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30ipHUK MaTepiamiB  KOH(EPEHIl MICTUTh TEe3W JIOMOBIJAEH HAYKOBUX
JTOCIDKEHh 32 aKTyaJbHUMHM TMpoOJieMaMH Yy Taly3sX, BIJIHECEHUX [0
3arajJbHONPUUHSTOrO TepMiHa «IHmycTpist 4.0».

PosrnsHyTi TMTaHHA MaTeMAaTHYHOTO 1 KOMI'FOTEPHOTO  MOJICITIOBaHHS;
VIOpaBIiHHSA, OOpOOKM Ta 3axucTy I1HQoOpMalii; MPOEKTYBaHHS 1H(MOPMALIHHUX
CUCTEM 1 TMPOTPaMHUX KOMIUIEKCIB; IITYYHOTO 1HTENIEKTY; aBTOMaTH3alli
pOOOTOTEXHIYHUX CHCTEM; KOMITHOTEPHUX TEJICKOMYHIKAUIMHUX MEpEex Ta
TEXHOJIOT1H; aBTOMAaTH3allli Ta YNPaBIiHHS TEXHOJOTIYHUMH MPOILIECAMH; HOBHUX
1H(hOpMAIIHUX TEXHOJIOT1H B OCBITI.

PesynpTaTi OCTIKEHD TPEACTABISAIOTH COOOI0 CBOEPIAHHUI 3pi3 Cy4acHOTO
CTaHy CIIPaB y MepPEepaxoBaHUX Taly3siX 3HaHb, SIKU MOXKE JOIMOMOTTHU SIK (axXiBIsM,
TaKk 1 CTyJA€HTaM BHIIIB CKJIACTH 3arajbHy KapTUHY PO3BUTKY 1H(GOpMAIITHUX
TEXHOJIOT1H Ta MOB’SI3aHUX 3 HUMH IMUTAHb.
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MOJaHUX MaTepiayiax iH(opMallii aHTIIIHCHKOI0 MOBOIO JTO3BOJISIE BUKOPHUCTOBYBATH
30ipHUK Te3 sIK 3aci0 KOMyHIKAIlil Mi’K BUCHUMU PI3HUX KpaiH.

30ipHUK pO3paxOBaHO HA HAYKOBUX TIPAIIBHUKIB, BHUKJIAJadiB, AaCIIPAHTIB,
CTYJICHTIB BUIIIMX HABYAIBHUX 3aKJIiB, SIKI HAMAralOThCs JI3HATUCS TIPO CyYaCHUN
ctaH Hayku B IT-ramy3i Ta TeHACHINI pO3BUTKY Taly3ed aBTOMaTH3aIlli
TEXHOJIOTIYHUX TpoleciB  Ta poboroTexHiku. Ll iHpopmaris wmoxe OyTu
BUKOPUCTAHA JJIs BUPINIEHHS [IUPOKOro Kojia Mpo0sieM B 3a3HaYEHUX pO3/iiax, M0
BUHUKAIOTH SK B HaBYaJIbHOMY TIPOIIECi, TaK 1 B JOCIIJIHUIILKOMY 1 HayKOBOMY
TUTaHAX.

PekomenyioBano no mnyOmikamii Buenoto Panoro IHcTHTYTy KOMIT'POTEpHHX
cucteMm 1 texnosorii «Iumyctpis 4.0» im. I1.H. IlnaronoBa Onecbkoi HaliOHAIBHOL
akaniemii xapuoBux TexHosorii Bix 02.10.2020 p., npotoxoi Ne 2.
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TOWARDS THE APPROACH TO DATABASE STRUCTURE GENERATION FROM
BUSINESS RULES BASED ON NATURAL LANGUAGE EXPRESSIONS
KOPP A.M. (kopp93@gmail.com), ORLOVSKYI D.L. (orlovskyi.dm@gmail.com)
National Technical University “Kharkiv Polytechnic Institute” (Ukraine)

Abstract. This paper presents the approach to the database structure design using the translation from
business rules based on natural language expression written in English language into SQL scripts. Business
rules are translated into database tables, columns, and relations based on foreign keys. A software prototype
of business rules translation into SQL statements is described, as well as its usage example is considered,

Introduction. Appearance of customer-centric software development practices, such as Martin’s RAD
(Rapid Application Development) and then Agile has allowed not only satisfying customer’s requirements,
but providing early deliveries of the product [1]. Since databases are baselines for almost all applications, the
success of early database delivery is vital for the product delivery in general.

According to Wiegers and Beatty [2], a business rule is a statement that defines or constraints sume
aspect of the business. There are five kinds of business rules (facts, constraints, action enablers, inferences,
and computations), among which facts are used to describe associations or relations between important
business terms, and are important for data entities that might appear in data modeis [2].

Facts business rules are used to define database static structure in terms of entities (tables), attributes
(columns), and relations (foreign keys). Hence, the goal of this research is to improve the process of database
design at its early stages, by translating business rules into executable SQL (Structured Query Language)
statements in order to obtain working database prototype faster and directly from captured facts.

Methodology. In this paper we have studied translation of business rules written in a natural English
language (or at least close enough to it) into the executable SQL statements for database deployment on the
DBMS (Database Management System) server.

The syntax of business rules, which define entities and relations between the entities, can be described
using the extended Backus-Naur form (BNF):

< relation_business_rule >::= {each | some} < parent_entity >
{is < relation >} {one | many} < child_entity >

Therefore, the following regular expression could be proposed in order to parse facts business rules,

which define entities and relations between the entities, according to the described BNF syntax:
RXpact = "(each|some)\s + (.+)\s + ((is). +)\s + (one|many)\s + (. +)"

This regular expression assumes that tokens of the business rule should be separated by at least one
space. Tokens extracted using the regular expression RXy,.; are trimmed, single spaces or sequences of
spaces are replaced with underscores. Plural entity identifiers are singularized.

The syntax of business rules, which define entities and their attributes, can be described using the
extended BNF as well:

< entity_business_rule >::= {each} < entity >
{has} {< attribute >,...}

Therefore, the following regular expression could be proposed in order to parse facts business rules,

which define entities and their attributes, according to the described BNF syntax:
RXper = "(each)\s + (. +)(has)\s + (. +)"

This regular expression also assumes that tokens of the business rule should be separated by at least
one space. Attributes introduced in the last token of the regular expression RXp.r should be separated by
commas in order to be recognized and processed correctly (splitted by a comma). Tokens extracted using the
regular expression RX,, ¢ are trimmed, single spaces or sequences of spaces are replaced with underscores.

Considered regular expressions RXp,.; and RXp s allow getting the tokens that could be transformed
into elementary SQL statements of the DDL (Data Definition Language) sublanguage using the following
metamodel (see Fig. 1).

According to the proposed procedure, tokens, obtained as the results of business rules parsing using the
introduced regular expressions RXgq and RXp,f, are then transformed into CREATE TABLE and ALTER
TABLE expressions of SQL language; ordered in the correct way (in order to avoid the situation when the
table, which corresponding CREATE TABLE has not executed yet, is tried to be altered); and executed by
the relational database server. For the experiments we have chosen MariaDB database server.
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Figure 1 — Parsed business rules metamodel

For now, at the early stage of this research, the data types of attributes are by default considered as
VARCHAR (255), except primary attributes. When mapping the relational model into the DDL statements,
the primary keys should be implemented as auto incremented INTEGER columns in order to simplify their
processing in a database. Obviously the primary attributes are all should have the “not null” property, as well
as the foreign key attributes in order to provide the strong relational integrity. Auto-increment keys and not
null fields are the essentials of relational databases supported by all well-known DBMS. By default primary

keys, as well as corresponding foreign keys, are all artificial (entity name concatenated with *“_id” suffix).
The general sequence of business rules translation into SQL statements is presented in Fig. 2.

( AN
Extract entities Extract attributes Extract relations SQL Syntax
defintions definitions definitions y
) T v
; ) 4
Relational Create primary Generate SQL
Theory d foreian k .
Constraints and foreign keys statements
J . W,

Figure 2 — Business rules into SQL statements translation sequence

Proposed software architecture of the experimental stage is demonstrated in Fig. 3.

Web Client
[Is \ Web Server
HTTP
T
br2sqgl.js a ©— I PHP Handler
N
]
|
= O HTTP
index.html a ()
! e
: Database Server
W

. Z]
MariaDB Instance
Bootstrap CDN

Figure 3 — Experimental stage software architecture

Fully-functioning web application is free and accessible by the corresponding link [3].

Results. As the example we have used the following text as the input. It outlines business rules, which
define entities, attributes, and relations, for the products supply domain:

“Each supplier has address, email, phone. Some supplier is described as one person. Some supplier is
described as one company. Each person has first name, last name, ssn. Each company has name, contact
person, bank account. Each product has sku, title, amount, price, discount. Each supplier is assigned to many
contracts. Each contract is assigned to many products. Each contract has number, date, comment.”

User interface of the developed software prototype is shown in Fig. 4.
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Rusziness Rules

r has address, email, phone, Seme supplier is described as

plier is described as one company., Each person

bank account. Bach product has sku, title, amount price, discount, Bach

supplier is assigned to many contract. Each contract is assigned to many

product, Each contract has number, date, comment.

name, last name, ssn. Bach company has name, contact person,

S0 Statements

DROP DATABASE IF EXISTS 'DB_SYNTHESIS)

CREATE DATABASE DB_SYMNTHESIS

USE DE_SYNTHESIS ;

CREATE TABLE supplier ( ‘supplier_id’ INTEGER, "address
VARCHAR(255), ‘email’ VARCHAR(255), ‘phone’ VARCHAR(255)):
CREATE TABLE 'person’ { ‘supplier_id’ INTEGER, tirst_name
VARCHAR(255), "Last_name’ VARCHAR(255), ‘ssn’ VARCHAR(255)):
CREATE TABLE ‘company’ [ ‘supplier_id” INTEGER, ‘'name’
VARCHAR(255), "contact_person’ VARCHAR(25S), "bank_account’

Database Mame

DB_SYNTHESIS

Business Rules to SQL Translation

VARCHAR(255)):

CREATE TABLE ‘product’ ( ‘product_id” INTEGER, ‘contract_id"
INTEGER, ‘sku’ VARCHAR(255), ‘title” VARCHAR(255), ‘amount’

VARCHAR{255), ‘price V

AR(255), ‘discount’ VARCHAR{255));

CREATE TARLE ‘contract’ ( “contract_id" INTEGER, “supplier_id®
INTEGER, ‘number’ VARCHAR{255), "date” VARCHAR(255), 'comment

VARCHAR(255));
ALTER TABI
AUTO_INCREMENT PRIMARY KEY.

supplier” MODIFY “supplier_id” INTEGER

Figure 4 — User interface of the developed software prototype

Obtained SQL statements (Fig. 4), to which given business rules were translated, were passed to the
MariaDB server and successfully executed. The schema of generated database structure is shown in Fig. 5.

[1.&.db.synthesis supplies|

# supplier_id : int(11)

| & address : varchar(255)
& email : varchar(255)

| @ phone : varchar(255)

—

Figure 5 — Deployed database structure

Bl db.synthesis contract
% contract_id : int(11)
—{ 4 supplier_id - int(11)

| @ number : varchar(255)
& date - varchar(255)

© comment : varchar(255) |

ﬂ(} db_synihesis.company,
4 & supplier_id : int(11)

| & name : varchar(255) !
| @ contact_person  varchar(255) |
| £ bank_account  varchar(255)

& db_synihesis person |
4 2 supplier_id : int{11}

| @ first_name - varchar(255) |

| @ last_name : varchar({255)

| @ ssn : varchar(255)

—_—

[l .& db_synihesis product]
| % product_id - int(11) [

—4 4 contract id : int(11)
| @ sku : varchar(255)
| & title - varchar(255)
| @ amount : varchar{255)
| @ price - varchar(255)
| @ discount : varchar(255)

This schema (Fig. 5) fully corresponds to the given business rules that describe entities and relations
according to considered products supply domain. Generated SQL statements are accessible at [3].

Conclusion. In this paper we have presented the approach to the rapid database design based on the
translation of the business rules system based on the natural language expressions written in English
language into DDL SQL scripts that can be further deployed to the DBMS server.

According to the proposed approach, business rules, which define entities, attributes, and relations, are
translated into the code that defines database tables, columns, and relations based on foreign keys. The
software prototype that implements business rules translation into DDL SQL statements is described, as well
as its usage example is considered using the products supply domain.

Future work includes improvement of the user interface in order to enable building of facts from pre-
defined terms, as well as development of a model for suggestion of data types based on columns names.
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Comnory6 Kocrsiutun Banepiiiouy, Bukinanad, BCII «Onechkuii Texniunuii haxosuit koemx OHAXT»
Crapuupkuii [1arno BanepiitoBuy, acniipant, BiHHUIbKHMI HAlllOHATBHUI TEXHIYHUN YHIBEPCUTET

CranicnaBuk Slpocnas ['eopriiioBny, ctyneHT, Onecbkuii HalllOHAIbHUI MOJITEXHIYHUH YHIBEPCUTET

CrenanoB Muxaiinn TumodeeBny, K.T.H., TOIeHT, OJjecbKa HaIllOHAIFHA aKaeMisl XapYOBUX TEXHOJIOT1H
Crenyn Aprem Mapripocosid, cryneHT, Onechka HaIliOHAIBHA aKaaeMis Xap4OBUX TEXHOJIOTIH

Credpannmun Poman FOpiiioBud, cryneHT, HamioHnamsHII yHIBepcHTET «JIpBIBChKA MOTITEXHIKA

Crincekuit Bitamniit BnanucnaBoswd, ctyaeHTt, OnechbKui HaIllOHAIBHUH MOMITEXHIYHUHN YHIBEPCHTET
CromakeBnd AHzpiit OnekciiioBud, K.T.H., qoueHT, Omeckka HalioHa bHa akaaeMis 3B°s13ky iM. O.C. [Tomosa
Cy66ortina O.B., H.c., [HCTHTYT KibepHeTHKH iMeHI B.M. I'mymikoBa HAH VYxkpainu

Cyunima FOmian IOpilioBuy, K.T.H., 3aBigyBau BijaiieHHsM, «Onecbkuil TexHiuHui paxoBuit konemx OHAXT»
Cymnima FOmnis €BreniiBaa, Bukianad, BCIT «Onecbkuit TexHiunui paxopuit konemx OHAX Ty

Tumuenko Makcum MakcuMoBHY, cTyIeHT, HanioHaapHa MeTanypriiiHa akaaemis Y kpaiHu

Turypenko Xanna AunpiiBHa, crynentka, OnecbKka HallloHaJ bHA aKaJeMisi XapuOBHUX TEXHOJIOTTH

Tkauenko P. O., HauionansHuii yHiBepcuret "JIbBiBChKa MOJITEXHIKA"
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Txauyk Anacracis [laBiiBHa, cTyeHTKa, BIHHMIIBKUI HalliOHANBHUA TEXHIYHUI YHIBEPCUTET

Tonop Mukona MukonaitoBuy, acmipant, Ojiecbka HallioHaJIbHA aKaJeMisl Xap4OBHX TEXHOJIOTIH

Tpimmua ®enip AHaroniiioBud, K.T.H., ToeHT, OJicchKka HaIllOHAJIbHA aKaJIeMisl XapYOBUX TEXHOJIOT1i

Tiopina €preniss OmnexcanapiBHa, acucreHT, HarioHanpHMH TexHiYHMIT yHiBepcureT Ykpainun «KuiBchbkuit
MOJITeXHIYHUH 1HCTUTYT iMeHi [ropst CikopchKoro

VYukapenko Onekcannp OneroBud, K.T.H., IOLEHT, HalionanbHuid yHiBepcuTeT KopabiedyayBanHs iM. aaM. MakapoBa
Qaitazunsoepr Jleonin ColoMOHOBHY, [I.T.H., Tpodeccop, MiKHApOAHNI HAYKOBO-HaBYAIBHMHN HEHTp iHGOpMAaIiitHIX
texHonorii i cucreM HAH 1 MOH VYkpainu

®denocor Cepriit Hukudoposund, 1.¢pm.H., mpodecop, Onechka HalliOHATbHA aKaeMis XapuOBHX TEXHOJIOTIH

®enyn [nHa BacumniBHa, cTyieHTKa, YHIBEpCHUTET AepkaBHOI BicKanbHOI CiTy:k0n YKpaiau

®Dowmin A. O., OnecbKuii HaITIOHATHHUH MOJITEXHIYHAN YHIBEPCUTET

XandeBchbkuii BrnamucmaB AHmpiiioBud, ctyaeHt, Onecbka HallioHAIbHA aKaJeMisl XapuoBUX TEXHOJIOTTi

Xapaxam Onexcannp BsiuecnaBoBud, cryaent, Onecbka HalliOHAJIbHA aKaJieMisl Xap4OBUX TEXHOJIOT1H

Xapkesuu Kupuiio AnapiiioBud, cTyieHT, BIHHUIBKNI HalliOHAIBEHUHM TEXHIYHNIN YHIBEPCUTET

XobuH Bukrop Anapeesud, 1.T.H., ipodecop, Onechka HalllOHAIBHA aKaeMisi XapYOBUX TEXHOJIOT i

Xomaba Onekcannp MupociaBoBHY, K.T.H., JIOIICHT, BIHHUIIPKUI HAIlIOHAIEHUHN TEXHIYHUN YHIBEPCUTET

Yan Amnina Jle Banisua (Chan A. L. V.), ctrynentka, BiHHUIIbKUI HAIIIOHATBHIH TEXHIYHUN YHIBEPCUTET

Yarmmiaceknit FO.I1., k.1.H., c.H.c, [HCTUTYT KibepHeTHKH iMeHI B.M. I'nymkoBa HAH Ykpaian

Yepuuwes Cepriit ['ennaniiioBud, cryneHr, HamionansHuii yHiBepcHTET «3aropi3bka MojgiTeXHiKa»

UYepanmmoB KoctsuTiH AHAPiHOBUY, acmipanT, BIHHUIbKUIT HAIliOHANBHUH TeXHITHUN YHIBEPCUTET

UYepnHoBonuk ["annna OnexcanapiBHa, K.T.H., TOIEHT, BIHHUIBKUIA HAIllOHATBHIN TEXHIYHIN YHIBEPCUTET

Uexmectpyk P. 1O., 3D Generation UA (Ykpaina)

[abarypa 10.B, HauionanbHa akajiemist CyXOMyTHUX BifChK

[Bers Banepiit TumodiitoBud, a.¢pm.H., mpodecop, Oxechka HalliOHATbHA aKaJAEeMisi XapUYOBHX TEXHOJIOTIH

[epmryn Onexcanap OnekcaHAPOBHY, CTYACHT, O/lechbKa HalliOHATBHA aKaIeMis XapuOBHUX TEXHOJOTIH

[ectomanos Cepriit BikropoBud, K.T.H., 1oneHT, Ofeckka HalliOHAJIbHA aKaJIeMis XapuOBHUX TEXHOIOTIH

[Imamrox B. A., BIHHUIIbKHN HAI[IOHATLHUN TEXHIYHUNA YHIBEPCHTET

[mraKoBChkuit OnekcaHap AHATONIHOBHY, K.T.H., JOICHT, O/1eChKIIT HAITIOHAEHIH MOJITEXHIYHUH YHIBEPCHTET
[ymexenko Cepriii CepriiioBud, acmipanT, HarioHaTpHAHN YHIBEPCUTET «3amopi3bKa MOTITEXHIKa»

SlkoBeHko ApreM AHaToOJIHOBHY, CTyJeHT, HarioHaibHUi TeXHIYHHUN yHIBEpCUTET «XapKiBChKHI IMOJITEXHIYHUM
IHCTUTYT»

SnakoB Banepuii IletpoBuu, K.T.H., J0UEHT, MEIUTONOJBCKUNA HHCTUTYT TOCYJIAPCTBEHHOTO W MYHHIIMIIAJIBHOTO
yrpasieHus Kiaccuieckoro 4acTHOrO YHHUBEPCUTETA

Sposwii Irop IBaHOBHY, K.T.H., BUKJIaga4y, MexaHiko — TexHonoriuaunid konemk OHAXT

Spomyk Jlronmuna Jlem’siHiBHA, K.T.H., A0leHT, HamionanbHuMH TexHiuHMH YyHiBepcuteT Ykpainum «KuiBchbkuit
MOJTITEXHIYHUN THCTUTYT iMeHi [ropst CiKopchbKOT0»

Antipova Kateryna, YopHOoMOpChKHif HalliOHATBHAN yHiBepcuTeT iMeHi [letpa Mormmm

Anton Paramonov, K.T.H., 1o1eHT, JloHeIIpKNii HallioHATBHNH yHiBepcuTeT iMeHi Bacwusa Cryca

Borysova Natalia Volodymyrivna, k.T.H., foueHT, National Technical University “Kharkiv Polytechnic Institute”

D.V. Khramchenkov, National Research Nuclear University (Russia)

Koltunovych O.S., cryaent, JIyibkuil HAIlllOHAIBHUN TEXHIYHUN YHIBEPCUTET

Kovalenko Igor, YopHOMOpCcEKHI HanioHaIEHUH yHIBepeuTeT imMeHi [lerpa Mornmm

Liashko Anastasia, Philosophy Doctor of Technical Sciences, National University of Life and Environmental Sciences
of Ukraine

Lipunov D. A., /IBH3 "IIpnazoBcbkuii qep>kaBHUN TEXHIYHUH yHiBepcuTeT"

Loveikin Viatcheslav, Doctor of Technical Sciences, National University of Life and Environmental Sciences of
Ukraine

Maik V. Z., Ykpaincbka akajgeMis ApyKapcTBa

Melnyk Karina Volodymyrivna, k.T.H., nouenTt, National Technical University “Kharkiv Polytechnic Institute”

Potokii M.S., crynenrtka, Hamionansauii yHiBepceuteT "JIbBiBChKa MOTITEXHIKA"

Romanyuk Sergey, BiHHUIIbKHIT HAIlIOHATBHII TEXHIYHUN YHIBEPCHUTET

Romasevych Yurly,Associate professor, National University of Life and Environmental Sciences of Ukraine

Sanko [.V., HamioHanpHHUN TeXHIYHUHA YHIBEPCHTET «XapKiBCHKUU MOMITEXHIYHAN THCTUTYT

Shved Alona, HopHOMOpPCHKHIA HalliOHATBHAUN yHiIBepcuTeT iMeHi [letpa Morumm

Vasyl Martsenyuk, PhD, Associate professor, University of Bielsko-Biala, Department of Informatics and
Automatics , (Poland)

Vyatkin Sergey, Institute of Automation and Electrometry SB (Russia)

Yaroslav Isaienkov, student, Vasyl' Stus Donetsk National University

Yershova Svitlana Ivanivna, senior lecturer, National Technical University “Kharkiv Polytechnic Institute”
Zatserkovnyi R. G., YkpaiHcbka akajeMist IpyKapcTBa
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