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MAPPING OF RELATIONAL STRUCTURES IN GRAPH DATABASE NEO4J

Summary

Extension of functionality of most applicationslirting the ones supporting agriculture, as a geheude requires an in-
depth knowledge of relational structures creatimgatbases, which can be sometimes difficult to aehik can result from
the lack of complete technical documentation a$ agetelatively huge complexity of relational sttues. The given publi-
cation is a continuation of the author’s actionspad at creating a moderately universal applicataiowing to reproduce
the existing relational structures created with thee of different relational database managemestesys (RDBMS),
namely SQL Server, MySQL or Oracle into graph fomthe level of Neo4j graph database. This formesakpossible to
thoroughly recognize complex relational structuveith the use of queries prepared in Cypher languigeative client,
which is made available from the level of the oedaapplication. During the construction processtiu# presented tool,
technologies such as ADO.NET, graph database Negéiher with available programming interface adlyeoper tables

containing metadata were utilized.
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MAPOWANIE STRUKTUR RELACYJNYCH W BAZIE GRAFOWEJ NEO 4J

Streszczenie

Rozbudowa funkcjonalsici wigkszdci aplikacji, w tym rownig wspomagajcych rolnictwo z reguty wymaga petnej znajo-
masci struktur relacyjnych tworzych bazy danych, co czasamizmby trudne do osigniecia. Powodem mi@ by brak
petnej dokumentacji technicznej oraz waglie dua ztaonas¢ struktur relacyjnych. Prezentowana publikacjaktmtynu-
acja dziatai autoréw, zmierzajca do wytworzenia w miamuniwersalnej aplikacji, pozwalagej na odwzorowanie istnigj
cych struktur relacyjnych, powstatych przy wykotagi ré&nych systeméw bazodanowych SQL Server, MySQL oraz
Oracle, do postaci grafowej na poziomie Neo4|. datg’ umaliwia wygodne, dogbne rozpoznawanie Zioenej struktury
relacyjnej za pomagcpytai konstruowanych wegyku Cypher w natywnym programie klienckim ugmganym z poziomu
prezentowanej aplikacji. W procesie budowy prezeateego narzdzia wykorzystano technologie ADO.NET,dgmfowy
Neo4j wraz z dogbnym interfejsem programistycznym oraz odpowietdthiele zawierajce metadane.

Stowa kluczowemapowanie, struktura relacyjna, struktura grafque@za danych, neo4j

1. Introduction and available technologies

Extension of functionality of applications supjagt
broadly defined agriculture, independent of the whyeali-
zation, as a general rule involves recognition anadlifica-
tion of relational structure of database, with whibe given
application works in tandem. The recognition ofsitruc-
tures without possessing documentations and withrge
number of defined tables and relations between tigeaiten
not an easy case. The existing tool, dedicategdoific sys-
tems of databases do make it possible to searatiored be-
tween tables in a quick way. Making an endeavosdive
this problem was previously a subject matter oharg in-
quiries, which was expressed in publication [7].ntftened
publication presents the mechanism of reproduatagional
structures created on the level SQL Server togetitarde-
fined relations into the graph form on the leveN&o4j [5].
This in turn made it possible to make use of Cyjiéueguage
paying special attention to searching relationg/benh tables,
which are represented on the level of graph dagaléh the
use of directed edges [1]. The limitation of thegmsed so-
lution was narrowing to single SQL Server environtmee-
sulting from the use of defined classes withinlaenespace
Microsoft.SqglServer.Management.Sif2p. The objects cre-
ated on the above basis made it possible for uscamgnize
database structure managed by the given SQL Sevhde
delivering necessary metadata at the same timey Weee
related with database selected by user.
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A new, alternative approach, proposed by us, lgavin
more universal character, utilizes the technologyled
ADO.NET by Microsoft, which contains in itself nunogis
techniques of access to databases controlled Wgretit
database management systems (DBMS) [3]. Depending o
the offer by specific producer of DBMS, in total wan
make use of ODBC driver, OLEDB technology or native
classes for the given database environment duniagtoc-
ess. In addition to the above, the three mentisudations
were presented in chronological order. From thentpof
view of efficiency, the last solution is preferalitethe two
remaining ones on condition that it is available general
within each of the signaled techniques we canzedioth
connection-oriented and non-connection-oriented ehod
Connectionis the key object in both models, enabling
communication with DBMS, created openly by program-
mer or generated without programmer [8]. It offaraum-
ber of methods, but the function from the pointvigw of
receiving information about metadata is functiorlech
GetSchem§l?].

Information about relational structures that hasrbob-
tained as well as openly defined relations in themf of
foreign keys will constitute the basis in the precef creat-
ing graphs on the level Neo4j [6]. Querying thesérg
base mapping only relational structure can be walehl-
ized in client application offered by the producémMeo4j
or through additional functionality, which is yet be im-
plemented in the information system being understrac-
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tion [9]. The process of reproducing relationalistures in
the form of graphs is possible through making paogr
ming interfaces available to .NET environment [¥@he of
the earlier programming interfaces based on protd@d P
(Hyper Transfer Protocol) isleo4j.Client It offers an ap-
proach type REST (Representational State Transfdigh

menting interfacéEnumerableconstitutes source enabling to
question them with the use of LINQ technology. TWw&sy of
proceedings with the use of ADO.NET was successtided
with reference to MS SQL Server and MySQL [20]iv&tg
after ensuring universal character of this appticainduced
authors to make and endeavor to utilize the metfiabject

means transformation of requests included in pmitoc Connectionon a wider scale through inputting other argu-

HTTP, for operations such as creating, reading,atipgd
and deleting data (CRUD) within their source [2&K{.pre-
sent, a more modern API (Application Programingetnt
face) calledNeo4.jDriveris also available, which by con-
trast is based on network protocol Bolt [11]. Icisaracter-
ized by generating less network traffic, which fratre
point of view of the aim of this paper, which isexsion of
application directed to expanding database envisotim
being subject to metadata penetration, is of seargynin-
portance [26]. In the application, which is undenstruc-
tion, we will solely deal with transfer of metadatehich as
a general rule is less numerous that data thensselve

2. Application RELATIONS-Graph-v2

The process of designing application was proceiedetyL
notation and it also entailed making another assangp[4].
Apart from the previous selection of programmirtgriface, en-
suring access to data in the form of ADO.NET tetdug the
relational set DBMS was narrowed down to three.[T8je
three database environments, namely MS SQL, Otk
MySQL were considered to be relatively represamatit
seemed pretty obvious that the main obstacle owdyeto en-
suring rather universal character of this appticatesults from a
diversified way of gathering metadata providingoiniation
about relational structure, and not the way of rmgpghem in
the graph database [21]. As it has already beetioned, the

ments [24]. Utilizing the argument call€dreignKeysn the
form of chain, as well as using additional argumianthe
form of limit table did not give the expected résyR3]. In
the package of return information there is diracklof refer-
ential informations, which are necessary in thecgss of
creating edges in Neo4j database. Another defigigthat
the given collection and, as a matter of factnéme are not
accepted as the argument@£tSchemanethod on the level
of older techniques such as ODBC and OLEDB. Sondé ad
tional complications occurred while trying to ubestmethod
with reference to collection calle@olumns[13]. The re-
turned results did not meet the author’s expectatio
Alternative approach, characterized by much bigger
pabilities involves the use of INFORMATION_SCHEMA
included in the standard SQL-92, behind which thera
set of tables containing metadata [19]. In casebath
DBMS MySQL and MS SQL Server we can say about con-
formity with the aforementioned standard in thisuis [25].
By utilizing the aforesaid tables we can partialBsign
from the methodsetSchemaln order to gather necessary
information about metadata, we need to reach ferfdih
lowing tables INFORMATION_SCHEMA.TABLES,
INFORMATION_SCHEMA.COLUMNS, INFORMA-
TION_SCHEMA.CONSTRAINT_COLUMN_USAGE and
INFORMATION_SCHEMA.REFERENTIAL_CONSTRAINTS.
Fragment of code seen in Fig. 2., is an examptpuefy
returning all set of information characterized tafided re-

object calledConnection equipped, among other things, in thelations.

method calledsetSchemds the necessary and key object ena-

bling the operation of gathering data [16]. The wo$ethis

method of object combined with proper argumentalmws to

gather different informations about all databaseduding the

system ones, which are managed by database sgstevall as
in the tables creating a given database, whiclbeaseen in the
following code - Fig. 1.

In case of our actions we need to use a widely afa
classes creating ADO.NET. The necessary SQL quesies
be sent to both thEommandbject andDataAdapteralter-
natively, which in consequence will determine thetmods
to be used later [22]. A slightly different scewadf con-
duct was utilized in case of Oracle database sydteithis
particular case, the basis for gathering all infation about

The data taken over are transferred to the objecelational structure were its queries addressedetos con-

DataTable which after being mapped into collection imple-

taining metadata, which is illustrated in Fig. 3.

case "MYSQL":
conMy.Open();

DataTab

.Distinct()

.Tolist();

for (int i =

{

}
conMy.Close();

le tt2 = conMy.GetSchema("databases™);
var listaBazMysql = tt2.AsEnumerable()
.Select(s => s.Field<string>("database_name"))

comboClearItems(cmbSqlDbName) ;
@; i < listaBazMysql.Count; i++)

comboAddItem(cmbSqlDbName, listaBazMysql[i]);

Source: own studyZrodio: opracowanie wiasne

Fig. 1. Gathering information about databases meshby a selected instance MySQL
Rys. 1. Zdobywanie informacji o bazach danychgatranych przez wybrarnnstancg MySQL
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select klucz.TABLE_NAME, klucz.COLUMN_NAME,

as klucz

join as Ref on Ref.CONSTRAINT_NAME

lucz.CONSTRAINT NAME

inner as klucz2

klucz2.CONSTRAINT NAME = Ref.UNIQUE_CONSTRAINT NAME

klucz2.TRBLE_NAME, klucz2.COLUMN_NAME from

on

Source: own studyZrodio: opracowanie wiasne

Fig. 2. SQL query returning information charactedzy defined relations between tables
Rys. 2. Zapytanie SQL zwrageg¢ informacje o zdefiniowanych paaa@niach pomdzy tabelami

user_constraints where constraint_name

position cols.position) r_column_name, cols.position,

user_constraints uc inner join user_cons_columns cols on uc.constraint_name

cols.constraint_name

where constraint type 1= 'C"

SELECT uc.table_name, uc.constraint_name, cols.column_name, (select table_name from
uc.r_constraint_name) r_table_name, (select
column_name from user_cons_columns where constraint_name = uc.r_constraint_name and

uc.constraint_type FROM

Source: own studyZrodio: opracowanie wiasne

Fig. 3. SQL query addressed to DBMS Oracle, incigdhformation about related tables
Rys. 3. Zapytanie SQL skierowane do SZBD Oraclacajucego informacje o powranych tabelach

void cAdd_Table_To_Graph(GraphClient graphClient, Node_Table_Class cTab)

string cName_FK_Table, string cFK_name)

{
graphClient.Cypher
.Create("(a:Table {newTab})")
.WithParam("newTab", cTab)
.ExecuteWithoutResults();
¥

void cAdd_Relationship_Foreign_Key(GraphClient graphClient, string cName_PK_Table,

CREATE (a)-[:" + cFK_name + "]->(b)",

{
CypherQuery query = new CypherQuery(
"MATCH (a:Table),(b:Table) WHERE a.Name
b.Name = '" + cName_FK_Table + "'
new Dictionary<string, object>(), CypherResultMode.Set);
((IRawGraphClient)graphClient).
¥

= '"" + cName_PK_Table + "' AND

ExecuteCypher(query);

Source: own studyZrodio: opracowanie wiasne

Fig. 4. Creating nodes and edges in Neo4j withueof language C# and programming interface GrighiC
Rys. 4. Tworzenieamdw i kravedzi w Neodj przy iyciu jezyka C# i interfejsu programistycznego GraphClient

Another actions of the application, now independzn
relational system chosen by the user, entailedocpmtion
of information about database structures in thenfarf
graphs on the level Neo4j [17]. This entry data edued in
objectsDataTableswere suitably converted into the form
of nodes and edges with the use of two separathodet
utilizing partly different objects, which the folleng frag-
ment of code illustrates - Fig. 4.

The above actions of code included in the mettards
coerced by the user’s choices made in hierarchiea on
the level of form, which is presented in Fig. 5.

At first, the user determines data supplier, @t thasis,
the user gains information about instances of de@b
server installed locally. Then, the user makesapgr se-
lection or alternatively writes connection chaindase of
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servers localized remotely. This in turn enables ¢hoice

of base, and then tables and recognized connechiens
tween them, which will be reproduced in graph strees.
Location of the graph data is determined in neigimlgotext
field [27]. The above operations constitute theidfe ini-
tiating methods creating the graph structures reduiy us.
We create them by pressing the button ,Generate RDB
structure in GDB”. The above form, through indiaalight
WebBrowsemakes available for us program client called
Neo4j, allowing querying graph database. The goesti
entered in Cypher language, allow us to searchd#ia-
base, which came into existence, from the perspedf
gathering information about reconstructed relatiasteuc-
ture [15]. The results are presented in a comftatalay in
the form of graph.

,Journal of Research and Applications in Agricultural Engineering” 2018, Vol. 63(4)



<. RELATIONS - Graph - 8 x
Generata

501 Database name:
“ [ReportServer

[ Columns
Generate RDB structure in GOB

O Remota SQL Server address

Source: own studyZrédio: opracowanie wiasne
Fig. 5. The application interface with results akgying the graph base representing a given rekaltstructure
Rys. 5. Interfejs aplikacji z wynikami odpytywabézy grafowej, reprezentigej wybram struktur relacyjng

3. Conclusions [8] Johnson E., Jones J., Addison-Wesley ,A Develofauisle
. . . . to Data Modeling for SQL Server” 2008. ISBN: 978-213
The presented application constitutes continuatén 49764-2.
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