaBIEHUU O0bEAMHEHMs
Mojeneil, pa3paboTaHHBIXx Ha s3bike Ada w Ha s3eike VHDL. f3eik VHDL
UCIIOJB3YETCS ISl MOJEIUPOBAHMS AIIaparypbl M CO3/1aHus KOHQUrypauuu Jyis
3arpy3ku B FPGA. Taxoii nHCTpyMeHTapuii nocrapisieTcss HECKOJILKUMU (UpMaMi, B
ToM uncie u OecruiatHo, Hampumep WEB PACK ICE dupmer Xilinx. Otmetum
OJIN30CTh CHHTAKCHCA ONMCAHHMA THIOB, (YHKUHUIH, MpOUEIyp W YHPaBISIOLINX
crpykryp Ha sizbike Ada u VHDL [15]. CpaBuenue sizbikoB Ada u VHDL moxHO
HaiiT B pabote [16].
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Puc. 5 — Brueutnuii 6uo cmenoogo2o 060pyoosanus.

O¢dextuBHasg peanuzanysi NAPALICIBHBIX  BBIYMCICHUH B  TEXHHYECKUX
anmnapaTHO-MPOTPAMMHBIX KOMIUIEKCAaX — OYEHb CIOXKHBI M0 CBOeil mpupoje
npouecc. C 3TOl TOUKM 3peHHs MOJEIMPOBAHHE M peaau3alus apauiedbHbIX
BBIUMCICHUN Ha s3bIke Ada 103BOJIMJIA B PAacCMATPUBAEMOM Kpyre 3ajad JIOCTHUYb
ujeana — TOJYYUTh MPOTPAMMHBIN TPOEKT AJIS Pa3iMYHBIX TUIATPOPM U TPOEKT
MHUKPOCXEMBI, KOTOpPbIi ~ aBTOMaTHYECKH TpaHchopMupyercss TpH  [OMOIIU
KpeMHEBOTO KoMIwisitopa B koHpurypammo FPGA (manpumep, WEB PACK ICE
¢upmbl Xilinx) winn B HaGop GoTOIIA0IOHOB Il U3TOTOBRJICHUS KPUCTAILIOB.
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