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Jucepraliito TPUCBSIYEHO BHUPIMICHHIO HAayKOBO-MPAKTUYHOI 3ajayl IMiJBUIICHHS
edexTuBHOCTI 00poOKM 1 30epiraHHs AaHUX B 1H(POpMalilHIi 1HQpacTpyKTypl ramysi
apXiTeKTypH 1 Oy1IBHULITBA.

HaykoBa HOBH3HA oOJep:KaHMX Ppe3yJbTaTiB IOJISITa€ B PO3pOOIl METOIY
IHTENIEKTYaJIbHOTO YMOPaBJIIHHA KelleM B 1H(QOpMaIliiiHii cUCTEMI HIATPUMKH IPOIECY
BIJIHOBJICHHSI TOUIKOJDKEHUX OO0'€KTIB HEPYXOMOCTi, IO BHUPIIIyEe KIIOUYOBI 3ajadvi
KellyBaHHs, O0a3yeThCd Ha MOJCNISIX MAIIMHHOTO HaBYaHHA 1 37aTeH 3a0e3MeuyuTu
e(DeKTUBHUN JOCTYIl JO aKTyaJllbHO BaXKJIIMBUX JIaHUX 3 YpaxyBaHHSAM CYTTE€BUX O3HAK
KOPHUCTYBAUiB 1 MOMIKOIKEHUX 00’ €KTIB HEPYXOMOCTI.

enepuie po3pooieno:

— TiOpUIHUIM METOJ| IHTEIEKTYaJIbHOIO YIPABIIHHS KEIlIleM, [0 BUPINIY€E KIIOUOBI
3a/1adl KeuryBaHHs, 0a3yeThCAd HA MOJEINSX MAIIMHHOTO HAaBYAHHS Ta BPAaXOBYE CYTTEBI
O3HaKU KOPUCTYBAUIB 1 MOIMIKOIKEHUX 00’ €KTIB HEPYXOMOCTI;

YOOCKOHAIEHO:

— wMojenb  1H(MOpMaliitHOI  CHUCTeMH  MTIATPUMKH  TPOILIECY  BIJHOBJIEHHS
MOIIKO/KEHUX OO0 €KTIB HEPYXOMOCTI LUISIXOM IHTErpamii MOAYJS I1HTEIEKTyaJlbHOIO
KEIIyBaHHS, 1110 IMiJBUILYE MPOAYKTHBHICTH CUCTEMH 1 3a0e3leuye MBUAKUA AOCTYI 10
aKTyaJlbHO BOXKJIUBUX JIAHUX;

— mpoiiec 1HPOPMAIIAHOI TIATPUMKH KOPUCTYBAYIB CUCTEMH MIATPUMKHU MPOIIECY
BIJIHOBJICHHSI TOIIKOJKEHUX OO0’ €KTIB HEPYXOMOCTI HUISXOM PO3IMIMPEHHS KOJEKI[IN

JIOKYMEHTIB JUIsl HEpeNAliiiHOT 0a3u JaHuX, 110 MpU3HaueHa Ui 30epiraHHs JTaHuX Ipo



MOIIKO/KEHI O00’€KTH HEPYXOMOCTI, 1ICTOpii 3amHUTIB KOPHUCTYBAdiB 1 CTaTUCTUKY
MOIIKO/)KEHB;

HaOyIu NOO0AIbULOZ0 PO3GUMKY:

— migxoad g0 oOpoOku 1 30epiraHHs JaHUX B 1HQOpMaIiiiHii 1HPPACTPYKTYypi
rajxy3i apxITeKTypu 1 OyIIBHUIITBA 4Yepe3 MOE€IHAHHS TEXHOJOTIH 1HTENEKTYyalbHOTO
KEIIyBaHHA 3 HEPEJSLIMHUMU 0a3aMu JaHUX.

OcHOBHUII 3MICT IUCepTALIHHOL po0OTH

3anponoHOBaHO TIOPUAHMA METOJ IHTEJIEKTyaJlbHOIO YNPABIIHHS KELIEM,
Opi€eHTOBaHUM Ha 1H(POpMAIiliHI BUCOKOHABAHTAXKE€HI CUCTEMH 3 JUHAMIYHUM XapaKTepoM
3aMuUTIB, 30KpEMa Ha CUCTEMY MIATPUMKH MPOLIECY BIAHOBJICHHS MONIKOKEHUX 00’ €KTIB
HEPYXOMOCTi. MeToJ OXOIUTIOE TpU KIIOYOBI 3ajiadi: OI[IHKA JOIIJILHOCTI J0JaBaHHS
o0’ekTa 10 Kenry, BUOIp 00’€KTa A1 BUAAICHHS y pa3l 3alIOBHEHHS Kellly Ta NEPIOJuYHY
IHBAIIIAIIII0 HEAKTyallbHUX OO0’€KTIB y Kemmi. J[Jig BUpIIIEHHS ITUX 3a/lad BUKOPUCTAHO
MOEAHAHHA MOJeJIe MalIMHHOTO HaBuaHHs: TabnuyHoro QQ-Learning 3 MexaHi3MOM
BIJIKJIaJICHOTO ACHMHXPOHHOTO OHOBJICHHS 3HA4Y€Hb MOJIENI Ta JOTICTHYHOI perpecii 3
MEXaHi3MOM BIJKJIaJICHOTO aCUHXPOHHOTO HAKONMWYEeHHs Oydepa HaBUANbHUX MPUKIIAIIB
U1 TOJANBIIIOTO HABYaHHS MOJENIl Ta MEPIOAUYHOIO OHOBJICHHS 1i TapaMeTpiB.
[IpoBesieHO eKCIIEpUMEHTANIbHY OILIIHKY €(EKTUBHOCTI METOJTY, SIKa MiJITBEpIUJia MepeBary
IHTEJIEKTYyaJIbHOTO MiIXOAY MOPIBHSAHO 3 ICHYyr0oUMMHU MeToaamu kemyBanHs LRU ta LFU,
30KpeMa B YMOBaX OOMEXEHOIro pO3Mipy BXIJHMX JIaHMX. 3alpONOHOBAaHUN METOJ Mae
BUCOKMU TOTEHIIAJ JJisi BUKOPUCTAHHS B 1HIIUX 1HGOPMALIMHUX CHCTEMax 3aBJISIKU
MOXJIMBOCTI ajanTaiii BEKTOpa O3HaK MojeJied MAIlMHHOTO HaBYaHHS BIAMOBIIHO 0
XapaKTePUCTUK 00’ €KTIB 1 KOHTEKCTY iX BUKOPUCTAHHS.

3a pe3ynbTaTaMu JOCTIIKEHHS PO3pO0JICHO:

— TiOpUIHUIM METOJ| IHTEIEKTYaJIbHOIO YIPABIIHHS KEIlIeM, [0 BUPIIIY€E KIIOUOBI
3a/1adl KeUryBaHHs, 0a3yeThCAd Ha MOJEINSIX MAIIMHHOTO HaBYaHHS Ta BPAXOBY€E CYTTEBI
03HaKU KOPUCTYBAUIB 1 MOIMIKOMKEHUX 00’ €KTIB HEPYXOMOCTI;

—  CHCTEMY EKCIEpUMEHTAJIbHOTO TECTYBaHHS €()EKTUBHOCTI TIOPUAHOTO METOIY

IHTENIEKTYaJIbHOTO YIIPABIIHHS KEelIeM, 0 BKIKYA€E MOJYJNl Il CUMYJISIIi 3amuTiB,



peanizarlii Joriku poOOTH METOJy, a TAKOXX B3aEMOJIT 3 MOJEISIMUA MAIlTMHHOT'O HAaBYaHHS,
TEXHOJIOT1€10 KEUTyBaHHS Ta HEPEISLIMHO 023010 TaHUX.

Y nepwiomy po3oini 311iCHEHO aHaNi3 OCHOBHHMX OCOOJMBOCTEH Oprasizailii Ta
BUKOHAHHS Tpoliecy OyAiBENbHO-TEXHIYHOI €KCHEPTU3M B CYYaCHUX YMOBaxX, 30KpeMa
MicNs MOYaTKy MacliTaOHUX pyHHYBaHb 1H(pacTpyKTypu YKpaiHU BHACTIIOK OOHOBHX
JIiiA; OKpPECIEHO OCHOBHI eTanmu poO0OTH EKCIEpTIB; BU3HAYEHO Ta OMUCAHO MPOOJIEMH,
MoB’si3aHl 3 HeeeKTUBHOIO Opraxizaimiero 30epiraHHs, oOOpoOKHM ¥ MOBTOPHOTO
BUKOPHUCTAHHS JAaHUX Yy I[bOMY Mpoleci; cPopMyIbOBAHO Ta OMKMCAHO KIIFOYOBI MpoOiIeMu
po6OTH 3 TaHUMHU B 1HPOPMAIIMHUX BHCOKOHABAHTAXKEHUX CHCTEMaX, BU3HAYECHO BILIMB
UX NpoOieM Ha MPOAYKTUBHICTH 1 CKIQAHICTh IX BHPIIICHHS; 3alPOMNOHOBAHO MiAXO0IU
70 BUPINIEHHS BHSABICHUX MpoOJieM poOOTH 3 JaHUMHU NUISIXOM BIOPOBAIKEHHS
HepesiMHuX 0a3 JaHUX 1 TEXHOJOTIi KellyBaHHS K €()EeKTUBHUX PIllleHb, IO 37aTHI
3a0€3MeUUTH THYYKICTh, MAcCIITA0OBAHICTh 1 IMIBUJAKUN JOCTYN A0 JaHUX;, HABEICHO
MOPIBHSUIBHUM ~ aHali3 peNAliiHUX Ta HepesiiiHuX 0a3 JaHuxX [ Kpailoro
OOTpYyHTYBaHHS JAOILIBHOCTI BUKOPUCTAHHS HEPEIALINHUX 0a3 JaHUX; HABEJEHO 3arajbHy
iH(opMaIlito IpOo TEXHOJOTiI0 KEITyBaHHS; OMUCAHO MOTEHIIIIHI nepeBaru st poOdoTu 3
JAHUMH B pa3l BUKOPUCTAHHS I[i€1 TEXHOJOTIi JJig Oy/1BeIbHO-TEXHIYHOI €KCIIEPTU3U Ta
1H(pOopMaIITHUX BUCOKOHABAHTAXKEHUX CHUCTEM; IIPOBEACHUN aHalll3 CIIYyIye OCHOBOIO TSI
(dhopMyBaHHS BUMOT 10 POOOTH 3 JaHUMH B 1H(MOpMaIiifHIi cucTeMl TIATPUMKH MPOIECY
B1IHOBJICHHSI TTOIIKO/[KEHUX 00’ €KTIB HEPYXOMOCTI1; BUKOHAHO MOCTAHOBKY 3a/aui.

Y opyzomy po3oini Bu3HaueHO OCHOBHI1 (DYHKIIli, CTPYKTYpHI Ta TE€XHIYHI BUMOTHU
uisi 0a3u JTaHMX CUCTEMH MIATPUMKHK MPOIIECY BIJIHOBIICHHS MOIIKO/KEHUX 00’ €KTIB
HEPYXOMOCT1; OTMCAHO OCHOBHI THUIM 3alIUTIB HAa YUTAHHS Ta 3aIUC, SIKI BUKOHYBAaTUMYTb
KOpPUCTYBaul Mi€i CHUCTEMHU 3 PI3HUMHU PIBHIMHU JOCTYIYy; OOTPYHTOBAHO MPIOPUTETHI
BJIACTUBOCTI 0a3u JaHux cuctemMu BianoBigHo 10 CAP-TeopemMu; BH3HAUEHO KIIHOYOBI
KpUTEpii, 3a SIKUMU OI[IHIOETHCS AOLUIBHICTh BUKOPUCTAHHS PI3HUX THUIIB 1 TEXHOJOTIN
HepesiiHnX 0a3 JaHuX JJis NoTped CUCTEMH; OOTPYHTOBAHO JIOIIIBHICTh BUKOPUCTAHHS
CYBJl MongoDB sk 0a3u paHuxX s CHUCTEMHU HIATPUMKH TMPOLIECY BiAHOBJICHHS
MOIIKO/KEHNX OO0 €KTIB HEPYXOMOCTI Ha OCHOBI NOPIBHSUIBHOTO aHali3y 3 IHIIUMH

TUTIAMU Ta TEXHOJOTISIMU HEpeNsALiiiHuX 0a3 JaHUX; COIPOEKTOBAHO CTPYKTYPY OCHOBHHX



KOJIEKII JOKyMeHTIB 0a3u maHux MongoDB nns cucremu, 30kpema: «llomkompxeni
OyniBmi», «Micbka ctatuctuka», «KopuctyBaui» Ta «IcTopis 3amuTiB»; mn00yI0BaHO
CXEMy JIOTTYHUX B3a€MO3B’S3KIB MIXK IIMMHU KOJIEKIIIMH SIK OCHOBY Jii PO3pPOOKHU
riOpuIHOTO METOJYy IHTEJIEKTYyalbHOTO YIPABIIHHS KeEIIeM, LI0 JO3BOJISIE CYTTEBO
MIBUIIUTH €(PEKTUBHICTH pOOOTH 3 JTAaHMMU; OOIPYHTOBAHO JOULUIBHICTh BUKOPUCTAHHS
IHTEJIEKTYyaJIbHOIO KEIIyBaHHA $K 3aci0 MOJoJlaHHA OOMEXKEHb ICHYIOUHMX METO/IB
KEITyBaHHS; ONHMCAHO pob KEITyBaHHS B Cy4aCHHX 1H(popMaIiitHuX
BHCOKOHABAHTA)XKEHUX CUCTEMAX.

Y mpemuvomy po30ini po3po0IiieHO TOPUAHUN METOJ] IHTETIEKTYaIbHOTO YIIPaBIIHHS
KellleM, KU BUPIIIYE TPU KJIIOYOBI 3aj]layl: OIIHKA JOIIILHOCTI JI0JaBaHHs 00’€KTa A0
Kelry, BUOIp 00’€kTa aJjig BUJAJICHHS 3 3allOBHEHOIO KEUly Ta MeploguvHa 1HBaTigallis
HEAaKTyaJIbHUX O0’€KTIB y KeIlli; MOJaHO BU3HAYEHHS METOJy YIpPaBIIHHS KEIIeM SIK
OCHOBM JUIsl peami3aunli TiOpuAHOro MiJIXO01y; OOIPYHTOBAHO 3aCTOCYBaHHS MOJAENen
MaIllMHHOTO HaBYaHHS — TabnuyHoro Q-Learning Ta JOTICTUYHOT perpecii sl BUPIIICHHS
BIIMOBIAHUX 3a7a4 3alPONOHOBAHOTO METOJY IHTEJNEKTYalbHOTO YIPaBIIHHS KEIIEM;
3alpONOHOBAHO MPEACTABICHHS CTaHy 00’€KTa y BUIJIAJII BEKTOpa O3HAK; CIIPOEKTOBAHO
JOIATKOBI KOJICKIII JOKYMEHTIB Jig Oa3u JaHUX CHUCTEMU MIATPUMKU MPOIECY
BIJIHOBJIEHHS MOIIKO/DKEHUX 00’€kTiB HepyxoMocTi MongoDB, HeoOX1aH1 i1 KOPEKTHOI
poOOTH 3aMPONOHOBAHUX MOJIEIEH MAIIMHHOTO HABYaHHS; OOIPYHTOBAHO MJOIUILHICTH
BUKOpUCTaHHA Redis sK OCHOBHOI TEXHOJIOTIi KEIIyBaHHSA MJs CHCTEMH; OIHMCAHO
aIrOpuUTM pOOOTH TIOPUIHOTO METOAY IHTENEKTYaJIbHOTO YIPABIIHHS KElIeM; MOKa3aHO
¢1HanpHY OJIOK-CXeMy HMOro poOOTH 13 3aCTOCYBAHHSIM MOJENEHd MalIMHHOTO HaBYaHHS
tabnuyHoro Q-Learning 1 JOTICTUYHOI perpecii, TEXHOJOT1I HepemsliitHoI 0a3u aHuX
MongoDB 1 texHounorii kemryBaHHsi Redis; mpeacTaBieHO OHOBIEHY MOJENb CUCTEMH 3
IHTETPOBAHUM MOJIyJIEM I1HTEJIEKTYallbHOrO KEIIyBaHHS, IO Pealli3oBy€ po3poOieHui
riOpuAHUN METO/I.

Y uemeepmomy po3dini onucaHo CTPYKTYpy Ta OCHOBHI (YHKII CHCTEMH
€KCIEPUMEHTAIILHOTO TECTyBaHHS €(PEKTUBHOCTI 3alpPONOHOBAHOTO T1OPUIHOTO METOIY
IHTENEKTYaJIbHOTO YIPABIIHHA KEIIEeM; HaBEJIEHO JIETaJbHUM OMUC KOMIIOHEHTIB CUCTEMHU,

30kpema 0a3u ganux MongoDB, kemr Redis, ABoX Mojeneil MallMHHOTO HaBYaHHS —



tabnuyHoro Q-Learning 1 JOTICTUYHOI perpecii Ta MOJIYJs KEpyBaHHS KelleM, IO
peaizoBy€e airOPUTM poOOOTHU T1OPUIHOIO METOAY; PEalli30BAaHO MOBHOIIHHY MPOTPaMHY
apXiTEeKTypy CHUCTEMH, BKJIIOYHO 3 areHTaMu, Oydepamu, OHOBIEHHSM MOJEieH Yy
(hOHOBOMY aCHHXPOHHOMY PEKHMMI Ta CUHXPOHI3alli€to 3 6a3010 nanux MongoDB 1 kemem
Redis; npoaeMOHCTpPOBaHO pe3yJbTaTh POOOTH CHCTEMH Y ABOX THUIIAX E€KCIEPUMEHTIB:
aHaJi3 YacTKU KEUI-XITIB IICJIA OJHOIO 3alyCKy Ta cepii 3alyCKiB 3 HAKONMHYyBaJbHUM
HAaBYaHHSAM MoJielell 3 (PIKCOBaHMM HAO0OpOM JaHUX; Yy KOXKHOMY €KCIIEpUMEHTI
MIPOBEJICHO MOPIBHSAHHS €()EKTUBHOCTI 3aIIPOMIOHOBAHOTO TOPUIHOTO METOAY YIPABIIHHS
KelleM 3 HaWNOIIMPEHIIMMHU ICHYyIoUMMH Metogamu kemyBanHa: LRU ta LFU;
Bi3yai30BaHO pe3yJIbTaTH y BUIIISIAL TpadikiB 1 PUCYHKIB, 110 MIATBEPIKYIOTh MEepeBary
riOpUAHOTO METOAY 32 YMOB OOMEXKEHOTO PO3MIPY KEIlly Ta KUIBKOCTI 3alUTIB.

KurouoBi cioBa: 6aza naHux, Oy/liBEJbHO-TEXHIYHA €KCIEPTHU3a, 1HTEJIEKTyaJbHe
KelllyBaHHs, 1H(pOpMalliiHa BUCOKOHABAaHTaXX€HA CHCTEMa, MalllMHHE HaBYaHHS,

HepeIsIiiHa Oaza TaHUX, TEXHOJIOT1S KEIIyBaHHS, TYYHUN 1HTEJIEKT.



ABSTRACT

Volokh B. Intelligent Data Caching for the System Supporting the Process of
Damaged Buildings Restoration. — Qualifying scientific work presented as a manuscript.

Dissertation for obtaining the scientific degree of Doctor of Philosophy in specialty
126 "Information systems and technologies". - Kyiv National University of Construction
and Architecture. - Kyiv, 2025.

The dissertation is devoted to solving the scientific and practical problem of
improving the efficiency of data processing and storage in the information infrastructure of
the architecture and construction industry.

The scientific novelty of the obtained results. The scientific novelty of the
dissertation consists in the fact that:

developed for the first time:

— the hybrid method of intelligent cache management that solves the key caching
tasks, i1s based on machine learning models, and takes into account the essential
characteristics of users and damaged real estate objects;

improved:

— the model of the information system supporting the process of damaged
buildings restoration by integrating an intelligent caching module, which improves a
performance of the system and provides efficient access to high-priority data;

— the process of providing information support to the users of the system
supporting the process of damaged buildings restoration by expanding the collections of
documents for a non-relational database designed to store data about damaged real estate
objects, history of user requests, and damage statistics;

Sfurther advance:

— approaches to data processing and storage in the information infrastructure of
the architecture and construction industry by combining intelligent caching technologies
with non-relational databases.

Main content of the dissertation
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The hybrid method of intelligent cache management is presented, focused on highly
loaded information systems with dynamically changing requests, in particular on the
system supporting the process of damaged buildings restoration. The method covers three
key tasks: assessing the expediency of adding an object to the cache, selecting an object
for deletion when the cache is full, and periodically invalidating obsolete objects in the
cache. To solve these tasks, a combination of machine learning models is used: table-
based Q-Learning with a mechanism for deferred asynchronous updating of model values
and logistic regression with a mechanism for deferred asynchronous accumulation of a
buffer of training examples for further training of the model and periodic updating of its
parameters. An experimental evaluation of the method's effectiveness was performed,
which confirmed the advantage of the intelligent approach over existing LRU and LFU
caching methods, particularly in conditions of limited input data size. The proposed
method has high potential for usage in other information systems due to the ability to
adapt the feature vector of machine learning models to the features of objects and the
context of their usage.

Based on the results of the study, the following have been developed:

— the hybrid method of intelligent cache management that solves the key caching
tasks, is based on machine learning models, and takes into account the essential
characteristics of users and damaged real estate objects;

— the system for experimental testing of the effectiveness of the hybrid intelligent
cache management method, which includes the modules for simulating requests,
implementing logic of the method, and interacting with the machine learning models, the
caching technology, and the non-relational database.

In the first chapter, the main features of organizing and performing the process of
building-technical expertise in modern conditions are analyzed, with particular attention to
the challenges that have emerged after the beginning of large-scale infrastructure
destruction in Ukraine as a result of military operations; the key stages of expert activities
are outlined; problems related to inefficient organization of data storage, processing, and
reuse in this process are identified and described; the key problems of working with data

in high-load information systems are formulated and described, and the impact of these
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problems on performance and the complexity of their solution are determined; approaches
to solving identified data processing issues have been proposed through the integration of
non-relational databases and caching technology as effective solutions capable of ensuring
flexibility, scalability, and efficient access to data; the comparative analysis of relational
and non-relational databases is provided to better substantiate the appropriateness of using
non-relational databases; general information about caching technology is provided; the
potential advantages for working with data when using this technology for construction
and technical expertise and high-load information systems are described; the conducted
analysis serves as the basis for forming requirements for data processing in the
information system supporting the process of damaged buildings restoration; the task is
set.

In the second chapter, the main functions, structural and technical requirements for
the database of the system supporting the process of damaged buildings restoration are
defined; the primary types of read and write queries expected to be performed by users
with varying levels of access are described; the priority properties of the database are
substantiated in accordance with the CAP theorem; the key criteria for assessment the
feasibility of using different types and technologies of non-relational databases for the
needs of the system are defined; the expediency of using MongoDB as database for the
system supporting the process of damaged buildings restoration based on a comparative
analysis with other types and technologies of non-relational databases is substantiated; the
structure of the main MongoDB document collections for the system is designed,
including “Damaged Buildings,” “Urban Statistics,” “Users,” and “Query History”; the
scheme of logical relationships between these collections is built as a basis for the
development of a hybrid method of intelligent cache management, which can significantly
increase the efficiency of data processing; the expediency of using intelligent caching as a
means of overcoming the limitations of existing caching methods is substantiated; the role
of caching in modern information high-load systems is described.

In the third chapter, the hybrid method of intelligent cache management is
developed, which solves three key tasks: assessing the feasibility of adding an object to the

cache, selecting an object to remove from the full cache, and periodically invalidating
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obsolete objects in the cache; the definition of the cache management method as a basis
for the implementation of a hybrid approach is presented; the application of machine
learning models - table-based Q-Learning and logistic regression for solving the relevant
tasks of the proposed method of intelligent cache management is substantiated; a feature
vector representation of the object state is proposed; additional collections of documents
for the MongoDB database of the system supporting the process of damaged buildings
restoration were designed, which are necessary for the correct functioning of the proposed
machine learning models; the expediency of using Redis as the main caching technology
for the system is substantiated; the algorithm of the hybrid method of intelligent cache
management is described in detail; a final block diagram of its operation is presented,
illustrating the use of table-based Q-Learning and logistic regression machine learning
models, the non-relational MongoDB database, and the Redis caching technology; an
updated model of the system with the integrated module of intelligent caching that
implements the developed hybrid method is presented.

In the fourth chapter, the structure and core functionalities of the experimental
testing system for evaluating the effectiveness of the proposed hybrid method of intelligent
cache management are described; a detailed description of the system components,
including the MongoDB database, the Redis cache, two machine learning models - table-
based Q-Learning and logistic regression, and the cache management module that
implements the hybrid method algorithm is presented; a complete software architecture of
the system was implemented, including agents, buffers, updating models in the
background asynchronously and synchronization with the MongoDB database and Redis
cache; the results of the system are demonstrated in two types of experiments: analysis of
the proportion of cache hits after one run and a series of runs with accumulative training of
models with a fixed data set; in each experiment, the comparison of the efficiency of the
proposed hybrid cache management method with the most common existing caching
methods LRU and LFU is made; the results are visualized in the form of graphs and
figures, which confirm the advantage of the hybrid method under conditions of limited

cache size and number of requests.
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