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OCHOBHBIE CTPYKTYPbI JAHHBIX HA BA3E
ACCOIIMATUBHBIX HEUPOHHBIX CETEN

be3 OCHOBHBIX CTPYKTYp NaHHBIX: CIIMCKOB, Mara3wHOB, OuepeleH, NepeBbEeB U T.I.,
HEBO3MO)KHa pa3paboTka 3(P(PEKTUBHBIX anroputMoB. OJHAKO NpH MOJCIMPOBAHUU psijia
TEXHOJIOTHYECKHUX IMPOIECCOB (HAMPUMED, IPH JIE3BUUHON 00OpabOTKE METAIOB) OOBIYHBIE
CTPYKTYpPbI AaHHBIX HEAOCTATOYHO COOTBCTCTBYIOT 3THUM IIpOoLECCaM M IMO3TOMY CTAHOBATCA
Hea(deKTUBHBIMH. B CBsSI3M ¢ 3TUM Ipeajaraercs HOBas CTPYKTypa JaHHBIX Ha OCHOBE
ACCOLIMATUBHBIX HEHUPOHHBIX CeTel, mo3Boisomas Oosnee SPPEKTUBHO MOACIUPOBATH
TEXHOJIOTMUECKHE TIPOLIECCHI JIe3BUitHOW 00paboTku MeTamios. Mi.: 6. bubmumorp.: 11 nass.

KunroueBble cjioBa: CTPYKTypa MaHHBIX; TEXHOIOMMYECKUH MPOIIECC; aCCOLHATHBHBIC
HEHUpPOHHBIE CETH; JIe3BHiiHAasE 00pabOTKa METaJlIOB.

IlocTtanoBka mpo0JieMbl U aHAAU3 JuTepaTypbl. OHA U3 TJIaBHBIX
3a/lad COBPEMEHHBIX KOMIIBIOTEPOB — 3TO XpaHEHue OoJbIINX O00BEMOB
vHpOpMalUKM B Pa3IMYHBIX 0a3ax NAaHHBIX U OBICTPBIM MOUCK HEOOXOIMMOMN
nHpopmanuu B HTUX 0azax. KoMmbloTepsl UMEIOT aJpeCHYI0 OPTaHH3aIUI0
MaMsTH, a IaHHbIE B TUIIMYHBIX PEJSIIMOHHBIX 0a3aX XpaHATCS B BUJIE TAOIULI,
KOTOpbIE UMEIOT TPU T'PYMIbl MOJEH: HAMMEHOBAaHWM, JaHHBIX U CHUCTEMHbIE
1oJ1s1, 00ecreynBaroIfe CBSI3b C IIABHBIMU U MOJUYMHEHHBIMH Ta0JINLIaMHU.

AnpecHasi opranuzaiys namsTH KOMIbIOTEpa TpedyeT 3HaHMs ajpeca, o
KOTOpPOMY HaxOJSTCSl JaHHbIE, U OMNPEJIEJICHHOIO BPEMEHU Uil OOpalieHus
rporeccopa K suerke maMmsatd. [Ipum 3TomM KaHa mpoueccop-naMsaTh UMEET
CYLIECTBEHHO MEHBIIYIO MPOU3BOAUTEIBLHOCTD, YeM Ipoieccop. IIpumenenue
anmnapaTHbIX CPEJCTB YCKOPEHHUS JOCTyNna K JaHHBIM II0Ka HE CIIHIIKOM
rnmomMoraer u3-3a Oosbliux 00beMoB mnamsATu. [lepcnexTuBHA anmapaTHas
pa3zpaboTka accOolMaTUBHOM HaMsATH. MUKpPOCXEMbl 3TOH NHamsITH MOTYT
CYUIECTBEHHO IOBBICUTh MPOU3BOJUTENLHOCTh 00pabOTKH HHpOpPMaIUH.
Onnako acconuaruBHas maMsath (AIT) OosbIIOro 0ObeMa B HACTOSIICE BPEMs
SBJIIETCS CIIMILIKOM JOPOroi. B ¢Bsi3u ¢ 3TUM yCKOpEHME JOCTYIA K IaHHbIM B
HacCTOsIIee BpeMs B OCHOBHOM O0ECIEYMBAETCS C MOMOIIbIO MMPOrPAMMHOTO
obOecrieyeHus, € TMOMOUIbI0 KOTOPOro TE€M WJIM HHBIM  CrHocoOoM
OCYILIECTBIISIETCS accoLlMaTUBHAsl 00paboTKa XpaHsAIIMXCs AaHHbIX. [Ipumepom
TAKOTO MPOTPAMMHOTO CpEJCTBA MOXET CIYKHUTh s3Ik SQL s
penAMoHHbIX 0a3 maHHbBIX [1, 2]. AccoruaruBHas BBIOOpKA C ITOMOIIBIO
koMmaH s3pika SQL oOecrieunBaeTcsi CTPYKTYpOH €ro KOMaHI, B KOTOPBIX
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YKa3bIBAaETCs: HEMOCPEACTBEHHO BBINOJIHSIEMAasi KOMaH/a, 00JacTh BIOOPKU B
0a3e JaHHBIX, BbIJaBaeMble JaHHbIEC U YCIOBHS UX 0TOOpA U3 TAaOIUL, a TaKkKe
YCIIOBUS CBSI3U MEXKy TaOJIUIIaMHU.

Eme omua cmoco6 mporpamMmHOro oOecredeHus: i acCOIMATHBHOM
00pabOTKM JaHHBIX — 3TO MPOrpaMMHasi peajau3anus pa3InyHbIX HEMPOHHBIX
CETEH.

HeliponHple ceTH IIMPOKO  MCHOJB3YIOTCS I OpraHU3alyu
accouuatuBHOM nmamsaTu. Hanbosee npoctoil mpuMep accoMaTUBHON MaMsITH
Ha HEHpPOHHBIX CETAX — 3TO TeTepoaccolUaTHBHAs MaMsTh, COCTOSLIAs W3
JBYX CJIOEB HEUPOHOB: CEHCOPHOTO M BBIXOJHOTO C OJHOHAINpPAaBICHHBIMHU
CBS3SIMU MEXJly HUMH. ECiu B ceTu 4nuciao BXOAHBIX HEHPOHOB 0OJIbIIIE Yncia
BBIXOJIHBIX, TO CETh MOXKET HCII0JIb30BAThCS B KAUECTBE T'€TEPOACCOIIMAaTUBHOMN
MaMsTH, €CJIM B CETH YUCIIO BXOJHBIX HEHPOHOB PABHO YHCITYy BBIXOJHBIX, TO
CeTh MOYKET HMCIIOJIb30BaThCsl KaK aBToacconuaruBHas namsath [3]. HemocraTok
TakOl TMaMATH — HEBO3MOJKHOCTb OCYLIECTBJICHHS JBYXCTOPOHHETO
BOCCTaHOBJICHUS aCCOLIMALMI U3 TAMSITH.

DTOro HenocTaTKa HET y M3BECTHOW JBYHAIIPaBJIEHHON acCOLMAaTUBHOMN
naMmsTu, pa3paboTaHHON Ha OCHOBE JIUCKPETHBIX HEWpOHHBbIX ceTeil APT-1,
CBSI3aHHBIX MEX]y CO00#1 C IOMOIIBIO POMEKYTOYHOTO CJI0s1 HEHPOHOB [4].

HenocratkoM 3TOil ceTu SBISIETCS €€ CII0XKHOCTb, 3aTpyAHSIOIIAs
pa3paboTKy HEHpPOHHBIX ceTed s 3allOMHUHAaHUA Oojiee  CII0XKHO
OpraHU30BaHHbBIX JTAHHBIX.

bonee mnpocroi, HO BBIMOJNHSIOMIEH T€ K€ (QYHKUWH, SBISETCS
HEWpOHHAs CETh, MOJYYMBIIAs HA3BaHUE JBYHAIIPABICHHONW ACCOLMATHBHOU
namsta (JIAIT), cocTosimas U3 ABYyX CEHCOPHBIX CJIOEB 3JIEMEHTOB, HEHPOHBI
KOTOPBIX CBSI3aHbl MeEXkay cOOOM MapamMu B3BELIEHHBIX JBYHAIPaBICHHBIX
CBSI3€#l C COOTBETCTBYIOIUMH BeCOBBIMU Kod(duitnentamu (puc. 1) [5, 6].

!

Puc. 1. /[BynanpasiieHHas acCOITMATHBHAS TAMSTh
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N3o0paxenuss (uiam N-MepHbIe JHOO IM-MEpHBIC BXOJIHBIC BEKTOPA)
MOT'YT IOJaBaTbCA COOTBECTCTBCHHO Ha BXObI X- i Y-3JIEMEHTOB. HpI/I 3TOM
HE TIpeAmoJiaraeTcsi Tmojada u3o0pakeHHWl Ha o0a Cjosi DJIEMEHTOB
OJHOBPCMCEHHO. Eciu BecoBas MaTpua jid CUTHAJIOB, IMOCBUIACMBIX U3
X-CJ1051 DJIEMEHTOB B Y-CIIOH, €CTh

W= Wi o Wy Wi [ (1)
Wnl VVnk "'an

TO BECOBas MaTpHIla /Ui CUTHAJIOB OT Y-3JIEMEHTOB B X-CIIOH WUMEET BH]]

TPaHCIOHUPOBAHHOW MaTPUIIbI W7 . Kak X-cioii, Tak u Y-CIIOH 3JIeMEHTOB
MOXET OBITh BXOIHBIM U BBIXOTHBIM.
Cetp crocoOHa 3arMmOMHHATH Tapbl ACCOIMHUPOBAHHBIX JIPYr C JAPYrOM

msobpaxennit S° =(sP,..., sP), TP =(tP,..,tP) u3 mexoTopwix 3amammbIx
MHOKeCTB m300paxkennit S=(St,..., SP,..,sb, T=t..,TP...ThH, L -

YHCJIO aCCOLMMPOBAHHBIX Tap.
CymectByroT paznuunable Bapuantbl JIAIl, B Tom umcie, OMHApHBIH,
OuMnoJsIipHBIii W HenpepbiBHBIN. J[Bowunbie ¢opmer JIAIl (Ounaphas u
OunoJssipHast) TeCHO B3auMocBsizaHbl. [Iponecc oOyuenus JJAIl ¢ GuHApHBIMU
HEUPOHAMHU COCTOUT B MPEIBAPUTEIHHOM HACTPOMKE BECOB CBS3EH MEXKIY X-

U Y-aedipoHamu (dnmemMeHTOB Matpuibl W =|ij|) B COOTBETCTBHH C
dbopmyroit
& = —
Wy =a (2sP-D(20- 1, j=Ln, k=1m, 2

p=1
i GOPMYITON 711 OUTIOJIIPHBIX HEHPOHOB

L
8 aPtP i T L -1
ij—asjtk,j—Ln,k—Lm. 3
p=1
JluHaMpKa [IByHanmpaBJI€HHOM AaCCOUMATHBHOM IAMATH  SBIISIETCS
UTEepallMOHHOM. [Tpo1iecc n3MEeHEeHHs BBIXOIHBIX CUTHAJIOB HEMPOHOB KaXKJI0TO

cnoss JAIl ocymecTBiseTcs CHHXPOHHO B Hadajle WMTEpPAlWH, NIPH ITOM
CUTHAJIbI TIOCBIIAIOTCA U3 CJIOS B CJIOM MOCJIEI0BATENbHO, @ HE OJJHOBPEMEHHO
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B 000MX HampaBlicHUsX. [Ipy OWHApHBIX BXOJIHBIX BEKTOPAX BBIXOIHBIE
curnaisl X- u Y-Heiiponos onpenensiores pynxuusvu aktusamun Uy, )

11, ecmn Uy, 5(t)>0,
i

U 6b1X. P (t + 1) = | U 6bix. P (t)| €Clin U 6x.p (t) = 0, (4)
+ 0, ecn U, 5 (t)<O,

roe U (t+1 — Bexogmoi curman p-ro (p=1, ..., n,n+ 1, ..., n + m)

6bIX. P
GuHapHOTO >MeMenTa B MoMeHT Bpemenn t + 1, U, (t) — Bxommoii curnan

p-ro snemMeHTa B MOMEHT BpeMEHH {.

ITo cpaBHenuto ¢ m3BecTHbIMU HelpoHHBIMU ceTsiMmu JIAIl cmocoGHa
OCYUIECTBJIATh IBYXCTOPOHHEE BOCCTAHOBIIEHHE ACCOLMALIMM U3 MaMSATH CETH.
OpHako y Hee OTCYTCTBYET BO3MOKHOCTb 3allOMHUHAHHUS U BOCCTaHOBJICHHS
W3 MaMSITH LETOYEK aCCOIMAIMI MEK/Ty BXOJHBIMUA U BBIXOJHBIMU JAHHBIMH.
Jlns  oOecmedeHns TakoW BO3MOXKHOCTH HEOOXOOMMa  MHOTOCIOMHAs
HEHpOHHAasi CeTh, B KOTOPOH CKpBITHIE CJIOM HEUPOHOB 00OECHeYnBarOT
3allOMMHaHUE LenodYek acconuanui. Llemoukm accomumanuii, mojay4aemsble C
MOMOINBI0O MHOTOCIOMHBIX CETEeH  acCOIMaTHMBHOW  ITAMSITH, MOJKHO
paccMaTpuBaTh KaK CHEUATU3UPOBAHHBIE CIHUCKU JAHHBIX, MCIOJIb3yEMbIC
IpU pa3paboTKe aJrOPUTMOB MOJEIMPOBAHMS TEXHOJOTMYECKHX IPOLIECCOB
Je3BHItHONW 00paboTKu Metammnueckux u3aenuit [8]. Ho mnst adpdexTuHOTO
MOJICTUPOBAHUS M 3alIOMUHAHUS TEXHOJIOTMYECKUX IMPOIECCOB HEOOXOIMMO
HE TOJBKO () (PEKTUBHOE MpEACTaBICHUE CIIUCKOB, HO M OMHCAHUE U JIPYTHX
CTPYKTYP JAaHHBIX C IOMOIIBIO HEMPOHHBIX CETEH.

Heab0 cTaTbMm B CBS3U C 3TUM SBISETCS pa3pabOTKa OCHOBHBIX
CTPYKTYp [JIaHHBIX Ha OCHOBE AacCCOIIMAaTUBHBIX HEHPOHHBIX CETEH IS
3¢ (HEeKTUBHOTO MOIETUPOBAHUS TEXHOJIOTHIECKUX TTPOIIECCOB.

Heitponnas ceTp il 3aIOMHUHAHUS LIEMIOYEK aCCOLMAIMNA MOJy4aeTcs
u3 JIAIl nyrem BBeneHus B ee CTpykTypy N (4eTHOE 4MCIio) CI0eB HEHPOHOB,
KOTOpBIE  TOCJIEAOBATEIbHO COEOUHEHBI JIpyr € JOpPyroM Mapamu

JIBYHAITPaBJICHHBIX B3BELICHHBIX CBs3eil (puc. 2).

Kaxxnprit Helipon (le, .y Zél, .y Zél) nepBoro u3 N c10eB BBE/IEHHBIX B
JAIl HEeMpOHOB COEIMHAETCS ABYHAIIPABICHHBIMU B3BEIICHHBIMU CBA3SIMU C
KaXabM HeiipoHOM (X4,..., X|,..., X;;) IIEpBOrO CEHCOPHOTrO CilOs. DTH JBa

CI0SI HEWpPOHOB, IPU COOTBETCTBYIOLIMX BECaX CBS3E€d MEXKIYy HUMH,
(haKTUYECKH SIBISIOTCS IBYHAIPABICHHON acCOIMATUBHOM mamsThio (puc. 3),
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KOTOpasi MpHU HAIMYMKA H300paKeHHs Ha BXojax HedpoHoB X; (i=1n)
HIEPBOr0 CEHCOPHOTO CJIOSI OTpPEeNseT acCOIMaTHBHOE HW300pakeHHe Ha

o 1
BBIXOJ[aX HEPOHOB MEPBOTO cI0si Z~ -3JIEMEHTOB.

Puc. 2. MHorocoiHas accolaTuBHast IaMsITh

N naobopot, nmpu Hamuuuu HU300pakKeHUs, MOCTYMHUBIIETO C BBIXOIOB

2 . 1
2JIEeMEHTOB  Z°-cliosi  Ha  BXOAbl  HEWPOHOB Z~-CJOs,  OINpeAemsieT

accOLMaTUBHOE M300pakeHHE Ha BBIXOJAaX 3JI€MEHTOB X-cios. [lockoibky
KaKIblH HelpoH mnocinenHero u3 N cioeB Z-HEHpOHOB COEIUHSETCS
ABYHAITPAaBJICHHBIMU B3BCILICHHBIMHU CBA3AMU C KaXXJbIM HCI\/’IpOHOM

Y; (J=1,m) BTOPOro CEHCOPHOTO €IOsA, TO MPU COOTBETCTBYIOUIMX BECAX

CBA3eM Mexay HeillpoHaMuM 3TUX CII0€B OHHU Takke oOpas3yroT
JBYHAIIPaBICHHYIO aCCOLMATUBHYIO IIaMTh JIAH(N /2)+1 (puc. 3), xotopas

XpaHUT B BECaxX CBOUX CBs3Cit mapsl aCCOMATUBHBIX I/I306pa)KeHI/II\/’I, KOTOPBIC
MOT'YT IMOCTYINaTb COOTBETCTBCHHO HA BXOJbI CJIOsA Y-3JIEMEHTOB HJIM Ha BXO/JBbI

N
cinos Z' " ->IeMEeHTOB. AHalOrMuHbiM obOpazom Omoku JIAIl moryr ObITh

. 2 4
MOJIy4€Hbl U3 HEMPOHOB c0eB Z“ U 73, z%u z° (cooTBEeTCTBEHHO OJIOKU

152



BicHuk HauyioHanbHO20 mexHiyHo20 yHisepcumemy "XII', 2018, Ne 42 (1318)
I SSN 2079-0031 (Print) 1SSN 2411-0558 (Online)

HAIT, u JJAIl; ©a puc. 3). Takum oOpa3om, Hosrydaercs apXHTEKTypa

HEUPOHHOM CETH, COCTOSIIas W3 IOCIEAOBATEIIbHO COEAMHEHHBIX OJIOKOB
JIAII, cmocoOHas 3alIOMUHATH [STTOYKH aCCOITHAITHH.

-

JAII (V21

EE

Puc. 3. MHorocnoiitnas acconraTiUBHAs IaMATh B Buae 0;10koB JIATT

Pa3paboranHas cerb (QYHKIMOHHPYET COIJIACHO JBYM aJrOpUTMaMm:
oOyueHuss W paclo3HaBaHHs. AJTOPUTM OOydeHUs MpeAcTaBiseT coboit
MpoIiecC OmpeaesieHus Habopa 00yJaronux M300paXeHUH W pacueT MaTpPHI]

BECOB CBSI3€H MEX]Y CJIOSIMH HEUMpPOHOB Y U Zl, Z% n Z3, ZNu Y 1o
M3BECTHBIM COOTHOIIeHUs Bua (2) u (3).

Anroput™M (QYHKUMOHUPOBAHUS TIEPBOTO WM TMOCJIenHero Oioka
MHOTOCJIOMHOW CEeTH MpH MojAaye M300paKeHHUs] COOTBETCTBEHHO HA IEpPBbIN
WA BTOPO CEHCOPHBIE BXOJbl MHOTOCIOMHON MaMsATH HUYEM HE OTIMYACTCS
ot amroput™ma ¢yakiuonupoBanus JAIl. AccommaTuBHBIE H300paKeHHUS,
MOJIyueHHbIE Ha BBIXOJE MepBoro uiaum nocieanero Onoka JAIl cayxar
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BXOIIHBIMU I/I306pa)K6HI/IflMI/I COOTBCTCTBCHHO JJIs1 BTOpOFO NN
npeanociaeaHero omoka JJAIl MHOTOCIIONHOM TaMSITH | T.1I.

CnuckM  JIaHHBIX. PaccMOoTpeHHBIE ~ MHOTOCIOWHBIC cetu
aCCOIMATUBHOW MaMATH (AKTHUYECKH BBIMOJHAIOT XPaHEHHE CITMCKOB
accoIManuii. A CIIUCOK, KaK M3BECTHO, SBJISICTCS OJHMM W3 OCHOBHBIX THIIOB
JTaHHBIX, KOTOpPbIC HCIOJB3YIOTCS B Pa3IHYHBIX aaropuT™Max o00paboTKH
unpopmanmu [9 — 11]. CHrCOK COCTOUT U3 TPYIIIBI AIEMEHTOB (KOMITOHEHT,
y3JI0B), KOTOpBIE IOCJIEIOBATEIBHO COCAMHEHBI MEXay co0oi. Kaxkmprit
AJIEMEHT COCTOMT U3 JBYX SYECK MaMSTH, IepBas U3 KOTOPBIX COJICPKHUT CaM
JNIEMEHT, @ BTOpas s4eiiKa SIBJISCTCS yKa3aTeJeM Ha CJCAYIOIIUHA KOMIIOHEHT
criucka (puc. 4).

VEkazarenu

—

Hauano
CIIHCKA Jaunsle

Komnern crincka

Puc. 4. Cncok co cBA3SIMH

[TockonbKy Takve CHOUCKM MMEIOT TOJIBKO OJWH YyKa3arellb Ha
CHEAYIOUIMKA 3JEMEHT, TO OHHM HA3bIBAKOTCA OJHOCBS3HBIMHU. ECIM KaIbld
3JIEMEHT CIIMCKa MMEET JIBa yKa3aTessl — OJMH Ha CIECAYIOIIUN 3JEMEHT, a
JIPYyrol — Ha NPEALIECTBYIOIIUA — TO TaKW€ CIUCKH HAa3bIBAIOTCS JBAXIbI
CBSI3AHHBIMM WJIM  JABYXCBSI3HBIMHU. [Ipy 3TOM CHHCKM TpEeAnoJiararoT
BO3MOXKHOCTh yAaJIeHUss ¥ J00aBJICHWs HOBBIX AJIEMEHTOB WJIM WX TPYIIII,
cuericHne (KOHKATEHAIMIO) JBYX CIHCKOB WM pacCICIUICHHEe Ha JBa
HE3aBUCUMBIX CIIMCKA.

ApPXHUTEKTypa MHOTOCJIOWHOW acCCOIMATHBHOM IMaMATH B BUIE OJIOKOB
JIAII mo3BoJisieT Jerko BBINOJHATH BCE YKa3aHHbIE onepaunu. Hanpumep, npu

pacLEIUIEHUU JBYXCBA3HOIO crnucka Mexay snemenramu JIAIL, m JIAIlg,
€CJIM TIePBBIH AJIEMEHT CIUCKa XpaHuThcs B Oioke JIAIl, (puc. 3), mepBbrii
CIHCOK Oyzner coctosATh Toabko u3 OnokoB JAIl, m JAIL, u curnaisl ¢
BeIxoa 6nmoka JIAIIL, He Oynyr momaBaTthbes Ha BXozpl Onoka JIAll;. B 610k
JAII, Oyzaer BBeleH HOBBIH ykazaTeinb Ha cienyrouiuii 6iaox JAIL Bropoit
cimcok Oyner cocrosts u3 6nokos JAll; , ..., JAIly,, , JAll o)y ¥ Ha
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Bxoabl Omnoka JIAIl; nomkHBl OydyT IojaBaTbhCs JHaHHBIE C OJIOKa,

OTIPENIETICHHOTO HOBBIM yKa3aTeJIeM Ha MPEIIIECTBYIOMINI OJIOK.
[Ipu nmobGaBnennu HOBorOo diemeHta JIAIL | B CIIHCOK, HampHMep,

mexay onementamu  JIAIL,  wm JIAIL.4, Korma paccMaTpUBaeTCs
IOBYXCBSI3HBIA CIIMCOK M YHCIO BBIXONOB dneMeHTa JIAIl, paBHO 4uciy
BXOJIOB 9JIEMEHTa JIAIl ; , HEOOXOMMO BBINOIHUTH CIICYIOLINE ACHCTBHUS:

1. B Onoke JIAIl, HeoOXoauMoO yKa3aTelb Ha CIEAYIOLIMHA OJI0K
JAAIl,; 3ameHuTh Ha yKasarens Ha Omox JIAIL; .

2. B Gnoke JIATl; yCTaHOBUTb yKa3aTesb Ha NMPEIIECTBYIOLINA 610K

HAIl, , a yka3zaTenp Ha MOCHEYHOIIMNA OJOK JOJDKEH yKa3blBaThb Ha OJIOK

JIAHk+1'
3. B 6noke J[IAIl,, YyKa3aTrenb Ha NPEIMICCTBYIONNI OJOK OJDKEH
OBITH 3aMCHEH Ha yKasaTens Omoka JIAIL; .

Crexu u ovepeau [9 — 11]. CreunanbHbIi BHJ CIIUCKA — CTEK HJIH
MarasuH. DJIeMEHTBI B CTEKE JOOABISIOTCS WM YAAISIOTCS Ha KOHIIE CITUCKA
M0 MPUHIMUITY "'TOCIEeIHUN BOIIET — MEepBbIi Bhimen". OQuepenp — eie OJuH
CHenuanbHbI BHJ CHUCKAa. B ouepenu smeMeHTHI Bcerjaa J00aBISIOTCS C
OJIHOTO KOHIIA CTIMCKA, a YIAJISIOTCS C IPYTroro.

CIUCKY YacTO UCIONIB3YIOTCS U IS TpeicTaBieHns MHoxecTs [10].

CTpyKTYypbl JaHHBIX B BHJ€e rpadoB U JAepeBbeB, PCATN30BAHHBIC C
ITIOMOIIIbIO HEHPOHHBIX CETEM.

W3 apXxuTekTypsl MHOTOCIOHHOH accommaTiBHOW mamsatd (puc. 3)
CIIEIyeT, YTO MOKHO pacCMaTpUBATh HE TOJILKO IETOYKU TOCIEI0BATEIBHBIX
acconuanuii, 3anomuHaemsix 6mokamu JAIl, HAIL,, ..., )IAH(N,Z)+1, HO U

accoluanu MKy BXogamu (M300paKEHUSIMH) JIFOOBIX JBYX OJIOKOB
MHOTOC/IOWHOH cetn (puc. 5), KOTOpas MOJEIHMPYET BYHAIpaBJICHHBIH
OpPHEHTHPOBaHHBIN rpad. A rpadsbl (OpUESHTUPOBAHHBIC, HEOPHUEHTUPOBAHHBIC
W JIByHaIIpaBJICHHbBIE), KaK U3BeCTHO [9 — 11] ABISIOTCS OJHUM M3 OCHOBHBIX
Npe/CTaBICHUN CTPYKTYp HaHHBIX. Ha puc. 5 mpencraBieHa apxXuTeKTypa
HEHUPOHHOM ceTH, MoJenupyomas rpagoByl0 CTPYKTYpy MAAaHHBIX U
ACCOIMATHBHYIO MaMATh COOTBETCTBYIOIIETO BHJAA Ui Cilydas, KOT/a
MHOTOCJIOWHAsI accolMaTHBHAs mamsTh (puc. 3) coaepxut cemb OokoB JIATL.
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TR

JIAIL, JTATL,
TIATI, & s JAIL,
—

JATI; HAITL,

Puc. 5. AcconmatuBHas naMsTh, peajl30BaHHAs B BUJC ABYHAIIpaBJIeHHOr0 rpada

YacTHbIM, HO OYE€Hb BaXXHBIM BHUJOM OpPHEHTUPOBAHHBIX TIpadoB
SIBISIFOTCS iepeBbs [9 — 11].

KopHeBbiM  nepeBOM  WJIM ~ [POCTO  JEPEBOM  Ha3bIBaeTCs
OPUEHTUPOBAHHBIN ALIUKINYECKUH I'pad, yIOBIETBOPSIOINI YCIOBUSAM:

— rpad uMeeT eQUHCTBEHHBIN Y3€l, KOTOpBIM Ha3bIBaeTCsi KOPHEM, B
KOTOPBIA HE BXOAUT HHU OJTHO pedpo;

— B 110001 y3€71, 32 UCKIIFOUCHHE KOPHS, BXOJAUT OJHO peOpo;

— U3 KOPHA K K&KJIOMY Y31y UJET €IUHCTBEHHBIN MyTh.

[lycte D =(V,E) —rpad, sBastomuiics AepeBoM, 37eCb V—MHOKECTBO
y3710B JepeBa, E—MHOXecTBO pedep, 3aaBaeMbIX YIOPSIOUYEHHBIMU TIapaMH
y310B nepeBa. Ecimu (v,w)1 E, To y3en V Ha3eIBaIOT OTHOM y371a W, a y3em W
Ha3bIBalOT ChIHOM y3na V. Ecau mapa y3moB (V,W) He ompezaensieT pedpo
JiepeBa, HO €CTh MyTh U3 y3J1a V B y3el W, TO y3€J V SBJISETCS MPEAKOM y3ia W,
a y3eq W — ero moTOMKOM.

[Ipu 06paboTke AaHHBIX HanMboOJee YacTo MPUMEHSIOTCS OMHAPHBIE WIIH
JIBOMYHBIE YIOPSIOUEHHBIE JEPEBbs, TO €CTh JIEPEBbS, Y KOTOPHIX MHOKECTBA
CBIHOBEH KaXJIOTO y3/1a ynopsiioueHo (cieBa HampaBo). [Ipu 3TOM KaKmblit
y3e1 uMmeeT He Oosiee JBYX ChIHOBEW M He 0oJiee OJHOIO JIEBOIO U IPABOTO
ceiHa. Ha pwuc. 6 mpexncraBieHa HeHpoHHas ceTh Ha Omokax JIAII,
MOJENUPYIOIIasi IBOUYHOE JIEPEBO.
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Puc. 6. AcconmatuBHas aMsATh, peajlM30BaHHAs B BUJE IBOUYHOIO JepeBa

AAIT;

BoiBoabl. [[y1s1 MogenupoBaHusl TEXHOJIOTHYECKUX TPOIIECCOB BIIEPBBIE
pa3paboTaHa CTPYKTypa JaHHBIX Ha OCHOBE aCCOI[MATUBHBIX HEHPOHHBIX
CeTeH, MO3BOJIIOIIAS C NOMOIIBK) HEWPOHHBIX CETEH OINUCATh CTPYKTYPHI
JAHHBIX. CIHCKH, ouepenu, rpadsl U JepeBbsi. B mocnemyromux padorax
MpEeIoaaraeTcd JOajlbHENIee pa3BUTHE HEHUPOCETEBOrO0 MOJECIUPOBAHUS

CTPYKTYp JaHHBIX.

Cnucok auTepaTypsl:

1. Juba S Learning Postgre SQL 10 / S Juba, A. Volkov // Birmingham: PacktPubliahing,
2017. - 488 P.

2. Kowonnu T. ba3pl JaHHBIX: TPOEKTUPOBAHWE, peEANU3alMsi M  CONPOBOXKACHHE.
Teopustunipaktuika / T. Kononnu, K. beze. — M.: [lnanektuka — Busbsmc, 2017. — 1440 c.

3. Fausett L. Fundamentals of Neural Networks. Architectures, Algorithms and Applications
/ L. Fausett. - NewJdersey: PrenticeHallInt., Inc., 2006. - 483 p.

4. Tlatenr Ha kopucHy momenb MITK GO6G 7/100. IIpuctpiii JBOCTIPSAMOBAHOI aCOIIaTUBHOT
nam’sti /| BJ. dmumpienko, O.FO. 3axoeopomuuii; 3aMOBHMK Ta BIIACHHUK IATEHTY
HanionaneHuii TexHiuHMi yHiBepcuTeT "XapKiBCbKMHM MONITEXHIYHUH 1HCTHTYT'. —
Ne 200605460, 3assiaeno 19.05.2006; omy6mikosano 15.11.2006, 6rom. 11.

5. Amnonvcoxuii JI.C. Heiiporexuosorii ta ueiipocucremu [/ JIL.C. Amnonvcekuil. —
Mouorpadis. —K.: " dDopano — dpyx", 2015. — 508 c.

6. boosincoxkuii E.B. VckyccTBeHHbIE HEWPOHHBIE CeTH: ApPXUTEKTYpbl, 00ydeHHe,
npumenenust / E.B. boosincokuii, O.I. Pyoenxo. — X.: TEJIETEX, 2004. — 372 c.

7. Chien W.T. The predictive modd for machinability of 304 stainless steel / W.T. Chien,
C.Y. Chou // Journal of Materials Processing Technology. — 2001. — Ne 118. — P. 442-447.

8. Hopenkxos H.I1. OcHOBBI aBTOMATU3UPOBaHHOTO mipoektupoBanus / H.I1. Hopenkos. — M.
H3zn-Bo MI'TY um. H.D. baymana, 2000. — 215 c.

9. Ceoorceurx P. Computer Science. OcHoBbl porpaMmupoBanus Ha Java, OOII, anropuT™sl U
cTpykTypsl gaHHbIX / P. Cedocsux, K. Youn. — CII6: Tlutep, 2016. — 1072 c.

10. Axo A.B. CTpykTypsl JaHHBIX U ajaroputmsl / A.B. Axo, [1.9. Xonkpogpm, I /. YVnoman. —
M.: Inanextrka — Bunssamc, 2018. — 400 c.

11. Cmusenc P. Anroputmbl. Teopus W Tmpaktudeckoe mpumenenue /| P. Cmueenc. — M.:
Dkemo, 2016. — 544 c.

157



BicHuk HauyioHanbHO20 mexHiyHo20 yHisepcumemy "XII', 2018, Ne 42 (1318)
I SSN 2079-0031 (Print) 1SSN 2411-0558 (Online)

Bibliography:

1. Juba, S, and Volkov, A. Learning Postgre SQL 10 (2017), Packt Publighing, Birmingham,
438 p.

2. Konalli, T. (2017), Database Systems. design, implementation and maintenance. Theory
and practice, Dialektika-Vilyams, Moskow, 1440 p.

3. Fausett, L. (2006), Fundamentals of Neural Networks. Architectures, Algorithms and
Applications, New Jersey: Prentice Hall Int., Inc., 483 p.

4, Patent on an useful modedl MPK GO6G 7/100. Bi-directional associative memory device /
Dmirtienko V.D., ZakovorotniyO.Yu.; customer and owner Nationa technical university
"Kharkiv polytechnic ingtitute'.— Ne200605460, stated 19.05.2006; published 15.11.2006,
byul. 11.

5. Yampolskiy, L.S. (2015), Neurotechnology and neurosystems, Monograph, "Dorado —
Druk", Kiev, 508 p.

6. Bodyanskiy, E.V. (2004), Artificial neural networks. architecture, training, application,
TELETEH, Kharkov, 372 p.

7. Chien, W.T. (2001), "The predictive model for machinability of 304 stainless stedl",
Journal of Materials Processing Technology, No. 118, pp. 442-447.

8. Norenkov, I.P. (2000), Fundamentals of automated design, lzdvo MGTU
im. N.E. Baumana, Moskow, 215 p

9. Sedzhvik, R., and Ueyn, K. (2016), Computer Science. Java, OOP, algorithms and data
structures, Piter, SPb, 1072 p.

10. Aho, A.V., Hopkroft, D.E., and Ulman, D.D. (2018), Data structures and algorithms,
Dialektika-Vilyams, Moskow, 400 p.

11. Stivens R. (2016), Algorithms: theory and practice, Eksmo, Moskow, 544 p.

Cmamvio  npedocmasun  0-p  mexH. Hayk, npogp. HTY "XIIH",
A.JO. 3axosopommulil

Iocmynuna (received) 21.10.2018

Dmitrienko Valerii, Dr. Tech. Sci., Professor

National Technical University "Kharkiv Polytechnic Ingitute
Str. Kirpichova, 2, Kharkiv, Ukraine, 61002

Tel.: (057) 707-61-98, e-mail: valdmitrienko@gmail.com
ORCID ID: 0000-0003-2523-595X

Leonov Sergey, Dr. Tech. Sci., Professor

National Technical University "KharkivPolitechnical Ingtitute”
Str. Kirpichova, 2, Kharkov, Ukraine, 61002

Tel.: (099) 911-911-3, e-mail: serleomail @gmail.com

ORCID 1D 0000-0001-8139-0458

Brechko Veronika, Post Graduate Student

National Technical University "Kharkiv Polytechnic Ingitute
Str. Kirpichova, 2, Kharkiv, Ukraine, 61002

Tel. (066) 311-12-81, e-mail: nikabrechko@gmail.com
ORCID ID: 0000-0001-9578-2102

158



BicHuk HauyioHanbHO20 mexHiyHo20 yHisepcumemy "XII', 2018, Ne 42 (1318)
I SSN 2079-0031 (Print) 1SSN 2411-0558 (Online)

YK 84.5.015.2

OCHOBHI CTPYKTYpH JaHuX Ha 0a3i acomiaTUBHMX HelPOHHMX Mepek
[ Amutpienko B.JI., Jleono C.IO., Bbpeuxko B.A. // Bicuuk HTY "XIII". Cepis:
[adopmatrka Ta MomemoBants. — Xapkis: HTY "XIII". — 2018. — Ne 42 (1318). — C. 148 —
159.

be3 OCHOBHHX CTPYKTYp HaHMX. CIIMCKIB, Mara3wHiB, 4epr, JAE€PeB 1 T.I., HEMOXIINBA
po3podOka eheKTHBHKUX anroputMiB. OmHAK IpHU MOJCTIOBAHHI PSAAY TEXHONOTTYHUX MIPOLIECIB
(mampukiaam, Opu JE3BiiHIA 00poOI[i MeTayliB) 3BHYaliHi CTPYKTYPH JaHMX HEIOCTaTHHO
BIJIMIOBIIAIOTh UM IIPOIIECAM 1 TOMY CTalOTh HEC(PEKTUBHUMHU. Y 3B'SI3KY 3 IIUM IIPOITOHYETHCS
HOBa CTPYKTypa JaHHX HA OCHOBI acCOI[laTUBHUX HEHPOHHHX MEPEX, IO IO3BOJISE OiNBII
epEeKTUBHO MOJICIIOBATH TEXHOJOTIUHI MpolecH Jie3BiliHOi 00poOku wmeranmiB. [m.. 6.
Biomiorp.: 11 Has3s.

KirouoBi ciioBa: cTpykTypa HaHHX; TCXHOJOTIYHHK MPOIEC; acoIliaTHBHI HEHPOHHI
MEpeKi; JIe3BiiHa 00pOOKa MeTaiB.

VK 84.5.015.2

OCHOBHbIE CTPYKTYpPbl JaHHBIX Ha 0a3e acCONMATHUBHLIX HEHPOHHBIX ceTeil
[ Amutpuenxo B.J., Jleonos C.IO., Bpeuko B.A. // Becruuk HTY "XIIN". Cepus:
Nupopmaruka u Mmoaenupopanue. — Xapbkos: HTY "XITN". — 2018. — Ne 42 (1318). — C. 148
—159.

Be3 OCHOBHBIX CTPYKTYp JAaHHBIX: CIIUCKOB, MaraswHOB, ouepeici, JAepeBbeB H T.I.,
HEBO3MOXKHA pa3paboTka 3(PQEeKTHUBHBIX anroputMoB. OJHAKO NMPH MOJCIMPOBAHMHU psijia
TEXHOJIOTHYECKHUX TPOIECCOB (HAMpPUMeED, MPH JE3BUUHON 00pabOTKE METAUIOB) OOBIYHBIE
CTPYKTYPhI JaHHBIX HEIOCTATOYHO COOTBETCTBYIOT 3THUM IPOLECCAM M TMOITOMY CTAHOBSITCS
Hed(hhekTHBHBIME. B CBS3M ¢ 3THM Tmpemiaraetcst HOBask CTPYKTypa NaHHBIX HA OCHOBE
ACCOLIMATUBHBIX HEWUPOHHBIX CceTel, mno3Boisomas Oonee SPPEKTUBHO MOACIUPOBATH
TEXHOJIOIMYECKHUE TIPOIIECCHI JIE3BUIHON 00paboTky MetasuioB. M. 6. bubmumorp.: 11.

KitioueBble c10Ba: CTPYKTypa JAaHHBIX; TEXHOIOTHYECKUIl MPOIIECC; aCCOIMATHBHBIC
HEWpOHHBIE CETH; JIe3BUIHAsl 00paboTKa METaJlIOB.

UDC 84.5.015.2

Basgic data structures based on associative neural networks / Dmitrienko V.D.,
Leonov S.Y ., Brechko V.O. // Herald of the National Technical University "KhPI". Series of
"Informatics and Modeling". — Kharkov: NTU "KhPI". —2018. — No.42 (1318). — P. 148 — 159.

Without basic data structures. lists, gores, queues, trees, etc., the development of
efficient algorithms is impossible. However, when modeling a number of technological
processes (for example, blade metal processing), ordinary data structures do not correspond to
these processes sufficiently and therefore become ineffective. In this regard, a new data
structure based on associative neural networks, which makes it possible to more effectively
model technological processes of blade metal processing, isproposed. Figs.: 6. Refs.: 11 titles.

Keywords. data structure; technological process; associative neural networks; blade
metal processing.
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