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AHOTAIIA

bpeuko B.O. Mopneni Ta CTPYKTYypH IJaHUX Ha OCHOBI acOIlIaTUBHOI
nam’sTi  JIJIT KOMIT IOTEPHUX CHUCTEM MPOEKTYBAHHS CTPYKTYpP TEXHOJIOTIUYHUX
npoteciB. Ha npaBax pykomnucy.

Juceprarriss Ha 3100yTTS HAYKOBOTO CTYNEHS KaHIWATa TEXHIYHUX HAYK
3a cremanpHicTIO 05.13.05 — KOMIT'IOTEpHI CHCTEMH Ta KOMIIOHCHTH. —
HamionanpHuit  TeXHIYHUN  YHIBepcUTET  «XapKIBCBKUH  MOJITEXHIYHUM
1HCTHTYT», Xapkis, 2019.

Hucepratiiina poboTa NpHUCBAYEHA BUPINICHHIO HAYKOBO-TPAKTUYHOI
3a/ayi, fKa TOJSAra€ B PO3pOOJIEHHI Ta JOCIIIKEHHI MOJENIEW Ta CTPYKTYp
JAaHUX HAa OCHOBI acCOIIaTMBHOI TMaM ATi JUIsi KOMII FOTEPHUX CHCTEM
MPOEKTYBaHHS CTPYKTYP TEXHOJIOTTYHHUX MPOIIECIB.

MerToto aucepraniiftHoi poOOTH € po3pO0JIEHHS CTPYKTYPH TaHUX HA OCHOBI
acoIllaTUBHOI MaM’sITl IJisi KOMIT IOTEPHUX CHCTEM MPOEKTYBAaHHS CTPYKTYP
TEXHOJIOTTYHUX TPOIIECIB.

06 ’exm oocniddcenns — mporecu oOpoOKH 1H(popMarllli 3 BUKOPUCTAHHSAM
acoIllaTUBHOI Mam’sTi.

Ilpeomem Oocniodcennsi — MOJIEN CTPYKTYP JAHUX HA OCHOBI acoIllaTUBHOL
nam’sTi JJI KOMIT FOTEPHUX CHCTEM IMPOCKTYBAaHHS CTPYKTYP TEXHOJOTIUHUX
MPOIIECIB.

Y BcTynmi OOIpyHTOBaHO aKTYyaJbHICTh TEMH JUCEpTalliiHOI pPOOOTH;
chopMyJIbOBAaHO METY Ta 3ajadi JOCIIKCHHS; HaBEJISHO 3B’S30K JaucepTallii 3
HAyKOBUMH TE€MaMH Ta TIporpaMaMH; BH3HAYEHO OO0’€KT Ta TIPEAMET
JOCJTIKEHHS; BUCBITJICHI TOJIOKEHHSI, Kl BU3HAYAIOTh MPAKTUYHE 3HAUYCHHS
OTPUMAaHUX PE3yJIbTATIB Ta IX HAYKOBY HOBU3HY; BUCBITIEHO OCOOMCTHI BHECOK
3100yBaya B OJlep KaHUX pe3yJibTaTax, ix anpooarrito Ta myOsikarti.

VY mepmioMy po3auii MPOBEAEHO aHal3 MEpeBar Ta HEMOMIKIB CYy4aCHUX
MeTOMIB 30epiraHHs Ta oOpoOkH 1H(OpMaIi NpU NPOEKTYBaHHI CTPYKTYP
TEXHOJIOTIYHUX TIPOIIECIB, SKUW TIOKa3aB, IO ICHYKOYl METOAM Ha OCHOBI

CTaHJApTHOTO 30epiraHHs He 3a0e3Me4YyrTh HEOOXIMHOI MBUAKOMIT IS



peanizalii IHTeJIeKTyalbHUX 1HTEepEHCiB.

[Ipu cTBOpEHH1 OJUHUYHUX TEXHOJOTIYHUX IMPOIIECIB 3 BUKOPUCTAHHIM 0a3
JaHUX, 4YaC €KOHOMHTHCA Ha Te, 10 TEKCT MEPEeXO/iB B Ti UM 1HIIN Mipl BxKe
npucyTHIH B 0a3l jaHux, aje BUOIp cTpaTerii oOpoOku, OO0JaJgHAHHSA Ta
IHCTPYMEHTY, 3aJIUIIA€THCA B pyKax TEXHOJIOTiB. Bci HeoOXimHI AaHI MOBUHHI
30epiratucsi B 0a3l 1 OyTH JOCTYIHUMHM TIpU HEOOXITHOCTI OTpPUMaHHS
iH(popmarrii. CTBopuTH Taky 0a3y JaHHMX JO3BOJSIOTH CTPYKTYpU NaHHUX Ha
OCHOBI acOLIIaTUBHOT MaM ATi, K1 MOXKYTh 30€piraTi BEJIUKH 00csr iH(opmMarii
Ta Jal0Th MOKJIMBICTH KOPUTYBAaTH i1 B Mpolieci ekcruryaTailii. ToMy BHHHKa€e
HEOOX1IHICTh PO3POOKU TaKOi acoI[laTUBHOI MaM’ATi, IO JO3BOJIUTH 30epiratu
Ta 00pOoOJIATH BEIUKY KIIBKICTh (popMati3oBaHoi iH(opMaliii, ika Ha JaHUM Jac
30epiraeTbCsi y BUTISAAI 0a30BUX CTPYKTYp (CIUCKH, 4epru, aepesa Ta iH.). o,
B CBOIO Uepry, 103BoyUTh OyayBaTu TII niis ckiagHux, BUCOKOTOUYHHUX BUPOOIB,
3 MOKJIMBICTIO KOPUTYBaHHS JaHuUX B mporeci mooynosu TII ta acormiroBatu 3
OJIHIEIO JIETAJUTIO IEK1JIbKa TEXHOJOTTYHUX MPOIIECIB.

B po60Ti nponoHyeThCs 7151 BUPIIIEHHS LI€1 33]a4l BUKOHATH pO3pOOJIECHHS
Ta JOCIIKECHHS HEUPOHHMX MEpEeX acolllaTUBHOI TaMm’sTi, Mojelied Ta
CTPYKTYP MaHHMX JUIsi KOMIT IOTEPHOI CHUCTEMH TPOCKTYBAHHS TEXHOJIOTIYHUX
MPOLIECIB.

Hpyruit po3ain npucBsiYeHo po3poOili HOBUX HEMPOHHUX MEPEX Ha OCHOBI
JIBOHAIMPABJICHOI aCOI[IaTUBHOI TMaM’sTi. 3alpoNOHOBAHO HEUPOHHY MEPEKY
N-HampaBlIeHOI acoliaTUBHOI MaM'siTi, M0 ckiagaeThes 3 N mapiB HEHPOHIB Ta
J03BOJISIE 30€epiraTi MHOXXHHHI acowiaiii. 3ampornoHOBaHO HEHPOHHI Mepexi
acoIllaTUBHOI MaM’sTi, 110 37]aTHI BIIHOBJIIOBATH MO BXiAHIN 1H(OpMaIlii 0e3miu
acoITlaTUBHUX BXI1JHUX 300pakeHb, 110 MHOXKHHI BXIHUX JaHUX OJWH BUX1THUN
€JIEMEHT Ta MO0 KOMOiHaIlli BXIJHUX €JIEMEHTIB MHOXXHUHY BUXITHUX. T0OTO

po3pobnena acomiatuBHa mam’sath 1—>N, N-—>1 Ta N; > N,.

3anponoHOBaHO OaraTolmapoBy acoI[laTUBHY HaM'sTh 3 KEPYIOUUMH HEMpOHaMHU,

0 J03BOJISE OyayBaTH JIAHIIOTH aCOI[IaTUBHUX JIaHUX 3 MOJKJIUBICTIO



KOPUTYBaHHSI B IIpolieci (PyHKIIIOHYBaHHS MEPEXI.

Po3po6ieni HEMpoHHI Mepeki Ha OCHOB1 acOIllaTUBHOI IaMm’sTi, SKI
MOXXYTh OyTH BUKOPHCTaHI NPU MPOEKTYBaHHI CKJIAJHUX HEHPOHHHX MEpex
JEPEBOBUAHOI CTPYKTYpPH, IO MOXYTh BUKOPUCTOBYBATHUCS TpU TOOYAOBI
cuctemu 30epirants Ta 00poOKHu NaHUX B IHPOPMAIITHIX CUCTEMAX.

Y  TpeThOMy pO3AUNT  PO3MISTAETHCS  PO3POOJICHHS HOBUX  BHU/IIB
acoIllaTUBHOI MaMm’sTi, SKI JIO3BOJISIIOTH 30epiratu 1HQOpMAaIlil0 Ha OCHOBI
0a30BHX CTPYKTyp Ta KOMOiIHyBaTu iX aisi edeKTuBHOI 0OpoOku iH(opmarii.
[Ipy moOya0B1 CKJIaJHOI cUcTeMH 30epiraHHs iH(opMmallii B SKOCTI €JIEMEHTIB
nam'aTi BHKOPHUCTOBYIOTBCSI HE OKpPEMI OCEpElIKH, a ix o0'eqHaHHs, IO
30epiratoTh Taki CTPYKTYpHU K CIIMCKH, MACUBH, yepru 1 T.1. KoxkHa 3 HUX sBIIsI€
CcO00I0 CTPYKTYpOBaHHMIl €JIEMEHT, 3aBISKH SIKOMY 3a0e3leuyeTbCs IMOIIYK 1
o0poOKa JTaHuX, 10 30epiraloTbCcsi B HbOMY. baraTopiBHEBE KOMOIHYBaHHS IUX
€JIEMEHTIB, KOXEH 3 SIKUX MOYKHA MPEJICTaBUTH SIK JI€IKY MHOXXMHY €JI€MEHTIB
acolllaTUBHOI TaM'siTl, € TMEPCIeKTUBHUM JUJIs pealizallli IHTEIeKTyalbHUX
1HTEp(EICIB, JIOTIYHOTO BHCHOBKY, OOpPOOKH 300pa)k€Hb, pO3Mi3HABAaHHS
oOpas3is.

VY yeTBepTOMY PO3ILII PO3TIAAAIOTHCS MOJENI CTPYKTYpP JAHUX HA OCHOBI
HEHPOHHUX MEPEeX acoIllaTUBHOI MaM’siTi JUIsi TPOEKTYBAaHHA CTPYKTYD
TEXHOJIOTIYHUX TPOIECIB. 3amporOHOBAHO CTPYKTYpH JaHUX Ha OCHOBI
acoliaTUBHOI mam’sTi 1 30epiraHHs 1HQpopMalii, 00 HeoOXiIHa i
OPOEKTYBaHHS  CTPYKTYpHM  TEXHOJOTIYHOIO  MpoLecy.  3ampornOHOBaHO
leEpapXxiyHy HEHPOHHY MEpEeXy Ha OCHOBI acOI[IaTUBHOI Mam’ ST A BUOOpY
oOJiaTHaHHS I OJTHIET omnepaliii TEXHOJOTIYHOTrO MPOIIECy.

PesynpTaTi poOOTH BIPOBAJIKEHI:

— B JepkaBHOMY mianpueMctBi «lliBneHHUN nep>kaBHUN MPOEKTHO-
KOHCTPYKTOPCBHKUI Ta HAYKOBO-AOCTITHUN THCTUTYT aBlaliiHO1
MPOMUCIOBOCTI» (M. XapKiB) MPU BUTOTOBJICHHI BUCOKOTOYHHUX BUPOOIB,;

— B HauasbHOMy Tiporieci HTY «XIIl» Ha xadeapi oOGUMCITIOBAIBHOL

TEXHIKM Ta MPOrpamMyBaHHS TpPH BUKIAAaHHI y4O0OBUX MucHUIUIiH: «OCHOBH
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HEHPOKOMI FOTUHTY», «CUCTEMHU WITYYHOTO 1HTENEKTY», & TaKOX B KYpCOBUX,
JUTJIOMHUX Ta HAYKOBUX  poOOTax  CTYJIEHTIB  chemiaiabHocTi 123
«KoMmm’1orepHa iHXeHEpisD».

Knwouosi cnosa: cTpykTypu JaHUX, CIUCOK, 4epra, JepeBo, Trpad,
acolllaTUBHA IIaM’sITh, HEHPOHHA Mepexka, TEXHOJIOTTYHUN TIPOIIEC.
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ABSTRACT

Brechko V.O. Models and data structures based on associative memory for
computer systems of technological processes structure design. Manuscript.

There is the dissertation of the obtaining the scientific degree of the technical
sciences candidate in specialty 05.13.05 — computer systems and components —
National Technical University «Kharkiv Polytechnic Institute», Kharkiv, 2019.

The dissertation solves the scientific and practical problem of development
and researching models data structures based on associative memory for
computer systems of technological processes structure design.

The purpose of the dissertation is the development and researching of data
structures based on associative memory for computer systems of technological
processes structure design.

The object of study is the processes of processing information using
associative memory.

The subject of study is the models of data structures based on associative
memory for computer systems of technological processes structure design/

The introduction substantiates the relevance of the dissertation work topic;
the purpose and tasks of research are formulated; the connection of the
dissertation with scientific themes and programs is given; the object and the
subject of the research are determined; the provisions, that determine the
practical value of the obtained results and their scientific novelty, are
highlighted; the personal contribution of the applicant in the obtained results,
their approbation and publication are highlighted.

In the first section the analysis of the advantages and disadvantages of
current methods of storing and processing information for the design of
structures processes, which showed that existing methods based on standard
storage do not provide the performance required for the implementation of
intelligent interfaces.

When creating single technological processes using databases, time is saved

by the fact that the transition text is already present in the database to some
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extent, but the choice of processing strategy, equipment and tools remains in the
hands of technologists. All necessary data should be stored in the database and
be accessible when necessary to obtain information. Such a database is made
possible by associative memory data structures, which can store a large amount
of information and allow it to be corrected during operation. Therefore, there is
a need to develop associative memory that will allow the storage and processing
of a large amount of formalized information, which is currently stored as basic
structures (lists, queues, trees, etc.). This, in turn, will allow the construction of
TP for complex, high-precision products, with the ability to correct data in the
process of TP construction and associate several technological processes with
one detail.

In order to solve this problem, the paper proposes to develop and research
neural networks of associative memory, models and data structures for the
computer system of technological process design.

The second section is devoted to the development of new neural networks
based on bidirectional associative memory. A neural network of N-directed
associative memory, consisting of N layers of neurons and allowing multiple
associations to be stored, is proposed. Associative memory neural networks have
been proposed that are capable of restoring a plurality of associative input
images by input, by multiple inputs, by one output element, and by a
combination of input elements by multiple outputs. That is, the associative

memory 1—- N, N —>1 and N, - N, were developed. Multilayer associative

memory with control neurons is proposed, which allows the construction of
associative data circuits with the possibility of correction during the operation of
the network.

Developed neural networks based on associative memory that can be used in
the design of complex neural networks of tree structure that can be used in the
construction of storage and data processing systems in information systems.

The second section is devoted to the development of new types of
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associative memory that allow us to store information based on underlying
structures and combine them for efficient information processing. When
constructing a complex system of information storage, the memory elements are
used not by individual cells, but by their associations, which store such
structures as lists, arrays, queues, etc. Each of them is a structured element by
which search and processing of the data stored in it is provided. The multilevel
combination of these elements, each of which can be represented as some of the
elements of associative memory, is promising for the implementation of
intelligent interfaces, logical inference, image processing, pattern recognition.

The fourth section discusses the model data structures based on neural
networks, associative memory structures to design processes. Data structures
based on associative memory are proposed for storing the information needed to
design the process structure. A hierarchical neural network based on associative
memory is proposed to select equipment for a single process operation.

The results of the dissertation work are introduced:

— in the state enterprise «State project and acientific aviation industry
research institute» in the manufacture of high-precision products;

— in the educational process of the NTU «KhPI» at the department of
computer engineering and programming during the teaching of the academic
disciplines: «Fundamentals of Neurocomputing», «Artificial intelligence
systemsy, and also in courses, thesis and scientific works of students of the
specialty 123 «Computer engineering.

Keywords: data structures, list, queue, tree, graph, associative memory,

neural network, technological process.
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