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Kononko M. MoBa KOHLIENITYaIbHOTO MOJICIOBAHHS T4 METOJU ISl PO3POOKH
0a3 gaHux 31 OararoBapilaHTHOIO MNepcucTeHTHICTIO. — KBamidikamiiiHa HaykoBa
mparis Ha MpaBax PYKOIHCY.

Huceprtaitiss Ha 3100yTTS HAYKOBOTO CTymHeHs JokTopa (imocodii 3a
cnemianbHicTIo 122 - Komm’rorepHi Hayku. — Opecbkuid — Hal[lOHAJIbHHMA
nonitexHiyaui ynisepcurer MOHY, Ykpaina, Oneca, 2020.

Y 6cmyni  OOIpyHTOBAHO aKTYaJIbHICTh BUPIIICHHS 3aBIaHHSI PO3POOKHU
PO3IMIMPEHHS MOBU KOHIIENITyaJIbHOTO MOJEIIOBAHHS Ta METOIB aBTOMAaTH3aIlii
po3poOKkK 6a3 AaHUX 31 OaraTroBapiaHTHOIO MEPCHUCTEHTHOCTIO 3 METOI0 3HMKECHHS
yacy NpOeKTyBaHHs 06a3 JaHUX

Y nepwomy po3oini nucepraimiiHoi poOOTH MPOAHATI30BAHO ICHYIOYl MOBH
KOHIIECTITYaJIbHOTO ~ MOJICTIOBaHHS, TEXHOJOT1i TMEPCUCTEHTHOCTI, METOAM IS
aBTOMaTH3alli Mpolecy po3poOKu 0a3 31 OararoBaplaHTHOK MEPCHUCTEHTHICTIO Ta
OOTPYHTOBAHO METY Ta 3a/a4i JTOCIKEHHS.

[TokazaHo, 110 1 cbOTOJIHI Npouec nmpoekTyBaHHs b/l 3rigHo K1acuuHoi poOOTH
Ramez Elmasri and Shamkant B. Navathe Bumarae Bix IT-po3poOHnKa BHpilIeHHS
HU3KM 3a7a4 T[pU TMPOBEJACHHI TPbOXETAHOTO MOJENIOBAHHS JaHUX Ha
KOHIIENITYaIbHOMY, JIOTIYHOMY Ta (i3uunomy piBHi (Puc. 1).

Ha erami koHuenrtyanpHOro mnpoektyBaHHs [T-po3pobnuku BbJl chimbHO 31
cneniaigictamu npeametHoi oosacti (IIpO) cTBOPIOIOTH KOHIENTYadbHY MOAEIb, SIKa
NEPETBOPIOEThCS B JIOTIYHY Mojenb. [IpoBeneHo aHami3  ICHYIOYMX  MOB
KOHIleNTyaJibHOrO MojemtoBanHs, a came ER, ORM/NIAM, IDEF1X, EXPRESS,
EER, UML, Information Analysis Ta AGILA MOD Ta mnoka3aHo 10 BCl BOHHU
YaCTKOBO HE BIJIOBIJIAIOTh BHMOTaM, sKi BHUCyBawTh IT-po3pobnuku BJI: €
CKJIAJIHUMH 1 HE 3pO3YMUIMMH HETEeXHIUHMM criemianictam 13 [IpO mns y3rokeHHs
(GYHKI[IOHAIBHUX BHUMOTI, $IKI BHCYBAaIOTHCS [0 JIaHMX;, HE MAalTh JOCTATHBHOI
KUIBKOCTI 3ac00IB JIJI1 aBTOMAaTH30BAaHOTO BigOOpa)K€HHS KOHIIENTYalIbHOI CXEMH B
JIOTIYHY CXEMY JaHUX, 1100 3a0€3MeYnTH MIHIMAJIbHE py4YHE BTPYUYaHHS; OPIEHTOBAHI

Ha mpoekTyBaHHs TiUTbku PBJ] 1 ToMy He BUKOpUCTOBYIOTHCS mpu po3podii NoSQL



abo Polyglot Persistence bJ| Ilokazano mo came HEJOCKOHATICTH ICHYIOYHMX MOB
KOHIICTITYQJIbHOTO MOJICTIOBAHHS TMPU3BOJUTH 10 TIJABUIICHHS BUTpAaT 4Yacy Ta
TPYJOMICTKOCTI TpoekTyBaHHs b/1.

Etanu npouecy npoektyBanHs b/ TexHooriyHa MIATPUMKA

ER, ORM/NIAM, IDEF1X,
EXPRESS, EER, UML,
Information Analysis,

Implementation

Conceptual Schema independent level

AGILA MOD
Derivation Algorithm l Tpaouyitini: iepapXidHi, MEpPEKEBI.
penAliiiHi, 00'€KTHO-OpiEHTOBaH1
. DB System Type ’ - it
Logical Schema Yl I yp 00 €KTHO-peIALLiHHa
eve Hoegimni: KOJOHOYHI, TOKYMEHTO-

OpI€HTOBAHI, I'pa)0-OpiEHTOBAHI,
KiIrou-3HayenHs, Polyglot

Derivation Algorithm l
Persistence

DB System Vendor

Physical Schema Microsoft Visio,

Data Modeler (Oracle)

level

Pucynok 1 — B3aemo3B’s130k eTariiB mpoekTyBaHHs b/] Ta ix TexHoI0Tr14HO1
iITPUMKH
3 TOYKH 30py MOKJIMBOCTEH BIJOOpPaKEHHS KOHIIENTYalbHOI CXEMU B

JIOTIYHY CXE€MY JaHHUX Ha JIOTTYHOMY PIBHI MPOBEIEHO aHalli3 ICHYIOUUX TPAIULIHHUX
Ta HOBITHIX JIOTTYHUX Mozeneil nanux. [TokazaHo crajKoeMHICTh CTPYKTYpP 3 OJJHOTO
OOKy 1€papXIYyHUX, MEPEKEBUX Ta PEIANINHUX JIOTIYHMX MOJeJed, a 3 IHIIOro
PEeISIIIAHUX Ta KOJOHOYHMX; 1epapXiuHHMX, MEpEeXKEeBUX Ta TIpado-OpIEHTOBAHUX;
00’€KTHO-OPIEHTOBAHUX Ta JOKYMEHTHO-Opi€eHTOBaHMX. OOIpyHTOBAHO NEpeBaru
JIOTIYHUX MOJIENEeN TaHUX «KJII0Y-3HAYSHHS» JIJIsl CTBOPEHHS nmourykoBux BJI.
[loka3aHo, 110 BUKOPHCTAHHSM PI3HUX TEXHOJIOTIM 30epiraHHsl JaHUX —
Polyglot Persistence B paMkax 0JHOT0 3aCTOCYBaHHS Ha OCHOBI JICKIJIbKOX 0a3 JaHUX
3 PI3HUMHU JIOTIYHMMH MOJIEJIIMH Ha CTOPOHI CE€pBEpa Ma€ HACTYIIHI IEpeBaru:
XOpollla MacIiTabOBaHICTh 3aCTOCYBaHHs, €(QEKTUBHE YMPABIIHHS PI3HOPITHUMHU
JTAHUMHM, OUTBIN IMIBUJIKUN Yac BIATYKY 1 SIK HACIIOK OUTBII BUCOKA MPOAYKTHUBHICTb.
AJne miABOASYHM MiICYMKH OO TIpoliecy mpoekTyBaHHs b/l Ha KoHIenTyabHOMY Ta
JIOTIYHOMY PiBHI MOXHA 3pOOWTH BHCHOBOK IoImupeHHs 0a3 mganux NoSQL Ta
KOHIIETI{is 0araroBapiaHTHOI TMEPCUCTEHTHOCTI 3pOOMIM TPOIeC PO3POOKH 0Oasu

JAHUX 13 1X BAKOPUCTAHHSM I1I€ OLIbII JIOBTOTPUBAIUM Ta TPYAOMICTKUM.



VY 3B'I3Ky 3 mnepepaxoBaHMM BHIE C(HOPMYJILOBAHO METY 1 3aBJIaHHS
JOCIIKEHHS.

Y Opyeomy  po3oini  nucepraliiiHoi  poOOTH  YAOCKOHAJIEHO  MOBY
KoHIenTyaibHoro wmonaemoBandss AGILA MOD+ ans aBTromartuzaliii mporecy
pPO3pOOKH OKpPEMHUX KOHLENTyalbHUX MoOJeNed JaHux 31 OararoBapiaHTHOIO
nepcuctenTHicTio.  AGILA MOD  (Automatic Generators for Information
representation, Logical DB structures and Applications — AGILA Modeling language
— MOD) - ne aBTOMaTHuYHUII TeHeparop s iH(OOPMAIIITHOTO MPeICTaBICHHS,
jgoriunux cTpyktyp bJl. 3aranbHa igeda nossirae B ToMy, 1100 CTBOPUTH
KOHIETITyaJIbHY MOJIEJb LUISIXOM TMEpeKyaay NPUPOAHOI MOBH, SIK pPEUEHb, SKi
CEMaHTUYHO HE CIPOUIYIOThCS, B Tpadiuny HoTalito. OCHOBHI CTPYKTYpHI €I€MEHTH
€ 00’ektu O Ta acomiamii A MK HMMHM [OKa3aHl Ha PHUCYHKY 2, a 3arajbHa

KOHIIENITyaJIbHa MOJIEJIb 3a7a€Thes sk (1).

Person Pe?:m Colui:se Course
MOD =< 0,A > Q)

Pucynok 2 — O0’eKTU-y4aCHUKH acoIliarii

BBeneno dopmanpHU OMMC BUKIAAECHOrO: Hexal € MHOXMHA O 00’€KTiB
p

IEBHMX THIIIB, IOTYKHICTh MHOKUHH — |0 |:

0= {o(t)l,o(t)z, ..o(t);, ...o(t)|0|}, (2)

Tun t 06’ ekTa 0; 3a1a€THCS SIK:

inheritance{ol- No;Vo;U 0]-}, abstract,

t = base {enumeration, set}, (3)
system {string, integer, boolean}
e sSystem — 3BHYAaHMH THN JaHWX, Hanpukiman «String», «Integer» a6o

«Boolean»;. base — 6a3oBuii Tum: mepenik(enumeration) 1e (IKCOBaHUN CITUCOK
3Ha4YeHb Ta HaOIp (set) 1e BHopsJKoBaHA Kojekiis Oe3 nyoOmikariB; inheritance —
3a/1a€ YCIMaJKyBaHHS MK CyNEpTHUIIOM Ta MOro miaTunamu; abstract — ckiaagHui
TUI 00’ €KTa

MHoxu1HY A acorriaiii IeBHUX THUITIB 33JI1aHO SIK:

A={ay,ay,..a;..a4} 4
ne |A| — moTyKHiCTh MHOKHMHH acoIliarii



Toni 06’exTH 0; Ta 0; 3B’s3aHi 32 JOMIOMOI'0I0 aCoMIalii @;,AKILO!
(0;,a;,0;)) ={0, EON0; EO ANa; €EA} (4)
Opniero 3 HaMoOTyXHIMMX, aje npoctux KoHcTpykuid AGILA MOD e
KOHIIEMIIS 00 'ekmusizayii acoyiayii. TakuM 9MHOM, CTBOPIOETHCS CTPYKTYPOBAHHIMA
00'exkt. OO'exTHBI3aIlisg acomiamii J03BOJSE PO3POOHUKY MOJIEN IMOBTOPHO
BUKOPUCTOBYBATH acoLalfifo Ik 00’ €KT JUIsl MOJEIIOBAHHS NOJAJIBUINX PEUYEHb, SIKE

CEMaHTUYHO He crpoiyeThesi. O0'eKTUBIZAIlS acoIliallii Ma€e BUTIISI:
((01,a,0;) v ((oi, a;,0;),qj, ok)) = {0;,0j,0, € 0 A (0,a;,0;) € 0 Aay, a; € A}(5)

Ha npuknani koHuentyalibHOi Moneni TtenedoHHOi kHuru (puc. 2,a)
noOy710BaHOi 3a JOTMOMOTOK ICHYIOYHX CTpyKTypHHX enemeHntiB AGILA MOD
po3risiHyTI MOXJIuBoOCTI (perimBopky AGILA momo aBTOMaTH30BaHOi JepuBaIili

JIOTTYHUX MoJienel ganux (puc. 3, b,c).

- L g . Person Pers-Tel Person
Name ; : Number Person «— Person Phone Person Phone
b T ' Mark Mark 12345 12345
> v Thomas mark 98765 M3 |9g7es
5 o 1 - Chris Chris 98765 Thomas
erson Ferson Fhone | S epnione Steve Steve 85274 Chris 98765
Steve 65498 Steve 85274
65498
(a) KonnenTyanpHa MOZIEIb 13 3HAKAMU JIepUBAIlil (b) Pensiitna (c) O6'exTHO-
MOJENb pensiiiina
MOJIEJb
Pucynok 3 — [Ipuknaayn MOXJIMBOI Ta HEMOXJIMBOI A€pUBALlil KOHIENTYaJIbHOT
MoJel

[Tokazano, icHyrounii cuatakcuc MoBu AGILA MOD mae Hemosiku 110710
BU3HAUCHHsI Ta BigoOpaxxeHHs aBTOHOMHMX (Standalone) o00'ekTiB, KackagHOTO
BujaneHHs Ta oHoBjiacHHs (Cascading), a takox Bkiamenux crpykrypu (Nested
Structures). 3 BpaxyBaHHSIM 3HaWJEHUX HENONIKIB 3aIPONOHOBAHO YIAOCKOHAIUTHU
cuatakcuc Mo AGILA MOD (cTpykTypy KOHIIENTYalbHOI MOJENi) 3a PaxyHOK
BBEJCHHS JBOX CTPYKTYPHUX €JEMEHTIB: HE3ICKHHH 00’€KT (autonomous) Ta
«CWJIBHOTO» THUIy 3BsI3Ky 00’€kTa-y4acHuka acomiamii (Strong Association
Participants)

He3anexnuii 00’e€kT BUpaxae, 10 €K3EMIULSIpU omnucaHoro enemenra [IpO

ICHYIOTh HE3aJIe’KHO BIJ MOro BIJHOIICHH IHIIMMU E€JIEMEHTAMH, MO3HAYAETHCA



NIPAMOKYTHHKOM i3 BEPTHKANBHUAMH ToBiiHuMu minismu (Puc.3,a). Moro BBeneHHs
JI03BOJIAE€ CKOperyBaTu icHywoue B (peiimopky AGILA mpaBuiio nmpo HEOOXiIHICTh
CKAaCyBaHHsI 00’ €KTIB-yYaCHMKOM acolliallii 3 HUKHBOIO MeXker «l» Ta skl He €
YaCTMHOIO KOMIIOHEHTAa y3rojikeHocTi. OTpumaHa pensiiiiHa monens (puc. 4,b) Ha
BiAMIHY Mojeni (puc. 3, b) mokasye, mo Tenep HesanexHuil 00’exT «Telephone»
OTPUMYE CBOE BJIACHE BIJIHOIICHHS, Ha SIKE TIOCUJIAEThCS BitHOIICHHS «Pers-Tel»

CwipHUH THI 3B’SI3Ky 00’€KTa-y4acHHKA acoliarii o3Hayae IO acoIliamis
CWJIbHIIIIE TIOB’s13aHa 13 NIAKIOYEHUM 00’ €KTOM 3 MeXaMH ydacTi B acowiarii «x: 1»
HIK 3 pewmroto. Tooto B acomianii «Pers-Tel» «Person» Bomoaie «Telephoney. VY
AGILA MOD + Takuii 00’€KT-y4aCHUK IIIKITIOYAETHCS A0 acolliallii 3a JOIOMOT0l0
TOBCTOI JIiHIT (puc 5,a). [{ns nepuBariiii i3 KOHIENTYalbHOI MOJIEII JIOTIYHOT MOJIEN B
dpeitmopky AGILA BUKOPHUCTOBYIOTH HACTYITHHUM CIICHAPIN:

1. onuH THI 00’€KTa BCepeauHI KOMIOHEHTa Y3TOJIKEHOCTI MO3HAYAETHCA SIK
1M’ S BITHOILICHHS;

2. ycl 1HII TUTIM 00’ €KTIB yCepearHl BIAHOMIEHHS CTAIOTh 1ACHTU(IKYIOUUMH
aTpulyTamu;

3. ycl poui TUIly acoliailii, 1o JIeKaTh ycepeanHi KOMIIOHEHTa Y3TOKEHOCTI,
K1 BKa3YIOTh Ha THUIT 00’ €KTa M03a KOMIIOHEHTOM Y3T0JI)KEHOCTI, CTal0Th aTpUOyTOM
BIJTHOIIICHHS;

4. pom 1BOTO THUITY, Kl € PpE3yJIbTATOM TMO3HAYEHOI CHJIBHOI y4acTi 3
BEPXHBOIO MEXEI0, OLIBIION0 3a 1, IHKANICYTIOITHCA SIK BKJIaJeH1 aTpUOyTH.

IIpn oMy mNyHKT 4 3a3HAYEHOIO CLEHAPII0 BHKOHYETHCA TUIBKM B pasl
JiepuBallii KOHIENTyalbHOT Mojienl (puc. 5,a) B 00’ €KTHO-PEISIIIIHHY MOJIETb JTaHUX
Ha JIOT1YHOMY piBHI (puc. 5,b).

TakuM YMHOM, BHKOHAaHE JpPyre 3aBJaHHS IAUCEPTALINHOTO JOCTIIHKCHHS Ta
OTPUMAHO TMEPIIMM MYHKT HAayKOBOi HOBHM3HHU, a CaMe€ YJOCKOHAJEHO CTPYKTYpPY
KOHIIENTYaIbHOI MOJEI JaHUX 32 PAXyHOK pO3pOOKH HE3aJIeKHOTO TUITY 00'€KTIB Ta
BBEJICHHS «CWJIBHOTO» THIY 3B’S3Ky HJsi 00’€KTa-ydyacHHMKa acolliallii, 1o 1ajo
MOJKJIMBICTh BJIOCKOHAJIUTH TIPaBWJIA JEPHBAIlii JOTIYHUX MOJCICH 3 ypaxXyBaHHSIM

OaraToBaplaHTHOI NEPCUCTEHTHOCTI JAHMX.



g ) g _ q Person Pers-Tel Telephone

! Name : E Number Person «€— Person Phone—>» Telephone
tee--- EEEEEE y oo am----- J Mark Mark 12345 12345
Thomas Mark 98765 98765
A4 A4 Chris Chris 98765 85274
Person PeOr:Dn @ P::ne Telephone Steve Steve 85274 65498
Steve 65498
(a) KonnenTyanpHa MOZIEIb 13 3HAKAMU JIEpUBAILii, sIKi (b) Pensuiiina Moaeb

BPaxOBYIOTh HE3AJIC)KHUN 00’ €KT
Pucynox 4 — Pe3ynbrar AepuBailii 3 BAKOPUCTAHHIM HE3AJIEKHOTO 00’ €KTa.

Pt ] Tt ] Person Telephone
, Name . » Number . Person Phone Telephone
- a------ 4 - a------ 4 Mark 12345 ————» 12345
1 1
: : Ak 98765 —— »03765
Vs v Thomas /85274
0:* 1:* i
Person [ Telephone Chris 98765 /65498
erson Phone
Steve 85274
65498
(a) KonnenTyanbHa MOZENb 13 3HAKAMU JIepUBAIlii, sIKi (b) O6'exTHO-pensIiitHA MOEITb

BpPaxoBYIOTh HE3aJI€KH1 00’ €KTH Ta CUJIBHUNA TUI 3BA3KY
Y4aCHHKIB acoliallil
Pucynok 5 — Pe3ynpraT AepuBaliii 3 BAKOPUCTAHHSAM HE3aJIEKHOIO 00’ €KTa Ta
CUJIBHOI y4acTi B acoliarii
Y mpemvomy po3dini pucepTaiiiHoi poOOTH CTBOPEHO METOJIM aBTOMAaTH3aIlll

PO3pOOKH JIOTIYHUX MOJeleil 0a3 TaHWX Ha OCHOBI KOHIENTyaJIbHUX CyOMoJenei 31
OaratoBapiaHTHOIO NMEPCUCTEHTHICTIO.

AnanToBaHuii A0 KiacuyHoro (auB. puc. 1) mpomec npoekryBaHHS b/l
MPEJICTaBICHO HACTYTHUM YMHOM (puc.6):

1. CTBOpeHHSI KOMIUTIEKCHOI KOHIIenTyanbHoi Mozeni [IpO BinOyBaeThes 3a
noroMoro 3aco0iB  posmmupeHoi MoBu AGILA MOD+. Jlaxi BHKOHYETbCS —
PO3IUIEHHS] KOMIUIEKCHOI KOHLENTYalbHOI MOJEN Ha HE3aJeKHI KOHIENTYyallbHi
cyOMopenm, siKi BpaxOBYIOTh OCOOJIMBOCTI MEPCHUCTEHTHOCTI JaHWX Ha JIOTIYHOMY
piBHI.

2. [TocnigoBHE TMEPETBOPEHHS 3a JOTMOMOTOK aJrOpuUTMy JepuBailii
OTPUMAHHUX KOHUENTyaJIbHUX cyOMozelield y BIANOBIJHI JaTO JIOTIYHI MOJENl —
«JIOT14HI CXEMU», BUIJISJ SIKUX 3aJCKHUTh B1J] THIY MEPCUCTEHTHOCTI JAHUX, SIKUN
niaTpuMyeThes 3acodbamu KoHkpeTHoi CYB/I,

3. [TocnigoBHE MEPETBOPEHHS BIATOBIIHUX JaTO JOTIYHHUX MOJENIerd Yy
BIAMOBIAHI (Gi3uyHlI Mozem (CXeMH) — BHYTPIIIHI CTPYKTYpH MEPCUCTEHTHOCTI

koHKkpeTHOT CYDB/I.



Ertanu aganToBaHoro npouecy npoekryBaHHs b/ Meroauuna

HiATpUMKa
AGILA MOD +
Conceptual Schema
_________ /N Metox po3aiieHHst
Split by business req. 4 .
:_agc_! :3t_ruc_tt;|r_al cih_a_rac_te_ri_sEic_:s_: Implementation KOMIIJIICKCHO1
z ‘v -\ independent level KOHHGHTyaJ'IBHO'f
Conceptual Schemas MOJel Ha
= : cyomonerni
Dy e ———
: Derivation to logical schemas ;
T v T v T N ~ MeToa cTBOpeHHA
Relational Object-rel. Document Graph DB System Type KOHLIETITYaJIbHUX
Schema Schema Schema Schema level o
i) P — | | | . CY6MOZ[€J'I€I/I
' Derivation to physical schemas ‘
L 2N S 2 2. 7
Physical Physical Physical Physical Physical | DB System Vendor API
Schema Schema Schema Schema Schema level

Pucynok 6 — B3aeM03B 130K eTalliB aanToBaHOTO Mporiecy npoekTyBaHHs b/l 3
ypaxyBaHHSAM OaraToBapiaHTHOI MEPCUCTEHTHOCTI Ta PO3POOICHOT X METOAMYHOT
IITPUMKH
JIns  MeToauyHOi MIATPUMKH JIH TEpIIOro eTamy po3po0JeHO METO

PO3IIJICHHS ~ KOMIUIEKCHOI  KoHIentyaiapHoi wMozaem IIpO Ha  He3anmexHi
KOHIIETITyaJIbHI CyOMOJIei Il MOJANbINOi IX JepwBaIlii y BIAMOBITHI JIOT14HI
Mozeii. MeTos BKIIIOYa€ TaKl eTallu:

1. CrBopeHHs Komii ICHYI0UOT KOMIUIEKCHOT KOHUENTYaJIbHOI MOJAEIII.

2. OToYeHHS 3aMKHEHOI0, CYLIJIFHOIO HAMIBIPO30POI0 0OOJOHKOIO EIEMEHTIB
KOMIUIEKCHOI KOHIIENTYaJIbHOI MOJieil 00’€KTiB, acoIfiaiiii Ta JiHIA 3B’S3KIB MiX
HUMH, 13 IKUX CTBOPIOETHCS CYOMOICTTb.

3. Bwupanenns ycix acormiamii Ta MAKIIOUYEHUX IO HUX JIHIN 3B’SI3KiB, IO
JIe’KaTh 30BHI 000JIOHKH OTOYCHHS.

4. BupaneHHs ycix 00'e€KTiB CUCTEMHHMX Ta 0a30BUX THUIIB, IO JIEkKATh 30BHI
00OJIOHKHM OTOYEHHS, 1 HE MalTh 3'€qHAHHSA 3 o00'ekTamMu, SIKI HaleKaTb [0
BHYTPIIIIHbOI YACTUHU OTOYCHHSI.

5. 3anumieHHs ycix 00'€KTIB CHCTEMHHUX Ta 0a30BHX THIIIB, IO JICKATh 30BHI
00OJIOHKM OTO4YEHHS, Ta MalTh 3'€¢QHAHHI 3  O0'€eKTaMM IO HajJeXaTh [0
BHYTPIIIHbOI YACTUHU OTOYCHHSI.

6. 3amMiHa THUIy YyCIX 3aJUIICHUX O00'€KTIB, IO JeXaTh 30BHI 0OOJOHKH
OTOUCHHS 1 MarOTh 3'€IHAHHS BCEpPEIMHI Ha TUN «mocwiaHHsy (referencing) Ha

cyOMozenb, 10 SIKOT HAJIEKUTh OPUT1HAJIBHUN 00'€KT.



TakuM YMHOM, B Pe3yJIbTATI PO3AIIIEHHS KOMILJIEKCHOI KOHLIETITYalIbHOI MOJEN1
MaeMO TPU MHOXKHMHI €JIeMEHTIB (00’ €KTIB, acoIlialiii Ta JiHIi 3B’SI3KIB MK HUMH):
«inside», «outside» Ta «remainder». Jlo MHOXMHH «inside» Halle)KaTh €JICMEHTHU
OTOYCHI 0OOJIOHKOIO Ha IPYTOMY KpOIIi, 10 «outside» — eTeMeHTH sKi 0yJI0 BUIaJIEHO
Ha TPETHOMY Ta YeTBEpPTOMY Kpoili. MHOXHHa «remainder» CKIagaeThes 13 00'€KTIB
IO MAIOTh THUII «IIOCHJIAHHSY, JIEKaTh 30BHI 000JOHKH OTOYECHHS, 1 MAIOTh 3'€ JHAHHS
3 00'eKTaMHu, 110 HAJIC)KATh MHOKUHH «insidey.

Jns  noOynoBu  OOOJOHKM —  OTOYEHHS  €JIEMEHTIB  KOMILUIEKCHO1
KOHIICTITYaJIbHOI MOJI€JNIi  3alpOTIOHOBAHO METOJlT CTBOPCHHS KOHIICTITYaJIhbHUX
cyOMojenei, sIKi BpPaxOBYIOTh OCOOJMBOCTI IEPCUCTEHTHOCTI JaHuX. MeTron
nepedavae MPOBEACHHS aHAI3y CTPYKTYPHUX OCOOJMBOCTEM MHOXKHMHI €JIEMEHTIB
KOMILUICKCHOI KOHIIENITYaJIbHOI MOJIei, a came 00’ €KTiB, acorialliid Ta JiHIHA 3B’ SI3KIB
MIK HUMHU:

1. HasBHICTP CuIBHUX 3B’S3KIB (OUMB. pUC. 5,a) MK OO0’€KTOM Ta
acorriaiiero, siki 3ampornonoBadi B AGILA MOD+, € moka3HUKOM BiJHECEHHS ITHX
€JIEMEHTIB [0 JOKYMEHTO-OPIEHTOBAaHUX a00 00’ €KTHO-PENSLIMHUX CTPYKTYp
MePCUCTEHTHOCTI

2. HasBHicTh i€papxii TUIB O0’€KTIB € IMOKa3HMKOM BIJHECEHHS IIHMX
€IEMEHTIB [0 JIOKYMEHTO-OpDI€EHTOBaHHUX ab0 00’ €KTHO-PENALINHUX CTPYKTYp
MEPCUCTEHTHOCTI. 3a gomnomoro iepapxii tumiB 06’ektiB AGILA MOD mniarpumye
ycnajakyBaHHs 00'ekTiB. Ha pucynky 7 a, b Ta ¢ nokazaHi KOHIENTyajabHa MOJIENb 1
pe3yNbTaTH IepUBaIlii yCIaaKyBaHHS.

3. Jlnst KOHUENTyaJlbHUX MoJeneil abo iX 4YacTHH, 10 MICTATh 3HAYHY
KUIBKICTh ~ yCHaJKyBaHb, OCOOJMBO KOJM YyCHAJAKyBaHHA € CKIAQAHUM 13
BUKOPHUCTaHHSAM JOBUIBHUX KoMOiHamiin “OR”, “XOR” Ta  “AND” mominsHO
BUKOPUCTOBYBATH JOKYMEHTHO-OPIEHTOBAHI CTPYKTYpH mnepcucteHTHocTi XML a6o
JSON.

4. HasBHicTh Benukoi kibkocTi acomiariii tumy «Camoacorriais» (Self

Association) KOJIM MeEXH 3B’A3KIB OOBEKTIB-yYaCHUKIB JOpiBHIOIOTH "0: *" €



MOKa3HUKOM BIJHECEHHS IIMX €JNEeMEHTIB 10 Trpado-Opi€eHTOBAHUX CTPYKTYp

MEePCUCTEHTHOCTI
Person Undergraduate Student
Student P |LE
=
Graduate Student
Person |_ Professor PK |ID
Student Professor Employee |ID > e
P - Faculty Employee
L Employee x | e
PK | ID — N
Undergraduate| | Graduate Faculty Administration SOETHONEPIONES
Student Student Emp!oyee Employee PK | 1]

(a) koHIIENITYaIbHA MOJIENb 1€papXii (b) pensitiina Mozelb iepaxii THITIB
THIIIB 00’ €KTIB 00’ €KTIB
<s:complexType name="studentType” type="s:positivelnteger” maxOccurs="1" />
abstract="true”> <s:element  name="enrolmentNo”

<s:complexContent>
<s:extension base="personType”> type="s:positivelnteger”
<s:sequence> </s:sequence>
<s:element </ s:extension>
name="studyProgram” minOccurs="1" </s:complexContent>

type="s:string” </s:complexType>
<s:element name="semester”

(c) moxymenrto-opieHTOBaHa Mojieib (XML)
Pucynok 7 — Moaens Ta pe3ylbTaTu JepHuBallli ycrajaKyBaHHs
AnpoOariis pO3pOo0IeHUX METO/11B Ha pUKIaai POEKTY
KampfrichterAnmelde-System (KRAS) — BeO-nomatky, skuii Oyji0 CTBOPEHO IS
iHpopMmariiinoi miarpuMku baBapcekoi depepariii 31010 — J03BOJIHIIA PO3ALTUTH
ICHYI04Y KOMIUIEKCHY KOHUenTyaibHy Mozenb IIpO Ha AB1 He3asexHi cyOMopeni
JUIS TIOJAJIBINOI iX JepuBaiii B pensniiiHy ta LDAP Momeni yoridHoro piBHSA Ta
ctBopeHHs BianoBigHux bBJl. [ocmimkeHHs mokazanw, o OyJlo OTpUMaHO
CKOpPOYEHHS B 2,3 pa3u yacy Ha Take NPOeKTyBaHHs 1BOX B/l B MOpIBHAHHI 3 1X
PO3pOOKOIO 32 KIIACUYHOIO CXEMOIO.
TakuM yuHOM OTpUMaH1 APYTriil Ta TPETi MyHKTU HAYKOBOT HOBU3HU a caMe:
—  BHEpIIe po3po0JICHO METOJ PO3IJICHHS KOMIUIEKCHOT KOHIIENTYalbHOT
MOJIEJ JaHUX Ha He3aJeXH1 CyOMOJIeNl 10 JI03BOJUIO aBTOMAaTU3yBaTU OTPUMAHHS
BIJIMOBIAHUX JIOTIYHUX MOJENeH JaHuX BKiIto4yatoun pessiiitai Ta NoSQL ctpykrypu

Ta TUM CaMUM CKOPOTHUTHU YaC ITPOCKTYBAHHA 0a3 JaHUX



—  BHepme po3po0JeHO METOJ CTBOPEHHS KOHIIENTYyaJbHUX CyOMOjeneH,
Kl BPaXxOBYIOTh OCOOJMBOCTI MEPCUCTEHTHOCTI JAaHMX BKIIOYAIOUW PEJIAIINHI Ta
NoSQL cTpykTypu 13 KOMILIEKCHOT KOHLENTYalbHOI MOJIE JaHUX, 110 J03BOJIUIIO
OOTPYHTOBAaHO BHOpaTH THUIl CTPYKTYp JAHUX Ha JIOTIYHOMY pIBHI 1 TUM CaMUM
3MEHIIUTH 4Yac po3poOKKW 0a3 JaHMX 3 YypaxyBaHHsIM OaraToBapiaHTHOI
MEPCUCTEHTHOCTI.

BpaxyBaHHS yJOCKOHAQJICHOI CTPYKTYpH KOHIENTYaJIbHOI MOJENl JaHUX Ta
METOJ[IB aBTOMATH3allil PO3pOOKMU JIOTIYHUX MojeNied ©0a3 JaHUX JO03BOJIUJIO
OTPUMATH YETBEPTHUH MYHKT HAYKOBOI HOBH3HHU:

- YAOCKOHAJIEHO MOBY KOHIlenTyaibHoro monemtoBanHs AGILA MOD+
3a paXyHOK 3a paxyHOK yJIOCKOHAJICHOI CTPYKTypH KOHIIETITYadIbHOT MOJIET JaHUX Ta
METOJ/IIB CTBOPEHHS MOJENe JaHUX KOHIENTYyaJIbHOMY pIiBHI, IO JJ03BOJIUJIO
BpPaxOBYBAaTH OararoBapiaHTHY MEPCUCTEHTHICTh Ta CKOPOTUTH Yac MPOEKTYBaHHS
0a3 maHux iHQOPMALIITHUX CHCTEM.

Y uemsepmomy po3dini po3pobiieHo 1HTepdeiic MPUKIATHOTO TPOrpaMyBaHHS
(API) nns 3abe3nedeHHsT €IMHOTO JOCTYyHy A0 0a3 JaHuX 31 OaraToBapiaHTHOIO
MIEPCUCTEHTHICTIO 13 O13HEC-JIOT1KH

Y  n’amomy po3odini TpoBeAeHO ampoOaililo MOBH  KOHIIENTYaJIbHOTO
mozemoBanHs AGILA MOD+ ta APl npu po3po6ui b/[ B npoueci BukoHanHs IT-
MIPOEKTIB Ta TMIOKA3aHO CYTTEBE 3MEHBIIIEHHS Yacy MPOEKTYBaHHS, IO IMiITBEPHKEHO
BIJIMOBIJHUMHU aKTaMU BIPOBAIKEHHSI.

Kurouosi cioBa: Po3poOka 6a3 jgaHux, OaraToBapiaHTHAa MEPCUCTEHTHICTD,
MO/ICJTIOBAHHS npeametnux — obnacreit  (IIpO), ™MOBM  KOHIIENTYaTbHOTO
MOJICJIIOBaHHS, MOJIeNIb CYTHICTh-3B’s130K, NOSQL 06a3u naHux, pensuiiHi 0a3u
naHuX, cucreMa ynpasiiaas 6azamu ganux (CYBJ).
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The introduction verifies the topicality of solving the problem of developing an
extension of the conceptual modelling language and methods for automating the
development of databases with multivariate persistence in order to reduce the time of
database design.

In the first chapter of the thesis paper, the existing languages of conceptual
modelling, persistence technologies, methods for automating the process of
developing databases with multivariate persistence are analyzed and the goal and
objectives of the research are justified.

It is shown that today the process of designing a database according to the
classic work of Ramez Elmasri and Shamkant B. Navathe requires IT-developer to
solve a number of problems when carrying out a three-stage data modelling at the
conceptual, logical and physical levels (Fig. 1).

Stages of the database design process Technological support tools

ER,
ORM/NIAM,IDEF1X,EXPRESS,
EER, UML,Information Analysis,

Implementation

Conceptual Schema independent level

AGILA MOD
Derivation Algorithm l TraditionalApproaches:
hierarchical, network. relational,
DB System Type object-oriented object-relational
level New Approaches: column,
document-oriented, graph-oriented,
key-value,Polyglot Persistence

Logical Schema

Derivation Algorithm l

Microsoft Visio,

DB System Vend
ystem vendor Data Modeler (Oracle)

Physical Schema
level

Figure 1 — Relationship between the stages of database design
and their technological support
At the conceptual design stage, IT database developers, together with the

Universe of Discourse (UoD) experts, create a conceptual model which is further
converted into a logical one. The capabilities of the existing conceptual modelling
languages have been analyzed, namely: ER, ORM / NIAM, IDEF1X, EXPRESS,
EER, UML, Information Analysis and AGILA MOD, and it is shown that they all
have the following disadvantages: they are partially inconsistent with the
requirements of IT database developers; they are complex and incomprehensible to

non-technical experts of the subject domain who are involved in reconciling the



functional requirements for the data; they do not have sufficient tools to
automatically transform a conceptual schema into a data logic one with minimal
manual intervention; they are focused on designing only relational databases and
therefore are not used in the development of NoSQL or Polyglot Persistence
databases. It is shown that it's the imperfection of the existing languages of
conceptual modelling that leads to an increase in the time and manpower input
(labour intensity) when designing the database.

From the point of view of the possibilities of converting a conceptual schema
into a logical data schema, at the logical level the analysis of existing traditional and
newest logical data models has been carried out. The continuity of traditional logical
data models, such as hierarchical, network and relational ones, is shown. As well as
within the study the continuity of traditional and new logical models has been also
shown, for example, the relationship between relational and column-family models;
between inter-hierarchical, network and graph-oriented; between object-oriented and
document-oriented ones. The advantages of "key-value" logical data models for the
creation of search databases have been substantiated.

It is shown that the use of different data storage technologies (Polyglot
Persistence) within one application based on several databases with different logical
models on the server-side has the following advantages: good scalability of the
application, efficient management of heterogeneous data, faster response time and, as
a result, higher performance.

But summing up what has been said about the process of designing a database
at the conceptual and logical level, the author can conclude that the spread of NoSQL
databases and the concept of multivariate persistence made the process of developing
a database with their use even more time- and labour-consuming.

In connection with the above, the first section also formulates the purpose and
objectives of the study.

The second chapter of the dissertation the language of conceptual modeling
AGILA MOD + is improved for development of process automation of separate data

conceptual models with multivariate persistence. AGILA MOD (Automatic



Generators for Information Representation, Logical DB structures and Applications -
AGILA Modeling language - MOD) is an automatic generator for information
representation, logical structures of databases. The general idea is to create a
conceptual model by translating natural language as sentences that are not
semantically simplified into graphic notation. The main structural elements are the
objects O and the associations A between them are shown in Figure 1, and the

general conceptual model is given as (1).

Person Pe?:m Colui:se Course
MOD =< 0,A > Q)

Figure 2 — Objects-members of the association

The formal description is introduced: let there be a set O of objects of certain
types, cardinality of set — |O|:
0= {O(t)li O(t)z, O(t)i) O(t)|0|}r (2)
Type t of object o; is defined as:

inheritance{oi NojVo; U oj}, abstract,
t = base {enumeration, set}, (3)

system {string, integer, boolean}
where system — the usual data type, for example «String», «Integer» abo «Booleany;

base — basic type: enumeration is a fixed list of values and a set is an ordered
collection without duplicates; inheritance — specifies the inheritance between the
supertype and its subtypes; abstract — complex object type

A set A of associations of certain types is given as:

A={ay,ay,..a;..0a)4} (4)

where |A| — power set of associations

Then objects o; and o; are connected by association a;, if:

(0;,a;,07) ={0; EON0; EO0 Na; € A} 4)

One of the most powerful but simple constructions of AGILA MOD is the
concept of objectification association. Thus, the structured object is created.
Objectification association allows the model developer to reuse the association as an
object to model further sentences, which is not semantically simplified. The

objectification of the association has the form:



(04, a; oj) % ((oi, a;, oj), aj, ok)) ={0;,05,0, EO0 A (0s, a;, oj) € 0 Aa;,a; € A}(5)

Example of a conceptual model of a telephone book (Fig. 3, a) built with the
help of existing structural elements of AGILA MOD shows the possibilities of

AGILA framework for automated derivation of logical data models (Fig. 3, b, c).

S —— ' T ' Person Pers-Tel Person

Name : i Number Person «— Person Phone Person Phone
e ' e ' Mark Mark 12345 12345
\i{ \;'{ Thomas Mark 98765 Mark 98765
Chris Chris 98765 Thomas
Rerson ToEseege Steve Steve 85274 Chris  |98765
Steve 65498 Steve 85274
65498
(a) Conceptual model with derivation signs (b) Relational model (c¢) Object-
relational
model
Figure 3 — Examples of possible and impossible derivation of a conceptual

model
It is shown that the existing syntax of AGILA MOD language has

disadvantages in terms of defining and displaying Standalone objects, Cascading,
and Nested Structures. Taking into account the disadvantages found, it is proposed to
improve the syntax of AGILA MOD language (structure of the conceptual model) by
introducing two structural elements: an autonomous object and Strong Association
Participants.

An autonomous object expresses that the instances of the described element of
UoD exist independently of its relations with other elements, is denoted by a
rectangle with vertical double lines (Fig. 4, a). Its introduction allows to adjust the
existing in AGILA framework about the need to cancel the participating objects of
the type of association "with the lower limit "1"and is not part of the consistency
component. The obtained relational model (Fig. 4, b) in contrast to the model
(Fig. 3, b) shows that now An autonomous object "Telephone" receives its own
relation, which is referred to by the relation "Pers-Tel".

Strong Association Participants means that the association is strongly
associated with the connected object with «x: 1» than with the rest. That is, in the
association "Pers-Tel™ "Person™ owns "Telephone™. In AGILA MOD +, such strong

participation in association using a thick line (Figure 5, a).



To derive from the conceptual model of the logical model into the AGILA
framework, the following scenario is used:

1. one object type within a consistency component is referred to as a name;

2. all other object types within the relationship become identifying attributes;

3. all association type roles that lie inside the consistency component that point
to an object type outside the consistency component become an attribute of the
relationship;

4. roles of this type, which are the result of marked strong participation with an

upper limit bigger than 1, are encapsulated as nested attributes

P : R~~~ "o : Person Pers-Tel Telephone

Name : E Number : Person '«— Person Phone—>» Telephone
Lo EEEEEE e Lo am----ot Mark Mark 12345 12345
: : Thomas Mark 98765 98765
A" A4 Chris Chris 98765 85274
Person Pe[::m @ F:;e Telephone Steve Steve 85274 65498
Steve 65498
(a) Conceptual model with derivation signs that take into (b) Relational model

account an in autonomous object
Figure 4 — The result of derivation using an autonomous object

W P L [ L Person Telephone
, Name . , Number . Person Phone Telephone
e am----- r tee--- am----- J Mark 12345 —>» 12345
: : A 98765 ———— 298765
v A Thomas /85274
0:* 1 i
Person - Telephone Chris 98765 / 65498
erson Phone
steve 85274
65498
(a) Conceptual model with derivation signs that take into (b) Object-relational model
account autonomous object and strong participation in
association

Figure 5 — The result of derivation using an autonomous object and strong
participation in association
In this case, paragraph 4 of this scenario is performed only in case of

derivation of the conceptual model (Fig. 5, a) in the object-relational data model at
the logical level (Fig. 5, b).

Thus, the second task of the dissertation research was completed and the first
point of scientific novelty was obtained, namely, the structure of the conceptual data
model has been improved through the development of an independent type of objects

and the introduction of a Strong Association Participants, which made it possible to



improve logical model derivation rules taking into account the Polyglot persistence of
data.

The third chapter of the dissertation represents methods of automation of
database logical models development on the basis of conceptual submodels with
multivariate persistence.

Adapted to the classical (see Fig. 1) database design process is represented as
(Fig. 6):

1. Creation of a comprehensive conceptual model of UoD is with the help
of extended language AGILA MOD +. Then an additional step is performed -
division of a complex conceptual model into independent conceptual submodels,
which take into account the features of data persistence at the logical level.

2. Sequential transformation using the algorithm of derivation of the
obtained conceptual submodels into appropriate pathological models - "logical
schemes", the appearance of which depends on the type of data persistence, which is
supported by a specific database.

3. The corresponding data models are consistently transformed into the
corresponding physical models (schemes) - internal structures of persistence of
concrete DBMS.

To methodically support the actions of the first stage, a method of dividing the
complex conceptual model of ABM into independent parts, the so-called “sections”
of the conceptual model for their further derivation into appropriate logical models,
was developed. The method includes the following stages:

1. Creating a copy of the existing complex conceptual model.

2. Surrounding with a closed, continuous translucent shell of elements of the
complex conceptual model of objects, associations and lines of connections between
them, from which the submodel is created.

3. Delete all associations and connected lines that lie outside the shell.

4. Delete all system and base type objects that lie outside the environment shell

and have no connection to objects that belong to the inner part of the environment.



5. Abandoning of all objects of the system and basic types that lie outside the
shell of the environment and have connections with objects that belong to the inner
part of the environment.

6. Replacement of the type of all abandoned objects that lie outside the shell of
the environment and have a connection inside the type of "reference™ (referencing) to

the submodel to which the original object belongs.

Stages of the adapted database design process Methodical support
AGILA MOD +
Conceptual Schema
Y\ N Method of dividing
Split by business req. 0
i and structural characteristics Implementation a Complex
z ‘v -\ independent level Conceptual model
’ Conceptual Schemas into submodels
_/I'III’:,’ I ~ .
T Lovoo--o L.--o-N.o.o.C Method of creating
' Derivation to logical schemas i
Z """" " v ~ i conceptual
Relational Object-rel. Document Graph DB System Type submodels
Schema Schema Schema Schema level
) | I | I . J-
E— Derivation to physical schemas ' API
L 2NN A 2 h 2. 7
Physical Physical Physical Physical Physical | DB System Vendor
Schema Schema Schema Schema Schema level

Figure 6 — The interconnection of the stages of the adapted process of database
design, taking into account the Polyglot persistence and their developed
methodological support

Thus, as a result of the division of a complex conceptual model, we have three
sets of elements (objects, associations and lines of connection between them):
«inside», «outside» and «remainder». The set «inside» includes elements surrounded
by a shell in the second step, the «outside» - elements that were removed in the third
and fourth steps. The set «remainder» consists of objects that have the type «link», lie
outside the shell of the environment, and have connections with objects belonging to
the set «inside».

To build shell — the environment of the complex conceptual model elements, a
method of creating conceptual submodels that take into account the peculiarities of
data persistence is proposed. The method involves the analysis of structural features
of many elements of a complex conceptual model, namely objects, associations and

lines of connection between them:



1. The presence of strong links (see Fig. 5, a) between the object and the
association, which are proposed in AGILA MOD +, is an indicator of the attribution
of these elements to document-oriented or object-relational structures of persistence.

2. The presence of a hierarchy of object types is an indicator of the
attribution of these elements to document-oriented or object-relational structures of
persistence. AGILA MOD supports object inheritance through a hierarchy of object

types. Figure 7 a, b and ¢ show the conceptual model and results of inheritance

derivation.
Person Undergraduate Student
Student P |LE
P |ID { Graduate Student
Person |_ Professor PK |ID
Student Professor Employee |ID > o 1o
o Faculty Employee
L - | ID
y Employee
Undergraduate| | Graduate Faculty Administration =2 ‘ SOETHONEPIONES
Student Student Employee Employee PK | D
(a) conceptual model of object type (b) relational model of the hierarchy of
hierarchy object types
<s:complexType name="studentType” type="s:positivelnteger” maxOccurs="1" />
abstract="true”> <s:element  name="enrolmentNo”
<s:complexContent>
<s:extension base="personType”> type="s:positivelnteger”
<s:sequence> </s:sequence>
<s:element </ s:extension>
name="studyProgram” minOccurs="1" </s:complexContent>
type=" s:string” </s:complexType>

<s:element name="semester”

(c) document-oriented model (XML) inheritance output
Figure 7 — Model and results of inheritance derivation
For conceptual models or their parts that contain a significant number of inheritances,
especially when inheritance is complex using arbitrary combinations of “OR”,
“XOR” and “AND”, it is better to use document-oriented XML or JSON persistence
structures.
3. The presence of a large number of associations such as "Self-

Association” when the boundaries of the links of the objects-participants are "0: *" is



an indicator of the attribution of these elements to graph-oriented structures of
persistence.

Approbation of the developed methods on the example of the project
KampfrichterAnmelde-System (KRAS) - a web application created for information
support of the Bavarian Judo Federation - allowed to divide the existing complex
conceptual model of UoD into two independent submodels for their further derivation
into relational and LDAP models and creation of appropriate databases. Studies have
shown that there was a reduction of 2.3 times the time for such design of two
databases compared to their development according to the classical scheme.

In this way obtained the second and third points of scientific novelty, namely:

— for the first time a method of dividing a complex conceptual data model
into independent submodels was developed, which allowed to automate the
production of appropriate logical data models including relational and NoSQL
structures and thus reduce database design time;

—  for the first time a method of creating conceptual submodels that take
into account the peculiarities of data persistence, including relational and NoSQL
structures from a complex conceptual data model, which allowed to choose the type
of data structures at the logical level and thus reduce database development time
taking into account multivariate persistence.

Taking into account the improved structure of the conceptual data model and
methods of automation of development of logical models of databases allowed to
receive the fourth point of scientific novelty

— Improved conceptual modeling language AGILA MOD + due to the
improved structure of the conceptual data model and methods of creating data models
at the conceptual level, which allowed to take into account the multivariate
persistence and reduce the design time of information system databases.

The fourth chapter develops an application programming interface (API) to
provide unified access to databases with multivariate persistence in business logic.
The fifth chapter tests the conceptual modeling language AGILA MOD + and

API in the development of databases in the process of IT projects and shows a



significant reduction in design time, which is confirmed by the relevant implementing
acts.

Keywords: Database development, Polyglot Persistence, Modeling of
Universe of Discourse (UoD), Conceptual Modeling language, Entity-Relationship,
NoSQL database, Relational databases, Database Management System (DBMS)
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