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Relational databases (DB) provide good support for data with a predetermined structure. But the latest trends in the IT
sphere have shown that the tools for working with massive data (Big Data), which have different presentations are
need. Therefore, non-relational DBs (NoSQL DBs) appeared. One of the key characteristics of NoSQL DBs is that
they can work with a huge range of different data structures. The article compares the most common relational and
non-relational database.
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Perstiiini 6a3u ganux (bJ]) 3a0e3neuyroTh XOpOIy MATPUMKY AaHKWX 3 HAMEePed BH3HAYCHOIO CTPYKTYpOro. AJjie
ocranHi TpeHau B IT ciepi nokazany, 1m0 HEOOXiTHI IHCTPYMEHTH U1 poOOTH 3 BENMKUMH oOcsiramu qaHux (Big
Data), siki MatoTh pi3Hi CTpyKTypu mpencraBieHHs. Tomy i 3'sBunmcs Hepemsiiiai b/ (NoSQL B). Onniero 3
Kimo4yoBux xapakrepucTuk NoSQL B/] € Te, 1110 BoHM MOXyTb NPALIOBATH 3 BETMUYE3HUMH HaOOpaMH JIaHUX Pi3HOT
CTPYKTYpH. Y CTaTTi NOPIBHIOIOTHCS HAMIOMMPEHI pesisiiizi i Hepemsiiini B/I.

KurouoBi ciioBa: 6a3u qannx, SQL, NoSQL, nepemnsiviai bJ1, mapminr.

Introduction

The relational data model is based on the mathematical theory (the theory of sets, the
theory of the relations, logic theory) whereas non-relational data bases (DB) have no
uniform mathematical theory. The relational model is convenient when the database have
the following characteristics — reliability, flexibility, stability. But to correspond to needs
of the modern applications where data are huge also usually unstructured, it is necessary to
resort to use the one of non-relational DB which will give much more convenience in case
of data handling. Further instruments of data operation are considered both in relational,
and in non-relational approaches.

Reliability of the DB model shall be checked by means of ACID properties.

v’ Atomicity. Atomicity designates 'everything or nothing'. If any part of transaction

isn't executed then all transaction is read unfortunate.

v Consistency. Consistency guarantees that any transaction saves coherence of a

DB.

v’ Isolation. Insulation guarantees that the repeated transactions which are executed

at the same time don't influence execution of each other.

v" Durability. The durability guarantees that as soon as transaction was executed,

data will remain in the same status.

When the data set is organized by means of formally described tables, the received
DB call relational. It is possible to get to elements of such DB easily access, to create new
data, to expand. Today this type of information storage is the most widespread for data
storage.
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On the other hand, when traditional tables aren't used for data storage, such DB call
non-relational. These DB can store data in the form of key-value storages a, in the HTML
format (eXtensible Markup Language — an extensible markup language), etc.

Non-relational DB also are known as NoSQL (Not Only SQL) [1-2]. These DB
provide flexible scaling (sharding) meaning that they increase transparently, adding a new
node, and are usually developed with not expensive hardware. In difference from relational
DB NoSQL DB are often based on BASE properties (Basic Availability, Soft state,
Eventual consistency).

v' Basic Availability. Basic availability — each request with guarantee comes to the

finish (successfully or unsuccessfully).

v" Soft state. The flexible status — a status of system can change even without input

of new data for achievement of coherence of data over time.

v Eventual consistency. Coherence eventually — data can be mismatched some

time, but come to consistency state after a while.

Also some advantages of non-relational DB are: simple support of replication, simple
API (Application Programming Interface), processing of massive data (Big Data) [3].

Relational databases

In 1970 E. Kodd laid the foundations of the relational DB theory. A DB — the
application that allows storing and obtaining data very quickly. The relational DB —
collection of the data elements organized in formally described tables in which it is
possible to get access to data by the different methods. The relational DB — the set of
interrelated tables, each of which contains information of certain type objects. Every row
contains a unique copy of the data for the respective categories. The principal instrument
of data handling in relational DB is the structured query language SQL (Structured Query
Language) which allows to get access and to change the data, which are stored in a DB.
The SQL language is based on relational calculation, relational algebra, predicates,
requests and operators.

We will provide some advantages of a relational DB:

v' the most part of information is stored in a DB, but not in the application,

v' it is simple to add, update or delete data,

v’ advantages of data aggregation, search and reports creation,

v" changes in the DB scheme are quite simple.

Two modern most intensively used relational DBMS (DB Management System) —
MySQL and Oracle. MySQL increasingly used in the web environment. This system is
extremely fast and simple in use, and Oracle is often used for operations with big DB,
which are used in banking, insurance, ERP (Enterprise Resource Planning — an enterprise
management system), and investment companies. Oracle is used for the solution of
complex problems and supports the difficult OLTP (Online Transaction Processing —
transaction processing in real time). Though MySQL and Oracle work similarly,
nevertheless there are several basic differences between them.

1. Oracle — expensive system, which can be used only by the large organizations unlike
MySQL that is open source system. But MySQL concedes in stability which is
maintained by Oracle.

2. Oracle can work with massive data, supports role control, snapshots and packets
unlike MySQL.

3. The syntax of Oracle user language is more flexible that is provided with such
integrated programming language as PL/SQL (Procedural Language/Structured
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Query Language — procedural extension of the SQL language) which in turn has
larger list of commands in comparison with the MySQL language.

Oracle provides the high level of safety. MySQL provides only three security levels:
user name, password and layout; whereas Oracle has more perfect methods of
protection by creation of access profiles, local and external authentications.

Oracle is insensitive to the register, and MySQL is sensitive to the register that is
inconvenient when naming a DBs, tables and attributes.

For data transfer Oracle uses the XML language, which isn't supported by MySQL.
MySQL has only two character types of the data — CHAR and VARCHAR in
difference from Oracle that operates with four character types: CHAR, NCHAR,
VARCHAR2 and NVARCHAR?2.

Oracle — very comprehensive DBMS which maintains advanced functionality, using
such tools as the active data protection, reserve storage, division and data analysis
(Active Data Guard, Audit Vault, Partitioning, Data Mining). MySQL doesn't
support reserve storage on the server.

Temporary tables are processed differently in Oracle and MySQL. In MySQL such
tables are deleted automatically after completion of the current session and are seen
only for the user of the current session. In Oracle temporary tables are available to all
sessions, but data are seen only for the user of the current session inside.

MySQL have backup utilities, such as mysqldump and mysqlhotcopy. Oracle has
more perfect tool — the manager on recovery (RMAN). RMAN allows to do
automate backup process, using different existing methods and scenarios.

Oracle have a set of different functions, using which the user easily can control the

DB, at the same time using simple XML language syntax. In view of high functionality it
reduces need for the external software or other tools that in turn allow to support
applications of large business.

MySQL is used for web scenarios and games, allows to support small data stores and

systems of OLTP. Thus, this DBMS can be used in projects in the smaller companies and
at smaller cost. However, it requires the external software that involves shortcomings of
reliable functionality that is provided by Oracle.

l.
2.

We will describe some shortcomings that are characteristic for the relational DB.
Relational DB don't maintain high scalability.

As data in a relational DB are saved in the table form, using of such structure
potentially can result in high complexity if data can't be presented in a table style
adequately.

The most part of the functionality provided with relational DB can simply not used
that can result in excessive complexity.

Relational DB use the SQL language to work with structured data, but SQL can be
very difficult in use by operation with semi-structured data.

When the data volume becomes the considerable (huge, massive), the DB will be
physically partitioned into several servers. This division involves a problem because
connection (JOIN) of tables in the distributed servers is, generally speaking, a
complex operation.

Thus, there was a need to store and get access to huge data arrays, using the modern tools;

thereby there was a need of data storage for the new shape kept by non-relational DB.
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Non-relational databases

Non-relational DBMS — a class of systems which control DB which essential
difference is that tables aren't used as structures of storage. Other distinctive features of
such systems: SQL isn't used as requests language, join operations aren't supported; it
doesn't guarantee execution of ACID properties, but there is a possibility of simple
horizontal scaling (sharding). Today there are many classifications for NoSQL DBs, one of
classification is based on theorem CAP [4]. Non-relational DBs can be classified
depending on a data storage method.

1. Key-value. This approach allows to store data without especially expressed
structure. These data consist of a key, which is provided, in the line, and the actual data
that is value in the pair key-value. Data can be any primitive of a programming language
(sequence, an integer number or an array) [5, 6]. Thus, it weakens the requirement of data
formatting for storage, eliminates the need for a fixed data model.

2. Storages of documents (the document-oriented DB). The storages of documents
also known as the document-oriented DBs, are generally the programs used for storage,
receiving, up-dating of data from a DB.

The basic storage structure used in such DBs — the document. Each storage of
documents can differ on the data implementation, however it is supposed that data are
coded in some standard format, for example, XML, BSON (Binary JavaScript Object
Notation — the interchange digital data format, based on JavaScript), PDF or the Microsoft
Office document. Each document is presented by unique key, which is sequence (URI —
Uniform Resource Identifier). API or request language support fast extraction of
documents based on its contents. For example, request which receives all documents in
which a certain field has some certain value.

3. Graph DBs. Graph DBs — databases that as a data structure use the graph, which
nodes and edges are allocated with certain properties of represented data. Nodes are
represented as objects (people, business or any other element) just as objects are provided
in any programming language. Properties of such objects are presented in the form of
edges, which connect the appropriate graph nodes. By sequential passing from one node to
another the necessary information is find.

4. Columnar DBs. Columnar DB store the data in the form of columns in difference
from the standard storage form as in the rows. This approach is justified by the fact that
often there is a need for updating of one column for the table, at the same time the other
data in rows not need to be modified, i.e. when you change one data column other columns
remain unchanged.

5. Object-oriented DBs. Object-oriented DBMS also usually known as OODBMS
(Object-Oriented DataBase Management System). Data are stored as objects, inheritance and,
therefore, a possibility of repeated use is supported (like in object-oriented programming).

6. Grid and cloudy DBs. Grid and cloudy DB share grid and cloud computing. Grid
computings are used for control the heterogeneous and geographically distributed DBs
while cloud computing provides easy access to remote hardware and storage resources.

7. XML DBs. XML DBMS is used to save data in a XML language format. In all
XML DB the XML document is the fundamental storage format. However, in some XML
DB data of a XML document are partitioned into parts and these parts are saved in tables,
thereby using so-called XML-mapping.

8. Multidimensional DBs. Multidimensional DB store data in the form of n-
dimensional matrixes. All appropriate elements beforehand are compiled and saved,
allowing convolutions and evolvents to be received in an interactive mode. Many products
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use this approach, for example, of Arbor Essbase (Arb) and IRI Express (IRI).
Multidimensional DB can use a relational DB as a basis in which multidimensional
requests are translated in the equivalent relational requests.

9. Multimodel DBs. Multimodel DB — combining of different non-relational DBs, it
provides connection of the advantages of different DBs mentioned above.

Non-relational DB propose solutions for storage of massive data, which are used in
the Internet today. With the advent of NoSQL cloud computing now can control more
effectively massive data and their effective processing. The new architecture of data
representation, such as CDSA (Cloud Data Storage Architecture) improves data handling
productivity [7].

Except different advantages, such as high capacity, horizontal scalability, non-
relational DB have some shortcomings [8-10]. The most considerable are given below.

1. The majority of non-relational DBs use the open source software and though it well
proved, but nobody bears responsibility for failures.

2. Many non-relational DBs provide BASE properties and sacrifice standard ACID
properties to increase productivity.

3. Because of neglect ACID properties a level of the reliability provided with non-
relational DBs, is less than in a relational case. Developers need to programming for
ensure compliance with the ACID that might be easy in a relational database.

Conclusion

Massive data, heterogeneous data, requirements of high performance and scalability
of the modern applications of the relational DBMS became the reason that programmers
began to look for new decisions that are more flexible. Such decisions have become
NoSQL DBMSs. Integrity of data, data availability are the main problems, defining what
DBMS must be used for application.

We must note that for achievement the level of relational DBMS reliability and a
maturity the some important research questions remain unresolved for NoSQL DBMSs yet.

References

1. Pemmonn D. Cemb 6a3 JaHHBIX 3a ceMb HeJleNb. BBeeHNe B COBpeMeHHbIe 0a3bl JaHHBIX M UICOJIOTHIO
NoSQL /3. Peamonn, 1. Yuicon, 2013. — 384 c.

2. ®aynep M. NoSQL. HoBast Meromosorus pa3pabOTKM HEPENAIMOHHBIX 0a3 maHHbIX / M. Dayep,
I1. Camamamxk, 2013. — 171 c.

3. Ullman J. Mining of Massive Datasets / J. Ullman, J. Leskovec, A. Rajaraman, 2014. — 513 p.

4. Survey on NoSQL database / H.Jing, E. Haihong, L. Guan, D. Jian // Pervasive Computing and
Applications (ICPCA). —2011. — P. 363-366.

5. Chang F. Bigtable: A Distributed Storage System for Structured Data / F. Chang, J. Dean, S.
Ghermawat // Proceeding OSDI '06 Proceedings of the 7th USENIX Symposium on Operating Systems
Design and Implementation - Volume 7, 2006 — P. 15.

6. Conolly T. Begg C. Database Systems: A Practical Approach to Design / T. Conolly, C. Begg / Pearson;
6 edition, 2014. — 1440 p.

7. Jing H. A Novel Solution of Distributed Memory NoSQL Database for Cloud Computing / H. Jing, S.
Meina, S. Junde // ICIS 'l11 Proceedings of the 2011 10th IEEE/ACIS International Conference on
Computer and Information Science. — 10. — P. 351-355.

8. Security Issues in NoSQL Databases / L.Okman, N. Gal-Oz, Y. Gonen,, E. Gudes. // «Trust, Security
and Privacy in Computing and Communications» (TrustCom), 2011 IEEE 10th International
Conference. — 2011.

9. Leavitt N. Will NoSQL Databases Live Up to Their Promise? / Neal Leavitt / IEEE Computer Society
Press Los Alamitos, CA, USA. —2010. —P. 12-14.

10. Date C. Database in Depth: Relational Theory for Practitioners / C. J. Date., 2005. — 232 p. — (O'Reilly
Media).

© D.B.Bui, N.N. Ruban
73



ISSN 1561 — 5359. llITyunmnii inTesekr, 2016, Nel

References

1. Redmond E. Sem baz dannyih za sem nedel. Vvedenie v sovremennyie bazyi dannyih i ideologiyu
NoSQL / E. Redmond, D. Uilson, 2013. — 384 s.

2. Fauler M. NoSQL. Novaya metodologiya razrabotki nerelyatsionnyih baz dannyih / M. Fauler, P.
Sadaladzh, 2013. — 171 s.

3. Ullman J. Mining of Massive Datasets / J. Ullman, J. Leskovec, A. Rajaraman, 2014. — 513 p.

4. Survey on NoSQL database / H.Jing, E. Haihong, L. Guan, D. Jian // Pervasive Computing and
Applications (ICPCA). —2011. — P. 363-366.

5. Chang F. Bigtable: A Distributed Storage System for Structured Data / F. Chang, J. Dean, S.
Ghermawat // Proceeding OSDI '06 Proceedings of the 7th USENIX Symposium on Operating Systems
Design and Implementation - Volume 7, 2006 — P. 15.

6. Conolly T. Begg C. Database Systems: A Practical Approach to Design / T. Conolly, C. Begg / Pearson,;
6 edition, 2014. — 1440 p.

7. Jing H. A Novel Solution of Distributed Memory NoSQL Database for Cloud Computing / H. Jing, S.
Meina, S. Junde // ICIS 'l1 Proceedings of the 2011 10th IEEE/ACIS International Conference on
Computer and Information Science. — 10. — P. 351-355.

8. Security Issues in NoSQL Databases / L.Okman, N. Gal-Oz, Y. Gonen,, E. Gudes. // «Trust, Security
and Privacy in Computing and Communications» (TrustCom), 2011 IEEE 10th International
Conference. — 2011.

9. Leavitt N. Will NoSQL Databases Live Up to Their Promise? / Neal Leavitt / IEEE Computer Society
Press Los Alamitos, CA, USA. -2010. —P. 12-14.

10. Date C. Database in Depth: Relational Theory for Practitioners / C. J. Date., 2005. —232 p. — (O'Reilly Media).

RESUME

J.b. Byii, M.M. Py6an
IlopiBHsAILHMI aHATI3 HepeaAnIiTHUX TAa peasuiiiHuX 0a3 JaHUX

Pensmiitai 6a3u nanux (BJ]) 3a0e3nedyroTh XOpomry MiITPUMKY JaHUX 3 HAmepes
BU3HAYCHOIO CTPYKTyporo. Ane ocranHi TpeHau B IT cdepi mokasamu, mo HeOoOXiJHI
IHCTpYMEHTH Ui poOOTH 3 BelnMKHMMH oOcsiramu naHux (Big Data), sxi marooTh pi3Hi
CTPYKTYpH TIPEACTaBJICHHS. BuKkopucTanHs Tpaauiinaux pensuiianx bJ] oOmexeHo TuM
(akTOoM, MO Yy HUX € CTPOri OOMEXEeHHS Ha CTPYKTypy HaHuX. Tomy 1 3'aBuimcS
Hepemsniitai b/l (NoSQL BJI). Onniero 3 kmrodoBux xapaktepuctuk NoSQL B/l € te, 1o
BOHHM MOXYTb IPAILIOBATH 3 BEITUUYE3HUMHU HaOOpamH JTaHUX Pi3HOI CTPYKTYpH. 30Kpema,
3aBISKH IXHBOI PO3MOIIICHOI MPHUPOAM, a TaKOXK 3 OISy Ha 1HIN 3aco0um 30epiraHHs
MaHuX Ha (DI3MIHOMY PiBHI BOHU 1/1€aIbHO MiAXOAATH JJIsi OOPOOKH BEIMYE3HOT KITBKOCTI
iHdopmartii, sk 11e yacTo OyBae B pa3i iHTENEKTyalbHOTO aHami3dy naHux (Data Mining).
[HIIMMH cTOBaMH, KaHOHIYHI CTPYKTYpH JNAHUX DPEJMIMHOTO MiJXOMy MEPelIKoKaTh
e(heKTUBHOMY BHUKOpPHUCTaHHIO peysmiiauX BJI. YV cTaTTi mopiBHIOIOTHCS HAWUIIONIMPEHIIII
pemsuiiitai 1 Hepensuiai BJI. B/l Oararo B yoMy moB's3aHi 3 YHpaBIiHHAM BEJIUKUMHU
JAHUMH, TOMY HEOOX1JTHO BPaXOBYBAaTH TaKi BJACTUBOCTI SIK CTaOIIBHICTD 1 HIBUKICTb.
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