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Abstract

Most classical SQL databases store information that does not
change frequently. Models are client relationship management
applications or site applications that update like clockwork/seconds.
Up to this point, software engineers needed to compose sophisticated
code to make databases work with constant changing or streaming
information. Creating grate micro services to deal with stream
information are normal and frequently delicate. A streaming database
works with dynamic information that changes repeatedly. This
changing information triggers activities in the database inquiries and
applications rather than the reverse way around. The main
characteristics of streaming databases are that continuous insert new
data records, update the database status in real time, and answer online
queries with consistency database state. This research follows a
streaming database technique for managing stream educational
information for lecturers in Computer Science Department supporting
it with the lot occasions simultaneously. This research applies a partial
replication approach that update the database periodically depending
on the updating triggers. The replication accompanied by a change in
the number of triggers indicates a significant education event.
Experiments led the belief that the streaming database structures are
extra appropriate for utilize educational information in universities.
This is come from the fact that the traditional database system spent
about 5 minutes for updating 10 rows in two different computers,
while in suggested streaming database system we spent only about 4
minutes. This kind of online updating and its results can be used in
education systems in various ways.
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Introduction

Database systems are a collection of related data and
accepted for granted. Quite possibly the best programming tools
at any point composed, they are known the innovation business.
They have advanced over years with information warehousing,
NoSQL (do not follow the restrictions of traditional relational
database system), big data, and so on. However, every one of
these changes, databases actually look and feel extensively like
the databases of 50 years ago: static information to which you
direct inquiries and anticipate that answers should return. Their
latest development, is very diverse[1].

So in streaming event, the trigger is not you. The trigger is
the information. The trigger is the appearance of an event. The
information does not sit latently, as it does in a conventional
relational database; it is consistently on the run[2].

Dynamic database techniques are the issue from the contrary
side, permitting you to make triggers and emerged instances that
react to changes made to a database table. These have been
around for years; however the usefulness is restricted to the
limits of the database itself: no floods of events are come to the
rest of the world. Later database innovations - like MongoDB,
Couch base and Rethink DB (examples of NoSQL database
systems) - have consolidated the thought of tables that transmit
stream events when records change. Applications would then be
able to respond to these streams [3].

While the two methodologies - dynamic databases and
streaming database events - may have all the assigns of being
comparative, they are utilized in various way. Both expand on a
similar three structure blocks: inquiries, tables, and event
streams. Dynamic databases are better at questions over tables,
yet they cannot inquiry stream events. Streaming database event
can question both stream events and tables; however the table-
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based inquiries are less good in class than their dynamic database
partners.

Following fifty years, the database is transforming to the
requirements of another expert. This transformation is not
finished. In reality, it is likely just start. However, one thing
appears to be clear: the normal response to the inquiry "What is
database system?" is probably going to change, as the product
world turns out to be less about programming that assists
individuals with preferring tackle our job and more about the
chains of programming that completely mechanize the
universe[3].

Traditional Database vs. Streaming Database

With a relational database management system, also called a
RDBMS, a manager loads information at a pre-order recurrence
relying upon their prerequisites. With a streaming database, then
again, information are gathered, prepared, and enhanced
continuously - typically just after the actual information are
made[4].

Streaming databases can be any database that is arranged to
handle streaming information continuously. This can incorporate
time-series databases, in-memory data grids, and many others
[4]. Another significant use case for streaming data has to do
with how it empowers you to set live alarms and notices for
significant events across your business. By setting up constant
alarms for those restrictive changes that matter, you can get that
they have happened very quickly. You at this point do not need
to stand by weeks or even a long time to discover that these
progressions happened. Cautions are produced naturally so
individuals who need this data likely take care of their
responsibilities they will have it[5].

Lastly, streaming databases are a critical advantage when
active applications that falls inside the microservices structure.
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With micro services, you are planning an application as a
progression of administrations that actually cooperate to frame
whole system. This is as opposed to the classical utilization of
old day’s database systems. Figure 1 shows the primary contrast
among traditional and streaming databases[4].

Traditional Database Streaming Database
Active Query Passive Data Active Data Passive Query
CREATE
SELECT * -« TABLE AS
FROM - Data Stream »‘ SELECT *
DB-TAB DB TAB FROM
STREAM

Figure 1: Differences between traditional and streaming
databases

Related Works

Streaming Database (SDB) is a type of streaming
information intended to convey constant knowledge that can
improve business seriousness. Streaming data includes constant
handling of information from large number of sources like
sensors, financial exchanging, web-based business, web
applications, social network (like Facebook, Twitter, etc.) and
some more. By accumulating and processing these on-going
streams information, ventures can utilize stream database
systems to create knowledge to improve correctness, settle on
better-educated choices, finish tasks, improve client assistance
and act rapidly to make the most of business opportunity[6][7].

Dynamic streaming database requires a complex streaming
engineering and Big Data arrangement like Hadoop and Apache
Kafka. Kafka is a quick, multidisciplinary and strong distribute
tool in informing framework that can uphold stream data
preparing by working on information treatment. Kafka can
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measure and execute in excess of 100,000 exchanges each
second and is an ideal tool for empowering streaming database to
help Big Data investigation and information lake activities[6].

However, utilizing Kafka for streaming database can make
an assortment of difficulties also. Source frameworks might be
unfavorably affected. A lot of custom advancement might be
required. Also, scaling proficiently to help an enormous number
of information sources might be troublesome [8]. That is the
place where our suggested partial replication could work
properly. In other words, we used the partial replication
technique for updating our streaming educational database rather
than using the complexity of Kafka streaming approach (see
Section 9 for more information).

Data Streams and Internet of Things (1oT)

The Internet of Things (IoT) is all over the places around us,
and the information is accumulating. The new small, embeddable
PCs are empowering managers and specialists with the chance of
utilizing the entirety of this information to control everything
from industrial to individual homes. These named streaming
databases which are devices intended to deal with both the
continue approaching streaming data and unlimited inquiries
from clients that need to settle on choices dependent on the data.
Streaming databases are close to other new classes of program
tools like time-series databases or log databases. All are intended
to follow a progression of events and empower inquiries that can
look and deliver measurable profiles time. The streaming
databases can react to inquiries for information and furthermore
measurements about the data, create reports from these
questions, and populate the whole dashboards that track what is
going on to permit the clients to settle on smart choices about the
telemetry. Some streaming databases are intended to decrease
the size of the data to save memory costs. They can by change a
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value gathered each second with a mean calculated all the
day[12].

Streaming Database

A data stream is approximately considered as persistent
orders of requested information produced as identified events
continuously. Instead of static information, the stream
information is dynamic as new information continually arrive,
and the obsolete information records are continually dropped off
from the dataset [9]. In formal, a data stream DS is addressed as
a d-dimensional limitless of records S, S5, ..., S,,. ..., generated at
atime point ty,t,, ..., t,, ..., respectively, i.e.:

DS :{ Sl’tl :},{ -5-2_. tz :}r ---r{‘: Sn! I:;rt }-' -
= (S]_lrslz-'""sld-'tl)" [321’522""’52d’t2)’"'-' (Snl,snz_. ---,Snd;tn); e

Instances of data streams incorporate streamed media data
like online news, videos, Internet pages, phone records, and
sensor data network [10].

The fundamental qualities of the data streams include [10]:
¢ New data arrive frequently at various paces.

e Existing data may be getting old and eliminated after they are
processed.

e The size of data streams is huge and unbounded.

e The data cycle may not be known and non-fixed, for example
its distribution may change after some time.

e Although there is a period of arriving data streams, there is no
control which data record will process first.

The unique idea of data streams may identify the
following[10]:



Ammar Thaher 8

e The hidden examples behind static data continue as before
while those behind stream data do change. This implies the
examples in the static data can be found through one scan,
while designs found with a more established form of the stream
data should be refreshed considering the new data change.

e It is too expensive to even think about discarding existing
examples mined from the stream data before and re-find the
new examples, especially when the speed of data change is
quick. In this manner, answers for stream data mining should
be gradual as in the current examples are adjusted properly to
Impose the progressions to the data.

Streaming database is comprehensively characterized as a
data store intended to gather, measure, as well as improve an
approaching arrangement of data records (i.e., a data stream)
continuously; commonly following the information made. This
term does not belong to a specific class of database
administration frameworks, but instead, applies to a few kinds of
databases that handle streaming data progressively, remembering
for network data, in-memory databases, NewSQL databases,
NoSQL databases, and time-series databases. A streaming
database gathers streaming data continuously for immediate
processing or batch processing [11] (see Figure 2).

o
- 2 LY

000 = —_—) o
IhL

Data Streams Stream Processing Apps

Figure 2: Streaming databases processing
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Streaming database is opposed to conventional database
administration frameworks (RDBMSs), in which a database
manager would normally stack information through an ETL
(extract, transform, and load) tool/process at ordinary periods
like daily or week after week. A streaming database may be
close to RDBMSs for present day use cases in bigger companies.
As the volume of information proceeds to develop and the speed
of information keeps on speeding up, a few advancements that
once depended fundamentally on block-directed databases
presently more intensely streaming database innovations (e.g.,
recommendation search-engines) [11].

The surge of streaming database use can be credited to the
expanded utilization of Internet of Things (IoT) applications,
automated works, and the utilization of constant investigation for
on-going dynamic data. Business are moving quickly, and
managers need to settle on choices dependent on updating
information instead of utilizing past information put away in
static databases. Main retailers, for example, Amazon and eBay
investigate client transactions data streams to quantify good sell
items and eliminate inactive items from online customers.
Streaming databases can displace complex microservices,
decreasing the time and cost to create applications. ltem
supervisors can expand their items an ideal opportunity to
showcase by dissecting results and test data continuously. Use
cases length businesses and specialized applications. For
example, in the drug and biomedical areas, researchers utilize
these databases to display results from large scope clinical
examinations improving medication feasibility and submit times.
By utilizing a streaming database, data clients can pose inquiries
and get brings about continuous even as the fundamental data
changes. There are various use cases for this innovation [1].

As expressed, probably the greatest benefit of streaming
databases is that they take into consideration both the speed and
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the adaptability required for projects where groups should have
the option to settle on more educated decisions quicker and more
productively than any other time in recent memory. This is
useful in circumstances like fraud identification where
consistently checks [4].

Streaming data is not the optimal for systems that are work
with enormous data collections, however, that rely upon more
profound degree of investigation. Streaming databases may
likewise not be suitable with the sort of inheritance frameworks
that typically just help more customary ways to deal with
databases [4].

Technical and Business Use Cases of Streams Database

1. Technical Use Cases of Streams Database
Technologists are embracing streaming databases for an

assortment of utilization cases. These incorporate [1][11]:

e Stream data advancement. One significant use case for
streaming databases is saving data that can enhance streaming
data. Since real-time data, particularly from loT sources, is
quite often moderate, getting that data together with reference
data from a streaming database can give more setting to
analysis.

¢ Real-time event catch and preparing. Numerous organizations
need to become event driven, and streaming databases can help
IT groups arrive while regularly giving a portion of similar
advantages as conventional databases, for example, the
capacity to associate with SQL-like programming languages.

e Microservices designs. Streaming databases can move data
from reason constructed application to reason assembled
application progressively, so they can fill in as the spine for
sharing data and data in microservices models, which are
getting more normal.
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e Stream preparing. A large part of the data that individuals,
applications, and machines make today is produced as a
progression of on-going events. Streaming databases can
execute continue questions to deal with these events as they
happen instead of inactive clusters of simple data.

2. Business Use Cases of Streams Database

There are numerous reasons why business groups are urging
their IT programmers to receive/process streaming databases.
That is because business groups see streaming databases can
empower them to [1][11][13]:
¢ Respond to events quicker than others.
¢ Enable continuous alarming for market changes.
e Support preventive continuous use cases.
¢ Analyse data continuously as it is created.
¢ Deploy continuous Al derivation batches data.

Replication Method of Streaming Database

Replication is a technique that control updating online and
streaming databases. Generally, there are three types of
replication. No replication, when there is no updating of database
when there are changes happened to the database. Partial
replication, when only the updating parts of database are
modified on other parts. Full replication, when whole database
update during a specific period [14]. Figure 3 explains the
replication technique of database in two different sites (in Britain
and Spain). The replication technique in this business system
works in real-time approach for updating the database that
distributed in different sites. The goal of the replication is to
minimize transmission, improve performance, and support heavy
multi-user access.
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Britain

Britain: Customers
& Bales

i

France: Customers
& Sales

spain: Customers.
& sales

Spain

Britain: Customers
& Sales

France: Customers
& Sales &f‘}
Spain; Custnmera‘/// i '

& Sales . Update data

Figure 3: Replication processing in database system

Research Methodology

The research methodology of this paper divided into two
parts: research problem and research importance.
Research problem

This research paper aims to address the problem of updating
streaming educational database system periodically. From this
main problem, a number of questions are splitted:
1. Are the update information saved correctly?
2. Is there a guarantee that the same information will be given at

the same time and without repetition?

3. Are there accurate statistics of satisfying queries?

Research Importance

The importance of the research lies in addressing the
questions in the study problem, by designing a database system
for the lecturers in order to achieve the following:
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1. Ensure that data is saved and retrieved directly, quickly and
accurately when needed.
2. Ensure that the information are not repeated for one query.

MSDBE: Streaming Database System for Education

Generally, there are four main steps of database systems:
Analysis step, Design step, Implementation step, and Evaluation
step. The following will explain the steps of suggested system:

1. Analysis Step: The analysis step consists of two stages; collect
information about lecturers in Computer Science Department
and re-arrange the information and save it in a database to be
ready for the next step.

2. Design Step: This step will use one of the popular design tool
named data flow diagram (DFD) to design the suggested
system. Figure 4 shows the main steps of the DFD. The first
step includes reading the request as sequence of queries from
the user as streams. After that, select the correct table from the
database. The third step, update the database. Finally, display
the output on the screen.
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Read queries

0

~—
Select the correct table of
each query
—

Update database

QOutput

-
Figure 4: DFD of MSDBE

3. Implementation Step: This step includes two sub-steps.
Firstly, create eight educational connected tables;
LECTUERER (L_Id, L_Name, L_Degree, L_Addr,
L _Specilist, L _Email, L_Phone), COOLEAGE(C_lId,
C Name, C_Addr), DEP(D_Id, D Name, D_Addr),
COURSE(CR_Id, CR_Name, Term), STUDENT(S_lId,
S Name, S_Stage), RESEARCH(R_Id, R_Name,
R_Aouther), LIBRARY(L_Id, L_Name, L Cat),
LABROUTERY(LB_Id, LB_Name, L_No_Cmp).

Secondly, prototype suggested replication method of
educational streaming database. The idea of streaming
database in this research depends on the partial replication
technique. More precisely, after creates a database system for
the Computer Science Department, first, identifies the
threshold (Thr, e.g., 1 ml sec., 1 sec., 1 min., 1 hour, or update
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trigger) that necessary to determine the updating period. Then,
takes the current state of database and saves it as dump in the
secondary storage. After that uploads the newest version of
database snapshot and continues receiving new data stream.
Figure 5 illustrates the pseudo code of the replication method.

Suggested Partial Replication Method

Method Steps:

1.

2.

Identify the wvalue of Thr (in this research we choose
Thr=1min)

Take a dump of the database.

$SQL > MYDUMPER --host=123.123.123.123 --port=3306 -
-user=*** --password=**** -B log --trx-
consistency-only --triggers --routines -0
/SQL/new_db/SA.log

. Stop all replication on the secondary storage.

$SQL > STOP SLAVE for channels;
{Get the current values from SQL.}
$SQL > SHOW GLOBAL VARIABLES;

. Load the dump of the database.

$ myloader -d /sqldata/new_db/ -s new_db

. Clear all existing variables values so that we can overwrite it

to include the new dump file.
$SQL > RESET VARIABLES;

{Set new values, including values from the SQL dump file.}
$SQL > SET GLOBAL;

. Start replication for the new DB as follows:

$SQL> MODIFY MAS TO MAS_H,
MAS_USER='REP_USER',

MAS_PAS='REP_PAS'MAS_AUTO POS=1 for CHAN
'na_db’;
$SQL> START SLA of chan 'na_db';
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{Start replication for the DB that paused.}

$SQL> START SLAVE for channel;
7. Repeat the collection steps 2-6 on the old primary (now
secondary) every Thr.

Figure 5: Proposed replication method

4. Evaluation Step: To evaluate the suggested MSDBE method,
it conducted a sample of 10 queries composed of 5 reads and 5
updates (for example, SELECT * FROM LECTURER WHER
L Name = “Ali” —and — UPDATE COURSE SET CR_NAME
= “DATABASE2”) using three scenarios. The first scenario
was to test the system with 5 sequential reads and 5 sequential
updates (R—U). The second scenario was to test the system
with the 5 sequential updates and 5 sequential reads (U—R).
The third scenario was to test the system with the 5 reads and
5 updates (R«<>U) by take one from each group repeatedly.
After tested the system with the three scenarios for twenty
times, we discovered that the suggested method (S) is better
than traditional one (T). The following figure shows the
performance test of the system in each scenario.

6
5.2
5
4.5 a1
I I 3.3
T S
®E R->U mU->R mReU
Figure 6: The performing test of three scenarios
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Discussion

We created a traditional relational database for educational
purpose. Means, we analyzed, designed, and implemented
database system for the Computer Science Department. We used
eight tables in this database. All tables are related and connected
with each other’s via keys. For managing the database we
utilized Oracle as DBMS. We copied the system on two servers
(computers) and connected them through computer network. We
tested the traditional relational database system many times of
thel10 queries and take the average of execution time that utilized
to finish all queries to check the efficiency of the system for
repeating updates in each version/site of the system. After that,
we added the technique that suggested for partial replication to
the system and repeat the same test. As can see in Figure 6, the
proposed method (S) in all scenarios is better than traditional
way (T). We explored the easy and confident confirms of the
updates in each version of the database system with high
efficiency of suggested method.

Conclusion

The expanding utilization of streaming data events is
deactivating data warehousing and using traditional SQL
databases. The act of utilizing different microservices to join
databases is being change by the utilization of streaming
databases and basic SQL queries. These new programs permit
designers to measure continually changing data and trigger
events progressively with practically immediate idleness. Use
cases range from monetary alarms to digital protection observing
and on-going representations. Industrial utilizations incorporate
checking 1oT prototypes and Al methods. Product supervisors
can abbreviate application advancement times by eliminating
complex micro services with a couple of lines of SQL code. In
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this research we showed that the replication procedure could
help applying streaming database in educational databases. That
is because the proposed partial replication method advanced
traditional SQL method by at least one minute for each
implementing queries.

The future works will focus on three folds: Before the
improvement of streaming databases, software engineers
expected to discover approaches to join various databases and
cycle evolving data. The standard practice was to create sets of
micro services to deal with the high-volume of complex
directions needed to handle streaming data with traditional SQL
databases. These databases eliminate the need to figure micro
services shortening the improvement time and decreasing costs.
Also, constant business knowledge devices access streaming
databases to produce figures and logical designs to give on-going
answering to basic business and specialized employments.
Observing streaming data can make monetary financial investors
aware of market changes and variances as they occur. Finally,
using the triggered replication technique in distributed real-time
environment.
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