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! Cunbupckuin begepanbHbii yHuBepcuTeT, KpacHosapck

2 KpacHoapckui rocyfapCTBEHHbIM arpapHbIi YHUBEPCUTET

3 HauunoHanbHbIN nccnegoBaTtenbCkui yHMBepcuTeT "Bbicwas wkona akoHoMukn", Mocksa

MeTofibl peayKunn napanneansma B npoyecce
BbICOKOYPOBHEro CUHTE3a LNPOBLIX NHTErpanbHbIX CXEM'

Paccmompetbi npobnemsi u peweHusi 8 obnacmu obecrniedeHuUss apxumeKkmypHoU Hezasucumocmu
U opeaHu3ayuu npoyecca CK8O3HO20 MPOEKMUPOBaHUS LUgpos8biX UHMeepasbHbix cxeM. [TpedcmasneHsi
Memod U 53bIK napasniesibHo20 npospammuposaHusi Onsi yHKUUOHAaIbHO MOMOKOBO20 CUHMe3a MPOEKMHbIX
peweHud. lNpu peanusayuu memoda byHKUUOHaIbHO-MOMOKOB8020 CUHMe3a 8bidesieHbl 3adayqu pedyKuuu
naparnnenu3ama u oUyeHKU 3aHUMaeMblix pecypcos. [NpednoxeH crocob ceepmku (CoKpalueHus) napannenuama,
6a3upyrowjuticss Ha egedeHuu OoMNoIHUMENbHO20 €105 8 pouecc cuHmesa. Paspabomabi NpuHyUn u anao-
pummbi pedykyuu napannenusma. [NpedcmasneHsl pe3yrnbmamsl pa3pabomku rnpoepaMmmMHO20 UHCMPYMEH-
mapusi noG0epXXKU NPOeKmMuUpo8aHUs U peasiu3oeaHHble Ha rpakmuke rpoekmsi CHHC.

KnioueBble cnoBa: uHmezpasbHas cxema, MoOersb napasnneribHbIX 8bl4UcieHul, anaopumm, rnpo-

2pamMma, 8bICOKOYPO8HEBLIU CUHME3, (t)yHKL(UOHaJ'IbHO-I'IOITIOKOGbIU A3bIK

BBeneHune

CoBpeMEeHHBI YPOBEHb Pa3BUTHU S LIU(DPOBBIX UH-
terpaabHbiXx cxeM (LIMC) xapakTtepusyeTcsl IMOCTO-
SIHHO BO3pacTallIUMU TpeOOBAaHUSIMU K CUCTEMHOM
OpraHu3alluyi BCEro Mpoliecca MPOEKTUPOBAHUS.
B cBsI3u ¢ 3TUM OIHOI M3 OCHOBHBIX 3amay MPOEK-
TUPOBAHUS SIBJIIETCSl OOeclieueHre apXUTEeKTYpPHOM
HEe3aBUCHUMOCTH (TiepBasi 3a7a4da), T. €. IePeHOCUMOCTHU
MPOEKTHBIX PEIICeHU MeXy 1ieJIeBBIMU MaTdopma-
mu ITMC. He MeHee BaxKHBIM SIBJISIETCSI COKpallleHuUe
CPOKOB TOJIYYEHUSI KOHEUHOTO pe3yJibTaTa (BTOpasi
3aja4ya), YTo ooecreynBaeTCss MaKCUMaJlbHO BO3MOX-
HBIM HUCKJIOYEHHUEM W13 Mpoliecca MPOeKTUPOBAHMSI
WTepallMOHHBIX OMepaluii Bo3BpaTa K MpeablayILuM
aTamnam, T. €. obecrnedyeHue mpoiiecca "CKBO3HOI'O Mpo-
eKTUPOBaHUS" B Ipollecce BCeX CTaAuil MaplipyTa
npoektupoBaHus LINC (cTpykTypHOro, mopeaecHue-
ckoro u ¢usnueckoro yposHeii). Ha puc. 1 npuBeneH
Bech MapuipyT npoektupoBanus LHUC, roe Boimene-
HBI TIepBBIC TSTh 3TANOB, UIIOCTPUPYIOLINE MECTO

! CraThs HOATrOTOBICHA IO MaTephajiaM IOKTaga Ha Cenb-
Mol MexXayHapomHOU KoH(pepeHIMH "AKTyaJdbHbIE TPOOIeMBbI
CUCTEMHOM U mporpammHoi nuxenepuu" AIICITU 2021.

VLSI-nuzaitna (Very Large Scale Integration). B ciyuae
o0ecITeYeHN M apXUTEKTYPHON HE3aBUCHMMOCTH IIPO-
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€KTHBIX pelIeHUI MepeHOCUMOCTb MO3BOJIUT OTKa-
3aThCs OT MPUBSI3KU K KOHEUHOH popme peasuzalnuu
Ha BEPXHUX YPOBHSX aOCTpaklMU MpOeKTa, Koria
MPOUCXOAUT OTPabOTKA aITOPUTMOB (PYHKIIMOHUPO-
BaHMSI. DTO obecneuyuT Hanbosee 3¢h(HEKTUBHBINA BbI-
0o0p 1LieJieBoi NMIaT(GOPMBI IJ1s1 KOHEUHOM peau3aluu
IIpH TIepexojie Ha HUXKHYE YPOBHU MTPOEKTUPOBAHMSI.
TeM cambiM oOecrniednBalOTCsl Haubojee OoNTUMalb-
Hble TEXHUYECKHE XapaKTePUCTUKU, TaKUe KaK Obl-
CTpOAeMCTBUE, 3aHUMaeMasl MJijollaab KpuUcTalia,
sHepronoTpedjeHue u T. . B ciydae cokpalleHus
CPOKOB TIOJIyUeHMSI UTOIOBOr0 pe3yjbTara CKBO3HOE
MPOEKTUPOBAHME BEAET K YMEHbILIEHN 0 (DMHAHCOBBIX
3aTpaT 1 00eCIleueHNI0 KOHKYPEHTOCIIOCOOHO Mpo-
TYKIIAU.

HNHTerpanbHas cxema, 1o CyILeCTBY, SIBJISIETCS CU-
CTeMOI1 IapaJjenlbHoii 00paboTK1 MHGMOPMAILIMOH-
HBIX MOTOKOB, a aJITOPUTMBbI €€ (PYHKIITMOHUPOBaAHU S
M apXUTEKTYypa Ha 3aKJIIOUUTEJIbHBIX 3Tanax CUHTE3a
MPEACTaBISIOTCS Ha SI3bIKaX OMUCAHUS arnaparyphbl.
ITosTomy addeKTuBHBIE pellIeHUs IT0 00eCeYeHUI0
apXUTEKTYPHOM HE3aBUCUMOCTH MOTYT ObITh HaliIeHbI
B 00J1aCTU MEPEHOCUMBIX MapasaeIbHbIX MPOTPaAMM.
OTO MO3BOJUT HE TOJBKO 00ECHeYUTh TpeOyeMble TeX-
Huueckue xapakrepuctuku CbUC, HO u aBTOMaTU-
3UPOBATh HEKOTOPHBIEC CTalUU PabOThI HaJ MTPOEKTOM.
B cBo1o ouepenb CKBO3HOE MPOEKTUPOBAHUE MOXKHO
o0ecreuyuThb 3a CYET MCMOJIb30BaHUS MOAECIU (PYyHK-
LIMOHAJIbHO-TIOTOKOBBIX MapajelbHbIX BBIYMCIECHU I
U OITMCAaHUS UCXOAHBIX aJITOPUTMOB B BUJIE allUKINY-
HBIX KOHCTpYyKUMi1 [1—4]. OnucaHue UCXOOHBIX aj-
roputMmoB Ha PIIII s3bIKe TIPOUCXOMUT Ha TIepBOHA-
YaJjibHOM 3Tarie B MapupyTe nmpoektupoBanus CBUC.

KioueBoii 0cCOOEHHOCTBIO U3BECTHBIX UCCAEA0BA-
HUU B JaHHOM HaITpaBJICHUHU SIBIISIETCST UCIIOJIh30Ba-
HUE COOTBETCTBYIOILIECN MOIEIN BIUMCIEHUN U S13bIKa
JUJTST ONTUCAHMSI UCXOAHbBIX arTOPUTMOB (DYHKIIMOHM-
poBanus 1IUC.

1. U3BeCTHbIE pelueHus

B HacTos1iee Bpems HabOamogaeTcsl ycTouuBas
TEHICHIIMS TOBBIIICHUS YPOBHS aOCTpaKIIUU MC-
XOMHBIX aJITOPUTMOB OT KOHEUHOW peaamn3anuu
npoekTta. Ilpu a3TOM pa3BUTHE CIIOCOOOB OMMCAHUS
apxutekTypbl LIMC maer HECKONbKMMU MYTSIMMU.
HawnbGonee pacnpocTpaHEHHBIM SIBJISIETCSI BBEICHME
B CYIIECTBYIOUIME SI3bIKM ONMMUCAHUS ammaparypbl
(HDL) KOHCTpYKUM# AJI51 BBICOKOYPOBHEBOI'O OIlM-
caHus [5]. Takue pelieHus1 MPUBEIU K MOSIBJEHUIO Ha
0a3ze kiaccuueckoro Verilog si3pika SystemVerilog [5].
Ho, xak u VHDL, SystemVerilog mo3BojisieT Onuchl-
BaTh CHUCTEMBI Ha aJITOPUTMUYECKOM YPOBHE M TIpH-
MEHSETCS TOJBKO Ha HU3KHMX YPOBHAX aOCTpaKIINU,

r7ie MMeeTCcsl MPpUBs3Ka MPOorpaMMbl K onpeaeeHHON
apXUTEKType, YTO 00yclIaBIMBaeT HaIUYMe CeMaHTH-
YeCKOro pa3pbiBa MEXAY MpeACTaBJICHUSIMU CXeM Ha
BBICOKMX YPOBHSIX 1 BOTUIOLIEHUU B KpUCTAJJ.

CyuecTByeT psiJi peleHU i, TToAAePXXKMBAIOIIUX UC-
MOJIb30BaHKe aAalTUPOBAHHBIX, UMIIEPATUBHbBIX SI3bI-
KOB IIPOTpaMMMPOBAHU S BEICOKOTO YPOBHS (B TIEPBYIO
ouepenb C u C++) B KaueCcTBE SI3BIKOB ONMCAHMSI
anmnapatypsl, HarpuMep, SystemC [6], Handel-C [7]
u Impulse-C [8]. Ho cTOUT OTMETUTH, UTO 3TU SI3BIKU
CO37aBaJINCh IJIST PEeIlleHus Y3KUX 3aJa4d, HalTpuMep,
IS peaau3aliiy MOTOKOBBIX MPUIOXEHUN WU JJIsI
MOAACPXKKHM aJIbTePHATUBHBIX MOJEJIeil IporpaMMu-
pOBaHMS, U MPU MOAECIUPOBAHUN M OTJIAIKE CUCTE-
MBI IIPOMCXOAUT KeCTKasl MPUBSI3Ka K KOHKPETHOMY
APXUTEKTYPHOMY PELICHUIO.

OcoObli1 MHTEpEC BBI3BIBAET SI3BIK TMTPOrpaMMUpPO-
BaHuss COLAMO [1], KOoTopblii sIBIISIETCS SI3bIKOM BbI-
COKOT'O YPOBHSI C HESIBHBIM OIMKMCAaHUEM Tapasljien3-
Ma, a pacnapasJjieiuBaHue AJOCTUTAETCS C TTOMOIIbIO
OOBSIBJICHUST TUIIOB HOCTyMa K MEepeMEHHBIM U UH-
JleKcalliy 3JIeMEHTOB MaCCUBOB, UTO XapaKTepHO JJIsI
SI3BIKOB MOTOKA MTaHHBIX. B HacTosiiee Bpems 3TOT
SI3BIK TIPUMEHSIETCSI I IPOrpaMMUPOBAHU ST PEKOH-
uTyprpyeMbIX BEIYUCIUTETBHBIX CUCTEM 1 TTO3BOJIS-
eT co3JaBarhb napajJjelibHble MPUKJIaAHbIe TPOrpaM-
MBI C BBICOKOW yAEIbHOI IIPOMU3BOAUTEIBHOCTEIO [1].
OmHaKo 3TOT SI3bIK OPUEHTUPOBAH Ha PellleHUe MPH-
KJIQJHBIX 32724 B 001aCTU BLICOKOMTPOU3BOAUTEIbHBIX
BBIYMCJICHU I 11 MHOTOKPUCTAJIbHBIX CUCTEM.

Jnsg omucanust LHIUC ecth BO3MOXHOCTD UCITOJIB30-
BaHUS U PYHKIIMOHAIBHBIX I3BIKOB, KOTOPHIE UMEIOT
pPSA MIPEUMMYIIECTB MO CPaBHEHMIO C MMITEPATUBHbI-
MU s13bIKaMU. Bo-nepBhix, 00Jiee MOLIHBIIA MEXaHU3M
abCTpaKIINY MO3BOJISIET TAKUM SI3BIKAM CITPaBIISITHCS
C pellieHueM CJIOXHBIX 3aaau. Bo-BTopbix, cuctema
TUIIOB COBPEMEHHBIX (PYHKIIMOHAJIbHBIX SI3bIKOB 00e-
CIIEYMBaET MOBBIIIEHHYIO HAIEXKHOCTh BEIYMCIICHUA.
Hcxonnsie anroputmbl ITUC, onucaHHbIe Ha 1MOa00-
HBbIX sI3bIKaX, 00Jiee JJAaKOHUYHBI, MPOILe MOAAAI0TCs
nmpeobpa3oBaHuAM 1 Bepudukauuu [9]. Hampumep,
B Hydra [10] ucnonb3ylOTCsl TIOTOKU JJIsI ONMCAHUS
CUTHAJIOB U PEKYPCUBHBIX BbIPAXEHU NJisd obecre-
yeHus npeobpazoBaHUil B cxeMme. 19 onucaHus
CXeM Ha JIOTUYECKOM yPOBHE yOOOHO MCIIOJbh30BaTh
a3k Wired [11]. TlocaenHsisgs pa3paboTrka mporpam-
MUCTOB /15 9TOTO s13bika — 6ubauoreka Haskell — 3a
CUeT MCHOJb30BAaHMUS OTHOILICHUN BMECTO (PYHKIIMIA
obecrieuuBaeT 0oJiee MPOCTOE CO3AAHUE JIOTUYECKUX
TUMOB JaHHBIX, KOTOPBIM MOTYT OBITH IMOCTaBIICHBI
B COOTBETCTBME HEKOTOpbIE MAaTTEPHBI U3 OUOIMOTE-
ku. ITonyyaromimecss oMmMcaHUsI CXeM CHUJIBHO Iapa-
METPU30BaHbI, YTO MOAHUMAaET BOMPOC O TOM, Kak
MPEeIOCTaBUTh O0IIMEe METOObl mMpoBepKU [11]. SA3bIk
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Chisel [12], siBasisich BCTpO€HHBIM B SI3bIK Scala, 1mo-
3BOJISIET IPUMEHUTD BCIO MOIIb O0OBEKTHO-OPUEHTH-
pOBaHHOTIO M (PYHKIIMOHAJIBHOTO IMPOrpaMMUPOBa-
HUA K pa3paboTKe JOTHMUYeCKUX cxeM. [IporpaMMel,
onucanHble Ha Chisel, MOTYT OBITH IIpeOOpa3OBaHbI
Ha Verilog. OnHako BclIeCTBUE HEYUTAEMOCTU CTeHe-
pupoBaHHOro Ha Verilog Kojaa 3a4acTyio 3aTpylHeHa
ero oTJaaka.

Takxe kak u Hydra, s3pik Lava [13] aBasieTcs
BCTPOEHHBIM ITOAMHOXeCTBOM $13biKa Haskell u umeet
MOIIIHBIE CPEACTBA AJISI MIPOCKTUPOBAHUS CXEM, ITO-
JIydeHHbIe OT CBOero npenaliectBeHHuKa. [Ipu sTom
Oyaromapsl paclUIMPEeHHOM CHCTEMe TUIIOB IJIsI OIM-
caHms ammaparypsl Lava sBasieTcst 60jiee TIpOCTBIM
W YOIOOHBIM B MCTONb30BaHUU. OMHAKO CBOMCTBEH-
bt Haskell MexaHu3M "eHUBbIX" BBIYMCIEHUH U TO-
clemoBaTebHAs CTPYKTypa CIMCKOB HaKJaIbIBalOT
OrpaHWYCHUS Ha Tpeobpa3oBaHUS Mapajlyiean3Ma
U He MO3BOJSIOT 3¢(HEKTUBHO OCYIIECTBUTh aBTO-
MaTH4YeCcKoe pacmapajjeiMBaHUe IMporpamMm, T. €.
TOOUTBCS TOJTHOM "cBOOOMBI" TIpM ITPeoOpa3oBaHUM
napaJuieiudmMa ¢ y4eToM TpeOyeMbIX OrpaHUYEHUA.

TakuMm oGpa3om, 3agaua obecreyeHus 3P dek-
TUBHOU MEPEHOCUMOCTU ncxoaHoro onucanus [ITUC
MOKET OBITH pellicHa MPU UCTIOIb30BaHNH (YHKITNO-
HaJIbHBIX SI3bIKOB UM OMMCAaHUSI aJITOPUTMOB B BUJE
rpada roToka JaHHbIX, UTO ITOKa3aHO B padoTax /oH-
Harapsl [2, 14]. Ha npuMmepe mapajjieIbHOTO IIPO-
rpammHoro obecrneueHust (PaRSEC) nis Beicokomnpo-
M3BOAMTEIbHBIX BHIUMCICHU I Ha MPaKTUKeE TTOKa3aHa
BbICOKas 3(pheKTUBHOCTDH JaHHOTO noaxona [2].

B sToM ciaydae Ha 3Tanax BEICOKOYPOBHEBOT'O CHH-
Te3a pellieHUe JIEKUT B MPUMEHEHU U ONpeaeeHHOI
MmapagurMbl MPOrpaMMUPOBAHUS, KOTOpasl JTOJIXKHA
COOTBETCTBOBATh CJIEAYIOLINM YCIOBUSIM |[2]:

1) oTcyTCTBUE SIBHOI'O YIpPaBJEHUSI BbIUMCICHU-
SIMU;

2) noaaepKKa MOAEIU MOTOKA JaHHbBIX;

3) mapaJuieiu3M Ha YPOBHE ONepaluii.

Takas Moaenb ¢ mapaijieJaru3MOM Ha YPOBHE Orle-
pauuit njisi o6padoOTKU MOTOKA JaHHbBIX, O€3 UCIOJb-
30BaHUS STBHOTO YIIPaBJICHUS BEIYUCIICHUSIMH JIESKUT
B ocHoBe DIIII sa361K0B [3]. DTO MaeT OCHOBaHWE CYU-
taTh MeToabl DIIIT mporpaMMuUpoOBaHUS U COOTBET-
CTBYIOIIYIO MOJIe]Ib BHIYUCIICHWIT HanboJIee COOTBET-
CTBYIOLIEH pelliaeMbiM 3aJayaM BbICOKOYPOBHEBOIO,
apXUTeKTypHO-He3aBucumoro cuHteza CbUC.

Cpenn ¢GyHKIMOHAJBHBIX SI3BIKOB, MOIAEPKU-
patomx PIII1 mporpaMMupoBaHue, BEIACICH SI3BIK
TTUDATOP [3], KoTOpBIT 06eCIIeunBaeT UCXOTHOE
OInucaHue ¢ OECKOHEUHBIMU pecypcaMu, TOMAePKH-
BaeT MOJEJb ITOTOKA JAaHHBIX U ITapaJuIeIu3M Ha ypOB-
He omepauuil, 4To sgBJaseTcs] Hauboyiee 3HAYMMbIM
IJIST OpraHu3aliu IMpolecca apXUTeKTYpPHO-He3aBH-

cumoro, ckBo3Horo npoektupoBanus LIUC. B satom
SI3bIKE apXUTEKTypHasl HE3aBUCUMOCTb JOCTUTACTCS
3a CYET OINMCAaHMUS B MporpaMMe TOJILKO MHGOpMa-
IIMOHHBIX CBfA3eil. B oTamume oT 6a30BBIX BO3MOX-
Hocteir Haskell, [IMPATOP nonnepXuBaeT TOJILKO
SBHOE OMMCAaHWE 3aJePKaHHBIX BBIYMCICHUN. DTO
ITO3BOJISIET HE JOMYCKAaTh BRITIOJTHEHUS aIbTePHATUB-
HBIX (DparMeHTOB ITPOrpaMMBI O TOTO MOMEHTa, TToKa
oHu He moTpedytorcss. Kpome Toro, B IIMDPATOPe
OTCYTCTBYIOT ONEpaTophl IIMKJIA, YTO MO3BOJISIET U3-
6exXaTh KOH(IMKTOB MTPU UCTIOIB30BAHUH Pa3IMYHBIX
JaHHBIX OMHUX U TeX Xe (pparMeHTOB IapaJijieabHOMI
nmporpaMmbl. TeopeTuuecKu 3TO MO3BOJISIET HAUMHATD
BBITIOJTHEHUE JIIOOBIX QYHKIINIT cpa3y e 110 TOTOBHO-
CTH WX TaHHBIX. [IpaKTUUeCcKM Xe Ha MaKCUMaJIbHBI
nmapaJjijie/iu3M, 3aJaBaeMblil I3bIKOM, HAKJ1aJdblBAlOTCS
TOJIBKO pecypCHBIe orpaHuuyeHus. [Ipumepnl Koaa,
JIEMOHCTPHUPYIOIINE peaqn3alliio MyJIbTHILIeEKcopa 2
K 1 Ha s13p1kax [ITMDPATOP u Verilog, mpencraBieHb
B JucTUHrax 1 u 2.

// ®yHKLUMS, peanms3ynlas JIOTMUYeCKuUl sjemeHT "He"
Not << funcdef Param ({
return << Param: -; }
// OYHKLMS, peamms3yllas JIOTUUECKUN 3JIeMeHT "2-U"
And2 << funcdef Param {
return << Param: *; }
// ®yHKLMSE, peanmusyomas JIOTMUeCkui sjemeHt "WV "
Or2 << funcdef Param {
return << Param: +; }
MUX2 1 << funcdef Param { // OcHoBHas QyHKLMS,
peanusynliasg MyJIbTUIIJIEKCOP 2 K 1
X0 << Param: 1; // lepBet MHOOPMALMOHHEI BXOI
X1 << Param: 2; // BTOpoil MHOOPMALIMOHHEIMA BXOZL
A << Param: 3; // AOpECHEIf BXOXI
Y << ((X0, A:Not):And2, (X1,A):And2):0r2; // nomcuer
BBEIXOIIHOT'O CUTHAaJa
return << Y; } // BEIBOO pesysibTaTa paGOTH MPOIPAMMEL

Jluctunr 1. IIporpamma "Myasrunaekcop 2 K 1"
Ha a3pike [INMPATOP

module m21(DO, D1, S, Y);

output Y;

input X0, X1, A;

assign Y = (A)?X1:X0; // nomcueT BHIXOOHOT'O CUI'HAJIA
endmodule

Jluctunr 2. IIporpamma "MyasTuniekcop 2 k 1"
Ha sa3bike Verilog

Ha ocnoBanuu ®ITI1 Moaenn BEIYUCIEHUH W TIO-
pepxupampiero ee sa3pika [TMDPATOP aBTropamu
MpEenioXKeH METOH apXUTEKTYPHO-HE3aBUCHUMOTO
BeIcokoypoBHeBoro cuHTe3a LIMC [3]. Ilpu peann-
3allM¥ MeToAa JUHAMMYecKasi CUCTeMa TUIIOB Obljia
3aMEHEeHa Ha CTaTMYECKYI0, KOTOopas IOIAepXKHUBa-
eTcsd B S3bIKaX ONMCAaHMS amnmnapaTypbl, MCKIIOYEHBI
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3ajiepXKaHHbIe BBIYUCIECHUS U MPEATOXKEH METOA UX
npeoOpa3oBaHUs MPU Mepexoe Ha LeJIeBy1o raaTdop-
my HHC. Takxe B momupuuupoBanubiii [IMOATOP
BBEJICH MeXaHU3M IMpeoOpa30BaHUs PEKYPCUM B UTE-
PaTUBHYIO CXEMY C MOCJIEAYIOLIMM ITEPEXOAOM K KOH-
BeliepHoOi cxeMe [4].

st obecrieueHUs1 apxXUTEKTyPHOI HE3aBUCMMOCTHU
npu pa3dpaboTKe MeTola BbICOKOYPOBHEIO CHUHTE3a
HUCIOJIb3yeTCsl TPOMEXXYTOYHOE TpeacTaBlIeHe Mpo-
rpammbl Ha g3biKe [TMDOATOP B Bune nHgpopmanu-
oHHoro rpada (MUT'), 3agatoiiero nHGopMalMOHHbBIE
CBsI3U, U ynpashsiouero rpada (YI'), ucrnonabzoBaHue
KOTOPOTO B SIBHOM BH[E TO3BOJSIET Oojiee neTasb-
HO OMMCHIBATh MPOLIECC YITPaBICHUS BbIYUCICHUSI-
Mu. MHpopMmaumoHHbIi rpad ¢opmupyetcst B xoae
TpaHCISIIMU TTporpaMMbl, a ¥ MoxeT mopoxaaTbes
KaK IUHAMHWYECKH, KaK U cTaTudecku. [locnemHumit
Ccrnoco0 UCIMOJb3yeTCs AJIs1 Tiepexoaa OT MporpaMMbl
Ha [TUDATOPe x mporpamme omucanus LIUC Ha
HDL-43bike.

TIpu TpaHCASLIUU TTOCTPOEHUE MTPOMEXYTOUHOTO
npencrtapiaeHust I mporpaMMbl OCYIIECTBIISIETCS
B ABa oTamna. Ha mepBoM 3Tare BBINIOJIHSETCS TpaHC-
Jsiums ucxoaHoro Tekcra B T, 3aTeM nmo monydyeHHO-
my UT dpopmupyetcs YI. Ynpasasiomuii rpacp MoxeT
¢dopmupoBatrbca no UI' pazauuyHbIMU ciocobaMu,
HammpuMmep, B COOTBETCTBUU C MPUHIIUIIAMH yIIpaB-
JICHUSI TIOTOKaMM TaHHBIX MOV BBIYMCIEHU M, NN
CBOOMTLCS K ITocjiemoBareibHOMY oboxony MI, nu6o
obecneynBarb APYTYIO CTPATETUIO YIPABJIEHUS Bbl-
YUCJEHUSIMU.

Hnsa nepexona Ha riatdopmy LHMC BeinmoaHseTCS
npeoodpazoBaHue I Kk koHBeiepHoii cxeme. KoHBeiiep-
Hasl cXeMa BBIUMCIIEHUH IIPeCcTaBIIsIeT COO0M SIPyCHO-
napajiaenbHyo Gopmy (SII1P) nHGOPpMALTMOHHOTO
rpacda, B KOTOPOit onepaTophl, UCITOJIHSIOIIMECS He-
3aBUCUMO JpYT OT Apyra (pakKTUuecKU napaiieabHo),
pacrioJjiaraloTcs Ha OlHOM YpoBHe (sipyce). B naHHOM
cllydyae JJIMHA KOHBeiiepa MoKa3blBaeT CTEIeHb Ma-
pajjenu3Ma pelraeMoil 3agauu.

s pellieHus 3aga4u npeodpa3oBaHus Mapase-
JIu3Ma T/l KOHKPETHBIE peCypCHbIE OrpaHUYEHU S Bbl-
MOJIHAIOTCS CAeNYIOUIME 1Iaru: onpeaeeHue rpaHull
W3MEHEHUS Tapajjean3Ma, peaan3alus aJropurma
W3MEHEHUs TapaJijein3Ma U olleHKa pe3yJibTaTa Io
PECYPCHBIM OTPaHUYECHMUSIM.

IIpu mepexoae OT HEOrpaHUYEHHOTO Mapasean3-
ma @IIIT momenw Ha HeNeByIO MIaTGOPMY pelraeTcs
OCHOBHasI 3ajlaua — peAayKIIus (CBepTKa) Mmapajjean3ma.
Ilox cBepTKoOIi Mapauiear3Ma cieayeT NOHUMaTh po-
LeCC CXKaTWs WM COKpallleHHWs Tapajjean3Ma. DTo
SIBJISIETCSl KJIIOUEBBIM MOMEHTOM BCEX MPOBOAMMBIX
npeoOpa3oBaHUl B apXUTEKTYyPHO-HE3aBUCUMOM
metone cuHTe3a LIWMC. [ng peann3auuu MexaHU3Ma

peayKOuu OBIT BBEIEH HOBBIM MeTaclioif, Ha3bl-
BaeMblii "HDL-rpagom". OH npencraBisieT coboit
JIOMOJIHUTEIbHBIN CJION JIs1 BHECEHUS U3MEHEHUM
B ®DIIIl momens. [lo MHEHHWIO aBTOPOB, TEPMUH
"HDL-rpad" HaunboJjiee MOJHO COOTBETCTBYET Me-
tony cuHTe3a LIMC. HDL-rpa¢g no3Bonsier ykasbi-
BaTh CBSI3U MEXIY 2JIEMEHTAMHM CITUCKOB CBSI3aHHBIX
BEPIIMH, YTO B CBOIO OUepeab ITO3BOJISIET BHITIOJTHSITH
ONTHMHU3ALIMOHHBbIE TIPEeOOPa30BAHUS C MOMOILIbIO
BBIYMCIIEHUS OIlepallMy BLIOOpA TaHHBIX U3 CITACKA.
C moMOIIbI0 BBEAEHHOTO TOMOJHUTEIBHOTO CIIOS
npu o0pabOTKe TUIMOB B MOAEIU CO CTAaTUYECKON
TUIKU3AallMeil BBOOUTCSI OTpaHUUYEHUE HAa NTUHAMU-
YecKoe M3MEHEHNEe pa3MEepHOCTHU CITMCKOB BO BpeMs
BBIUMCJICHUM.

PexypcuBHBIE BBIUMCIEHUS 3a4aCTYI0 CTAHOBSITCS
MpensiTCTBUEM IIPU MEepeHOCe TaKUX IporpaMM Ha
HEKOTOpBIE pealbHBIC BEIYMCIUTEIbHBIC MIaTdOp-
MBI, TaK KaK JJIMUTEIbHbIC TTOBTOPSIOLINECS BbIYMC-
JIEHUS TIOPOXKAAIOT MepernojHeHue MaMsITh. A 3TO
B nepBylo ouepenb KputuuHo ajasi CbUC ¢ orpaHu-
YyeHUSIMU 110 00beMy BecTpoeHHoro O3V, a takxke 1Jis
CBUC, rtoe He ucnoab3yeTcsl OJI0oUHasl MaMsITh UK
MIPUMEHSETCS MaMsITh, peajnusyeMasi Ha TpUTTepax.
Bsenenne HDL-rpada mo3Bonniio pemTh 3Ty IIpO-
O0JeMy myTeM IpeoOpa3oBaHUs TaAKUX BbIYMCICHUN
B UTEpPATUBHBIE C MCIOJIb30BAHUEM XBOCTOBOIl pe-
KYpCUUM M 3aJaHUeM TJIyOMHBI peKypCHM Ha 3Tarie
TPAHCSILIUU.

2. MpeobGpasoBaHue napannenMsma

21. Anroputm peaykuuu napannenuama

OcCHOBHOIF 0COOEHHOCTbHIO pa3pabaTbiBAa€MOTO
METOoJa CUHTe3a SIBJIsIeTCS Tepexol OT pacrmapal-
JIeIUBAHUSA 3aJauy I0J KOHKPETHYIO apXUTEKTYpy
K METONY CBEpPTKHU Tapajjiein3Ma oI KOHKpPEeTHBIE
pecypcHble orpanndyeHus 1miatdopmbl LHWC. Takoit
Mepexo BHITIOJHSIETCS U3 UCXOMHOTO MaKCUMaJbHO-
rapaJijieJIbHOro onmucaHus aaroputma. Kak mokasaHo
B paborax [2, 14], 3TO obecrieynBaeT IIEPEHOCUMOCTh
MapaJjie/IbHbIX aJITOPUTMOB Ha pa3IMyHbIC MIaT(OPMBbI.
OCHOBHOII 0COOEHHOCTBIO METOAOB PEeAYyKIIUU Tapai-
JIeJIM3Ma TI0 CpaBHEHUIO C METOAAMH paciapajijieiBa-
HUS SIBJISIETCS CYLLECTBEHHOE COKpallleHUe YMCJIa 111aroB
JUTSL TIOJTyYeH U I KOHEUHOTOo pe3yibTaTa. [1pu pegykuuu
(ckaTuu) MakcumasbHo-napajienbHoro I uncno mak-
CUMAaJIbHO IONMYCTUMEBIX BapMaHTOB IpeoOpa30oBaHMit
3aJlaeTcsl Ha 9Tale cuHTe3a. B mpolecce cuHTe3a pe-
LIAI0TCS CAeAYIOlIre 3a1aun:

e oOlLIEHKa pecypcoB (G MOJYy4aeMOro apXUTeK-
TYPHOT'O pelleHUS;

e OIlIEHKA MPOU3BOAUTEIIBHOCTHU IMOJY4YaeMOI0
pelIecHUS;
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e pacyeT KoddPuuMeHTa peayKIUU TT0 KaXXI0MY
KJlacCy PecypcoB;

e DPEAyKIIMA Napajjeanu3mMa CXeMbl JJ151 JOCTUXE-
HUS TpedyeMbIX KO3(hGUILIMEHTOB.

s OLIEHKU pEeCcypCOB HCIIOJb3YETCH MPOMEXY-
TOUHOE TipencTtaBlieHue nmporpammbl — HDL-rpad,
B KOTOPOM Y€ 3aJaHbl apXUTEKTYyPHO-3aBUCUMBbIE
nanHbeie. HDL-rpad npencrasisieT co00ii aliMKIMYHBII
rpad B AIIP, B Kaxk10M y3j1e KOTOPOIro 3aJaHbl THIIbI
U pa3psAHOCTU JaHHBIX [4]. B 3aBUCMMOCTHU OT LieJIeBOI
T1aTOPMBI ONPEAETSIOTCS KJIACChl pecypcoB N, 1o
KOTOPBIM OYJIET OLIEHUBATBLCS CXEMaA.

Hanpuwmep, ans ninatgopmsl ITJIMC K 0CHOBHBIM
KJIacCaM PECYpCOB MOXHO OTHECTH:

e YUCIO PETUCTPOB N,;

e YUCJIO JIOTUYECKUX siueeK N,

e 4KCJIO OJIOKOB IaMATUA N,

e UHKCJIO apU(DMETUUECKUX U UHBIX CIIellMaIu3U-
POBaHHBIX BBIYMCIUTEIBHBIX OIOKOB Ny,

B naHHOM ciiyyae AJig CBEpTKM IapaJijeaun3ma
KJII0OUeBBIMU MOMEHTAMMU SIBJISIIOTCS OlLIEHKA pecyp-
COB MaMSTHU Y OLIEHKA BEIYMUCIUTEIBbHBIX PECYDPCOB.

Pecypc nmamsaTu npeacrtaBisieT CO00 MHOXECTBO
Nyem = AN, N}, @ BBIMUCTUTENbHBIN pecype Ny,
SIBJISIETCST MHOXKECTBOM {Nje, Ny}

BHyTpu NMogAMHOXECTBA CYILLIECTBYIOT OrPAHUYEHU S
ISl B3aUMO3aMEeHsIeMbIX pecypcoB. 11 pecypcoB mna-
MSTH J1000€ XpaHeHUe JaHHBIX MOXET ObITh peaiu30-
BaHO Ha OJIOYHOU MaMsATH, a HA TPUTTEPAX OHO pea-
JIN3YeTCsl C OrpaHUYEHUSIMU 10 00beMy. B ciiyuae Bbl-
YUCIUTENbHBIX PECYPCOB IJIsI ONepalu Joboro Tumna
MOXHO peajiM30BaThb CXeMy Ha JIOTUYECKUX siUeliKax,
TPY 3TOM TUIT U HAOOp omnepauuii 1JIs Crieluaaiu3upo-
BaHHbBIX 0JJOKOB OTpaHUYEH.

PesynbraThl OLIEHKU PECYPCOB UCIIOAb3YIOTCS sl
MAJIbHEWIIIEN peqYyKIUU TTapajjiean3ma.

2.2. OueHKa pecypcoB namsTu

st olleHKH TpeOyeMoi MaMsITU CyMMapHBIA 00b-
€M PEeCypCcOB MOXET ObITh MPUBEAEH K 00lIeMY 00b-
eMy, u3MepsieMoMy B out/KowuT.

B kauecTBe mpumepa [Jisl OLIEHKU pecypca CXeMbl
paccmotpuM ee HDL-rpad. Kaxnwiit k-ii cnoit ATID
COCTOWT M3 Habopa MH(POPMALIMOHHBIX BXOIOB B), 1 Ha-
6opa onepanmii O,. Kaxaplii ”HOOPMALMOHHBIN BXOA
BepminH HDL-rpada nmocie tTunmmsannm nMeeT pas-
paaHocTh W,. Mcxong U3 4yucia BXOLOB M pa3psi-
HOCTH KaxXJ0ro Bxoja JAJisi KOHKPETHOTO cJios rpada,
MOXHO OIpPeAeIUTh KOJUUYECTBO PECYypPCOB MaMSsITH,
TpeOyeMbIX JIs1 XpaHEHU S pe3yjibTaTa B COOTBETCTBY-
IOILIEM COCTOSIHUU rpada:

NR, =S (W, * B,).

Jns pacueTa pecypca BRIIOJHSIETCS o0xom rpada
U CYMMHUPOBaHUE pa3psiIHOCTE BXOMOB M BBbIXOAOB
BCEX BEPIIMH.

ITocne nepBoHauanbHOM OLIEHKU TpebyemMoro pe-
cypca namsITH Ajs UCXOJHOW MaKCcUMajlbHO-MapaJ-
JIEbHOM peau3alluy CXeMbl BO3MOXHBI CJIEAYIOIINe
CUTYyallnH:

— TpeOyeMblii pecypc MeHblle JOCTYMHOTO
NR < N, jc (Nyy /i — TOCTYTIHBII pecype);

— TpebyeMblil pecypc OoOJblle AOCTYIHOIO
NR > N, .

IlepBbiit BapuaHT He TpebyeT pacueTa Kodddu-
LIMeHTa peayKIIUU o pecypcaMm namsaTtu G,,, HO pu
5TOM TIpA U3MEHEHUH CXEMBI B TIPOIIECCE €€ PeIYKITNH
Mo APYyTUM pecypcam OLEeHKY M MPOBEPKYy pecypca
MnaMsITU HeOOXOAMMO IMPOBOAUTDL BHOBbD.

Bo BTOpoM ciyuae koadduuueHT peaykuuun NM
paccuuThIBaeTCs COrjiacHo (hopmylie

G -k
Nm/lc

DTOT KO3 (PUILIMEHT UCITOJb3yeTCS B aJTOpPUTME
PEeOYKLIUY TapalieInu3Ma CXeMBbl.

IToMuMoO orpaHnYeHMsI HA 00BEM IaMSITH, HEO00X0-
JMMO YYUTHIBATh TaK3Ke M OrpaHUYEHNE HA ITPOU3BO-
JUTEJBbHOCTh MaMSTH (LLIMpUHA UHTepdeiica JTaHHBIX).
Ecnu maMsITh mOCTpOEHA HAa perucTpax/Tpurrepax, To
JaHHbIE OTCYTCTBYIOT, TaK KaK IIWPUHA IMUHBI JaH-
HBIX paBHa 00beMy AaHHBIX. JIJas OJIOYHON MaMSITU
00bEM CUMTHLIBAEMBIX 32 TaKT JAHHBIX MEHBIIE, YeM
00beM XpaHUMBIX TaHHBIX. B ciydae, ecnm pecypc
naMsITu NR, TpeOyeMblil 11 XpaHEHUSI pe3yJibraTa
pelIeHUs] KOHKPETHO MpoO6aeMbl, MPEBHIIIAET J0-
CTYITHBI 00BEM PETUCTPOB N,, HEOOXOIMMO paccyu-
ThIBaTh KO3 GULIMEHT PeAyKIIMU 110 UHTepdeiicy ma-
Mt G,,;, AHBIMU CJIOBAaMU, COKPATUTh HNapayieu3mM
Ha Gmd.

2.3. Anroputm onpeaeneHus
ko3adchuumeHTa pegykumm

Ansa onpeneiaeHuss MUHUMalbHO-HEOOXOIMMOI'O
Koa3(ppulLIMeHTa peAyKIUU M0 UHTepdeiicy maMsTu
13 BCEX CTaAMi KOHBeliepa BbIOMpaeTcss HabOp CTa-
U C MAKCMMaJIbHBIM CYMMapHBIM peaJiu3yeMbIM Ha
perucTpax uHTepdeiicom. I 3TOro u3 MHOXecCTBa
cTaauii KOHBeliepa BbIOMpaeTCsl MOAMHOXECTBO CTa-
I, TAKOE 4TO:

maxZNRllZNRk < (Nm/,c —NR,),
rae | — Joruyeckoe CiIoxeHue.

Hcxonst 13 m310XKeHHOTO BbIIIE, KOADOUIIUSHT
G,,; onipenensieTcsl Kak OTHOIIEHUEe CYMMapHOTO UH-
Tepdeliica maMsITU OCTaBIIUXCS CTAAMI K CYMMapHO-
My UHTepdelicy 6JouHoi mamsatu IM.
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Hnsg onpeneneHust koapPuiumeHTa peaAyKIUKA 10
uHTepdelcy naMsaTh UCIIONb3yeTCsl CAeAYIOIMI al-
TOPUTM.

IIar 1. BerOpaTh MOIMHOXECTBO CTaaU KOHBEH-
epa, Takoe 4TO cymMMa pecypcoB NR, BbIOpaHHBIX
cranuii Oynet meHblue NR,. U cymMMa BbIOpaHHBIX
3HaueHU NR; OyneT MakCUMaJIbHa.

IIar 2. Paccuurars pecypc naMsTH, peau3yeMblit
Ha OJJOYHOU MaMsTHU/MaMSTH C TOCJIea0BaTeIbHbIM
JOCTYIIOM COIVIaCHO (hopMyJie

NR, = NR - ZNRk,
rae k NpuHamIeXuT MOAMHOXECTBY CTalUil KOHBEW-
epa, BBIOpaHHBIX Ha 1uare 1.

ITar 3. Paccuutath k03dduuneHtT NR, coriacHo

dopmyne
NR, =1+ Int(NR,/IM),

rae Int — OKpyTJIeHHWe IO 1IEeJIOTO 3HAYCHU .

PaccMoTpnM B KadecTBe MpHMepa BBIYHUCIICHHE
4-toueyHoro BII® (GricTporo nmpeobpazoBanus Py-
pbe), TOe TUCKpeTHOe mpeobpa3oBaHue Dypbe BhI-
gucasgercd Kak [15]

1 n-1 . 1 n-1 .
=—ZSj x« WK +—ZSj «Wh,
n< n<
J J
rae a, — koabdunmneHt paga Pypbe; n — 4uCIO
3JIEMEHTOB psilia; §; — U3MEPEHHbBIC 3HAYCHUS CUT-
. +kj .2m
Hana; WY =exp| —j—nk | — da3oBble MHOXUTEIHU
n
(nerictButenbHble (Re) 1 MHuUMbIe (Im) cooTBeT-
CTBEHHO).

IIpy 5TOM THN BXOZHBIX TaHHBIX — 16-OUTHBIN
3HAaKOBBI.

NudopmanmonHblii Tpad Imocie Impeodpa3oBa-
Husg B HDL-rpad u npusBenenus B AI1D nokasan
Ha puc. 2. Ha HeM noka3aHo, 4To BbluuciieHue bIT®D
npoBoautcs B 4 ctanuu (Stages 1, 2, 3, 4). Bce BbI-
YUCJIEHUSI B paMKax OJAHOW CTaAWU BBIMOJHSIOTCS
napaJjuieabHo. KonnyecTBo pecypcoB, HEOOXOAMMBIX
JUISI BBITIOJTHEHU ST KOHKPETHBIX BBIYMCIIEHU I, TTPUBE-
JIEHO Ha KaXKJ0M CTaauu JJIs1 PELIEHUS ONpeaeeHHOM
noj3anadyy U o003HayeHo Kak intl6, int33 u T. m.

3HaueHue pecypcoB NR, 01 KaxXI0# cTaguy KOH-
Beliepa pacCUMThIBaeTCs CEAYIOUIMM 00pa3oM:

NR, =102 %16 = 320;
NR, =16 %4 + 8+ 32 = 320;
NR; =16%4 +4 %32 =196;
NR, =33%4+4%34 =268.

Oomiee 3Hauenue pecypca NR = 1104 owura.

PaccMmoTpum nBe apxutekTypel — A; u A,. 3Ha-
yeHue N, . [UIs1 00eUX apXUTEKTyp PaBHO 1536 6wur.
B apxutekType A; Bechb pecypc MaMsTh HAXOMUTCS
B peructpax. st Takoit apxutekTyphl cxeMa BITD 4
B MaKCHMaJbHO-TapaJlIeIbHOW (hopMe pean3yeTcs
0e3 U3MEHEeHU 1, KaK MoKa3aHo Ha puc. 2.

B apxurextype A, pecypc perucTpoB COCTaBJSIET
512 6ut, a 1024 6ut npeacraBjeHbl B BUAe OJIOUHOM
MaMsITH ¢ UHTepdeiicoM JaHHBIX 36 GUT. 3HaUCHUE
cymmapHoro uHtepgdeiica 6iouHoit nmamsitu IR co-
cTaBUT 36 OUT.

B cooTBeTCTBMY ¢ OMUCAHHBIM BBIIIIE AITOPUTMOM
BBIOCpPEM TTOAMHOXECTBO CTaIWii, peain3yeMbIX Ha
perucTpax M MMEIoIIMX MaKCUMaJIbHbI HHTepdeiic.
B nanHOM mpuMepe 3TO MOXET ObITh JIM00 cTanus 1
(Stage 1), nubo cramus 2 (Stage 2).

int16 int16 int16 int16 int16 int16 int16 int16 int16 int16
v A4 v
[Retwernets) ” i) | | mewamisy || miwanesy || metsouretsa | | retsaamisy || mewigetsy | [ mwaimisy | [ rewimisy || i reis,
int32 int32 int32
int32 t32 Stage 1 . int32 2
° in int16 "-x-; <} int16 int32 in
oo ] o] oo
Stage 2
int33 . int16 int16 int16 ° int33
Stage 3
int34 int34 int33 int33 int34 int33
Re(S5),Im(S;) Re(S:),Im(s2) Stage 4 Re(s;},Im(s;) Re(S3),Im(s;)

Puc. 2. HDL-rpad makcumanbHo-napaieibHoil ¢dopmbl nias BIID
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3HayeHune NR,, B TaKOM ciyyae OyleT pacCUMThI-
BaTbCsl CIAEAYIOIIMM 00pa3oM:

NR, = NT = NR 1104 — 320 = 784 Gwura.

3HayeHMe Ko3(pGUIIMeHTa PeAYKIUN TT0 WHTEP-
(peiicy maMsITU COCTAaBUT

G - 184 _
md 36

B aToM ciiyuyae nepuos momadyu JaHHBIX CTAHOBUT-
cqa paBHbBIM G, U cTaiuM KOoHBelepa 2, 3, 4 unu 1,
3, 4 peanusyloTcs MocjeaoBaTeIbHO, TaK KaK pe3yib-
TaT 3amuchiBaeTcs B oguH 010K rmamsatu. HDL-rpagd
CXEMBI MOCJIEe penyKuun Ha G,,, IPUBENEH Ha puc. 3.

3anuch 3HaAYEHUN ¢;—C|,, BBIYUCIECHUE 3HAYCHU
d,—ds, Sy—8§; npoBOOIUTCA B JAHHOW cXeMe TocJe-
moBaTeabHO. Tak Kak craguu 2, 3 UCXOOHON CXEMBI
MocCJie penyKIuu TpeOyoT 22 TaKTa Ha BHITIOJTHEHNE,
cranus 1 Takxke MOXeT ObITh yBeJWUeHa 10 22 Tak-
TOB (clock cycles) 6e3 BAusSIHUS Ha OOLIYIO IPOU3BO-
JUTEJIbHOCTb CUCTEMbI, YTO MTPUBEAET K MPOMOPIIUO-
HaJIbHOMY YMEHBIIIEHUIO BBIYMCIUTEIBHOTO pecypca
craguu 1.

22.

2.4. OueHKa BbIYUCNUTENbHbIX pecypcoB

BeranciurenbHbli pecypc 0603HaYMM Kak N, —
MHOXeCTBO {N,, Ny} B maHHoM ciydae miist ore-
pauuy J000ro TMMa MOXHO peajau3oBaTb CXEMY Ha
JIOTMYECKUX sTYeiKax, MPy 3TOM TAM U Habop omepa-

LU 1JI cnenuaJu3upOBaHHbBIX 0J10KOB OI'paHMUYCH.

OO0uiee YyKcio clioeB (cTaauii KOHBeiiepa) paBHO M.
Ha xaxaoM j-M cltoe rpada peainsyercst orpeaeaecHHOe
MHOXecTBO ornepauuit 0/, rne j = 1, ..., k.

Hns Bcero HDL-rpada unciao Kaxmoil orepanuu

M
Fk= 20,1 .
=0

O0603HaYMM 00lllee YMCJIO Pa3JMYHBIX TUIIOB
onepauuit yepesz L, i = 0, ..., L. Ilog Tunom onepa-
WY TIOHUMAETCST TUTT aprudMeTHIeCKOM /IIOrTIeCcKoit
U T. 1. ONlepallMi BMECTE C yKa3aHUEeM pa3psiIHOCTEM
JNAHHBIX, HAIIpUMED, CJIOXeHHUe 16-OMTHBIX JaHHBIX,
cpaBHeHMe 20-OMTHBIX TaHHBIX U T. .

ITocne pacueTa o6lero 4yucia onepaluii Kaxjaoro
TUMA, UCXOISl U3 AOCTYIMHOrO pecypca KOHKpPETHOMH
apXUTEKTYPHhl, HEOOXOAMMO TIPOBECTU OIIEHKY CTeTIe-
HU MapaJjujiein3Ma, ¢ KOTOpoil BO3MOXHO peain30BaTh
CXEMY.

IlycTh KOIMYECTBO pecypca Al KaXI0ro KOH-
KPETHOro TuIlia onepauuu m3BecTtHo. O003HAYUM
Y — tun pecypca (Jloruuyeckue sYeKu, creuuain-
3UpoBaHHbIe apudmMeTudeckue 6ok DSP u 1. 1),
V(Y), — KOoIn4ecTBO pecypca Tumna Y, HEOOXoau-
Moe IS peajiu3alluu onepauuu Tumna k. Toraa cym-
MapHBbIl pecypc Tumna 7' gis Bcex omepanuii B HDL

rpacge:

L
V) =YV (Y), *F.
k=0

int16 int16 int16 int16 int16 int16 int16 int16 int16 int16
Retwaelss) | [(imwoumiss | [ retwaimisy | [imwonretsa ][ retsaets ][ retsaimisa ][ retmnsets ][ mwiimisy | [ rewaimisa ] [Cimimseis
int16 int16 10 clock cycles
int32 int32 int32 int32 int32 int32 int32 int32
\ vy vy /’
o 22 clock cycles

Puc. 3. HDL-rpa¢ nocie peayknun
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ITo xaxxaoMy KjiacCy BRIYHUCIUTEIBLHBIX PECYPCOB
MOXHO paccuuTarTh Koo bureHT peaykunu G, KaK
OTHOILIEHWE CYMMapHOIo TpedyeMoro pecypca K pe-
CypcCy LIeJIEBOM apXUTEKTYpPbl, OKPYTJIEHHOE A0 OJu-
Xal1ero 60JbUIEro LEJOro:

G, = Int(V(Y)/N,).

WtoroBsiii KoaPULMEHT peayKIUU 10 BHIYUCIH-
TEJIbHBIM PeEcypcam OIpeaessieTcss Kak MakKCuMaJsb-
HBII cpenn Beex Gy

G

cale — maX{Gy}a

PaccmoTpuM naHHBIN alropuT™M Ha npuMmepe rpada,
MpencTaBJIeHHOM Ha puc. 2. O0Iee YUCIO CTaanil KOH-
Beilepa maHHoro rpacda 4. Yucnao Tumnos onepauuii L
cocTaBuT 5. 16-0utHOe ymMHOXeHue (i = (), CIOXeHUE
u BerurTanue 33 u 16 our (i = 1, 2), cinoxeHue 34-6ut-
HBIX JaHHBIX U BBIUMTAHUE 33-OMTHBIX JaHHBIX (i = 3,
4). Yucno onepauuii no ciiosiM rpaca cocTaBUT

0 ={8, 0, 0, 0, 0};
0, ={0, 2, 2, 0, 0};
0, ={0, 0, 0, 4, 4};
0, ={0, 0, 0, 0, 0}.

KosinuecTtBo Kaxaoi ornepaluu k-ro Turma:

F0=8,F]=2,F2=2,F3=4,F4=4.

ITycTb MMeeTCst apxUTeKTypa ¢ ABYMSI TUTIAaMU pecyp-
COB JIJIS1 peaii3allii BEIYUCICHUIA: IOTUYECKIE TUSHKH
(Y= 0) u cexuuu DSP (Y = 1). 3HaueHus pecypca ais
KaxJIoro TMIa ornepauuu Bo3bMeM ClieayIoliue:

IUJIST JIOTUYECKUX SUYeeK IMoJydyaeM:

V(O)o =0, V(0), =5,

V(0), =5, V(0); =10, V(0), =10;
s cekuuii DSP nosyyaem:
V) =1, V), =0,
Vi, =0,Vd),=0 V1), =0.

CyMMapHbIii pecypc Mo KaxJaoMy TUITY IO BCeM
onepauusiM B rpade cocTaBUT

L
V(O)=ZV(Y)k*Fk=0*8+5*2+5*2+
k=0
+4+10+4+10 =100,
L
Vi)=>V(Y) #F =1%8+0%2+
k=0

+0%x2+0%x10+0=10=38.

PaccmoTpum apxutexTypy, rae uucino DSP N, =2,
yucio goruyeckux ssueek Ny = 400. Torna koapdpunm-
EHT PeAyKLMU 10 KaxXJA0OMY TUITY PECYPCOB COCTaBUT

V(0)) 100
G, = Int| L) 199 55
0 ”(Goj 400 7Y
G, - 1,1{@) _8_4
G ) 2

3HaueHue KodphuureHTa pefyKUUU 1J1s1 BIYUC-
JUTEIBHBIX pecypcoB G, PABHO MAKCMMAJIBHOMY U3
Bcex G, cnenoBaresibHO KoapduuuneHt G, paBeH

G, = max{0,25, 4} = 4.

IMocne penykinm Kaxaoi ctagum ¢ Ko3hPuiineH-
TOM 4 3aiepKKa KaXXI0il CTaIy BbIpacTeT 10 4 TaKTOB,
pecypc IIpyd 3TOM CHU3UTCS TakKxXe B 4 pasa. Pe3yib-
TUpYIOLIUI rpad mokasaH Ha puc. 4.

OTMeTUM, YTO NIPU UBMEHEHU U BBIYMCIUTEIbHOTO
pecypca MOXET U3MEHUTBLCS pecypc MaMsITH.

int16 int16 int16 int16 int16 int16 int16 int16 int16 int16
n
[ retwaretsy | [ mwaamisy | | rewolmisi | | werets) | [ reisabreis || metsmisy | | rewiresi | | mwaietss | [ retwidimisy | [ mwinetss |
t Stage 1 4 clock cycles
. 32 int32

int32

A int32 int32

4 clock cycles

int33

Stage 3

int16  int33

4 clock cycles

int33 int33

| Re(Se),ImiS,) | | Re(Sz),Im(S:) |

Puc. 4. HDL-rpad nocxae penykuun na G,
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2.5. O6006LWEeHHbIN anropuTm
npeo6Gpa3oBaHus Nnapannenuama

ITycTh oTHOIIEHUWE pecypca, TpedyeMoro IJist pe-
aJIM3alliy CXeMbl B MICXOJHOM MaKCHMaJbHO-Mapa-
JIEJIBHOM BUJE K IOCTYITHOMY pecypcy, 0003HavaeTcs
kak R. TlpennonaraeTcs, YTO AOCTYHHBIU pecypc —
9TO HaMMEHbIINI U3 pecypcoB. [1pu pereHuu 3aaauu
TpaHcdhopMallMK Napajuieiu3Ma B oOlleM BUAE B 3a-
BUCHMMOCTH OT JOCTYITHOTO pecypca 1ejeBoil niaatdop-
MbI MOXHO BBIIEIUTH TPU BapraHTa MpeoOdpa3oBaHU s
HMCXOAHOW MaKCUMAaJIbHO MapajjieJbHONR CXeMBbI.

IlepBoiii BapuaHT: ecniu R >1, To HeobxoguMa pe-
OYKLMS napajijieausma.

31ech BO3MOXXHO YBEJIMUYEHUE MPOU3BOAUTEIbHOCTH
MyTeM pa3MelIeHUs] HECKOJbKUX CXeM MapaJlieJIbHO:

S =Int(1/R).

PaccMoTpum anropuTMm penykKuuu ¢ UCMOJb30Ba-
HYeM Ko3(DOULIMEHTOB penyKIIMU, OMUCAHHBIX B MOJI-
pasm. 2.2/2.4.

AJITOPUTM COCTOUT U3 CJIEAYIOLIMX 11aroB.
ITar 1. PaccuutbiBaeM KO3 OULIUEHTHI peAyKLIUN
Ncalc n Gm

ITar 2. BeibupaeM MakcuMaabHBIN KO3(MOUIIMEHT
Nmax = maX(Gm: Ncalc)'

ITar 3. PenyuupyeM napajijieiu3M cxeMbl Ha N, .

ITar 4. /1151 uBMEHEHHON CXeMbl NepecuYuThBaeM
kooppuureHTsl G,, U Gy, €CTM OHU MEHBIIE | —
3aBeplIEHUE aJropuTMma.

ITar 5. Ecau kakue-1ubo omnepaluyd BO3MOXHO
pearm3oBaTh C HCIIOJIb30BaHUEM IPYTOTO THTIA PECYp-
COB — HM3MEHsSIeM JAaHHbIe oMepaluu Ha APYTroi TUIT
pecypcoB 0e3 u3aMeHeHUs KoagpuuueHTa R u nepe-
cuuThIBaeM KoapduuueHTel G, u G,y

IITar 6. Eciu xakoii-11n60 u3 Ko3¢pOUIINEHTOB
oonpue 1: G.,,, = 1 + G,,,, ¥ BO3BpaillaeMcs Ha wiar 3.

ITocnenoBarenbHOEe yBeJdnuyeHUEe Ko3hduuneHTa
pPENyKIMU MO3BOJISIET MOA00PAaTh MUHMMAJIbHO BO3MOX-
HBI KO3 GULIMEHT A1 YAOBIETBOPEHUSI TpeOOBaHUM
O pecypcamM U JOCTUXEHUS PU 3TOM MaKCHUMaJIbHOI
MPOU3BOAUTENBHOCTU (MUHUMAJIbHO BO3MOXHON pe-
IYKIIMU TI0 TTPOU3BOAUTEIBHOCTH OTHOCUTEIBHO MC-
XOIHOTIO0 MaKCMMaJIbHO MapaJlleJIbHOTO BapuaHTa).

Bropoii BappaHT npeob6pa3zoBaHUs UCXOAHON MaK-
CHMaJIbHO TMapasieIbHON CXeMBbI:

npu R < 1/2 BO3MOXHO yBeIUUYCHUE YMCTIA CXEM.

Tpertuii BapuaHT npeoOpa3oBaHUs UCXOAHON MaK-
CUMaJIbHO MapasjeIbHON CXeMBbI:

1/2 < R< 1, pecypca 10CTaTOYHO JJISl pa3MelleHU ST
OJTHOTO MaKCUMAJIbHO NapaJljieIbHOIO BAPUAHTA CXEMBI.

Bo BTOpOM 1 TpeTheM ciyuyasix HUKakKMx mpeodpaso-
BaHMI1 MaKCMMaJIbHO Tapaslie/IbHOM CXeMbl He TpeOyeTcsl.

3. NpakTu4yeckune pesynsraTtbl

B paMkax npoBOAMMBIX UCCIEAOBaHUI aBTOpaMu
peaan3oBaH HAOOpP MPOTrpaMMHBIX WHCTPYMEHTA b-
HBIX CPEACTB, MO3BOJSIIOLIUX:

— BBINOJHSTH Mpeobpa3oBaHUEe UCXOMHOIO Koja
Ha OIIIT g3bIKe B NpOMEXYTOYHOE TpeAcTaBIeHUE
B BUJIe MTH(GOPMALIMOHHOIO U YIIPaBJsIoLIero rpados;

— OCYILIECTBISITh ONTUMU3ALIMOHHBIE TIpeobdpa-
30BaHMS, YTO MO3BOJISIET MOBLICUTH 3(PPEKTUBHOCTD
®ITIT nporpamm;

— MpoBOANTH OTIanKy n aHanmu3 PIIII koma BO
BpeMsl BBINOJHEHUSI, obecreyrBasi MOMCK OIIUOOK
1 TPACCUPOBKY;

— OCYWIECTBASTDH TPAHCASLIUIO TIPOMEXYTOUHOTO
npencraBierans OIII1 mporpamm B onmcanue CBUC
Ha HDL-s3sikax [15].

Ha puc. 5 npeacraBieHa apxuTekTypa pa3pado-
TaHHBIX UHCTPYMEHTAJIbHBIX CPEACTB MOIAEPXKU

@M Nporpamma

C TpaHcnarop d:ﬂl'l) C OTtnag4mk )
Ty

RN

( Bepudmkartop )(Cmﬂemrop HDL) C ontumusaTop )
R 4
o

HDL-rpads
—

' o

Mpenpoueccop peaykuMn
napannenyuiMa
Kop Ha aseikax Verilog/ VHDL

C WHTepnpeTaTop )

Puc. 5. ApqueKTypa HHCTPYMEHTAJIbHBIX CPEACTB NOAACPXKKH NPOCKTUPOBAHUA
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MPOEKTUPOBAHNSI HA OCHOBE IPEIJIOXKEHHOI0 METOoa
BBICOKOYPOBHEBOI'O CHHTE3a.

HWNHuTeprnperaTop MO3BOJSET MUCIOIHUTH TEKCT
nporpaMmmbl Ha PIIIT g3pike. BXOGHBIMKM JaHHBIMU
JUIST MHTepIipeTaTopa SIBASIOTCS WHGOOPMAaLIMOHHbI I
W yOpaBJIsIoluii rpadbl, a TaKKe apryMeHT (pyHKIUU
BEPXHEro ypoBHS. ApryMeHT INpeacTaBiisieTcs B pop-
mate onucaHus WI, nast aToro oH obpadaTsiBaeTCs
TPaHCJSITOPOM.

OnTUMU3aTOp TaKKe UCIIOJB3YET BXOMHOE TIpOMe-
KYTOUYHOE MPEACTABIEHUE, OCYLIECTBIISIET ONTUMU3U-
pytomue npeobpaszoBanus Haa UT, pesynabrat coxpa-
HSeTCS B BUJE IPOMEXYTOYHOro npeacrapieHus UT.

K ontumusupymoimuM npeodpa3zoBaHUSIM, OCY-
LIECTBJSIEMbIM Ha JaHHOM 3Tare, OTHOCSTCS:

e yIajieHue HEeHUCIOJb3yeMOro Koaa;

e ONTUMU3ALUS TTOBTOPSIOIIUXCS BbIUMCICHUN;

e HEMOCPeACTBEHHAas MOACTaHOBKA (DYHKIIMIA;

e yIajieHue MOBTOPSIOLIErocs Koaa;

e OINTHMMMU3AIMS HA OCHOBE SKBUBAJCHTHBIX TIpe-
ob6paszoBanmii anredopsr OIII1 momenm.

TpaHcasITOp MO3BOJISIET MPOBOAUTD MPOBEPKY CUH-
TaKcHca mporpamm, padpabotaHHbIX Ha si3bike DITIT
nporpammupoBanusi [IMMATOP, u npeobpazoBaHue
nporpaMMmbl B €€ MPOMEXYTOUHOE IMpeacTaBIeHUe
B BUJAE€ MHOOPMALIMOHHOTO U YIIpaBJsIOLIEro rpa-
dos [16]. On peanusyer MexaHU3M TpaHCHOPMALIUK
¢ (DyHKIIMOHAJbHO-TIOTOKOBOI'O OMMUCAHUS B OMucCa-
HUS HAa YPOBHE KOMOMHAIIMOHHBIX JIOTUYECKUX U aB-
TOMATHBIX cXeM. B cocTaB TpaHcasTOpa BXOAMUT OT-
nanuuk, renepatop UI' u reneparop YI. Pesynbrarom
(byHKIIMOHMpPOBaHUS TpaHCSITOpa SIBJISIETCSI HAOOP
OTJIAaXKEHHBIX DYHKIIMHI, peaqnu30BaHHBIX Ha SI3bIKaxX
Verilog/VHDL.

ITakeT pa3zpabGoTaHHBIX MPOTPAMMHBIX CPEACTB
TaK>Xe BKJI0YaeT MPernpoueccop peayKuuu napaie-
JM3Ma ¥ Iperpoleccop olleHKHu pecypcoB. Ilpenporec-
COp peayKU MU Tapajjean3Ma Mo3BojiseT MPOBOAUTH
aBTOMAaTHYECKUE Mpeodpa3oBaHus Mapaiean3Ma npo-
rpamMm, InpeaHa3HayeHHBIX IS TpaHcasnuu B HDL-
SI3BIK C YIETOM PeCypCHBIX orpaHndeHuit. [1penporeccop
HCTIOJb3YET B KQUECTBE BXOAHBIX JAHHBIX TPOMEXYTOU-
Hoe nipenctaBieHne anroputmMa CBUC na ®IIIT s3b1Ke
B Buae tunusupoanHoro MI' (HDL-rpaga) u pecypc-
Hble OrpaHMYEHUS LIeJeBOI TIaT(GOpMbI, TTOJyYeHHbIE
TIpY MTOMOLIY TTPENPOLIECCOPa PECYPCHBIX OTPAHUYEHUA.
Pesynbsrarom (byHKLIMOHMPOBAaHMS Iperpoleccopa pe-
OyKuuu napainenusma ssisercs UT anropurma, npe-
00pa3oBaHHBIM C YyYETOM PECYpCHBIX OrpaHMYEHUA.
INonyyeHHoe mpeacTaBieHUE UCTIONb3YETCS] CUHTE3aTO-
poM cxeMm s noiaydeHus: onucanusl cxembl CBUC Ha
HDL-a3bikax.

Pa3paboTtaHbl TpaHCISATOPHl O I3bIKOB Verilog
u VHDL [17]. IIporpamma peanusyeT MPOBEPKY UC-

XOJIHOTO ONUCAaHUS Ha MPUTOAHOCTh K CUHTE3Y, COOp-
KY MCXOJHOrO OMMUCaHMUs M3 MHOXeCTBa (PyHKIIMH,
Ha3HaYeHUE TUIIOB JaHHBIX B UCXOMHOM ONMUCAHUM
U CUHTE3 BBIXOJHOTO OMMCAHMS CXEMbI Ha SI3bIKax
Verilog/VHDL.

HabGop pa3zpaboTaHHBIX IIPOrpaMMHBIX UHCTPY-
MEHTOB (PYHKIIMOHUPYET B COCTaBe MHTETPUPOBAH-
HOI cpeabl pa3paboOTKHU U MO3BOJSET C(POPMUPOBATH
Ha0op OTJaXeHHBIX MYHKUMKA AT UX peanu3aluu
B Buge CBbUC. O6oysouka npenocTaBisieT I10JIb30Ba-
Te0 nHGOPMaAILlMOHHbBIE PECYPCHI JIJIsl OpraHu3aluu
BCEro Ipoliecca BbICOKOypoBHeBoro cuHTe3da CbUC
Ha ocHoBe DIIII nonxona.

ITocpeacTBOoM pa3paboOTaHHBIX MHCTPYMEHTAJIb-
HBIX CPEICTB Ha MpaKTUKE MOJIyYeH psi HayuyHO-
TEeXHUUYECKUX PelIeHM I, MepeurCIeHHBIX najee.

o KomiiekT cioxHO-(pyHKIIMOHAIbHBIX OJIOKOB
OJHOKPHUCTAJIbHOTO YCTPOMCTBA yIIpaBieHUus 60pTo-
BOI ceTu KocMuyeckoro anmapara [18]. IIporpam-
Ma, BXOAsIasi B COCTaB OJIOKOB, peaju3yeT 00pTo-
BOM KOMMYHMKAIIMOHHBI MOAYJIb CTaHIapTa Space
Wire, KOTOpBI# IIpeacTaBiasieT co00i 3aKOHYEHHBI
npreMonepeaaroluii y3eja 00pTOBOi CETU KOCMUYE-
CKOTO arniiapara v BHITOTHSAeT GYHKIINY ITPUEMHNKA,
nepenaryrMka M KOHTpoJiepa KaHalla MeXAy ApYyTUMU
y3JIaMU CETHU.

o CroxHO-(pyHKIMOHAJbHBIE OJIOKM 13 COCTaBa
CBUC cniyrHukoBoro momema AP-1040 [19, 20].

e CBUC 610ka HOC na 6aze BMK K5540THO14A
U3 cocTaBa HaBUTallMOHHOro mpubtopa [21]. Ilpo-
rpamMma, Bxojsuasi B coctan, peanusyercs Ha [TJINC
Xilinx Spartan-4 u npemHa3HayeHa JJIs UCIIOJb30Ba-
HUS B COCTaBe MpUEMHHUKA HABUTAlIMOHHBIX CUTHAJIOB
I'NIOHACC/GPS u ocylecTBasieT TIepBUIHYI0 00pa-
001Ky curHanoB Ha TTJIMC nubo 3aka3HOI MUKpOCXEME.

3aknio4yeHue

ITpoBeneHHbII 0030P COBPEMEHHBIX SI3bIKOB U CIO-
CcO00B MPOEKTUPOBAHUSI JJOTUUECKUX CXEM MMO3BOJIUI
000CHOBATh BbIOOP MoAeNM (pyHKIIMOHAIbHO-IIOTO-
KOBBIX IMapaJIebHBIX BRIYUCICHUM U s13p1Ka DITIT
nporpammupoBanust [TMDATOP nnga paspaborku
apXHUTEKTYPHO-HE3aBUCUMOIO METOAA CUMHTE3a MH-
TEerpaJbHBIX CXEM.

B nipouecce pa3zpaboTKu apXUTEKTYpHO-He3aBU-
CUMOTO BBICOKOYpOBHeBOoro meroga cuHreda LIUC,
OCHOBaHHOr0 Ha MoauduLpoBaHHOK Moaenu DIIII,
ObIJT MpeAJIoKEeH MEeTO/I Ipeodpa3oBaHu s Mapaeans-
Ma, 3aKJIIOYaloLIMiCsS B COKpallleHU MaKCUMalbHO-
ro mapajjejau3Ma peliaeMoil 3ajaauyu MpU Mepexoie
K KOHKPETHOI LIEJIEBOM apXUTEeKType. DTOT MOAXO[
obecrieynBaeT MePEHOCUMOCTD MapasjieIbHbIX apXu-
TeKTYp Ha pasiMuHble MJaThHOPMBI.
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AJropuTM npeoOpa3oBaHM s Napajjiein3Ma BKII0-
4yaeT OLEHKY pecypcoB, BEIYUCIEHUE KO3(hPUIIMeHTa
peayKLIWU MapajuieIu3Ma 1o KaxXJIoMy KJiaccy pe-
CYpPCOB M PEeAyKIIWIO MapaJijiein3Ma CXeMBI IS J10-
CTUXEHUS TpeOyeMbIX XapaKTepPUCTUK KOHKPETHOM
LeJeBOi TIaTGOpMBL.

IIpencraBiaeHHBIE METOABI PEAYKIIMH MTO3BOJSIOT
peanu3oBaTh U3MEHEHME IMapaJijeJn3Ma MCXOIHOTO
OMUCAHUS aJITOPUTMa U OO0ecHeuyuTh peaau3alnio
MeXaHM3Ma MepeHoca Ha pa3In4yHbIe apXUTEKTYpPHI
C Pa3JIMYHBIMUA PECYPCHBIMM OrpaHUYCHUSIMMU.

B otninmume oT MeTOIOB pacnapasiieIMBaHu s, Ipea-
JlaTaeMblil B pab0Te METOA CHUKAeT CIIOXHOCTh IPO-
1ecca IepeHoca 3a C4eT YMEHbIIIeHU S epedopa KOJIu-
YyecTBa BapMaHTOB peasiM3alliy, MoJydyaeMbIX B TIPO-
liecce CMHTe3a IO HOBBIE PECYpPCHBIE OrpaHUYCHUSL.
Bmecte ¢ TeM MeTOIbI OLIEHKHM pecypca Ha BBICOKO-
YPOBHEBOM 3Tarle TPeOYIOT yyeTa HaKJIaJHBIX PACXOH0B
Mpy M3MEHEHUU Tapajjeau3Ma K 0ojee nmocjaeaoBa-
TEeJIbHBIM cxeMaM. Jis1 JTaHHOro ciay4vasi HeoOXOaUMO
YBEJIMUYCHUE TOYHOCTU OLIEHKU. [Ij1s1 3TOro MOryT mMc-
MOJIL30BaThC HEMPOHHBIE CETH X METOIBLI MAILIMHHOTO
00yueHMsI, KOTOpble Ha OCHOBE IapaMeTPOB OLICHKU
CXEeMBI Ha BBICOKOYPOBHEBOM 3Talle MOTYT C HEOOXO-
JVMOI TOUHOCTBIO ITpeAcKa3aTh 3HAUCHMSI ITapaMeTPOB
CXEMBbI MOCJIe peaan3allui Ha HU3KOM yPOBHE.

MeToabl IPSIMOTO TIOJCUETa pecypca pe3yjiabraTa
peanm3aluy CXeMbl OCJIOXKHEHBI 110 IPUYNHE MHO-
JKecTBa IIpeodpa3oBaHUM, KOTOPhIE IIPOUCXOSAT P
peanu3aluy CXeMbl Ha 3Talax CUHTe3a U UMILIeMEH-
TallUd Ha HU3KOYPOBHEBOM 3Talle MpeajiaraéMoro Me-
Tonma. Peanu3anus TOYHBIX METONOB OLIEHKH pecypca
MO3BOJIUT AOTOJHUTEIBHO YMEHBIIUTh KOJUUECTBO
BapuUaHTOB CXeMblI, pacCCMaTpUBAaeMbIX B IIpollecce
CMHTE3a MOJ PeCypCHBIE OrpaHUYCHUSI.

Ha ocHoBe nmpeayioXeHHBIX METOIOB pelyKIINU
napaJjjenu3Ma U OLeHKH PecypcoB peaJnu30BaH psij
MHCTPYMEHTAJIbHBIX CPEICTB, TAKMX KaK TPAHCIISITOP
APXUTEKTYPHO HE3aBMCUMOI'O ONTMCAHN S aBTOMAaTHBIX
1 KOMOMHALIMOHHBIX CXeM, MPEnpoLeCcCOPhbl OLUEHKU
pECYpCOB M peAyKILUHU Tapajljieiu3Ma. DTU IIPerpo-
LIECCOPHI TTO3BOJISTIOT PACCYUTHIBATh U KOJIMUECTBEHHO
OLICHMBATh TpeOyeMbIli pecypc CXeMbl MO BhIOpaH-
HBIM TUIIAM 3JIEMEHTapHLIX OJI0KOB (sueeK, MaMsITH,
tpurrepos, LUT-tabnui u T. 1.) Ha Moaae p>XKBaeMBbIX
LeJIeBBIX I1aT@opMax.
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The problems and solutions in the field of ensuring architectural independence and implementation of digital
integrated circuits end-to-end design processes are considered. The paper focuses on the need to find a solution
to the problem of program portability during the development of integrated circuits. A review of the main software
and tools used to design digital circuits (Verilog, System-C, Handel-C, Lava, Hydra, Wired, COLAMO, Chisel
and etc.) is presented. The method and language of parallel programming for functional flow synthesis of design
solutions PIFAGOR is presented. The example of the source and generated code in the PIFAGOR and Verilog
languages is given. During the method implementation, the tasks of reducing parallelism and estimating the oc-
cupied resources were highlighted. The main feature of the developed method is the introduction of the additional
layer (HDL graph) into the synthesis process. Algorithms for the parallelism reduction have been developed. This
method is demonstrated on the example of parallelism reduction while going to the FPGA platform solving the
problem of calculating a 4-point FFT (Fast Fourier Transform). As part of the solution of this task, an assessment
of memory resources and an assessment of computing resources were carried out. The results of software tools
development for design support including the parallelism reduction preprocessor and resource estimation prepro-
cessor and practical VLS| projects are presented.

Keywords: integrated circuit, parallel computing model, algorithm, program, high-level synthesis, functional-
stream language

For citation:

Romanova D. S., Nepomnyashchiy O. V., Legalov A. 1., Ryzhenko I. N., Sirotinina N. Y. Parallelism Reduction
Methods in the High-Level VLSI Synthesis Implementation, Programmnaya Ingeneria, 2022, vol. 13, no. 6,
pp. 259—-271.

DOI: 10.17587/prin.259-271

References

1. Levin L. 1., Gudkov V. A. Extension of the high-level lan-
guage COLAMO for programming reconfigurable computing sys-
tems at the level of logical FPGA cells., Vestnik komp juternyh i
informacionnyh tehnologij, 2010, no. 12, pp. 10—17 (in Russian).

2. Dongarra J., Bosilca G., Bouteiller A., Danalis A., Fa-
verge M., Herault T. PaARSEC: A programming paradigm exploiting
heterogeneity for enhancing scalability. /[EEE Computing in Science
and Engineering, 2013, vol. 15, no. 6, pp. 36—45.

3. Legalov A. I. A functional language for creating architec-
ture-independent parallel programs, Vychislitel’nye tehnologii, 2005,
vol. 10, no. 1, pp. 71-89 (in Russian).

4. Nepomnyashchy O. V., Legalov A. 1., Tyapkin V., Ryzhen-
ko 1. N., Shaydurov V. V. Methods and algorithms for a high-level
synthesis of the very-large-scale integration, WSEAS Transactions
on Computers, 2016, no. 15, pp. 239—247.

5. IEEE Std 1800-2012: IEEE Standard for SystemVerilog-
Unified Hardware Design, Specification, and Verification Language,
2013.

6. Alekhin V. A. SystemC. Simulation of electronic systems. Mos-
cow, Goryachaya liniya — Telecom, 2018, 320 p. (in Russian).

7. Vivado Design Suite User Guide. High-Level Synthesis.
UG902—Xilinx—2015, available at: https://www.yumpu.com/en/
document/view/7034022/xilinx-vivado-design-suite-user-guide-
high-level-synthesis-ug902

270

"MporpammHas uHxeHepusa" Tom 13, Ne 6, 2022




8. Handel-C Language Reference Manual / Celoxica Limited,
2005.

9. Sérot J., Michaelson G. Compiling Hume down to gates,
Draft Proceedings of 11th International Symposium on Trends in Func-
tional Programming, Madrid, 2011. pp. 191—226.

10. O’Donnell J. , Riinger G. Derivation of a logarithmic time
carry lookahead addition circuit. Journal of Functional Programming,
2004, vol. 14, no. 6, pp. 697—713.

11. Axelsson E., Ciaessen K., Sheeran M. Wired: wire-aware
circuit design, Proceedings of the Conference on Correct Hardware
Design and Verification Methods (CHARME ‘05), 2005, vol. 3725,
pp. 5—19.

12. Bachrach J., Vo H., Richards B. et al. Chisel: Constructing
hardware in a Scala embedded language, DAC Design Automation
Conference 2012, 2012, pp. 1212—1221.

13. Gill A., Bull T., Kimmell G. et al. Introducing Kansas Lava,
Implementation and Application of Functional Languages, ser. Lecture
Notes in Computer Science. Springer, Berlin, Heidelberg, Sep. 2009,
pp. 18—35.

14. Dongarra J., Danalis A., Bosilca G. et al. PTG: An Ab-
straction for Unhindered Parallelism, Proceedings of the Fourth
International Workshop on Domain-Specific Languages and
High-Level Frameworks for High Performance Computing, 2014,
pp. 21—30.

15. Nussbaumer G. Fast Fourier Transform and Convolution
Computing Algorithms. Moscow, Radio i svyaz’, 1985, 248 p.
(in Russian).

16. Nepomnyashchiy O. V., Ryzhenko I. N., Shaydurov V. V.,
Sirotinina N. Y., Postnikov A. I. The VLSI High-Level Synthesis
for Building Onboard Spacecraft Control Systems, Proceedings of the
Scientific- Practical Conference "Research and Development — 2016".
Springer, Cham, 2017, pp. 229—238.

17. Nepomnyashchy O. V., Ryzhenko I. N., Romanova D. S.,
Legalov A. 1. Translator of architecture-independent description
of automata and combinational circuits, Certificate of state reg-
istration of software for computers No. 2021610682, 02/01/2021
(in Russian).

18. Komarov A. A., Ryzhenko I. N., Nepomnyashchy O. V. Pro-
gram for synthesizing circuit descriptions in HDL hardware descrip-
tion languages from the Pifagor functional-parallel programming
language, Certificate of state registration of software for computers
No. 2015619175, 08/26/2015 (in Russian).

19. Nepomnyashchy O. V., Komarov A. A., Ryzhenko I. N. Pro-
gram for the driver of the onboard network of the spacecraft, Certifi-
cate of state registration of software for computers No. 2015616896,
06/26/2015 (in Russian).

20. Ryzhenko I. N., Komarov A. A., Andreev A. S. Software
of the satellite modem "YAR-1040", Certificate of state regis-
tration of software for computers No. 2015614726, 04/27/2015
(in Russian).

21. Nepomnyashchy O. V., Komarov A. A., Ryzhenko I. N.
Complex-functional block of the lowering adder-limiter, Certifi-
cate of state registration of software for computers No. 2016619714,
08/26/2016 (in Russian).

UHOOPMALUA

Ilpoodoarxcaemcsa noonucka na xcypnaa
“Ilpoepammnuasn unxcenepusa” na eémopoe noayzooue 2022 2.

OdhopMUTL NOANUCKY MOXHO Yepes NoAMNUCHbIE areHTCTBa
UIM HEeNnocpeacTBEHHO B pefakumm XypHana.
MognucHom nHaekc no O6beguHEHHOMY KaTanory

"Mpecca Poccnn" — 22765

Coobuwaem, yto ¢ 2020 r. Bo3MOXHa noanucka
Ha 3MEKTPOHHYI0 BEPCUIO HALLETO XXypHarna:

000 "MIBUC": Ten. (495) 777-65-57, 777-65-58; e-mail: sales@ivis.ru,
OO0 "Y1 Ypan-Ipecc". Ana odopmnenns nognucku (MHgekc 013312)
cnepyet obpatuTbes B hunman no Mecty xutensctea — http://ural-press.ru

Adpec pedakyuu: 107076, Mockea, MaTtpocckada TuwnHa, a. 23, cTp. 2, od. 45,
MN3paTenbcTtBo "HoBble TexHonorun",
penakuus xxypHana "lNporpammHas nHxeHepnsa"

Ten.: (499) 270-16-52. E-mail: prin@novtex.ru

"MporpammHas uHxxeHepua" Tom 13, Ne 6, 2022

271




YK 004.423

DOI: 10.17587/prin.13.272-276

A. B. TpeTbsik, acnvpaHT, alextretyak2@gmail.com,
E. A. BepewarnHa, kaHg. TexH. Hayk, gou., everesh@mail.ru, [JanbHeEBOCTOYHbIN

denepanbHbI yHUBEPCUTET, I. BNagmMBoCTOK,

M. B. CTpyk, Bea. cneumanuct, pavelstruk@yandex.ru, "lMpumopcknin okeaHapnym" —

dunmnan HHUMB OBO PAH, r. BnagnsocTok

PaspaboTKa cucTembl CUMBOMbHBIX MAKPOKOMAH]]

(cnmiomanj) npoueccopa

TpaduuyuoHHOU ¢hopmol 3anucu MawuHHO20 Koda sieriiemcs A3bik accembniepa. E2o komaHdbl npsi-
MO coomeemcmayom omoesibHbIM KOMaHdaM MauwUuHb! Uiu ux rnocnedosamesibHocmsam. CuHmMakcuc
npoepaMmMbl Ha si3bike accembriepa onpedensiemcs 2rnasHbIM 0b6pa3om cucmemoli KOMaHO KOHKpem-
HO20 ripouyeccopa u cucmemoll OuUPekmue KOHKpemHo20 mpaHcnsmopa. lNpedcmasneHHass 8 cmambe
cucmema cuMeosIbHbIX MaKpOKoMaHd rpoyeccopa s8/isiemcsi, o MHeHU asmopos, bosiee Haansi0HoU
gopmol npedcmasneHuss MawWuHHO20 Koda, Ymo criocobecmeyem rno8biWeHUr nPodyKmugHoCcmu npu
pabome c¢ Hell Npo2paMMUCMOM, @ makxe MUHUMU3auuu ouwuboK.

Knrouyeenble cnoea: cucmema KomaHO ripoyeccopa, A3blk accembriepa, MakpokoMaHda

BBepeHune

TpanuuuroHHo! (popMoii 3aITUCK MallIMHHOTO KO
SIBIISIETCS SI3BIK acceMOuepa. A3bIK acceMbiepa — Ma-
IIMHHO-OPUEHTUPOBAHHBIN S3BIK MPOrpaMMHUPOBa-
HUST HU3KOro ypoBHs. OH npeactasisieT codoit cucre-
MY 0003HaYEHM I, UCTIOJIB3YEeMYI0 U1 TIPeACTaBIECHU S
B y100HO unMTaeMoit popMe mporpamMmm, 3alrcCaHHbIX
B MallIMHHOM KO[Ig.

KomaHabl s13biKa accembiepa MpsMoO COOTBET-
CTBYIOT OTAEJbHBIM KOMaHIaM MAaIlWHBI UJIU UX
nociaeaoBatreJbHOCTIM [1]. CuHTaKCcUC IpOrpaMMbl
Ha sI3bIKe acceMOJjepa onpeaeasieTcsl IaBHbIM 00-
pa3oM CHUCTEeMOI KOMaHJ KOHKPETHOTO MPOILECCo-
pa ¥ CUCTEMON TUPEKTUB KOHKPETHOrO TPaHCJsI-
Topa. CucTtemMa KOMaHJ Ipoleccopa — 3TO HabOp
JOMYCTUMBIX JJI JaHHOIO Ipolieccopa ynpaBisi-
IOIIMX KOJOB M CIOCO0OOB aapecaluy JaHHBIX [2].
Cuctema KoMaH/J npolieccopa BKJtoyaeT B ce0sl Bce
KOMaHJbl, KOTOPble MOI'YT ObITh 3alMCAHbl C HC-
MOJIb30BaHMEM Pa3JUYHBIX BUIOB CHHTAKCHUCA SI3bI-
Ka acceMoOJepa.

HJ1st HEKOTOPbIX MIaThOPM MOXET CYIIECTBOBATh
HECKOJIbKO BMIIOB CMHTAaKCHcCa sI3bIKa acceMbJiepa, He
COBMECTUMBIX Mexay coboit. Hanpumep, Hauboliee
MOIMYJISPHbIE CUHTAKCUCHI SI3bIKOB acceMbiepa Ajs
Intel-coBMecTuMBIX MpoueccopoB — Intel-cuHTakcue
u AT&T-cuHtakcuc. OgHAKO BCe CYLIECTBYIOIIME
BUJIbl CUHTAKCHCA sI3bIKa accemMOJjiepa OpUeHTHUPOBa-
HBI, B IIEPBYIO o4yepelb, Ha "JIErKyl0 YMTAaeMOCTh CO
ctopoHbl DBM, a He mporpaMMucTa.

OO0beanHEHNE OTACIbHBIX KOMAaH/ JISI BBITIOJIHE-
HUS OTIpeNeIcHHOM 3a1aur B SI3BIKE acceMOepa Ha-
3bIBa€TCs MaKpOKOMAaHAON Ipoleccopa.

MakpokoMaHaa — 3TO CUMBOJIbHOE MM, 3aMe-
HsIeMOe mpu 00paboTKe IPernpolecCoOpoM Ha MOo-
CJIeoBaTebHOCTh MPOrpaMMHBIX MHCTPYKLIMK [3].
HdpyruMu cioBaMu, MakKpoKOMaHAa — 3TO MHEMO-
HUYecKas KoMaHaa, KoTopasi pa3BopauynBaeTcs 6osee
yeM B OJHY MAIIMHHYIO MHCTPYKLIUIO [4].

Komanapl mpoiieccopa B sI3BIKe acceMbiepa 000-
3HaYaloTCs JaTUHCKMMU OyKBaMM, HAIIpuMep, KOMaH-
Jla mov TIPUCBanNBaeT 3HaA4eHNE 3aJaHHOMY PETHUCTPY.

st 3ammcy KoOMaHI Ipolieccopa aBTOPAMHU Mpe-
JlaraeTcs BBECTU MCIOJb30BaHUE BMECTO JATUMHCKMX
OYyKB CUMBOJIbHOE 0003HauYeHUe, HallpuMep, KOMaHIe
acceMbiepa mov eax, 2 COOTBETCTBYET CHUMBOJIbHAS
KOMaHJa eax = 2. s 0603HaYeHUsI JAHHOTO CIO-
coba 3arucyu KOMaH[ MpeaiaraeTcs BBECTU MOHSITHE
"cuMKoMaHa".

CHUMKOMaHIa — 3TO CUMBOJIbHAass MaKpOKOMaHIa
npoueccopa ¢ Cu-nogod6HbIM cuHTakcucoM. Cum-
KOMaHJIbI IIpeIHa3HAYCHBI 1T HanboJiee YeTKOT'O BhI-
paxxeHUs] HaMepeHM S IIPOrpaMMUCTa, CKPbIBast He3Ha-
YUTEJbHbIE 0OCOOEHHOCTU apXUTEKTYPhl MpoLeccopa.
Tak, HanpuMep, OYeBUIHO, YTO IMPU UCIOJIb30BAHUM
acceMOJIepHOI KOMaHIBl xor eax, eax HaMEpPEeHU-
€M TIpOTpaMMMUCTa OBIJIO HE BBITTOJHHUTH OTEpallnio
"MCKJIIOYAIOIIEeTO WK Hall peTUCTPOM eax, a IPOCTO
YCTAHOBUTH €r0 3HaUY€HUWE paBHBIM Hymio. Ha s3bike
CUMKOMAaH]I 3TO IeHCTBUE BHIpaXkacTCs MOHSTHON
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CUMKOMaHAONH eax = 0, B TO BpeMs KaK Ha SI3bl-
Ke accemOiiepa Xx86 MOHSITHasE KOMaHAa mov eax, 0
He HCIIOJb3yeTCsI B CUJIY TOrO, 4YTO €CTh Oojee 3¢d-
(bexTMBHAs KOMaHJa, COOTBETCTBYIOIIAsl 3TOMY Xe
JNEWCTBUIO: xor eax, eax. AHaJOTMYHO U B cliyyae
C KOMaHJION test eax, eax, KOTOpas paBHO3HAY-
Ha KOMaHjJe cmp eax, 0, OQHAKO SIBJIsIeTCs Oosee
3¢ heKTUBHOI.

TakuM oOpa3oM, LIETbIO BBEIEHUS HOBOTO SI3bIKa
CUMKOMaHJ sIBJseTcs MoBbIlIeHUEe 3G (HEKTUBHOCTU
Kak ¢ afnnapaTHOM Touku 3peHus1 (bosiee appekTuB-
HO€E MCTIOJIHEHUE Ha MPOLIECCOPE, PEATU3YIONIEM CH-
CTeMY CUMKOMaHI), TaK U CO CTOPOHBI IIPOrpaMMUCTa
(MyHMMM3ALKUS OLIMOOK, OoJjiee HarIsgaHas opMma
MpeACcTaBJIeHUs] MALIMHHOTO KO/a).

3amaya CHMKOMaHa — 00eCIeYrTh MOHSITHOE OTO-
Opa’keHue Ha MallMHHBIN KOJ, IpUYeM 110 BO3MOXXHO-
CTHU caMbIM OINTUMaJbHBIM 00pa3oM. Tak, Harmpumep,
CUMKOMaHJa edx = eax + ebx*2 TpaHCIUpyeTCs
B lea edx, [eax + ebx*2] U ABJLIETCI JONYCTUMOM,
a CMUMKOMaHJa edx = eax + ebx*33 yXe HeE 4BJIs-
eTCsl MTOMYyCTUMOM, TaK KaK He MOXET ObITh TpaHC-
JIMpOBaHA B OJHY MHCTPYKIMIO. XOTSI CUMKOMAaHbl
BbI30Ba (PYHKLIMU SBISIOTCS MaKpoKoMaHaaMu (T. €.
COCTaBHBIMM, COCTOSIIIMMU U3 HECKOJIbKUX UHCTPYK-
LIMi1, KOMaHAaMM), OHU SIBJSIIOTCSI JOMYCTUMBIMU Ha
OCHOBAaHMH TOTO, YTO TTOPOXKJAEMbIE UMU acCeOIEPHbIE
WHCTPYKLMU SIBJISIIOTCSI ONITUMAJIbHBIMU 1 HE HYK1a-
I0TCSI B PaCKPbITUM/OTOOPAKEHUU UX TPOrPAMMMUCTY.

[lens uccnenoBaHus, pe3yabraTbl KOTOPOTO MpPeE-
CTaBJIEHBI B CTaThe, — pa3paboTKa CUCTEMbI CUMBOJIb-
HBIX MaKpOKOMaH 1 (CMMKOMaH1) Tipolieccopa Kak bosee
HArJIsaHOM (hOpMBbI TIpeNCcTaBJIeHUs MallMHHOIO Koaa
JUUISI TIOBBILIEHUS 3¢ (GEKTUBHOCTU IpU paboTe ¢ Heil
MporpaMMMCTa, BKJOUasi MUHMMU3ALIMIO OLINOOK.

CumkomaHAabl apudMeTUYeCKUX
M NIorMyeckux onepauum

B t1a6n. 1 npeacraBieHbl Haunbojee 4acTo UC-
MoJib3yeMble apudmeTndyeckue [5] n mormueckue [6]

Tabauya 1

KomaHnna accembiiepa x86 CuMKOMaHIa

add eax, ebx eax += ebx

sub eax, ebx eax —-= ebx

imul ebx eax *= ebx

mul ebx eax **= ebx

imul ecx, edx ecx *= edx

imul ecx, edx, 10 ecx = edx * 10

idiv ebx eax /= ebx

div ebx eax //= ebx

neg eax eax = -eax

inc eax eax++

dec eax eax—-
and eax, ebx eax &= ebx
or eax, ebx eax |= ebx
XOor eax, ebx eax (+) = ebx
XOor eax, eax eax= 0

not eax eax = (-)eax

sal eax, cl eax <<= cl

sar eax, cl eax >>= cl

shr eax, cl eax >>>= cl

rol eax, cl eax ()= cl

ror eax, cl eax (>>)= cl

KOMaHJIbI TIpolleccopa (Ha IpuMepe accemoepa st
ApXUTEKTYPHI X86) U COOTBETCTBYIOLIME UM pa3pabo-
TaHHBIC aBTOpAaMW CUMKOMAaH/IHI.

CumKomMaHAbl nepexoaa

B xauecTBe mpuMepa UCIIOIb30BAHUS CUMKOMAaHT
nepexojga B TabJy. 2 mpejacTaBjieHa 4yacTb QYHKUIUU
IJIsL oIlpeiesieHusl Toro ¢pakTa, sIBISIETCS JIU 3adaH-
Hasl CTPOKa MaJMHAPOMOM, T. €. YUTAETCS JU OHA

Tabauya 2

AcceMbGiep x86-64 [7]

CuMKoMaHIbl X86-64

palindrome start:
cmp rcx, O
jl palindrome end
mov rbx, rdx
sub rbx, rcx

sub rbx, 1
mov bl, byte [rdi + rbx
cmp byte [rdi + rcx], bl

jne palindrome faileddec rcx

dec rcx

jmp palindrome start
palindrome end:

palindrome start:
rcx < 0: palindrome end

rbx = rdx

rbx -= rcx

rbx -=1

bl = [rdi + rbx

[rdi + rcx] != bl: palindrome failed

rcx--
:palindrome start
palindrome end:
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OIMHAKOBO B 000MX HAIPaBJEHUSIX — CJieBa HallpaBo
U cIipaBa HaJeBo.

MoXHO 3aMeTUTh, YTO TaKas 3alUCh JAeJlaeT UH-
CTPYKLIMU 0€3yCIOBHOTO Mepexoaa CUMMETPUYHBIMU
3aluCH, UCMOJIb3yeMOl 1J1s1 0003HAUEHU ST METOK, TaK
KakK 3aIlich meTka: 0003HAYaeT OObSIBICHUE METKH,
a :MeTxa — IEPEXOI Ha 3TY METKY.

Taxas 3alUCh [<ycyoBre miM  KOMaHIA  Me-
Haomada  ¢jaarm>] :mMeTka UMEET IEPEUNUCICHHBIC
Jajee IMpeuMyIlecTBa.

1. YeTkO 0003HaUaeT CBA3b KOMAHIbI, MEH STIOIIEH
(bnaru, ¢ komaHa0# nepexona. Tak, HOBUYKaAM B ac-
ceMOJjiepe MOXET ObITh HE OYEBUIHO, YTO KOMaHAa
jnz label ciaeaymollas 3a KOMaHIOM dec ecx OIHU-
paeTcsd Ha TOT ¢aKT, YTO KOMaHJa dec ecx ycTa-
HaBJIMBaeT UIU cOpackiBaeT ¢aar ZF (pnar Hyns
(zero flag) ycTaHaBIMBAaeTCs, €CJIM IIPU BBITOJTHEHU U
orepalyy MoJaydyaeTcsl YMCJIO paBHOE HYJI0). 3aMucCh
—-—ecx != 0 :label NpU 3TOM ITOKA3bIBAET, UYTO OIE-
pauusi --ecx (dec ecx) HENOCPEACTBEHHO CBs3aHa
C KOMaHIIoll mepexoga Ha MeTKYy label. Ecau no-
CMOTPETH C MO3UIMU MAIIMHHON JOTMKU, TO MOXHO
OTMETUTh, UTO TaKasl 3alUCh MMOKA3bIBaeT, 4YTO (par
ZF, naMeHsieMblii KOMaHAOI ——ecx, peaJbHO UCITOJIb-
3yeTcsl. DTO 03Ha4YaeT, YTO B 3TOM OTHOILIEHUU CUM-
KOMaH/Ibl BbIpAXXalOT HAMEpeHUe 00Jiee YeTKO KaK IJIsT
NporpaMMUCTa, TaK W JJIS MAllIMHBL. DTOT MOMEHT
MOXET OBbITh MCIOJIb30BaH JJisd pa3padOTKU HOBBIX
MPOLIECCOPHBIX apPXUTEKTYP, Pa3BUBasi HaNpaBJICHUE,
o Kotopomy nourn B ARM: "Adding the s suffix to
sub causes it to update the flags itself, based on the
result of the operation." [§]. 3HaYuUT BMecTO subs
B subs r4, r4, #1 B TMIIOTETUYECKON HOBOM ap-
XUTEKTYype MOXHO ObIJI0 Obl HamucaTh subz, Tak
KaK peajibHO UCIOJIb3yeTcs ToJbKo duiar ZF. [Ipyrue
(bnaru npu 3ToM (Hanmpumep, ¢Jiar MmepernoTHEHUsI)
He UCIIOJIb3YIOTCS.

Cinenyetr 3aMeTUTh, UTO MpeEAJIOXKEHHas 3a-
MUCh JJisl YCIOBHOTO Mepexoia Jyulle, yeM Mpo-
CcTO Jo0aBieHME HOBBIX MHCTPYKL U TUIA subz.
Jyumie oHa TeMm, UTO JaeT SIBHOE YKa3aHUE He
TOJIbKO Ha TOT (paKT, YTO UCIOJb3YyeTCS TOJb-
ko ¢unar ZF, Ho u Ha ToT ¢akT, uto ¢aar ZF
HUCIOJIb3YEeTCS TOJBKO IJISI COOTBETCTBYIOILICH MH-
CTPYKILIMU TIepexojia 1 B JaJbHENIIIeM OH UCITOIb30BaH
He OyzmeT. Mcmonb3oBaHue 000MX OTMEYEeHHBIX (Pak-
TOB MPEACTABISIET BO3MOXHOCTD JJIS1 TOMOJHUTEb-
HOI ONTUMM3ALIMM Ha YPOBHE IIpolieccopa, eCJIv pac-
CMaTpUBaTh BO3MOXHOCTb pa3pabOTKU apXUTEKTYpPhI
npoleccopa, pealusyloliero CUCTeMy CUMKOMAaH]I.

2. IIpu ucnonb30BaHUU AJ151 CPaBHEHUST 0003HaUe-
HUSI == MOXHO OIIMOUTBHCS M HAMMCATh HAIPUMED,
eax = 0 BMECTO eax == 0. DTy BO3MOXHYIO OIIN0-
Ky MOXHO OOOWTHU MyTeM HMCIOJb30BaHUS APYroro

o0o03HaueHus OJis1 CpaBHEHUS (HaIllpuMep, OCTaBUB
3aIllUch cmp a, b BMECTO a == b) JIubOO Apyroro
CUMBOJILHOI'O 0003HAaYEHM S /1l IpUcBanMBaHU (Ha-
MpuMep, <- UJIKU := BMecTo =). JIpyroe CMMBOJIbHOE
0003Ha4YeHue ISl orepaluy MpUCBauBaHUsI HEpallv-
OHAJIbHO, TaK KaK OIepaTop = yXe CAMIIKOM TBEepIO
3aKpernuics B sI3blKax MpOrpaMMUPOBaHUS U BIOJI-
HE MOAXOAMT JJisl 3TON omepauuu. B cBs3u ¢ 3TUM
npeajiaraeTcs MOMTHU MO APYrOMY MYyTH — IMPOCTO
3alpeTUTh 3alUCh x == 0 B YUCTOM BHIE, a pas-
pPELIUTh €€ TOJbKO KaK COCTaBHYIO YacThb KaKOW-Tu-
00 OoJiee CIOXHOI omepaldy, B COCTaBe KOTOPOit
orepaTop = 3ampelieH. B aToM ciaydae Ajisl OlIMOKU
HY>XHO Oy/eT OlIMOUTHCS KaK MUHUMYM IBaKIbl —
BO-TIEPBBIX, MepeNnyTaTh = U ==, U, BO-BTOPBIX, UC-
MO0Jb30BaTh HEBEPHYIO 3allUCh. DTO OOCTOSATENb-
CTBO CBOAMT BEPOSITHOCTb CJyYalHOW OLIMOKM K
MUHUMYMY. Peub B JaHHOM cJiyyae UAET O TOM, UTO
3aIllUCh eax == 0 OCTaBJSIET BO3MOXHOCTb CJYy-
JailHOM OIIMOKM, a 3aluCh eax == 0 : label
TakKoW BO3MOXHOCTU MPakKTUYECKM HE OCTaBJSI-
€T, TaK KakK 3aluch eax = 0 label gBasIeTCS
3aIMpPeLICHHOM.

Paccmorpum Takxe npumep 1t ARM-apxurtek-
TYPBI:

subs r4, r5, #1
beq loop label

HanHoit mape ARM-MHCTPYKLIMIA COOTBETCTBYET
clienympouiass CMMKOMaHa:

r4d = r5 - 1 == 0: loop label

HecMoTpst Ha HEKOTOPYIO IPOMO3IKOCTb 3TOM 3a-
MUCH, 3€Ch TaKXE MCKJI0YAeTCs BEPOSITHOCTbH CIy-
YalHBIX OLIMOOK, CBSI3aHHBIX C MEPENYThIBAHUEM =

N ==, TaK KakK CJICAYIOIINC TPU 3alIUCU HE SABJIAIOTCA
JEUCTBUTEJIbHBIMUA CUMKOMaHIAMMU:

loop 1label

= 0: loop label
loop 1label

MceBAOHMMBI ANsA pernctpoB

IIceBmoHUM OJ1s1 perucTpa MOXHO OOBSIBUTh KaK

eax'i = 0
WIN:
i'eax = 0
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IlepBas dopma ymoGHa JJIsT TAKOM 3aIUCH:

ecx'i = 0
ebx' length = 0
edx' some variable with long name = 0

Taxk KaxK 3TO BBITJISIAUT JIy4ylIe, 4eM

i'ecx = 0
length'ebx = 0
some variable with long name'edx = 0

Bropas ¢opma ynobHa s clieayoolero npume-
pa [9]:

theta 10:
; Theta
lodsd ; t = st[i ];
xXor eax, [esi+5*4-4] ; t 7= st[it+b];
Xor eax, [esit+l0*4-4] ; t "= st[i+10];
xXor eax, [esit+l5*4-4] ; t "= st[i+l5];
xXor eax, [esit+20*4-4] ; t "~= st[i+20];
stosd ; bcli]l = &
loop theta 10
popad
Xor eax, eax
theta 11:
movzx ebp, bytelebxteax + 4] ; ebp = m[(it+4)];
mov ebp, [edit+ebp*4] ; t = bcm[(it+4)]];
movzx edx, byte[ebxteax + 1] ; edx = m[(i+l)];
mov edx, [editedx*4] ; edx = bc[m[(i+1)]];

rol edx, 1 ; t 7= ROTL32(edx, 1);
XOor ebp, edx

theta 12:

Ha s3p1ke cuMKOMaH1 JaHHbI acceMOIepHbIiA KO
MOXHO HamucaThb Tak:

theta 10:
t'eax = [st'esi ++ ]
t' (+)= st'[ 5*4-4]
t' ()= st'[10%4-4]
t' ()= st'[15%4-4]
t' ()= st'[20%4-4]
[edi'bc ++ ] = t'.
--ecx == theta 10
popad
eax'i = 0
theta 11:
ebp't = byte ebxm['i+4]
't = 'bel't*4]
edx's = byte 'm['i+1]
's = 'be['s*4]
's (<<)= 1
"t (+)="s
theta 12:

Bepudukatop cumkona mpoBepsieT, UTO O0BSIB-
JIEHHBIM MCEeBIOHUM O0OJIblle HE MCMOJb3YeTCs TO-

cJie Ha3HAYeHM s IPYyroro NMCeBIOHKMMA Ha 3TOT XKe
perucTp.
IIpumep:

i'eax = 10
/...

Ioecb MOXH marscs K 1', HanpMMep, Takx:
|| Bmec OXHO ofpallaTbCc

i += 2

\\...

c'eax = 0

/...

|| A 3mechp yxe Heb3g!

\\...

Ecnau niceBooHUM OblJT 00BSIBIEH KaK perucTp'
nceemgoHMM, TO OOpamaThCsd K HEMY MOXHO TOJIBKO
MTOCPEICTBOM 3alNCH 'mceBnoHMUM, a €CIM OOBSIBIICH
KaK ncepmoHmM perucTp, TOTIAa MOCPEACTBOM 3allUCH
[ICEeBOOHUM.

INepenasHaueHMe TICEeBOOHMUMA 0e3 SIBHOTO OC-
BOOOXIeHUs (CM. Aajiee) Ha APYroil perucTp He
JIOTIYCKAaeTCsl, TaK KakK B acceMmObJiepe HEeT MOHSITUS
obOnacteir BuapuMocTu. Kak ciaencTBue, MOXHO IO
omrOke B 60NbIION QYHKIINU TOOABUTH B CEPEANHY
HOBBIM KOII, KOTOPbINA NepeHa3Havyas NCEBIOHUM MU3-
MEHSET TAaKMM 00pa30M IMOoBeIeHNE MOCIETYIONIETO
KoJa.

INceBnOHUM MOXHO OCBOOOAUTH MOCPEICTBOM Ta-
KOI 3aMMCH:

i'. // ocmoBoxpmaeT MNCeBIOHMM 1'
// ocBoBoXmaeT NCEBOOHMMEl 1' u r'

L ) ]
i, .

[Tociie 0cBOOOXIEHUSA TOT IICEBIOHUM MOXHO
Ha3HayaTh Ha JII00OI PerucTp.

3aknro4yeHue

B pesynbrate anpobaluu s3biKa CUMKOMAaHJ Ha
nmpuMepe, nNpeacrtaBiecHHOM B pasa. "CHMKOMaHbI
rnepexona’, MOXXHO 3aMETUTh MOBBIIIEHUE 3DPEKTUB-
HOCTH WCIIOJTHEHUS Ha TpoIleccope, peain3yIoleM
CUCTEMY CUMKOMaH,. DPPeKTUBHOCTD MPU 3TOM I10-
BBIIIAETCS W OJIS1 IpOrpaMMUCTa, 3TO KacaeTcsl BO-
MIPOCOB MUHUMM3ALIN OLINOOK 1 OoJiee HArIsITHOMI
(GopMBI TIpeacTaBIeHUST MAIITMHHOTO KOJa.

CrnenyeT OTMETUTh, YTO CUMKOMAaHIbl YCIOBHBIX
MePEexXoI0B CIIPOSKTUPOBAHbLI TAKMM 00pa3oM, YTOObI
HUCKJTIOYUTD OINMOKY CITYTHIBAaHUSI OollepaTopa CpaB-
HEHUS == M ollepaTopa NMpUcBaMBaHUs =, BCTpeya-
I0LIYIOoCS B sI3bIKax BbIcoKoro ypoBHs (C++, PHP,
JavaScript). 17151 TakKuX SI3BIKOB, HAIIpUMep, KOHCTPYK-

ous if (a = 5) ¢ == 7; ABJSCTCI JONYCTUMOM, XOTS
CONECPXUT cpa3y ABE OLIMOKM, TaK KakK IIPaBUJIbHO
nucarb if (a == 5) ¢ = .
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IIpu ucnonb30BaHUU CUMKOMAH]J OTMEUYEHHas
OolIMOKa UCKJII0UeHa, TaK KakK

e 3aIMCh €ax == 0 B YMUCTOM BMJE HE SIBISECTCS
CUMKOMAaHJI0M;

e CHMKOMaHJIa eax = 0
JNIECTBUTEIbHOM.

1 mosIBI€HU S OLIIMOKHW HYKHO OyIeT OLIUOUTHCS
KaKk MUMHUMYM JBaXJbl — BO-TIEPBbIX, MEPENYTATh =
W ==, U, BO-BTOPBIX, UCIIOJIb30BATh HEBEPHYIO 3aMNCh,
4YTO CBOAUT BEPOSITHOCTDH CIYYaWHOU OLIMOKN K MU-
HUMYMY. YUUTBHIBAS U3JIOKEHHBIE BbILIE ApTyMEHTHI,
MOXHO T10JIaraTh, YTO MPEACTABICHHAS CUCTEMA CUM-
BOJILHBIX MaKpOKOMaHA (CMMKOMaHJ) Mpoleccopa
SABJIsIETCS 0oJiee HATJIsLAHOW (hOpMOI MpeacTaBiaeHU S
MAaIllMHHOTO KOJa JiJis MpOorpaMMHUCTa, a TakXe OHa
CHOCOOCTBYeT MMHUMM3AlLMU OLIMOOK B KOJe, UTO
TMOBBIIIAET MPOJAYKTUBHOCTb MPU CO3JaHUMU TPO-
TPaMMHOTIO KOJa.

label gaBIdeTCA HE-
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The traditional form of recording machine code is assembly language. Its commands correspond directly to individual

machine commands or sequences of commands. The syntax of an assembly language program is determined mainly by
the instruction system of the specific processor and the directive system of the specific translator. For some platforms,
there may be several kinds of assembly language syntax that are not compatible with each other. For example, the most
popular assembly language syntaxes for Intel-compatible processors are Intel syntax and AT&T syntax. However, all exist-
ing types of assembly language syntax are primarily focused on easy readability by the computer, not the programmer.
The system of symbolic macro commands of the processor presented in the article is a more clear form of representa-
tion of machine code, which promotes productivity when the programmer works with it, and also minimization of errors.
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HauunoHanbHbIN nccnegoBatenbCkui yHMBepceuTeT "Boicwas wkona akoHoMukn", Mocksa

iporpammubIe WHKEHepbl OYAyuero: TpedoBanNA K HaBbIKAM

B cospemeHHyto yughposyto anoxy 60nbWUHCMEo ompacsiel cmaHo8simcs 04eHb rpo2paMmMHO-3a8UCUMbIMU,
mpebytom asmomamu3sayuu, yugposusayuu u 8HeOpeHUsi Ho8bIx mexHonoaul. lMompebHocms 8 crneyuanucmax,
pasbuparowyuxcs 8 npoepamMmMHoOU UHXeHepuU, 8biCOKa. B cmambe npusedeHsbl pesyibmamel ucciiedosaHust moeo,
Kakue mMoaym 803HUKHYymb rnpobsiembl 8 Habope HasbiKo8 rpu 0byYyeHuU rnpospaMMHbIX UHXEeHepos8 U nompeb-
HOCMU 8 HOBbIX KOMIemeHUUsx npu paspabomke npozpammHo2o obecnevyerus. [JaH omeem Ha 80npoc "Kak
MeHSIemcs crnpoc Ha HasblKu U 20e 6ydym npobesibi 8 3HaHUsIx?". [pusedeH aHalu3 Mozo, Kakue KOHKPeMHbIe
3HaHUs1 Heobxod0uMo pa3sugamb 80 8peMsi 0O6y4YeHUs 8 8y3e, u orpedesieHa nompebHOCMb 8 pacmyLwux Hagbl-
kax cmydeHmos. [JaHbl pekomeHdayuu, kak cmydeHmam u Mosio0biM crieyuanucmam 8 obriacmu npo2pamMmmHOU
UHXeHepuu Heobxodumo usmMeHUms cebsi, 4mobbl adanmuposambsCsi K MEHSIOWEMYCS MUpy.

Knro4deenie crnoea: rpoepamMmMHas UH>XeHepus, mexHosioeuu, UT, o6pasoeaHue, HaeblKu

Introduction

The future of work will be a race between
education and technology.
Mauricio Macri, President of Argentina in 2018

With the transition of business to the Internet,
many vacancies opened up, hence, employees with

' The article is based on the materials of the report at the
Seventh International Conference "Actual problems of Systems and
Software Engineering" APSSE 2021.

IT skills and software engineers are in high demand.
Employment requirements became more stringent
as the workforce needs to understand and become
familiar with new technologies and how they affect
the industry landscape. Specific knowledge needs to
be continuously updated, accordingly, workers need to
adapt. In the future, employers will seek out candidates
that can continuously acquire and perfect new
skills.
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Technical expertise remains critical and in short
supply; 65 % of global CIO (Chief Information Officer)
survey participants say analytics and data science will be
the hardest-to-find technical skills in the next five years,
while 54 % named cyber and 49 % named emerging
technologies [1].

In the emergent technology context where industry
processes become more automated, jobs and roles change
accordingly. Most tactical, algorithmic, and structured
work will be automated by machines over time, reducing
the need to perform several repetitive tasks manually.
Many jobs require both routine technical and non-
routine tasks that are not easily computerized, such
as interpersonal interaction, flexibility, adaptability,
and problem-solving skills. The cognitive capacity of
emerging technology is increasing to the point where
machines will soon outperform humans in many
workplace tasks.

Automation allows employees to concentrate
on more important tasks, leaving much creative and
strategic work for human talent. Today, soft skills are
having a breakout moment. These enduring, essentially
human skills, are increasing in value in part because they
cannot be replicated by machines [1]. It seems that new
skills and capabilities should be needed, as tomorrow’s
technology workforce will be different from today’s.
This means that software engineering student education
and skills development should be redesigned to sustain
technological evolution. Emerging information and
communication technologies, such as Big Data, Internet
of Things, Machine learning, and Artificial Intelligence,
demonstrate a dramatic impact on the labor market.

Our paper focuses on software engineers and
specialists with digital skills, as they are the ones who
create and boost emerging technologies which are so
in demand nowadays. Today access to knowledge for
IT professionals is virtually limitless thanks to private
players in the education market and access to online
courses. In the Software Engineering field potential
employers look less at university education and more
at the experience and practical knowledge, including
the presence of soft skills.

The goal of this paper is to understand how the
development of skills is approached based on the
influence of new technologies and, based on the
findings, to propose a high-level approach on how
software engineers should develop their future skills. We
believe that software engineering students, graduates,
and professionals in software engineering, will be better
prepared for the current and future IT job market and
business requirements relying on the results of this
research and analysis.

The study was carried out at HSE University, which
is among the top 4 universities in Russia in terms of

IT education, according to the QS World University
Rankings, 2020/2021 [2], and 322nd among the
500 best universities worldwide, according to the QS
World University Rankings in 2020 [3]. The study was
conducted by interviewing IT students, ranging from
software engineers to specialists studying information
communication technologies, to find out which skills
are needed for young specialists in IT and software
engineering and what is lacking in the current education
system. In order to understand future IT skills
phenomena, this study analyzes emerging technologies
and related literature in Section 1. In Section 2, we
describe the methodology with our data collection
and analysis methods and the results of our analysis.
Section 3 discusses the limitations and future research
avenues. Last section concludes our study with the key
findings summary.

1. Emerging technologies impact
on the software engineering workforce

1.1. Emerging Technologies and skills demand

We have analyzed the descriptions of many vacancies
and made conclusions on which hard skills software
engineering specialists should have. As for soft skills,
employers and companies rather accentuate the common
skills necessary for all areas of emerging technologies,
without highlighting any in particular for one technology
or another.

1.1.1. Blockchain

Blockchain has moved from the world of crypto
currency to business, becoming the solution to many
problems. Distributed crypto currency technology is
already broadly used in many areas, from trading any
commodity to voting in elections.

Blockchain specialists help to integrate blockchain
technologies into business operations to improve existing
services and introduce new ones. Many companies are
searching for specialists with blockchain skills to create
internal crypto coins for a company, for which regular
customers can receive bonuses.

Blockchain developer requirements include
experience with JavaScript, C++, Python, cryptography
and machine learning. To make this job more attainable,
one needs to be proficient in the Java and Solidity
programming languages, know the Oracle Identity
software suite, have database management skills and
understand blockchain platforms such as Hyperledger
Fabric, Ripple and the Bitcoin payment network.

1.1.2. Artificial Intelligence

Artificial Intelligence (Al) is the ability of a computer
or a robot to solve tasks that are usually performed by
humans. Al learns from the interpretation of external

278

"MporpammHas uHxeHepusa" Tom 13, Ne 6, 2022




data and uses the knowledge gained to achieve goals, due
to the specifics of learning; this area is closely related to
machine learning. Al can be useful in many areas where
automation, improvement, process simplification and fore-
casting are in demand. In this area developers are required
to understand neural networks, their areas of application,
the ability to program in Python, as well as to be fluent in
statistical analysis and mathematical modeling.

1.1.3. Internet of Things (loT)

This technology consists of physical devices that read
external data, upload it to the cloud (the Internet), where
the software processes it, hence the connection with big
data. An example of such a device is a smart home that
adjusts the temperature according to the environment.
Use of IoT together with machine learning has spread to
sectors like agriculture to monitor plant health [4] which
shows that IoT is applicable in all kinds of spheres. With
IoT, companies can automate processes and reduce labor
costs, leading to better service delivery. IoI specialists
must, first of all, have engineering skills: the ability to
work with wireless sensor networks, cloud technolo-
gies, as well as know how to ensure the security of the
products being developed, and be proficient in at least
one programming language such as Java, .NET, Python,
PHP, Go, C++.

1.1.4. Nanotechnology/Biotechnology

Nanotechnology is an interdisciplinary area at an
intersection of science (fundamental and applied) and
technology. Nanotechnology includes the development
and creation of electronic circuits at the atomic
and molecular levels, the development of robots
(nanomachines, nanobots) the size of a molecule, as
well as methods for studying such objects. Key skills
that are required by a nanotechnologist are excellent
analytical and problem solving skills, excellent IT skills
and being good at mathematics.

1.1.5. Augmented Reality (AR)/Virtual Reality (VR)

Augmented or virtual reality can be useful not only
in entertainment, but also in business processes, for
example, staff training, project demonstration, as well
as medicine, industry and tourism. The development of
this direction is very promising. Such a modern use of
AR is shown by a prototype system to reduce collision
situations by drivers using AR to overlay guidance
information and an Al based co-driver as a real-time
alternative to the driver [5]. To succeed in this area, one
needs to have rich imagination, possess the knowledge
of the algorithms of computer vision, be proficient in
programming languages, for instance Python, Java, C#,
be able to create mobile and desktop applications, and
have a good mathematical background.

1.1.6. Robotics

In robotics, the main task is to create automated
systems, i.e. robots. The use of machines is multifaceted,
including medicine, manufacturing, space industry,
etc. To get a better understanding of modern robots, a
recent survey on intelligent bots [6] shows their usability
and consumer experience with them. In robotics, it is
necessary to understand algebra, mathematical analysis,
and geometry, have knowledge in the field of automatic
control and the theory of designing automatic systems
(software engineering).

The above mentioned emerging technologies are
summarized in the table 1 with respect to the necessary
skill.

1.2. Future Changes in the Software Engineering
Skills Workforce: Literature review

The digital era and emergent technologies suggest
a greater need to empower skill sets and career
development for technology professionals, so they can be
familiar with augmented and virtual reality, blockchain,
unmanned vehicles, and other innovative technologies.

It is very difficult to predict the demand and
success of professions, therefore, constant training and
mastering of new competencies will allow specialists
to remain in demand. It became more convenient for
employers to reskill the current employees instead of
hiring new ones. Employees are supporting this as
they want to stay employed and can upskill their skills
using the convenience of online courses. According to
a recent McKinsey Global Survey, 87 % of executives
said they are experiencing a skill shortage or expecting
it for several years, which is why there is a trend towards
online education and retraining [19].

A wide range of technical skills are needed for cloud
computing, although security, networking, virtualization
skills, and big data analytics are considered to be the
key skills for cloud managing and analyzing very large
data sets, such as images, text, or speech which are
prominent future demanded skills. Competencies like
data analysis, data selection, and data security became
relevant for all employees in an organization [7].

Conferring to studies of the productivity of skilled
workers, there are various factors that contribute to
higher job performance. According to Erne [8], those
factors are the quality of group interactions and skill
development.

Also, a survey by Ahmed et al. [9] discovered, as a
result of their survey, the main soft skills requirements
for the software market in North America, Europe, Asia
and Australia. They surveyed jobs advertised in online
portals such as eurojobs.com (Europe), monsterindia.
com (Asia), seek.com.au (Australia) and workopolis.ca
(North America). According to the study, the main soft
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Hard Skill Requirements for Software Engineering Specialists

Table 1

Emerging technologies with skill demand (skill highly demanded +/not relevant n/a)
Skill demanded N ol
Blockchain Al IoT A N o Robotics
Biotechnology

Database + + n/a n/a n/a n/a
Programming JavaScript, Python Java, .NET, n/a Unity, Assembly, Java,

C++, Python, PHP, SLAM, MATLAB,

Python Go, C++ ARKit Python, C/C++
Machine learning n/a + + n/a n/a +
Cybersecurity n/a n/a + n/a n/a n/a
Probability theory, n/a + n/a n/a n/a +
statistics
Physics, chemistry, biology n/a n/a n/a + n/a +
Mobile application n/a n/a + n/a + n/a
development/Web
development
Algorithms and data + + n/a n/a n/a n/a
structures
Software architecture n/a + + n/a + n/a

skills necessary for software engineering specialists are
analytical and problem solving, organizational skills,
fast learning, interpersonal skills, team playing, being
open and adaptable to change, the ability to work
independently, and being innovative.

Another survey, conducted by Matturro et al. [10] with
software development team members and team leaders
from the Uruguay software industry, arrived at the the
conclusion that soft skills, such as communication skills,
leadership, interpersonal skills, customer orientation,
and teamwork, are the most crucial skills needed for
team leaders. Whereas commitment, responsibility,
analytics, problem solving, motivation, teamwork and
eagerness to learn, are the most important for team
members.

During the first semester, students often struggle
with their competencies and soft skills. Thurner
et al. [11] was able to identify four reasons for this by
conducting a learning project that concerns not only
technical but also non-technical skills. One of the facts
this study revealed is that the soft skills of students can
be improved by self-reflection and self-awareness.

A survey by Reis J. et al. describes digital
transformation as the use of new digital technologies
that enables major business advances and influences
all aspects of customers’ life [12]. Further, they
specify that skills such as communications skills and
knowledge of virtual worlds are required in workplaces,

to either virtualize or to maintain control of people
working remotely. Peter C. Verhoef et al. highlights
in their research, the most essential digital properties
and capabilities needed by businesses for digital
transformation. They are digital assets, digital agility,
digital networking capability, and big data analytics
capability. According to them, human resource
management views digital transformation as attracting
employees with digital and analytical skills [13]. This
shows that digital skills do not necessarily mean "tech"
skills.

Our main assumption we have arrived at is that
generic digital skills are not sufficient for emerging
skills. Now employers working with these technologies
want to see in their employees not only highly qualified
specialists with all the necessary professional skills, but
also individuals with such qualities as communication
skills, flexibility, and adaptability to change. Currently,
in the digital era it has become common to use
digital educational and training content in order
to overcome existing communication barriers and
effectively complement existing and developing online
education platforms [14]. The ability to learn fast with
such educational platforms and tools becoming more
important than acquiring specific knowledge.

We need to change software engineering specialists
into digital talents so they can survive in the
emerging technologies landscape. One of our crucial
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Table 2
Soft Skills and References
Skill demanded References
Creative thinking [13, 15, 16]
Flexibility [13, 17, 18]
Critical thinking [12, 15, 19]
Adaptability and resilience [13, 19-21]

recommendations is to improve meaningful skills,
based on current labor market intelligence. This would
also help IT specialists on furlough (due to the Covid
pandemic), or who are worried about their jobs, to gain
the skills for which there are current vacancies.

A summary of the most demanded skills associated
with emerging technologies are presented in table 2.

A person who possesses all of the above skills will
always be in demand in the labor market, and will also
be able to negotiate on the conditions on which he will
cooperate with companies.

It is quite difficult for an employer to find an employee
with all these qualities. It is easier for employers to
direct existing employees to improve their qualifications
and create an "ideal" employee, rather than looking for
one in the labor market. In the near future, companies
that want to stay afloat will have to increase the budget
for employee training. This, in turn, will help strengthen
the company’s position in the future and not crash when
disruptions occur.

2. Case Study Methodology and Results

This research was conducted by means of a systematic
literature review (SLR), following Kitchenham [22],
with the purpose of understanding how the development
of skills is approached in the existing pandemic and

remote work situation. Based on the findings we analyze
the demands for digital skills for emergent technologies
and identify the gaps in digital skill development.
We propose a high-level approach on how software
engineering specialists should develop and grow in their
future skills and how to upskill students with a software
engineering background.

The research was conducted to answer the following
questions:

e RQI: how do universities approach the
development of skills in their curricula?

e RQ2: what hard/soft skills are most important
for software engineering specialists to become more
successful in their IT or digital career in the near future?

These questions helped in carrying out a systematic
review process in order to identify applicable information
in papers, journals and reports that can contribute to
the goal of this research.

The data collection process was conducted through
an online survey to get a better understanding on what
students expect and what they need from education vs.
what they actually get. We were expecting to discover
what skills they learn outside the universities and what
skills could help them to survive in employment in
their future.

In the following sections we describe the methodology
used to perform the research, how we collected data,
and the criteria we used when selecting participants.
Furthermore, it is described how we analyzed the
selected data and the results obtained.

Data was collected from students who studied IT
related subjects, such as software engineering, business
informatics, and applied mathematics. The choice of
students and specialties was based on the author’s
research on the correlation between specializations and
emerging technologies (table 3).

As a result we developed a questionnaire to gather
their general information such as the course they are

Table 3

Correlation between specializations and emerging technologies

Emerging Technology

University specialization

Engineering

Blockchain Information and Communication Technologies and Systems, Applied mathematics and
Information Science, Business informatics, System and Software Engineering

Al Information and Communication Technologies and Systems, Applied mathematics and
Information Science, Software Engineering, System and Software Engineering

IoT Information and Communication Technologies and Systems, System and Software

Nanotechnology/Biotechnology

Nanotechnology/Biotechnology

Augmented Reality/Virtual Reality

Software Engineering, System and Software Engineering, Other

Robotics

Applied mathematics, Information and Communication Technologies and Systems
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* m'lh Specialization

Information Science and
Computation Technology

I 29%

Software Engineering

I 24%

Applied Mathematics

I 0%

Business Informatics

. 5%

Applied Mathematics and
Information Science

I 7%

Information and Communication
Technologies and Systems

I 6%

System and Software
Engineering

M 4%
Cyber Security

N 3%

Other

I 10%

Fig. 1. Participants Specialization

studying, city/campus, and the name of the educational
program in which they are studying. We then moved on

to questions related to skills, work experience, future
professional expectations etc. The survey was voluntary
and strictly anonymous.

The results show a summary of the survey in terms
of the course of study; working experience; future IT
professions they expect, in their opinion; the most useful
IT skills they learned at university, and which skills are not
adequate for a successful future IT profession, and more.

The participants (131) are studying under Information
science (29 %) and Software engineering (24 %) programs.
The rest are engaged in Applied mathematics (10 %),
Business informatics (8 %), Applied mathematics and
Computer science (7 %) and other programs related to
computer science (fig. 1). The survey showed about 31 %
of the participants have working experience in a software
engineering specialty, while 44 % of them do not have
any. 16 % of the participants are recorded as working/
interned but not in the speciality they are studying. A
smaller percentage of participants (10 %) are marked as
worked/interned but are currently not working.

When asked about their future profession after
graduation, the majority chose data analyst (data
engineer, data science). In second place, backend
developer was chosen, while mobile application
developer came third on the list. Professions like
game developer, BigData analyst and web developer,
respectively, received fairly high responses as well. Less
popular choices were PHP, technical writer, and scrum
master (fig. 2).

Question: What job do you want to do after graduation, in what
role? Choose all the answers that suit you

Data analyst (data engineer, data science)
Backend developer

Mobile app developer

Game developer

BigData analyst

Web developer

System architect

Operating systems and interface developer
Fronted developer

Project Manager

Business analyst

Data security specialist

Tester/QA

DevOps

Product owner

Uxmul

Scrum master

Technical writer

PHP

Fig. 2. Expected Future Profession

IEEEEEEEESs— 39%
= —— ———— ————} 3?%
I 309,
IEEEEeee— 0%,
I 4%
IEESSSSS——— 3%
eee—— 2 1%
IEEEeee——— 7%,
Eeee—— ()%,

e 15%

I 15%

I 13%

e 5%

5%

m— 5%

. 5%

4%

= 4%

m 2%
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Question: What useful IT skills have you acquired for your future career
while studying at the University? Choose all the answers that suit you

Interuction with the customer, communication
Machine learning

Data analysis and processing
System design

Programming and development skills
Database

Working in product teams
Adaptability

Creative thinking

Flexibility

Economics of software products
Solution presentation skills

Critical thinking

Writing technical documentation

I 44%
I 40%
I 39%
I 39%
I 30%
I 29%
I 29%
I 07 %
S 27 %
EEE——— 27 %
I 26%
I 25%
. 23%

I 15%

Fig. 3. Most useful IT skills that participants acquired during university studies for their

future career

Participants were asked to list three hard skills that
were useful during their studies and training period.
Algorithms and data structures, object oriented
programming, backend/frontend development, mobile
application development, and programming languages
were the significant choices that stood out among them.

When asked about the most useful IT skills they
acquired at university which are beneficial for their
future carecer, 44 % of the participants voted for
interaction with the customer, and communication.
A hard skill, such as machine learning were voted
second, while data analysis and processing along with
system design voted for equally. They recorded writing
technical documentation as the least useful skill (fig. 3).
Because the respondents chose multiple answers, the
total amount is not equal 100 %

Most popular hard skills during university studies
listed by the participants:

o Backend/Frontend development;

e Mobile application development;

e Machine learning;

¢ Object oriented programming;

o Programming languages; C#, C++, Java, Python, Js;

o Databases;

o Mathematical analysis;

e Algorithms and data structures;

e Operating systems;

e Web development;

e Quality Assurance and Testing;

e Software architecture;

e Algebra;

e Computing systems and computer networks.

According to the participants, the soft/hard skills
that are missing from the university curriculum for a
successful IT career in the future, are interaction with
real companies and customers, and lack of necessary
subjects (isolation of education from the labor market)
respectively (fig. 4). The choices voted for the least are
practical work (too much theory) and obsolete studying
approaches.

Question: What are you missing and what can be
strengthened in the current training format?

Lack of interaction with real companies
and customers

Lack of necessary subjects (isolation of
education from the labor market)

Communication skills and group work,
team projects

Obsolete studying approaches - 6%

Practical work (too much theary) - 6%

SR

Other

Fig. 4. Skills missing from the university curriculum for a successful
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Table 4
Skills summation

Trending skills e S(t{llzliailét’s%grvey
Programming and development skills 62
Critical Thinking 51
Adaptability and resilience 44
Database 43
Writing technical documentation 32
Flexibility 30
Creative Thinking 25

When asked about the most useful IT skills which
participants found most useful during university studies,
62 % of the participants voted for programming and
development skills. A soft skill, like critical thinking was
voted second (51 %), while adaptability and database
was voted as 44 and 43 % accordingly. They recorded
technical documentation, flexibility, creative thinking,
data analysis and presentation skills, as not the most
important skill but also the most highly demanded.

A summation of the main results of the survey and
conclusions from the research are shown in table 4.
The highlighted rows show that our findings from the
survey validate our findings from the research. They are
listed in descending order of participant votes from the
survey. Some of the hard skills related to the IT area
were not specified among general trends.

Adapting to the above skills is the foundation for
securing a successful future profession. However, the
skills that they cannot acquire during that time can be
gained from other means, such as online courses or
working as interns. Furthermore, we can propose that
at least a portion of the university curricula should be
based on what the individual chooses to learn so that
they can pursue their interests.

3. Limitations and Future Work

The research was completely remote. Even though we
followed a protocol to conduct the survey, the limited
number of participants of this empirical study might
affect its validity, scalability, and applicability of the
results to broader contexts. The survey was circulated
only among HSE University students. IT professionals
were not included as survey participants as our goal
was to discover skills needed by software engineering
students and young specialists for their future, to
work with emerging technologies. In our future work
we are hoping to involve IT professionals to identify

their required skills and to update the research results
considering their needs. This will help to leverage the
supposed student’s career development plans with the
IT professionals’ expectations.

Conclusion

To adapt to emerging trends, soft skills are a
significant part of a student’s development as well
as hard skills. However, the majority of the higher
education institutions generally neglect them in the
computer science and software engineering curricula.
Considering the importance of soft skills for the process
of digital transformation and to keep up with emerging
trends, the main question this study aims to answer is
how we can improve computer science and software
engineering students’ skills, preparing them for the
future market challenges by using industry emerging
practices.

Our study showed that hard skills such as algorithms
and data structures, object oriented programming,
backend/frontend development, mobile application
development, learning programming languages, and soft
skills such as problem solving, dealing with uncertainty/
adaptability, flexibility and creative thinking, are
crucial skills that are absolutely vital for the software
engineering specialist’s successful career. We were able
to confirm our findings using participants’ responses.
Furthermore, the study showed that soft skills, like
interaction with businesses and customers, and a lack
of necessary subjects resulting from the isolation of
education from the labor market, are missing from the
university curricula.

Relying on our literature overview and trends
analysis, we concluded that we need to mold software
engineering specialists into digital talents because new
skills are required as new business opportunities arise.
The automation process will change the workforce. We
have identified it as being important to develop both
soft skills as they are in high demand by employees,
and hard skills which are required by employers, as they
are the very basic requirements for employment and
are crucial to keep up with emerging technical trends.
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ation of the development of a decision-making system, a virtual assistant to the designer: "Robot designer”, whose
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licnonb3oBanne TeXHonornn BUpTyanbHon peanbHocTH
fnpn NPoeKTNPOBAHNN CNOXKHBIX CUCTEM

lNpusedeH KoHKpPemMHbIU NPpUMepP UCnob308aHUs U co3daHus supmyarnbHoU cpelbl Orisi asmomamu-
3Up0o8aHHO20 NMPOEKMUPOBaHUSI CIIOXHbIX cucmemM. [TpedmemHol obnacmbio 185155€mMcs Ipoekmuposa-
Hue, a o6bekmom uccredosaHus — riemamesnbHbil annapam. CAlP co30aem napamempu308aHHY0
3D-mo0enb, komopas demoHCcmMpupyemcs u obpabambigeaemcs Ha supmyasibHOU CUEeHe C MOMOWbHO

! The article was based on the materials of the report at the IX All-Russian Scientific Conference "Information Technologies for
Intelligent Decision Support" ITIDS’2021.
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crnieyuanbHo20 obopydoeaHus. CrieyuanbHoe obopydosaHue — wirnem supmyarnbHol peanbHocmu HTC
Vive Pro u npunazaembsie KOHMposaepbl. BupmyarbHbil noMOWHUK du3aliHepa no3eosisem co3dasamsb
nodpobHbie napamempusogaHHble Modesiu 8030yWHO20 CyOHa, 8 YaCmMHOCMU, mpaHCNopmMHO20 ca-
Mosiema Ha 6ase AH-124 "PycnaH", a supmyasibHas peasibHOCmMb oMoz2aem rosib308amersro y3Hamb
6os1bwe 0 co30aHHOM npoeKkme U eHecmu Heobxo0uUMbIe OrMUMU3aUUOHHbIE NMPasKu HernocpedcmeeHHo
8 VR-npocmpa+Hcmee. Npu uameHeHuu modesu 8 VR-npocmpaHcmeae, OHa U3MeHUMCS U 8 OCHO8HOM [1pO-
ekme. Paboma sienissemcs npodormkeHuem pa3pabomku cucmemMbl NPUHAMuUS peweHud, supmyasibHo20
rnomouwjHukKka npoekmaHma "Pobom-npoekmarHm”, uHmepgelc npunoxeHust Komopo2ao bbir onpederieH.
lMokasaHo enasHoe MeHIo yripasneHus 05 noib3ogamerisi 8 sUpmyasibHOM NPOcmMpaHcmee, a makxe
rokasaH camosiem co cHamou obwuekol rosensa u kabuHoul nunoma. lNpedcmasneHs! rniaHs! 0asb-
Heliwea0 ucnob308aHUsi MeXHoON02uu 8upmyarsnbHOU peanbHOCMU nNpu NPOeKmMuUpo8aHuu CIIOXHbIX
cucmem u Nno02omoskKe crieyuasaucmos no npouiio asuayUoHHbIX UHXEHEPOS.

Knrouyeeble cnosa: supmyarnibHasi peasibHocmb, pobom-rnpoekmaHm, 3D-mod0esib, KOHEeYHO-

arieMeHmMHasi Moderib, mesaypyc, camoriem

Introduction

The design processes have become more specialized
and intensive, but still they are performed by human
designers. The designers specialize in their own fields,
and in order to solve challenging problems and implement
larger projects, they have to cooperate with other
designers. When comparing different design processes,
one can notice a variety of forms that reflect the richness
of product options and how said products are developed
and further sold to many different people [1]. Now
computer-aided design (CAD) systems are recognized
as the basic systems in the design process. 3D models
created in CAD systems provide a natural way to
exchange project information between the designer and
other participants of the production process. However,
to share a CAD model between different people, each
person should have access to a CAD workstation. This
is reasonable if the involved participants work in the
same company, preferably if they work in the same or
related departments, and of course, they also need to
know how to use the CAD system. In practice, the
situation is often very different. Model data must be
transferred from one system to another, often using
the Internet as a data transfer medium. Due to the
continuous development of CAD systems, they have
become sophisticated tools for modelling 3D objects
as well as highly parameterized and powerful tools in
presentations, analysis and modelling. However, many
problems still remain unresolved. For example, CAD
does not provide support at the early design stage,
although this stage is recognized as the most important
for product development and it has a large impact on
development and production costs. In addition, the old
paradigm of using 2D design interfaces for modelling
3D objects is still applied, etc. [2].

Virtual reality (VR) is rapidly developing and offers
interactive immersion into a different reality, in which

both science and industry, medicine [3], and tourism [4]
are interested. From pilots to surgeons [5], VR has a
strong impact on learning through embodied cognition,
psychomotor abilities, and a high level of retention [6].

1. Related work

The main goal of this work is to develop and
implement a computer system to assist in decision-
making and studying parameterized 3D models in CAD
as well as to manipulate them with the addition of parts
and enable simultaneous data exchange. For effective
aircraft design, it is necessary to move to the maximum
possible modular structure that allows data exchange
and automates the production process.

Due to the possibility of exchanging models
through the Internet and taking other limitations
into account, the system shown in fig. 1 has been
developed. During the study the following tools have
been used: CAD system CATIA [7] for the creation of
parameterized models, a plugin written for UNITY [§]
for representation of geometric data models in VR,
XML as a carrier of configuration data, and C# as
programming language [9]. The diagram of the work
of the project manager is shown in fig. 1.

The VR project involves the introduction of this
technology in the design of the aircraft, showing
all the individual features of the aircraft design. It
provides disassembling the aircraft by one click of
the manipulator and the possibility of seeing all the
individual parts [10].

In one of the latest versions of the "Robot designer"
project [11], an application interface was developed that
allows you to create a parameterized three-dimensional
model of a transport aircraft. To build it, the user
needs to enter basic data on the aircraft, the so-called
technical task. The interface of the classic version is
shown in fig. 2, see the 2nd side of cover.
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Fig. 1. Diagram of the work of the project manager

The interface of the "Robot designer" consists
of several main parts: the project timeline (1), the
interactive screen for changing the design parameters
(2), the project matrix (3), the model preview window
(4), the button for switching the application to virtual
reality (5).

The interface is directly connected to the CATIA
CAD system [12]. The user can move the model in
space as it suits them, scale and rotate the model. Also,
for convenience, the user can change the type of the
model with one click [13]. There are four options for
standard model positions in space: front view, side view,
top view and isometry.

In addition to displaying the model in the classic
interface [14], it is necessary to provide a more visual
comparison image and an intuitive way to interact.
This task is effectively handled by visualization using
a virtual reality headset, which allows you to deepen
the perception of the demonstrated model both from
the point of view of development and from the point of
scale relative to the user [15, 16].

This project was developed on the Unity platform [17]
and tested on the HTC VIVE Pro eye equipment [18]
during classes aimed at teaching students of the aviation
industry. Currently, there is only one aircraft model
built in CAD CATIA [19]. This is a model of the An-
124 Ruslan transport aircraft. In a VR helmet, the
user is transferred to a virtual hangar with an aircraft
model. One of the joysticks allows you to move around
the scene with the model shown in fig. 3, see the 2nd
side of cover.

First of all, the design of the aircraft is the main
point of interest. Taking into account said condition,
the cockpit, the cargo compartment, and the locations
of passengers and crew are omitted.

To provide comfort while working with the model,
an interface with a special user menu is developed,
see fig. 4, the 2nd side of cover. The interface has all
the necessary functions. The user can move the entire
aircraft around the virtual space, replace it around
the model, measure the model using the joystick,
disassemble the model in parts (remove the fuselage
skin of the aircraft).

While the model is controlled in standard mode
using a conventional computer mouse, it is controlled
in virtual space using special joysticks. These joysticks
are complemented by a virtual reality helmet. Using the
joystick, user can move around the virtual space and
perform manipulations with the model.

The cockpit is not empty and the user can see the
location of the crew as a simple visual demonstration
example, see fig. 5, the 2nd side of cover. Figure 5
also shows the location of the cabin floor, the room
for accompanying cargo, the location and number of
frames.

For a detailed analysis of the structure of the aircraft,
the user can see the fuselage frame, the location of
the frames, stringers and other power elements of the
aircraft. By interacting with the menu bar, it is possible
to select the appropriate "hide/show" function. Figure 6
(see the 3rd side of cover) provides the demonstration
of said function.
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The robot-designer is intended for visual
demonstration of the aircraft design process [20]. A set
of built-in methods and procedures allows to reduce
the time for decision-making. In view of the above it is
possible to move on to a detailed studying of the model
quickly [21]. Therefore, the virtual reality technology
allows one to see the model of the aircraft as close as
possible and study the structure of the aircraft in detail.
With a pair of controllers in hands, the user can use
virtual hands to disassemble, measure, change, repaint,
and rebuild the model of the aircraft. This technology
is aimed primarily at young engineers, students and
schoolchildren [22]. Figure 7 (see the 3rd side of cover)
shows the process of working with the design robot
in the VR mode. The parameterized model is built,
the data is added by the user, namely: the range, the
cruising speed, the number of seats for the crew, the
commercial load.

The effectiveness of immersive design, conducted
in VR, has been tested by the first-year students,
specializing in aircraft engineering. The young engineers
gave a positive feedback on the work with the "Virtual
Assistant” system. The use of virtual aircraft design with
the HTC VIVE helmet allows one to present the design
of the aircraft in a more interactive way [23].

2. Working with other parts of the aircraft

In the design of an aircraft, there is a stage of
selecting an engine for it. The choice of an engine for
a projected aircraft consists of several stages.

o Preliminary selection of several real engines (or
projects of promising engines). The choice is made by
the amount of take-off thrust or power. When choosing
these parameters, you should pay attention to the
prototypes that are installed on similar aircraft.

« Take into account the capabilities of the engine, in
the specified flight modes and operational requirements.

e The choice of the most suitable prototype engine.

e Preliminary selection of engines (or projects
of promising engines) is carried out according to the
scientific and technical characteristics, depending on
their dimension (their thrust class or power). Each of
the engines is considered as a possible prototype engine,
the thrust or power of which will be specified based on
the results of subsequent design calculations performed
in the course work.

The analysis of the obtained engine variants should
include a comparative quantitative assessment of
their specific characteristics among themselves in the
conditions of a determined technical specification. At
the same time, the method of quantifying engines can
be similar to the method described above for comparing
the layout options of engines on an airplane.

The intelligent assistant "Robot designer" uses a
selection engine according to the prototype of the
projected transport aircraft. The user can select the
appropriate type of engine and view its model, both in
standard mode and in VR mode, as shown in fig. 8,
see the 3rd side of cover.

3. Working with other parts of the aircraft

In the future, it is planned to create additional
functions for working with the model within the present
work [24]. Such as the development of a new model
of the passenger aircraft based on the MC-21 aircraft
with the option to access the cabin of the aircraft from
within. This addition will require considerable time to
recalculate basic parameters, create a new database since
the calculation methods and the design of the passenger
aircraft and the transport one are very different from
each other.

It should be noted that there are also the plans to
create multiplayer options in this application [25]. This
will allow multiple users to be in the virtual space and
work on the same model simultaneously. One person
will be able to deal with the fuselage, another one —
with the wing, the third — study the structure of the
horizontal tail or model the landing gear and etc.

Another advantage of the present work is a remote
usage. From anywhere in the world, the user will be able
to connect to the server of the "Virtual Assistant” [26]
and create 3D models or simply study the structure of
complex systems, such as an aircraft, without leaving
home just wearing a virtual reality helmet [27].

The project "Robot designer” has a great future,
at least within the walls of Samara University. The
project has acquired the appearance of an interface,
parameterized 3D models of aircraft, a thesaurus [2§],
an integrated module for calculating aerodynamic
parameters and a module for working with a model in
virtual reality. Let the VR functionality now have only
basic parameters (twist, rotate, measure, move). In future
publications, it is planned to add a more detailed user
interaction with the 3D model being created in the virtual
environment itself. A detailed interaction is understood as
a change in the size of the model and its geometry, these
changes will take into account the limitations imposed
when designing the aircraft. It is also planned to support
this system with augmented reality technology [29].

It is also planned to develop a basic model of
interaction with the system, which will take place in
several stages. This connection will allow linking the
"Virtual Assistant" with other disciplines of the aircraft
engineering course and will help teachers integrate VR
at any stage of training. This scheme can be seen in
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Conclusion

In conclusion, the preliminary results of the study
provide a positive incentive to continue exploring the
use of virtual reality as a tool to support aircraft design
concepts that may be difficult for design students to
present, and to develop these applications using
authentic design learning elements that can provide a
solution to bridge the gap between theoretical knowledge
and practical application. Further analysis is needed to
better understand the expectations of students and their
attitude to learning using these new technologies [31].
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ANropnTMbl TEMAaT4eCKOro NONCKA JaHHbIX
B HAYKOMETPWYECKNX ClCTEeMaAX

PaCCMOIT)peHbI pa3pa6omaHHble asmopom MemoObl memamu4ecKoz20 roucka XXYypHarnoe u KOHd)e-
peHL{Ulj Hay4YHO-mMexXHU4YeCKOc0 XapaKkmepa c Ucriosib3osaHuem ripoepamMmHbIX Cpeacme, peanusyrnwux
azieopummabl rMIOJIHOMEKCMmMOo8020 rouckKa U rroucKka 3Kcriepmeoe. B nHayane cmamsbu 0aH KpamKUU o530p
cywecmsyruwux cucmem memamu4ecKkoeo rnoucka OaHHbIX HayKoMmempu4eCcKoeco codep)KaHUH C yKa-
3aHUEM UX OCHOBHbIX HEA0CMamkKos. HpueeaeHo oriucaHue pa3pa6omaHHb/x asmopom asieopummos,
ux ﬂpOZpaMMHOU peasnu3ayuu u anpo6auuu Ha 6onbwux 0aHHbIX HayKomempu'-leCKoC/ cucmewmsl. [nsa
8bIlNOJIHEeHUSA 3aripocoe paapaGomaHHb/e alzieopummebl UCrosib3yrom roJiIHomeKcmaosblie oriucaHus 06b-
€eKmoe 8 HaykoMempu4yecKkux cucmemax u apad)b/ 83aUMHbIX ces3ell Me>K6y obbekmamu, I'IpOGO@FIm
cbunbmpauwo OaHHbIX 10 Y3KOHaripae/ieHHbIM memMamu4eCcKUuM 3aripocamM U paHxupyrom pegayribmamabl
rnouckKa ro cmerieHu ux aemopumemHocmu.

Knroueenie cnoea: memamuyeckull aHanu3, HaykoMempusi, UHhopMaUyuoHHbIe cucmemsl, 6ubuo-

epacghus, XypHari, KOHgbepeHyus

BBeaeHune

IIpu cozmaHum MHGOPMALIMOHHBIX HayKOMETpUYe-
CKMX CUCTEM JJIS aHaJIM3a O0IbIINX 00beMOB JaHHBIX
HEOoOXOMMO UCIOJIb30BaTh MHTEIIEKTYyalbHbIE METO-
Jbl TIOUCKA M aHaJu3a uH(popMaluy, KOTOpbIe 3aMe-
HSIIOT WJM IOTOJHSIOT UCIOJb30BaHUE TPaIUILIMOH-
HOTO KOHTEKCTHOTO TTOMCKa 1 ITOKUCKa T10 aTpuOyTaMm.
OOHUM W3 TaKMX METOIOB SIBJISIETCS TeMaTHUYCCKUA
aHanu3 uHbopmauuu. TeMaTuyecKUii aHAJIU3 MPU-
MEHSIETCS AJ1 YTOUHEHUSI HayKOMETPUISCKUX KPUTe-
pHeB, aHaJIU3a OCHOBHBIX TCHACHIINI HAYYHO-TEXHM-
YECKOIro pa3BUTHS, N5 UHOOPMALIMOHHOTO MOMCKa
U PCLICHUS APYTUX BAXXHBIX 3a1a4.

Hawnbonee pacrnpocTpaHeHHble KPUTEPUU, KO-
TOpble TPAAUILIMOHHO MCIOJIb3YIOTCS IJIsl aHaJIu3a
pe3yJbTaTOB AESITEIbHOCTH HAyYHBIX PaOOTHUKOB
U onpenesieHUus 3 PeKTUBHBIX METOAOB UX CTUMY-
JupoBaHus [1], B 3HAUMTEIILHOM CTEIIEHU 3aBUCST OT
TeMaTUKU HayuYHbIX UccaenoBaHuit. Hanpumep, cpen-
HHUE ToKa3aTeJu MHACKCOB IIMTHUPOBAHUS HAYYHBIX
cTareil B pa3IMUHBIX TEeMAaTUIECKUX 00JIaCTSAX 3HAUM -
TeJabHO oTinyatoTces [2, 3]. Ucnonb3oBaHUe METOIOB
TeMaTUUYeCKOro aHaau3a Mo3BOJIsIeT BBIUUCISITh 0oJiee
00BEKTUBHBIC HAYKOMETPUYSCKHNE KPUTEPUH, HATIPH-
Mep, HOpMaJIM30BaHHYIO LIMTUPYEMOCTh [4].

I[IpuMeHeHUEe METOAOB TEMAaTMUYECKOro aHajau3a
TakK:Ke IoMoraet 6oJiee 1eTaJbHO OLICHUTh OCHOBHBIE
TEHICHIIMHU Pa3BUTHUS MUPOBOM HayKH, Hamboiee
3HAYMMBble HaydYHbIe HallpaBJICHHUS Ha YpOBHE TO-

cylapcTBa WJM OTAEIbHON opraHusanuu. s Bo3-
MOXHOCTH ITPOBENCHUS TAKOUW OLIEHKU OOJIBIITUHCTBO
pa3pabaTbiBaeMbIX HAYKOMETPUUYECKUX CUCTEM U CU-
CTeM LIMTUPOBAHUS UMEIOT MOAYJIM aHAJTUTUYECKOMN
00paboOTKM M arperupoBaHus JaHHBIX [5, 6] u cne-
IAAJIU3NPOBAHHBIE MHTePGhEUCH IS BU3yalu3a-
LMY TeMaTUYECKOro paclipelaecHus naHHbIX [7, §].
Hanpumep, HaykoMeTpuyeckas MHPOpMalMOH-
Ho-aHanutuueckass cucrema "MCTHUHA" (MAC
"MCTHUHA" [1]) mo3BonsgeT MPOBOAUTL aHAIU3
pacnpenejeHus] Mmoka3aTejeid HayYHbIX MyOau-
Kalluii Mo TeMaTUyeCcKMM pyOpuKaTopaM Scopus
u 'PHTU [9, 10]. AHanu3 OCHOBHBIX TEHACHILIMN
pPa3BUTHS Pa3JIUYHBIX TeMaTUYECKUX HaMpaBJeHUN
HayK1 U CBOEBPEMEHHOE OTCJIEXMBaHUE UX U3MeE-
HEeHUI HeoOXOOMMBbI, B TOM 4YucJje, AJis BeIoopa 3¢h-
(eKTUBHBIX CIOCOOOB CTUMYJUPOBAHUS HAy4YHOU
gesitenwbHocTH [11, 12].

B Hactosuieit pabore onucaHbl pa3paboTaHHBIE
aBTOPOM METOJbl TEMATUYECKOr0 MOMCKa XYpPHaIoB
1 KOH(pepeHIIU I HayYHO-TEXHUYECKOI0 COACPKaHMSI.
HMcxomHbIMM JAaHHBIMU [UJISI TAKOTO MOKUCKA SIBJISIIOT-
csl onucaHUusl 00beKTOB (cTaTeld, MOKJaa0B, MPO-
€KTOB U APYTUX Pe3yJbTaTOB HAyUYHO-TEXHUYECKON
JesITeIbHOCTH), MH(hOPMaLMsI O KOTOPbIX 3arpyxeHa
B HayKOMETPHUUECKYI0 cucTeMy. Mcronb3ytoTcs aBa
MoJaXo[a sl MOMCKa: KOHTeKCTHBIM MOUCK MO OIu-
CaHUSIM U TEMAaTUYECKUI MOUCK IKCIEPTOB, CTATbU
1 JOKJaJbl KOTOPBIX MpPEACTaBICHBI B XypHalax v Ha
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TemaTuyecKkui NOUCK XXypHanoB

AKTyaJIbHOCTH 3aJladi aBTOMaTH3allMi TeMaTu-
yecKoi KjaccupuKaluMy U MOKUCKA XYpPHAJIOB 00Yy-
CJIOBJIEHA B IEPBYIO o4yepenb OOJbIIMM YUCIOM ITy-
OJIMKYEeMBbIX B MUPE XXyPHaAJIOB U COOPHUKOB CTaTeil,
B TOM UHKCJIE, COIEpXKAllMX MaTepuajbl MPOBOAUMBIX
koHdepeHuuit. [TonoGHbIE MaTepuaabl NyOIUKYIOT
Ha PyCCKOM, aHTJIMICKOM, HEMEIIKOM, (DpaHIly3CKOM
W APYTUX S3bIKaX, UTO TaKXe 3aTPYyAHSET 3a7ady Te-
MaTudeckoit kiaccudukanuu [15]. Hanpumep, B MAC
"UCTHUHA" [1, 16] 3apeructpupoBaHo 6ojee 70 ThICIY
XypHaJioB U eule 6osee 200 Thicsiy cOOPHUKOB Ha-
YUHBIX NyOAMKalUWi. YBeInUYeHre Yucia XypHaoB
00YCJIOBJIEHO B MEPBYI0 0Yepeb YBEJIUYCHUEM OOILIEer0o
yucaa UCCIIeNoBaTesIed, IMMOCKOJAbKY KaXIblil HOBBIU
KypHaJl MOXXHO paccMaTpMBaTh Kak COLIMOJIOTUYE-
CKUI1 pe3yJIbTaT AesITeJIbHOCTH BHOBb 0Opa30BaBIlIero-
cs coo01IeCTBa YUEHbIX-UCcaenoBaTeseid. Mi3BeCcTHBIN
OpuTaHcKu# uctopuk Hayku [epek [IxoH ne Coina
IIpaiic B cepeauHe MpOIIJIOro BeKa IMpeackas3biBall,
4TO yXe B Havayse XXI Beka 4yucio HayYHBIX XYp-
HaJoB IIpeBbICUT 1 MJH [17]. PeanbHble TEMIIBI pocTa
yucja HayuyHbIX XXYPHAJOB 3HAUYUTEJbHO YCTYMalOT
3TUM CMeJIbIM NporHo3am. 1o coBpeMeHHBIM OlLICH-
KaM MX KOJIMYECTBO B MMpPE MPOAOJKAET YBEIUYM-
BaThCs exXerogHo nmpumepHo Ha 4 % [18]. OgHako
Jaxe Takue 00beMbl UHGOPMALIMK He TTO3BOJISIIOT UC-
M0JIb30BaTh B MOMCKOBBIX CUCTEMAX MCKIIOUUTEIbHO
pPYYHYIO 00pabOTKY JHaHHBIX 3KCIIEpTaMU U TPeOyeT
CO3JaHUSI MEXaHU3MOB aBTOMAaTHU3allMU TIpoliecca Te-
MaTHYECKOro aHajlu3a U MOMCKa.

Cy1iecTByIOIIME CUCTEMBl IMTUPOBAHUS TIPEIO-
CTaBJISAIOT MHTepdelic AJis1 NpoBeneHus TeMaTuye-
CKOIo aHaJM3a 1o 3aJJaHHbIM pyOpukatopam (Scopus,
I'PHTH u ap.). OnHako ypoBeHb TaKOl pyOpUKaLIUU
CJIMIIIKOM BBICOK IJISI TIPOBEIEHU S TIOJTHOLIEHHOTO Te-
MaThyeckoro aHanusza. Kpome Toro, npeacraBjieHHbIE
B paboTe [19] mpuMepsl MOKa3bIBAIOT, YTO UCMOIb3Y-
eMble B mpoMbilIeHHBIX cucTemax (PUHII, AnTu-
nJjaruar) MeTolbl MOJHOTEKCTOBOTO TEMATUYECKOTO
aHaJu3a UMEIOT oNpelesieHHbIe HEAOCTaTKU B 00J1a-
CTU TOYHOCTH M MOJHOTHI paclio3HaBaHU S TEeMAaTUKU
TEKCTOB, a TAKXKe MMEIOT CYIIeCTBEHHBIE CIOXKHOCTHU
MpyU CpaBHEHUM TEMAaTMKU U3AAIOLIUXCS HA pa3HbBIX
sI3bIKaxX XKYPHAJIOB.

B pa6orte [19] npennoxeHo UCMOIb30BaTh Irpadbl
coaBTopcTBa [20] myist IpoBeNeHUST TEMATUUECKOIO
aHaJM3a U OLEHKU TeMaTU4YeCKO OJM30CTH HayYHBIX
XYpPHAJOB B HayKOMeTpuuecKux cucteMax. Ilpen-
JIOKEHHBI METOJ TO3BOJISIET MCKATh TeMaTUYeCKU
01M3KHE XXYpHaJbl Ha Pa3HbIX SI3bIKaX U MPOBOIUTH
aHaJu3 6€3 HEOOXOAUMOCTHU MOJYUEHU ST TTOJTHbBIX TEK-
cToB cTaTeil. Takoii mMoaXon 3HAYUTENIbHO pacILIUpsI-

eT o0jacTh IIpUMEHEHUSI 3TOro MeTona. B cucreme
PUHII, nanpumep, MOJHbIE TEKCTHI CTaTeil UMEIOT
MeHee 11 % xypHanos [21].

HMcxogHbIMU OaHHBIMHU OJIS ITOMCKA XKypHaJIOB
SIBJISIIOTCS Ipad COaBTOPCTBA, KOTOPBHIM MOXHO I1O-
JIYUYUTh U3 HAYKOMETPUUYECKUX CUCTEM WU CUCTEM
LIUTUPOBAHUSI, a TAKXKE MCXOAHOE OMOPHOE MHOXe-
cTBO aBTOpOB. B paGore [19] B KauecTBe OMOPHOIO
MHOX€CTBa HUCIIOJb3yeTCSI MHOXECTBO aBTOPOB BbI-
OpaHHOro XypHasa j;. Ha ero ocHoBe cTpouTCS MHO-
XxecTtBo M ( Jis j2) BCeX Map cTaTei, KOTOpble OBIIN
OIyOJIMKOBaHBI B XYPHAJaXx j; U j, U UMEIOT XOTS Obl
OIHOIO COBIIAJIAOIIETO aBTOpA:

M(jla jZ) =
={ddyeD|d eD,, dyeD;, A NA, #0},

rae D — MHOXeCTBO crareif; ; — MHOXeCTBO crareit
B XypHaJe j; A; — MHOXECTBO aBTOPOB CTAaThH d.

Bec aBTOpa B KaxXIoi cTaTbe OIpenesIsieTCsl Kak
I 1 1
w(a, d) = — +— 1Jis1 nepBoro aBTopa u w(a, d) = —
’ 2 2k ’ 2k
IUJISI OCTaJIbHBIX COAaBTOPOB, Tlie @ — aBTOP; kK — UMC-
JIO aBTOPOB.
DOYHKIUS ONpenesieHns CTEIIeHN TeMaTudeCcKoi

CBA3M MEXAY XKYpHaJaMU IIPpN 3TOM MMEECT BUJ
F(jla j2)EZW(aa j]a jz)s (1)
a

rae
W(aa jla .12) =

= min(maxdle,)“ (w(a, d,)), max,p (w(a, dz))).

ITpencraBiaeHHbll B padbote [19] meToa noctaTouHO
s dekTBeH 1 obecrieynBaeT TOUHOCTh 78 %. Cyue-
CTBEHHBIM HEAOCTAaTKOM HU3JIOXKeHHOro B pabore[19]
ojaxonaa SIBJISIETCSI HEBO3MOXHOCTb ITOMCKA XXYpHa-
JIOB TI0 TeMaTWKe, 3aJaHHOI KITIOUEBBIMU CIIOBAMMU.
st mpuMeHeHUsI MeTOoJa 1 TIOCTPOCHU S TIePBUYHO-
0 OIOPHOI'0 MHOXECTBA HEOOXOAMMO 3HATh XOTSI Obl
OIWH XYypHaJl, TeMaTUKa KOTOPOrO0 COOTBETCTBYET
MH(bOPMALIMOHHOM MOTPeOHOCTU MOJIb30BaTesl. YKa-
3aHHOE OrpaHMYEHUE HE IO3BOJISICT UCIOJb30BaTh
STOT METOJI AJIsl TEMATUYECKOTO TTIOUCKA 110 KIIOUEBbIM
CJIOBaM.

B HacToseit paboTte aJ1s1 MOCTPOEHUS OMOPHOTO
MHOXECTBa aBTOPOB U 0bOecrneyeHUs BO3MOXHOCTHU
ITOVICKA XXYPHAJIOB TI0 KJIFOUEBBIM CJIOBAM IIpe/Jiaraet-
CSl UCTIOJIL30BaTh METOABI IMOMCKA 3KCIepToB [13, 14].
CornacHo TakOMY TIOAXOY, Ha TIEPBOM 1lIare 1o Mouc-
KOBOMY 3aIIpOCYy BBITIOJIHSIETCSI IOCTPOSHNE MHOXKE-
CTBa BKCIIEPTOB C YYETOM MX "BECOBOT0" COOTBETCTBUS
MOMCKOBOMY 3amnpocy. IJisi 3Toro ¢ UCIOJb30BaHU-
eM aJITOpUTMa IOMCKa 3KCIIePTOB IJIsI TOUCKOBOTO
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3ampoca g cTpouTcsl (QPYHKIIUS peleBAHTHOCTU aB-
TOPOB MOMCKOBOMY 3ampocy v(a, ¢) W omnpenens-
eTcsl MHOXECTBO aBTOPOB peJeBaHTHBIX 3aMpocy
A, ={ae Alv(a, q) >0}. OyHKUNS TeMaTUYECKOTO
COOTBETCTBUA XYPHAaJa 3alIpOCy ONMpeaeseTcsl Kak

F*q, )= 2, W*a,q,))

ae N4,

rne W*(aa q, j) = V(a, Q) maXdED/ (W(a, d))

Cxema pabOTHI aJTOpUTMAa MOKCKA IIpeIcTaBIeHa
Ha puc. 1.

IIporpammHas peanu3anus aJropuTMa BBIIIOTHE-
Ha Ha s3bike PL/SQL. OcHoBHas (pyHKIIMS MOMCKa
HMMEET CJeAYIOlIee OIMCAaHNe Ha 3TOM SI3BbIKE:

create or replace function find_journal4them

(keywords varchar2, --Cnucok KJHYEeBbIX CJIOB Uepe3
3ansATyo

type_id NUMBER default null, --Tun o0beKTOB A
ITOMCKa OMTOPHOTO MHOXECTBa 3KCITEPTOB

is_graph NUMBER default 1, --Ucnionb3oBaHue rpaga
COaBTOPCTBA JJIS TTIOMCKA OTTIOPHOTO MHOXKECTBA IKCIIEPTOB

journalrum_list VARCHAR?2 DEFAULT NULL, --Cnu-
COK PYyOpUK IJIs Cy>XeHU sl 00JacTy TOoUCcKa

department_list VARCHAR2 DEFAULT NULL, --Cnu-
COK TIONIpA3AeNIeHUs JJISI CYKEHUsI OTIOPHOTO MHOXECTBa
aBTOPOB

if oracle NUMBER DEFAULT 1, --¢unar ucnoyib3oBa-
HUSI BHYTPEHHUX MEXaHU3MOB KOHTEKCTHOTO MOMCKA

if _translate NUMBER default null --daar ucnonb3o-
BaHMUS NIEPEBOJOB

)
RETURN mas_man_find PIPELINED

Ans cozmanusi MHTepdeiica Nojab30BaTessl UC-
MOJIb30BaH MEXaHM3M MOCTPOECHMUSI TMHAMUYECKUX
oT4YeTHBIX popM Ha ocHoBe SQL-3ampocoB MAC "UC-
THUHA" [22]. B unTepdeiice morucka MOXHO yKa3aTb
TpebyeMble KJI04YeBble CJ0Ba, 00JacTh 3HAHUU 1O
pyopukatopy 'PHTU, noapa3neneHue njsl moucka
OITOPHOTO MHOXECTBA aBTOPOB M JOTOJTHUTEIbHBIC
nmapameTpnl noucka (puc. 2).

Ilocne BhIMOMHEHUST MOMCKA IMOJb30BaTENIO Ha
5KpaH BBIBOIUTCSA PaHXHPOBAHHBIN CITHUCOK pe-

3arnpoc
[Touck 00BEKTOB 1O dunsTpanus 1mo
| KIIH0YEBBIM CITOBaM 3ampoca ’ pyOpukam 3ampoca
\ 4 A
Onpenenexnue PanmxupoBanue [ocrpoenwue moarpaga
—
COOTBETCTBHUS aBTOpa PE3yNIbTaTOB MOMCKA COaBTOPCTBA
00beKTaM IoHCKa
\ 4 A
ITocTpoenue onopHOro Onpenenenue

MHOXECTBA aBTOPOB U
(DYHKITNH PETIeBaHTHOCTH

ABTOPUTCTHOCTU aBTOpa

A 4

ITocTpoenne MHOXECTBA
CBSI3aHHBIX XyPHaIOB

Brunciienue Beca CBsI3U
KaXXJIOTO aBTOpa C )KypHAJIOM

A 4 \ 4

Brruncnenue cyMMapHOTo Beca
COOTBETCTBHS JKypHAJIa 3alpoCy

A 4

[IpencraBneHne paHXUPOBAHHOTO CIIACKA
PE3YIBTAaTOB MOJIB30BATEIIO

Puc. 1. Cxema airopuT™Ma TeMaTHYECKOr0 MOMCKA XKYPHAJIOB
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KnrouyeBble cnoBa (4yepes
3anqaryio)

O6nacTtb 3HaHUN

MogpasgeneHue

BCTPOEHHbI NOUCK

Y4yeT nepeBOAoB

TUTaH

Bce
Bce
Her 7|

Het j

OTtnpaBuTb 3anpoc

Puc. 2. UnTepdeiic TeMATHYECKOTO MOMCKA XKYPHAJIOB MO KJIIOYEBbIM CJIOBAM

3yJbTaTOB C YKa3aHUeM Ha3BaHus XypHana "NAME"
U CTENEHU €ro COOTBETCTBUSI TTOMCKOBOMY 3arpocy "V".
s ynoOCcTBa HaBUTALIMM TIOCe HaXKaThsl Ha Ha3BaHUE
JKypHaJsa OCyLIECTBIISIETCS TIEPEX0]] B KAPTOUKY XKypHaia

Show by

\'

items

NAME

C OIMMCAHMEM €TO XapaKTepUCTUK IUTUPOBAHUS, CITICKOM

NocJieHUX cTaTedl 1 apyroit nHdopmanueit (puc. 3).
CrenyeT OTMETUTb, UTO JaHHBIIA aJITOPUTM MOXET

MIPUMEHSIThCI KaK CaMOCTOSITENIbHO, TaK M B COYETA-

35.566

11.419

10.832

9.337

9.165

8.737

8.255

8.152

8.138

7.623

7.612

=Nt Eal

Hoknagbl Akagemum Hayk

Russian Chemical Bulletin

YKypHan duanyeckon Xmmmu

BecTHuk MockoBeckoro yHusepcuteta. Cepusa 3: duanka, acTpoHOMUSA

Russian Journal of Physical Chemistry A

Journal of Physics: Conference Series

BecTHuk MockoBckoro yHusepcuteta. Cepusa 2: Xumus

NaBecTus Akagemumn Hayk. Cepusa XuMuJyeckas

Mendeleev Communications

Doklady Akademii nauk SSSR

BecTHuk Mockosckoro yHusepcuteta. Cepusa 4: Neonorus

A ommmiam M mmsatimsmd mism mmssiars ssmusee £ mmsam B T

Puc. 3. I/IHTeptI)eﬁc TEMATHYECCKOro NOMCKA XKYPHAJIOB 1O KJIIYEBbIM CJI0OBAM
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HUM ¢ IPYTUMU aJITOPUTMAMU TTOTHOTEKCTOBOTO TeMa-
TUYECKOro aHanusa. PesynbraToM paboThl ajropurma
SIBJISIETCST pAaHXKMPOBAHHBIN CIIHMCOK XKYPHAJIOB, COOT-
BETCTBYIOIIMIA TTOMCKOBOMY 3aIlpOCy TTOJIb30BaTEs.

TemaTnyeckum nonck
Hay4YHO-TeXHUYECKUX KOH(epeHL I

HMcnonb3oBaHue AaHHBIX HayKOMETPUUECKMX
CHUCTEM IIO3BOJISIET CO3/1aTh MOUCKOBBIE MEXaHU3M bl
TEMAaTUYECKOTO TMOKCKa PEryJspHbIX HayYHO-TEeX-
HUUYECKUX KOH(pepeHL U ¢ BO3BMOXHOCTbIO OLIEHKU
WX aBTOPUTETHOCTU. B KauecTBe OCHOBHOM TMIIOTE3bI
HCIIOJIb3yeTCs OOBEKTHMBHAS TUIIOTE3a, YTO aBTOPU-
TETHbBIE YUEHbIE 1 BKCIIEPThI MOCEIIAI0T aBTOPUTETHDIE
KOH(EepeHIIMU MO CBOei TeMaTuke. ABTOPOM IyOJIu-
Kalluu pa3pabOTaHO TPU aJrOpUTMa TEMATUUYECKOTO
MOMCKa KOH(epeHIIMi1: MOMCK KOH(MEPEeHIIN I, TOXOKMX
10 TeMaTuKe Ha 3aJaHHbI XypHaJI; MOMCK KOH(bepeH-
LM, TTOXOXMX Ha 3aJaHHYI0 KOH(EpEeHIIMIO, MOUCK
KOH(hEpEeHIMIA C UCTTOJb30BAHUEM TTOMCKA SKCIEPTOB.

TTouck xoHdepeHI M, TOXOXMUX Ha 3aJaHHBIA
>KYPHaJI, UCTIOJIB3YET B KAUYECTBE OMOPHOIO MHOXECTBA
aBTOPOB MyOIMKaLMi XypHaa. [Tocie 3Toro BbINOIHSET-
cs1 pacyeT QyHKILUU ONpeNesieH s CTENeHU TeMaTUYeCKon
CBSI3U MEX Ty KOH(PepeHLMSIMU U1 XKypHaJlaMU aHaJIOTUYHO
pacyeTy (byHKILMU OMpenesieHusl CTereHn TeMaTuyecKon
CBSI3U MeX Iy XypHanamu (1). AIropuTM, IoKa3aHHbIN Ha
puc. 4, TpUMEHUM, €CJIM TMO0Jb30BaTeb 3HAeT ONUH WJIU
HECKOJIBKO XYPHAJIOB IO CBOEN TEMATHUKE.

OCHOBOI MTPOrpaMMHON peann3alvu aJropuTMa
SBJISIETCS BBIYMCTISIeMasi XpaHUMbBIMU B 6a3€ JaHHBIX
3anpocamMy Tabauila pe3yabTaToB pacuyeTa OJIUM30CTU
XXYPHAJOB U KOH(MEPEHIIUA:

JOURNAL_CONF THEM_LINK

(CNT NUMBER --CreneHb COOTBETCTBUSI
JOURNAL_ID NUMBER --YHuKanbHbBII KJII0Y XYypHaJia
CONF _ID NUMBER --YHuKanbHBIH KJTI09 KOHPEepeHITUN

)

Hcnonb3oBaHre TaKOro MOAX0Aa MO3BOJISIET 3apa-
Hee paccuuTaTh Irpad COOTBETCTBUS MEXAY XypHaJsa-
MU U KOH(PEepEeHUUSAMU AJ151 YCKOPEHU S BBITIOJTHEHU S
MOJIb30BaTEIbCKUX 3aMPOCOB.

Ilovick KOH(epeHI Ui, TOXOXUX Ha 3aJaHHYIO
KOH(EPEHIINIO, UCHOJb3YET B KAUYECTBE OIMOPHOIO
MHOXEeCTBa JTOKJIalYMKOB 3aJJaHHOU KOH(EepeHIUH.
ITocne aToro Takxe nMpoBOAUTCS pacyeT GpyHKUUU F.
AJITOPUTM, TIPENCTABAEHHBI HAa pUC. 5, TIPUMEHUM,
€CJIM MO0JIb30BaTe/b yXe 3HAET OJHY UJIU HECKOJbKO
KOH(MepeHIMl Mo cBOeil TeMaThKe U XOYeT paclliu-
PUTH KPYT CBOETO HAYYHOTO OOLIEHHUS.

OCHOBOIi TIPOTPaMMHOI peain3alluu aJropuTMa
SIBJISIETCS BbIUMCIIsieMasi XpaHUMbIMU B 6a3e JaHHbIX
3ampocaMy Tabyuilia pe3yabTaToB pacuyeTa O6JU30CTU
KOH(pepeHIINA:

CONF_THEM_LINK

(CNT NUMBER --CreneHb COOTBETCTBUSI

CONF _ID1 NUMBER --YHukanbHbIi K104 KOH(pEepeHIMU
CONF _ID2 NUMBER --YHUKaJIbHBII KJII0Y CBSI3aHHOM

)

IIpu noucke KoHMEPEeHIIUI C UCIIOJb30BAaHUEM ME-
TOIOB M CPEACTB MOMCKA SKCIIEPTOB Ha ITIEPBOM 3Tale
00paboTKM 3ampoca, Kak 1 TPy TeMaTUYeCKOM IOMC-
K€ XXYPHaJIOB, CTPOUTCS QYHKIMS peJIeBAHTHOCTU aB-
TOPOB IMOMCKOBOMY 3ampocy v(a, g) 1 OoIpeaeseTcs
MHOXECTBO aBTOPOB, peJieBaHTHBIX 3ampocy. [locie
3TOr0 PacCUYMThIBAETCSI QYHKIIUS TEMATUYECKOrO CO-
orBercTBUS F* Takum oOpa3oM, ajiroputm, IpuBe-
JEHHBII HA pUC. 6, HAXOAUT KOH(MEPEHILMU, KOTOPbIE
yallle BCero noceliarT HanboJjiee aBTOPUTETHBIE CIle-
LIMaJMCTHI 10 3aJJaHHOI B 3alIpoce TeMaThKe.

st ynoOHOI BU3yallM3alluK Pe3ybTaTOB MOKUCKA
pa3paboTaH crienurabHbIi MHTepdeiic Mmoab3oBaTeNsl.
Ha puc. 7 npencrapiieH npumep 0ToOpaxeHu sl pe3yib-
TaTa MOMCKa KOH(MepeHI M, TeMaTUu4eCKU OJIM3KUX
K XypHany "HeiipokoMIbOTEpH: pa3paboTKa, Mpu-
MeHeHue".

Kypnan OmnpezeneHne MHOXeCTBA
aBTOPOB ITyOIMKaIMIA

Omnpenenenue
BECOB aBTOPOB

A 4

IlocTpoeHue MHOKECTBA Brruncnienue Beca cBsI3U KaXXJ10ro
CBSI3aHHBIX KOH(pepeHIHi aBTOpa ¢ KOH(pEpeHINeH

A 4

\ 4

Beluniciienue cymmMapHOro Beca
COOTBETCTBUSI KOH(PEPEHIIUH 3aIIPOCy

Puc. 4. Aaroputm noucka koHdepeHnuii no XypHaiy, B KOTOPOM NyOJIMKyeTCs aBTOP
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Koudepennus

OmnpenencHue MHOXKECTBA
aBTOPOB ITyOIMKAIMN

Ornpenenenue
BECOB aBTOPOB

\ 4

ITocTpoeHne MHOXKECTBa

CBSI3aHHBIX KOH(EPEHIIHHA

Beluncnenue Beca CBsI3H KaKI0ro
aBToOpa ¢ KoH(hepeHIuen

A 4

A 4

Brrunciienue cymmapHoro seca
COOTBETCTBHSI KOH(EPEHINH 3aIpoCcy

Puc. 5. AaropuTM noucka KoHepeHunmii mo 3apaHee BbIOPAHHOM MOJIb30BaTEIeM KOH(epeHInn

3ampoc

—>

Ilonck 00BEKTOB 110

KIIFOUCBBIM CJIOBaM 3alipoca

DunpTparys mno
pyOpukam 3ampoca

Ornpenencnre
COOTBETCTBUS aBTOpPA
00BeKTaM IOUCKa

A 4 A 4
PanxxupoBanue [Moctpoenue moarpada
»
”| pe3yapTaroB MOMCKa COaBTOPCTBA
A 4 A 4
ITocTpoenue onopHoro Onpenenenue

MHOX€ECTBA aBTOPOB U
(GYHKIMA peIeBaHTHOCTH

A 4

[TocTpoenne MHOXKeCTBa

ABTOPUTCTHOCTH aBTOpa

KayXaoro aBTopa €

CBSI3aHHBIX KOH(EpeHIIH

A 4

v

KOH(epeHuei

Brruucnenue Beca cBs3U

A 4

Brruncienue cymmapHOro Beca
COOTBETCTBUS KOH(EPEHINH 3aIpoCy

A 4

[IpencrapneHue paHKUPOBAHHOTO CITHCKa

Pe3yIIbTaTOB MOJIB30BATEIIO

Puc. 6. Axroputm noucka kongepeHuuii ¢ HCNOJb30BAHHEM TEMATHYECKOr0 MOUCKA IKCMEPTOB

B uHTepdeiice oToOpaxkaeTcs Ha3BaHUWE HalIeH-
HOW KOH(EpeHIUU, CTENEHb COOTBETCTBUS, YUCIIO
3arpy>XeHHbIX B HAYKOMETPUUECKYIO CUCTEMY JOKJIa-
JIOB C 3TON KOH(EPEHLIUN W CChIJIKMU MJis JajlbHeu-
1IeTO TMoucka OJM3KUX KOH(pepeHLU Ul u XXypHaJoB,
JUISl OCYIIECTBJEHUSI KOTOPOTO MOXHO HaXaTbh Ha

cyoBa "KoH(pepeHIUHU" U "XXypHaJbl' B COOTBETCTBY-
fouieit ctpoke. Ha puc. 8 mpeacraBieHbl pe3yibTa-
ThI TIepexofa Mo OJHO M3 3TUX CCHUIOK IJISI TToUcKa
KOH(pepeHII NI, OIM3KUX 10 TeMaTukKe K KoHpepeH-
mun "XVIII Beepoccuiickas HaydHast KOHGEPEHIIHS
"HeiipokoMITbIOTEPHI M NX IpUMEHEeHHE"
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Konwvectso NMoxoxwme Moxomue

N K H B
oHepenLun e AoKnafos KOMthepeHLLMM Ky pHane!

1 NomoHoconcrue vrenna 2020, Cexuua dhunocadicrinx Hayk(2020) 25 82 KOHBPEHLIMN Wy pHane:

,  CAICS 2020: NATIONAL CONGRESS ON COGNITIVE RESEARCH, . — s
ARTIFICIAL INTELLIGENGE AND NEUROINFORMATICS(2020) : Radty 2k

| HayuonaneHsii KoHrpece no KOrHHTUBHLIM HECNEAOBAHHAM,

238 78
HCKYCCTBEHHOMY HHTENNBKTY W HelipoundsopraTike(2020) L BNy ypHan:

XVl Beapocouiickan HayuHas koHdeperln "HelpokomnsoTepsl 4 Hx

2,08 4
nprreHanna”. Mockea. 17 mapra 2020(2020) REicheoain bt

61-2 3acenaHne MENKAYHAPOAHONS MEMAUCLUNNUHAPHOTO caMuHapa
5 "Hefipodiunocediun” HayuHoro coreTa no MeETOACNOMMN eenefoRaAHUWA 2 2 KOHdPepeHLMM HyYPHANE
MCKYCCTESHHOTO WHTEANeKTa npu MNMpesuanyme PAH(2021)

Helipoxayka ana meauumksl u newxonorun: XVI MexayHapogHsii

1,93 1
MSHANCUMNANHEPHBIA koHrpece.(2021) 8 Roidepsrim Rypreadiel

XIl MexayHapoaHan HayuHas koHdepenyun sinTennerTyansHewe
7 1,92 Fii KOHPEPSHLMH AYPHENE!
CHCTEME! H KOMNBICTEPHBIE HBYKH=(2021) iR

8 NomoHoconckue yranna - 2021, cexlun "unocoderna rayiu'(2021) 15 7 KOHPaPEHLIM HypHANE

MemayHAPOAHAR MEXAMCLMNAMKAPHAR KOHbEPEHLHA

9 gACKYCCTREHHLIR HHTENNEKT B HOBOH KOMMYHUKATUBHON PEANBHOCTH: 1,25 17 KOHapeHLHM HyYPHANE
(2020)
10 Helipoundpopratuia 2021(2021) 1,17 3 KOHYBPEHLIUM HypHanst

Puc. 7. Pe3yabraTsl noucka ajas xypHaya "HeiipokomnbioTepsi: pa3padoTka, npuMeHeHne”

CNUCcoK NOXOMUX KOHbepeHUHA

Show by 10 j items Search:
Honwvecreo Noxowwe Moxowme
N HassaHHe KOH(pepEeHLMN Bec
AoKnanos KOH(pEpeHLUMI HYPH&NLI
| HaunoHansHeId KoHrpect No KOrHATHEHSIM MCCNeaoEaHNAN,
1 W P A D.75 78 KDHDEPESHLMA KYPHanel

MCKYCCTESHHOMY MHTENNEKTY W HEHpOWHIapMaTwke{2020)

CAICS 2020: NATIONAL CONGRESS ON COGNITIVE
2 RESEARCH. ARTIFICIAL INTELLISGENCE AND D.B7 19 EDHDEpSHUNA EYpHane!
NEUROINFORMATICS(2020)

Wl MewgyHapogHan KDHDERSHUMA W MONOASHHESR WEONS

3 #MHhopMaUVDHHEIZ TEXHDNAMAKW ¥ HAHDTEXHaNorMAE (MTHT- D.6 4 EDHDERSHLMA KYpHanel
2020)(2020)
4 HelpoHayka ons MEgUMUMHE! W ncuxanorua: XY 0.33 18 KOHCDEpEHLN -
MekayHapOaHEIR MEXaHCLMNNHHAPHLIR kKoHrpece {2021} : = Ll
Items 1 to 4 shawn. Tatal: 4 First Praviaus 1 Mext Last

Puc. 8. Pe3yabrarsl noucka nis koudgepennuu "XVIII Beepoccuiickas Hayynaa kondepennus HeiipokoMnbioTepsl H MX pUMeHeHHne"
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Arnipobanusi aJropuTMOB IMPOBOAMIACH HA IaH-
HbIX HayKoMeTpuueckoit cuctembl MAC "UCTHU-
HA". Ina TectupoBaHuUs OBLIO ClIejlaHO MO MATh
IMMOUCKOBBIX 3aIIpOCOB IJIsI KaxXKIAOU M3 TpeX Mpo-
rpaMMHBIX peaiu3alMil MpeacTaBJICHHbBIX aJaro-
puTMOB. Jlyuliide necsTh pe3yabTaToOB IS KaxKI0TO
3arpoca OIeHHMBAJINCH IO CIeAYIONIel mKajie: 2 —
MOJIHOE COOTBETCTBUE 3ampocy; 1 — yacTUUHOE CO-
OTBETCTBHUE 3anpocy; 0 — HECOOTBETCTBUE 3aIPOCYy.
WHTerpanbHas olieHKA IJIs KaXX 0 IIporpaMMHOI
peanu3aly pacCUYMTHIBAIaCh Kak cymMMa HabpaH-
HbIX 0anjoB. Pe3yabTaThl TECTUPOBAHUS MpeaCTaB-
JIEHBI HUXE.

ANTOPHTM. . . . . ..o TounocTb, %
TouCK MO KYPHAMY . ..ot v e e e e e 81
TMouck Mo KOHMEPEHLIU! . . . . . oo vvv e e e e 76
Hcnonb3oBaHue MOMCKA OKCHEPTOB. . . . . ... ... 89

IIpencraBieHHBIE pe3yabTaThl TECTUPOBAHUS T10-
Ka3bIBalOT, YTO Hanbojee TOYHBIM CITOCOOOM ITOMC-
Ka SBJISIETCS UCITOJIb30BaHUE aJITOPUTMA C TeMaTuue-
CKUM TIOMCKOM 3KcIepToB. [Touck 1o xxypHany umeer
MPEeUMYIIECTBO Nepe ITONCKOM ITOXOXUX KOH(pEPEH-
LU BCJIEACTBUE OoJIee TIPeICTaBUTEILHOIO OIIOPHOTO
MHOXECTBa aBTOPOB.

Peanuzanus mogoOHbIX MEXaHU3MOB 3HAYUTEIbHO
yhopolaeT IJis I0JIb30BaTejiel mpolecc nH¢popMalu-
OHHOTO Mo¥cKa KOH(PEepeHIIN1, COOTBETCTBYIOLINX UX
MHOOPMALIMOHHBIM MOTPEOHOCTSIM.

3aknroyeHue

IIpencraBaeHHble B paboTe aJrOpuTMbl MO3BO-
JISI0T MPOBOAUTDh TeMaTUYECKUI TOUCK XYpPHAJIOB
U KOH(DEpeHLUIi ¢ UCMIOJIb30BaHUEM JaHHbBIX HAyKO-
MeTpuYecKUuXx cucteM. IIpencTaBieHHbIE aJTOPUTMBbI
MOTYT YCHEILIHO MPUMEHSTHCS AJS TOMCKa 00beK-
TOB Ha OpYyTUX sI3bIKaxX. [IpyuMeHeHre 3TUX aJlTOPUT-
MOB BO3MOXHO, KAK aBTOHOMHO, TaK U B COYETaHUU
C KJJACCUYECKUMMU aJropuTMaMU MOJHOTEKCTOBOIO
TEMaTHYeCKOIo aHaIu3a. B OTIMYNUM OT MOJTHOTEKCTO-
BOTO IOMCKA aJrTOPUTMbI YUUTHIBAIOT aBTOPUTETHOCTD
KOH(pepeHIInA.

Hcnonb3oBaHue NpeacTaBIeHHBIX aJTOPUTMOB
TEMATUYECKOr0 aHaju3a UHGOPMALIMU TTO3BOJISIET:
MPOBOAUTH HOPMaIMU3allUI0 HAYKOMETPUUECKUX T10-
KaszaTejeil B 3aBUCUMOCTU OT TeMaTUKU Hay4YHBIX
HCCJIeNOBaHU; TPOBOAUTD BBIACJICHUE U aHAIU3 OC-
HOBHBIX TeMaTUUEeCKMX HaIlpaBJeHU pa3BUTHUS Ha-
YKH; OCyUIECTBSITh TEMATUYECKUIA MOUCK OOBEKTOB
(KypHaJIoOB U KOH(pepeHILIUit) B LEJsIX pacIIupeHu s
Hay4YHBIX KOHTAKTOB M CO3MaHMS HOBBIX HAyYHBIX
KOJIJIEKTUBOB.
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The paper discusses methods for thematic search of experts, journals and conferences, provides a brief overview
of existing systems with an indication of their main shortcomings, and describes the algorithms for the thematic search
of experts developed by the authors, as well as algorithms for thematic search of journals and conferences. A brief
description of the software implementation of the developed algorithms is given. User interfaces for searching for
conferences are presented. The results of testing software implementations of algorithms based on the data of the
scientometric system "ISTINA" are presented. The algorithms developed by the authors use data from scientometric
systems, including graphs of mutual relations between objects, are able to filter data by narrowly focused thematic
queries and rank search results by authority. The approach used makes it possible to perform a thematic search for
conferences in different languages with the determination of their authority and the determination of their thematic
proximity. Such thematic analysis makes it possible to normalize scientometric indicators depending on the subject
of scientific research, to identify and analyze the main thematic directions in the development of science, to carry
out a thematic search for objects (journals and conferences) in order to expand scientific contacts and create new
research teams.
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UHOOPMALUA

B pamkax MexayHapoaHoro KoHrpecca "CynepkomnbloTepHble AHU B Poccuun" Huxxeropoackum rocypap-
CTBeHHbIN yHuBepcuteT um. H. U. JlobaueBCKOro npoBOANT MeXAYHaPOOHY KOH(DEPEHLMIO U MOMOOEXHYIO
wkony "MaTemaTnyeckoe MofenMpoBaHue U cynepkoMnbioTepHble TexHonoruun". NpoBeaeHne KoOHMEpeHLUn
(14—15 Hosa6ps 2022 r.) n monoaexHon wkonbl (16—18 HosOpa 2022 r.) OyaeT cogencTBoBaTb AaribHENLIEMY
MOBbILLEHMWIO CUHEPTrETUYECKOTo adhcheKkTa OT B3aMMOBLIFOAHOIO B3aUMOLENCTBUS ABYX MPUOPUTETHBIX HAaNpaBreHni
pasBUTMS HAYKN U TEXHUKN — MaTeMaTU4eCcKoro MoenMpoBaH1s U CynepKOMMNbIOTEPHbBIX TEXHOMOMUN.

B nporpamme KoHdepeHL MU — NEKLMM NPUrMaLleHHbIX 3KCNEPTOB, AOKMaAbl U3BECTHbIX YYEHbIX U CNeunanncTos,
coobuieHma monoabix nccnegosarenen. Lkona 6ygert BknodYate MacTep-Knacchl U MPakTUKYMbl MO MPUMEHEHNIO
aKTyanbHbIX UHCTPYMEHTOB 1 TEXHOMOTUIA.

KoHdpepeHuns n monogexHas LwKkona npoBoaatcs nog arngori CynepKkoMnbOTEPHOro KOHCOpUUuyMa yHU-
BepcuteToB Poccum npu naptHepcTBe ¢ HaunoHanbHbiM LeHTpoM HTU «TexHonormm mawiMHHOro o6y4yeHus
M KOTHUTUBHbIe TexHonorum» (Crery NTMO) n HaunonaneHbiM ueHTpoM HTU «TexHonormm xpaHeHus n aHa-
nusa 6onblnx AaHHbIX» (MIY).

Mogpo6HocTu: http://agora.guru.ru/hpc2022/
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The issue of the feasibility of using existing statistical and hydrological methods for short-term and early forecast-
ing in the framework of forecasting the levels of water rise in water bodies is considered: a comparative review is given,
which describes their advantages and disadvantages. In the course of analyzing the shortcomings of these methods, the
problem of operational and early (advance) forecasting of water rise levels was identified. To solve this problem, a decision
support system is proposed for predicting the water rise levels in advance, based on a neural network (intelligent) analysis
of retrospective data (date, water level, air temperature, atmospheric pressure and wind speed) to calculate the water level
values for 5 days in advance. The artificial neural network itself is based on the freely distributed library of machine learning
programs "TensorFlow", and a modified backpropagation method is used as training, the main difference of which is an
increase in the learning rate of an artificial neural network. The results of the analysis of the effectiveness showed that the
proposed decision support system is more accurate (the error between the real and calculated values does not exceed
2.10 %), compared to existing common methods/systems (8.36 %). This will allow to give the necessary time to special
services for the implementation of flood control measures to prepare for the protection of technical facilities of enterprises.
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Cuctema nogaepKKn NPUHATA pelenni Ha ocHoBe
NpUMeHeHna HelipoHHoW CeTn BTOPOro NoKoneHna

PaccmompeH sonpoc o yenecoobpa3dHoCmu UCNoNb308aHUS Cywecmayuux cmamucmu4yecKux
U 2udpornoauyeckux Memooo8 KpamKOoCPOYHO20 U paHHEe20 NMPo2HO3UPOBaHUs 8 paMKax Npo2Ho3uposa-
Hus yposHel nodsnema 800kl 8 800HbIX 06beKkmax — OaH cpasHUMesibHbIU 0630p, 8 KOMOPOM OrnucaHhbl

! The article was based on the materials of the report at the IX All-Russian Scientific Conference "Information Technologies for
Intelligent Decision Support" (ITIDS’2021).
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ux npeumyuwjecmsa u Hedocmameku. B xode aHanusza Hedocmamkog amux Memoodoe bbina ebisierieHa
npobriema oriepamugHo20 U paHHez20 (3abrazo8peMeHHO20) rpo2HO3UpoeaHUs ypoeHel nodbema 800kl
[nsa peweHus amol 3adayu npednazaemcsi cucmema noddepxxKu rnpuHamus peweHuti 0ns 3abnazo-
8PEMEHHO20 MPO2HO3UpPO8aHUs yposHel nodbema 800bl, OCHO8aHHas Ha Helipoceme8oM (UHMesiekmy-
anbHOM) aHarnu3e pempocrnekmugHbix 0aHHbIX. [pusedeHbl pe3ynbmambl aHanusa agpghekmusHocmu
npednazaemoli cucmembi MoAOePKKU MPUHSIMUS peLieHud.

Knroyeeble cnoea: npoeHo3uposaHue, uHmersnnekmyarnbHbll aHanus, Helipocemeegol aHanus,
pempocriekKmueHble 0aHHble, UHmerfiekmyarbHbil aHanu3 0aHHbIX, MPO2HO3UPO8aHUE YPOBHS 800kl

UccrniedosaHus ebinosniHeHbl npu noddepxke MuHucmepcmea HayKku U 8bicuie20 obpasosaHusi PO e pamkax
sbinonHeHusi focydapcmeeHHozo 3adaHus Ne FEUE-2020-0007.

Introduction

At present, various natural phenomena (in this
article, we will take the level of water rise in water
bodies as an example) are one of the most frequent and
dangerous causes of external impact on technical objects
of complex distributed systems (CDS). In this article,
complex distributed systems mean an interconnected
set of objects of varying complexity and physical nature
(for example, water bodies of a region), and technical
objects of complex distributed systems mean various
potentially hazardous objects, oil and gas pipelines,
while, according to [1], technical objects belong
to the class of unique complex systems. For these
technical objects, as a rule, it is necessary to carry
out special (in our case, flood control) measures to
minimize social and financial risks: for example, it
is necessary to predict in advance the water levels at
stationary hydrological and automatic measurement
and observation posts.

Thus, based on these problems, there is a need for
a sufficiently fast and early forecasting of water level
values based on a decision support system based on
neural network data analysis, which will allow special
services to give the necessary time to implement flood
control measures to prepare for the protection of
technical facilities of enterprises.

1. Related Works

Statistical methods, for example, generalized
regression models [2—4], the method of least squares [5],
and numerical methods [6, 7], are widely used in
predicting water level values based on retrospective
data. But at the same time, the problem of forecasting
in advance arises, since the main purpose of these
methods is short-term forecasting of water level values,
which is often insufficient for early implementation of
flood control measures. If we consider less common
methods (hydrological [§—10]) of short-term and
early forecasting of water levels, then it is necessary

to note the problem of resource intensity: the
duration of calculations of water level values is not
permissible, especially in critical (peak) moments of
flood situations. Many scientists (both domestic and
foreign) are engaged in these problems, but due to
the insufficient number of works describing methods
for early (early) forecasting of water levels based on
intelligent (neural network) analysis of retrospective
data using an artificial neural network (ANN) for
Better forecasting of water levels in the shortest
possible time and using outdated architectures of
artificial neural networks (for example, multilayer
perceptron [11]), the implementation of the proposed
method within the framework of early warning of a
flood situation becomes relevant.

2. Formalized statement of the problem
on the example of the levels of water rise
in water bodies

One of the main parameters of the impact on various
technical objects is the flood, which is expressed in the
rise in the values of # — water levels on water bodies.
As an example, we can take the stationary hydrological
posts of the Republic of Bashkortostan. In this regard,
we introduce the following notation: hj’fi — is the value
of the water level measured at the k-th gauging station on
the i-th date of the j-th year. Here k=1, ..., n, where n
is the number of gauging stations involved in the
calculations, j is the number of the year, i is the specific
date of measurement. The task of early forecasting is (it
should be noted that the task of short-term forecasting
for 1 day was solved in [15], and on the basis of the
methodology proposed in [15], forecasting for 2—5 days
is performed) in the fact that in a specific current i-th
day of measurement, calculate the value of the water
level for i + 2 days, that is hfmza as well as for i + 3
(Mfs), i+ 4 (ki) and i + 5 (Kf.s) for any k = 1,
ey M.
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3. Application of an artificial neural network
for early prediction of water levels
at stationary hydropost

To solve this problem, it is proposed to use the results
of previous measurements of water levels (an array of large
retrospective data) at all stationary hydrological stations
located on the territory under consideration for all
previous years. The proposed method of early forecasting
is based on the use of an artificial neural network (fig. 1),
implemented using the free library of machine learning
programs "TensorFlow" [12]. The method of training
ANN backpropagation (backpropagation of the error),
changed by the authors of the article, is integrated into
this neural network via the API. As shown by the results
of the experiment presented in Section 4, the accuracy
and time of calculating the forecast prove the feasibility
of using this method in the framework of the advance
forecasting of water level values at stationary hydrological
posts. Thus, the forecasting process is proposed to be
carried out in three stages (fig. 2): data preprocessing,
forecasting model formation and data post-processing.

At the first stage, which is performed, as a rule,
before the development of a flood situation, the ANN
parameters are selected: the total number of neurons (107);
the number of neurons in the input (hj’-‘i « (6)) and output
(h/'f,-L (5)) layers; the number of intermediate layers (3)
and neurons in them ((Hj’fk (96)); the activation
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Fig. 1. Ontological model of the water level forecasting process
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function on hidden layers is sigmoidal, while a linear
activation function is used on the output layer due to its
weighted sum on each neuron of the output layer [13—15];
the amount of data for the samples: training (train, 60 %),
validation (validation, 20 %) and checking (test, 20 %);
number of epochs (200); learning rate o (0.90), selected
experimentally with further training of the artificial neural
network. But it is worth noting that when applying the
backpropagation method, it is necessary to normalize the
input values of the water levels H to prevent vanishing and
exploding gradients:

—k ;l; —h_.
B = 'ji ‘min 1
’ hmax - hmin ( )

where 4. and & are the minimum and maximum
values of water levels for all data supplied to the input
layer of the neural network for all hj’-‘i ,where k=1, ..., n.

To train the neural network (fig. 3), the
backpropagation method, modified by the authors of
the article, is used. The essence of the change lies
in the application of an experimentally set parameter

(coefficient) of the neural network learning rate.

A. Calculation of the squared error
As a rule, the inputs of the network are considered
as an input vector (h’f ) !
and the outputs of the network can be represented as

k| 1k 1k k
£), where s = HE, By, oy e |,

Teaching
methods
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Data preprocessing (1st stage) Formation of a predictive model (2nd stage)
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Fig. 2. Scheme of using a neural network to predict the values of water levels
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an output vector (h,k, ), where ;ﬁ = [@, % - hj’.‘l. L], is a set of pairs R of input vectors hj’j x and the desired

where, in thiscase K=1, ..., Mand L= 1, ..., N, in  output vectors: hfiLi
which M and N represent the number of values input — =\ (T e
and output vectors. Accordingly, the training sample R= {(hjil’hjil)’ (hji29 hjiz)» “e (hjika it )} (2
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Each time h/’-‘i,( is applied from R to the neural
network to the neural network, the actual output hj’f,. I
of the output layer will be calculated:

Wy = f (o), 3)

where o is the activation function, is determined by
the relation

o) =— @

and is the weighted sum of the outputs of neuron j in
each hidden layer H;:

oo
o, = 3 wiH, ®)
Jj'=l

where w is the weight of the synapse, k is the k-th
neuron in the intermediate layer. Based on this, we can
determine the squared error for each pair of vectors
of the set R by summing the squared errors in each
output neuron:

33 (A, -, ) ©

E =

and, as a consequence, the total squared error E by
summing all pairs of inputs and outputs in the training set:

1& S 1k k 2
E= 52 Z (hjil( o hjiLk,,) . (7)
=1 k=1

Thus, the goal of training is to minimize F by
finding an appropriate set of weights wy, and w},
where [/ varies from 1 to 4.

B. Determination of partial derivatives
by synapse weights

Based on relation (6), we can note that
df. 7 71
Bucntupy S M 8
dwj'k jiK Jil ( )
in this case, relying on (5), we obtain

do,

-H,. )

1
dwj,

Based on (9), we determine the partial derivative
E with respect to the weight w, to perform gradient
descent in (10) for the weights of the synapses between
the intermediate and output layers:

%z((m_a)*}’z)((c(a)—’ﬁ)ﬁﬂ) (10)

Moreover, if we consider the case between the
input and hidden (intermediate) layers, then it is worth
highlighting that in this case all outputs depend on w,;.
Thus, the partial derivative in this case will be found
as follows:

', - kil((h’k’( e )+ B ) (11)
), - )

Thus, equations (9) and (10) give all the necessary

values of Z—E for applying (10) and (11) in the framework
w

of gradient descent for all weights of the neural network.

C. Change in synapse weights
Each weight will be changed to dw to decrease E:

w(t +1) = w(t) + Aw(?), (12)

dE

where Aw(?) =l w(f) — is the weight of the
w

t

synapse at time ¢, w(t + 1) is the modified (updated)
weight of the synapse. And to increase the learning rate
of the neural network, the previously indicated parameter
o is added:

dE

Aw(r) = =251+ o (e ). 13)

t

At the second stage, the forecast model is formed
directly, and at the third stage, the water level values
are forecast. But since_all the values were previously
normalized hj’.‘,. €[0; 1]), then for their further use
within the framework of flood control measures, it is

. k .
necessary to denormalize hj;,, (14) according to the
inverse relation (1):

h_jl'(i’ = /,Tﬁ ’ (hmax - hmin) + m (14)

4. Analysis of the efficiency of the proposed
method in the framework of forecasting
the levels of water rise

To analyze the effectiveness of the proposed method
for predicting water levels, we used long-term data on
water level measurements at hydrological posts provided
by the Bashkir Department for Hydrometeorology
and Environmental Monitoring (Bashhydromet)
from 01.01.2000 to 02.05.2021 in the form: stationary
hydrological code station/automatic station, date, water
level at the stationary hydrological station/automatic
station.
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During the experiment, many iterations were carried
out for the entire period of long-term observations (from
01.01.2000 to 06.05.2021) to calculate the predicted
values of water levels. The total array of data used
in the experiment is 1,025,815 values, of which 60 %
are data of long-term observations in the period from
01.01.2000 to 31.12.2013, fed to the training sample of
the neural network, to the validation sample — 20 %
(01.01.2014 — 31.12.2017) and for the verification —
20 % (01.01.2018 — 06.05.2021), while the forecasting
depth, on the basis of which the predicted value is
calculated, is set experimentally depending on the
stationary hydrological post.

The article, as an example, presents the results of
an experiment, predicting water levels in the stationary

hydrological city of Ufa (76289, Belaya River) during the
spring flood of 2021 in the Republic of Bashkortostan.
The first stage consisted in comparing the real and
predicted values of water levels at hydrological stations
in different periods of the passage of the flood. The
results are shown in Table, where the real water level is
the actual measured value at the stationary hydrological
station and automatic station, and the predicted water
level is the water level value obtained using the neural
network. It is important to note that comparison
with other forecasting methods (see fig. 1) was made
in [14], according to the results of which neural network
forecasting showed a better result (the output values
turned out to be more accurate than when calculating
the predicted values of water levels by other methods).

Forecast values of water levels at stationary hydrological station (76289) Ufa obtained based on an artificial neural network

Forecast for Forecast for Forecast for Forecast for Forecast for Aeplimel oEier (e
Forecast date for the forecast
5 days, cm 4 days, cm 3 days, cm 2 days, cm 1 day, cm
date, cm
07.04.2021 71 109 294 344 364 Forecast for
12.04.21: 297
08.04.2021 114 311 329 311 365 Forecast for
13.04.21: 416
09.04.2021 338 396 328 376 477 Forecast for
14.04.21: 481
10.04.2021 353 419 403 531 514 Forecast for
15.04.21: 516
11.04.2021 432 372 552 523 567 Forecast for
16.04.21: 550
12.04.2021 455 582 603 537 556 Forecast for
17.04.21: 586
13.04.2021 581 565 589 631 608 Forecast for
18.04.21: 607
14.04.2021 613 606 596 615 655 Forecast for
19.04.21: 626
15.04.2021 635 636 634 619 636 Forecast for
20.04.21: 636
16.04.2021 635 654 660 655 637 Forecast for
21.04.21: 637
17.04.2021 626 649 673 660 669 Forecast for
22.04.21: 628
18.04.2021 607 635 663 688 689 Forecast for
23.04.21: 607
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Continuation of the table

19.04.2021 574 610 643 673 695 Forecast for
24.04.21: 587
20.04.2021 551 568 612 649 677 Forecast for
25.04.21: 565
21.04.2021 532 540 562 613 649 Forecast for
26.04.21: 526
22.04.2021 496 516 528 557 609 Forecast for
27.04.21: 475
23.04.2021 466 470 501 518 548 Forecast for
28.04.21: 432
24.04.2021 507 489 443 404 401 Forecast for
29.04.21: 387
25.04.2021 476 423 375 368 366 Forecast for
30.04.21: 318
26.04.2021 405 351 339 332 294 Forecast for
01.05.21: 255
27.04.2021 332 315 306 260 238 Forecast for
02.05.21: 232
28.04.2021 297 282 236 208 240 Forecast for
03.05.21: 189
29.04.2021 265 212 187 214 200 Forecast for
04.05.21: 179
30.04.2021 198 166 195 180 155 Forecast for
05.05.21: 161
01.05.2021 154 177 150 165 152 Forecast for
06.05.21: 141
Average error, 12,84 0,76 14,68 23,88 37,08 —
cm

Every day, since the start of monitoring the
development of the flood situation (in 2021 it is April 7,
but the forecast was made for 1—5 days, respectively,
the date of the beginning of the water rise level during
the spring flood can be considered 12.04.2021, that is,
i = 1), using a neural network, a forecast was made
for the next m (for example, 1—5) days at 1 gauging
station (that is, » = 1; this value of n was taken to
reduce the experiment time). The next day, the actual
value of water levels was measured at the same posts

hj’i ..m- Forecasting daily until May 01 (respectively, we
introduce the additional designation / — the number
of flood days, that is, the value of / ;,,, = 25) for each

post, we obtain 25 forecasts and actual values of water

levels for each of the n posts, which makes it possible
to determine the average forecast accuracy for each
k-th post:

1 lk,[+m

ZE|hjf,.—h’f

Jyi+m

ko _
E, =

k,i+m i=1

In this case, the error £ (in centimeters) on the
i-th day of the j-th year of each k-th gauging station is
calculated by the ratio of the absolute difference:

j.i+m

EX = |hf,. e

An important difference between the proposed
method for predicting water levels using an artificial
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neural network in comparison with other known methods
is the speed of obtaining a forecast and its correctness
(more accurate) with advance forecasting (in this case, by
5 days), the results are shown in fig. 4, see the 4th side of
cover. According to Table and fig. 4, it can be seen that
the artificial neural network gives fairly accurate results:
the average error does not exceed 37.08 cm for the entire
flood period. Thus, the implemented artificial neural
network showed a more accurate and stable result, which
proves the feasibility of using the proposed method in
the framework of early forecasting of a flood situation.

Conclusion

This method was carried out at a high level of ab-
straction without reference to physical objects (this al-
lows us to reduce the construction of a decision sup-
port system to a formal algorithm), which opens up the
possibility of using it in a wide range of areas and tasks,
including forecasting various natural case — water levels on
water bodies) phenomena, man-made disasters, economic
phenomena, etc. The analysis of efficiency based on the
proposed method showed that the use of an artificial neural
network showed more stable results when predicting water
level values using the example of a spring flood in the Re-
public of Bashkortostan, which will give the necessary time
for special services to implement flood control measures to
prepare for the protection of technical facilities.

Thus, performing a sequence of data normalization,
training a neural network with specified parameters, and
adjusting the synapse weights, we obtain a method for con-
structing a decision support system for a wide range of tasks.
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Pucynxu k crathe N. M. Borgest, S. A. Vlasov

NG VIRTUAL REALITY TECHNOLOGY IN THE DESIGN
OF COMPLEX SYSTEMS»

Fig. 6. Fuselage frame

Fig. 7. Working with
the robot designer in VR

Engine selection

Mass in the first
approximation

Parameter

Number of crew members, person
Payload, kg

Cruising speed, km/h

Cruising altitude, m

Runway length, m

Maximum flight range, km
Specific load on the wing dN/mA2
Wing sweep angle, degrees

Wing extension

Narrowing of the wing

Sweep angle of the horizontal tail, degrees
Narrowing of the horizontal tail

Value
8
130000
850
10000
2000
5000
483,321
35

75
346

3

28

3

. BEEARE+ - ~+

Fig. 8. Working
with the robot designer
in VR, engine model



One Linear
Pucynok k cratbe Succession
N. M. Borgest, S. A. Vlasov

«USING VIRTUAL REALITY

TECHNOLOGY IN THE DESIGN
OF COMPLEX SYSTEMS»

Outer
Iteration

1. Outline

2. Assignment
Phase

Fig. 9. A phase model for
VR and AR training

Pucynoxk k cratpe E. V. Palchevsky, V. V. Antonov

«STABILITY DECISION SUPPORT SYSTEM BASED ON APPLICATION
OF THE SECOND GENERATION NEURAL NETWORK»

= | 800 ~+5 day forecast
4 | 700 —= 4 day forecast
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Days

Fig. 4. The result of forecasting water levels for 5 days
at the stationary hydrological station 76289 in Ufa
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