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Abstract- Database management systems are packaged software which defines, manipulate, retrieve and manage data in
a database. In the market we have a good number of DBMS supported by different vendors and number keeps on
increasing every year. Very few provide ways to synchronize data between disparate DBMS, and that is sometimes
limited to only importing from external DBMS. Vendors do this due to various reasons like they don’t have control over
the code of other DBMS etc. Here we presented an approach and design along with implementation in one of the DBMS.
The approach defined in this article can be applied to any DBMS.The design here will enable users to synchronize data
between one or more tables from one or more DBMS systems. This will also enable the user to implement near-real-time
change data capture which can keep tables sync in the same DBMS or disparate DBMS.
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I. INTRODUCTION

Database management systems provide the ability to define, manipulate, retrieve and manage data in databases.
With the increasing demand of functionalities and flooding of data, DBMS are becoming more intelligent with the
time. At present we have various DBMS which are getting used at high scale in enterprises. Most used features are
present in all of them in one form or other and with the same or different names. Business needs for porting data
from one database system to another has been well served by ETL tools and other change data capture techniques
available. Even after so much advancement we still don’t have proper ways to keep data across disparate DBMS in
synchronization. Some DBMS does have the feature to replicate data from other limited sources with different
limitations applied to it but still, there is a need to have some algorithm that can be applied to any DBMS without
any limitation.

Il. PROBLEM STATEMENT

Disparate DBMS in enterprises are used to manage disparate data sources. Consider an example of the finance
industry, this industry is getting a different kind of data from different sources, which can be credit bureau, credit
card type, credit card holders, checking accounts, and so on. With time this organization owned different platforms
like mainframes, AlX, Windows,etc and each of them holds different DBMS such as DB2, SQL Server, Oracle,
MySQL, etc. ETL tools are used to migrate data from one database table to another database table which can
truncate and load. The problem statement for which this research is providing a solution is how one can perform
real-time or near real-time change data capture among disparate database platform tables.

I11. PROPOSED SOLUTION

This research proposes a solution for keeping data synchronized between the same database system and disparate
database systems. The proposed solution provides the capability for near real-time synchronization among one or
many tables. The approach has been presented with real-time implementation on SQL Server along with SQL server
integration services as an ETL tool. Implementation has been regressively tested withsmall and large datasets.
Scripts have been provided to facilitate readers in implementation and make the experience better. Performance has
been monitored on the implemented system and measures have been taken to test the proposed solution for the real-
world usage.

IV. ACTORS INVOLVED IN DESIGN
Below are the actors who are part of the design and will be needed to implement the approach.
Source Database
Source Table
Source Audit Table
Distribution Database
Distribution table
Target Database
Target Table
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8. Target Audit Table
9. ETL tool
10. Scheduling tool

We are working with Microsoft SQL Server and using the ETL and scheduling tool which comes with the SQL
Server suite. ETL tool used in the presentation is Visual Studio Data Tools and the Scheduling tool used is SQL
Server Agent. Any DBMS, along with any ETL and scheduling tool can be used to implement this design. The
design presented here is not limited by any DBMS, ETL, scheduling tool or any table size.

V. SOURCE DATABASE AND TABLES
The source database used in the demonstration is Admin, you can use any name. The table on the source database
which will be replicated is tblOrders. tblOrdersAudit is created in the source database to keep track of any data
inserted, updated and deleted.
- @ Admin
= Tables
¥ Systern Tables
T FileTables
T External Tables
¥ Graph Tables
+ B dbo.BackupRestorelog
i EH dbo.tblOrders
i EH dbe.tblOrdersfudit

Figure 1. Source Database and Tables

V1. SCRIPTS FOR SOURCE DATABASE
Below scripts are used for setting up the source database. In general case source database will be existing as that will
be part of the requirement from where data needs to be replicated. For our demonstration use below TSQL script to
create tblOrders

create table tblOrders
(
OrderID integer Identity(1,1) primary key,
OrderApprovalDateTime datetime,
OrderStatusvarchar(20)

)

Figure 2. Create tblOrders

Below script creates thlOrdersAudit which will track any insert, update and delete on the source table.

create table tblOrdersAudit

(

OrderAuditID integer Identity(1,1) primary key,
OrderID integer,

OrderApprovalDateTime datetime,
OrderStatusvarchar(20),
performedActionnvarchar(50),
UpdatedBynvarchar(128),

UpdatedOn datetime

)
go

Figure3. Create tblOrdersAudit

Create below triggers on the source table. Three triggers are created thITriggerAuditRecordinsert,
tbITriggerAuditRecordUpdate, tbITriggerAuditRecordDel for insert, update and delete respectively.
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create trigger tblTriggerAuditRecordlInsert on tblOrders

after insert

as

begin

insert intotblOrdersAudit
(OrderID,OrderApprovalDateTime,OrderStatus,performedAction,UpdatedBy,UpdatedOn)
selecti.OrderlD,i.OrderApprovalDateTime,i.OrderStatus,'Inserted’, SUSER_SNAME(),getdate()
fromtblOrders t

inner join inserted i on t.OrderID=i.OrderID

end

go

create trigger tblTriggerAuditRecordUpdate on tblOrders

after update

as

begin

insert intotblOrdersAudit
(OrderID,OrderApprovalDateTime,OrderStatus,performedAction,UpdatedBy,UpdatedOn)
selecti.OrderlD,i.OrderApprovalDateTime,i.OrderStatus,'Updated’,SUSER_SNAME(),getdate()
fromtblOrders t

inner join inserted i on t.OrderID=i.OrderID

end

go

create trigger tblTriggerAuditRecordDel on thlOrders

after delete

as

begin

insert intotblOrdersAudit
(OrderID,OrderApprovalDateTime,OrderStatus,performedAction,UpdatedBy,UpdatedOn)
selecti.OrderlD,i.OrderApprovalDateTime,i.OrderStatus,'Deleted’, SUSER_SNAME(),getdate()
fromtblOrders t

right join deleted i on t.OrderID=i.OrderID

end

go

Figure 4. Source Triggers

VII. DESTINATION DATABASE AND TABLES
Destination database created id replTarget and tables created are tblOrders and tblOrdersAudit. thlOrders will be a
final table in which users will query as that is synchronized from the source. tblOrdersAudit is created to keep track
and synchronize data in tblOrders.

- g replTarget
= Tables

¥ Systern Tables
T FileTables
T External Tables
+ Graph Tables

BH dbo.thlOrders

BH dbo.thlOrdersfudit

Figure 5. 'faikget Database and Tables

¥

|

VIII. SCRIPTS FOR DESTINATION DATABASE
Create a destination database name replTarget and staging table on Target. These tables will be scripted as per your
requirement. If the source table is of a different name than destination tblOrders will be of the same name as the
source table. To create an Audit table in destination take a script of the original table in question and add four new
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columns to the script. Four columns that need to be added in the Audit table are OrderAuditld, performedAction,
UpdatedByY, and UpdatedOn.

Create database replTarget
Go

Figure 6. Target Database Script

create table tblOrdersAudit
(
OrderAuditID integer,

OrderlD integer,
OrderApprovalDateTime datetime,
OrderStatusvarchar(20),
performedActionnvarchar(50),
UpdatedBynvarchar(128),
UpdatedOn datetime

)
Go

Figure 7. Destination tblOrdersAudit script

create table tblOrders
(
OrderID integer,
OrderApprovalDateTime datetime,
OrderStatusvarchar(20)

)
Go

Figure 8. Destination thlOrders Script

IX. DISTRIBUTION DATABASE
This database keeps track of Auditld. I named it replIDistribution as I felt distribution matches with the purpose of
this database.replTrack table will keep track of the table name and audit id for the respective table. Audit id is the id
of the last row read from sources. This will get updated as more rows getto read from the source. Another important
feature in this design is that this can accommodate any number of tables for the synchronization process. You will
need to add a new entry to this table whenever you need to implement a new table and will need to change the rest
of the scripts. Below TSQL script can be used to create this table.

| @ replDistribution

= Tables
¥ Systemn Tables
5 FileTables

¥ External Tables
¥ Graph Tables
ER dbo.repltrack

Figure-9': Distributor Database

+

X. SCRIPTS FOR DISTRIBUTION DATABASE
Repltrack in distribution is for tracking the last read id from the source. Here we have a table name column along
with auditldTracked which allows us to replicate as many tables as we want. This research is implemented with one
table but many tables can be added here.
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create table repltrack
(
replID integer Identity(1,1) primary key,
Tablenamenvarchar(250),
auditldTrackedint

)
Go

Figure 10. Distribution repltrack Script

XI. ETL PACKAGE DESCRIPTION
The ETL tool I used here is SQL Server Integration Services. If a user hasa different ETL tool then you can
implement the below steps and make sure they are in order. The package helps to keep data in sync between source
and target. It reads Audit id from replTrack table and keeps that in the variable to be used through the package in
different steps. Below I will describe each step in the package.

s -

EE! WLCEEN % Data Flow @@ Parameters  TE] EventHandlers 7= Package Explorer [~ I

g? Audit ID Feed

i-)i Load Stage

g? UpdateAuditIDVariable
g‘a UpdateDitrbutionAuditid

H? Load Target Table

U? FlushTargetAuditTable

Figure 11. ETL Package Layout

11.1. Audit ID Feed—
In the first step, we get Audit feed id from the distributor database.

selectauditldTrackedfromreplDistribution.dbo.repltrack

Figure 12. Auditld Feed Script
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1 Configure the properties required to run SOL statements and stored procedures using the selected connection.

General v General
Parameter Mapping MName Audit ID Feed
Result Set Description feed audit id

Expressions ~ Options
TimeQut | |§ Enter SOL Query m} *
CodePage

TypeConve
Result Set
ResultSet

SQL State|
Connectiol

4

<

Connectiol
50LSource
S0LStatern piDistribution.db
IsQueryStd
BypassPre

SQlStatemen
Specifies the g

Careal

Brow: — - — Query

Figure 13. Auditld Feed Task

11.2. Load Stage—
Load stage data by reading Source thlOrderAudit.We are passingauditldTracked as a parameter so that we can get
anything greater than audit id.

1. select*fromAdmin.dbo.tblOrdersAudit
2.  whereOrderAuditlD>?
3. order byOrderID,OrderAuditID

Figure 14. Source Script for Load Stage Task

package.dtsx (Design] = < |
S Conval Fel (IGEREEGED @ Parameters T EventHandlers o= Package Explorer

Data Flow Task: | & Load Stage

e9 replSource

jl

e@ replTarget

Figure 15. Load Stage Task
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[ OLE DB Source Edito a5l Set Query Parameters

Configure the properties used by a{ M2P Varisbles to parameters in the SO statement.

Specify
Connection Manager HIS'E | Paremeters Variables

Parameter0 | User:auditidTracked
ErorOutput || e :

Columns

OLE DI

SrcCof

Data af

SQOL ¢

Param direction

Input

. If using
er.

50L command text:

select * from Admin.dbo.tblOrdersAudit arameters...
where OrderAuditiD > 7
order by OrderlD, OrderAuditiD
Build Query...
Browse...
Parse Query
Preview...
Figure 16. Parameter in Load Stage Task
In Destination we are inserting data in tblOrdersAudit
_w OLE DB Destination Editor O x
Configure the properties used to insert data into a relational database using an OLE DB provider.
Specify an OLE DB connection manager, a data source, or a data source view, and select the data access mode. If using

Mappings fast-load data access, set the table update options.

Error Qutput

OLE DB connection manager:

TarConn

Data access mode:

Table or view - fast load

Mame of the table or the view:

=

| Bl [dbol.[tbIOrdersAudit]

[ Keep identity

[1 Keep nulls

Rows per batch:

Maximum insert commit size:

View Existing Data...

Table lock

Check constraints

21474383647

Figure 17. Destination in Load Stage task
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11.3. Update Auditld Variable—
This step updatesAuditldVariable. This checks for the count of rows in tblOrderAudit in the destination database
and if the count is greater than 0 than it gets the maximum audited value and sets it for a variable used in package.

If(selectcount(1)fromreplTarget.dbo.tblOrdersAudit)>0

Begin

select TOP 10rderAuditlDfromreplTarget.dbo.tblOrdersAudit
order byOrderAuditID desc

end

else

Select?as‘OrderAuditID’

Figure 18. Update Auditld Script

3 Execute SOL Task Editor m} *

Configure the properties required to run 50L statements and stored procedures using the selected connection.

v General
Parameter Mapping MName UpdateAuditIDVariable
Result Set Description Execute SQL Task
Expressions ~ Options
TimeOut 0
CodePage 1252
TypeConversionMode Allowed
% Result Set
ResultSet Single row
+~ SQL Statement
ConnectionType OLEDB
Connectien SrcConn
SQL5ourceType Direct input
SQOL5taternent If (select count(1) from replTarget.dbo.tbiOrde
IsQueryStoredProcedure False
BypassPrepare True
Name
Specifies the name of the task.
Browse... Build Query... Parse Query

Figure 19. UpdateAuditldVariable Task

11.4. Update Distribution Audit Id—
This step updates the replTrack table with audit id from the variable.

UpdatereplDistribution.dbo.repltrack
setauditldTracked="?

Figure 20. Update distribution Auditld Script
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Figure 21. Update Distribution Auditld

11.5. Load Target Table—

% Execute SOL Task Editor =
Cenfigure the properties required to run 5COL statements and stored procedures using the selected connection.
Ly
w General
Parameter Mapping MName UpdateDitributionAuditld
Result Set Description Execute SQL Task
Expressions v Options
TimeOut 1]
CodePage 1252
TypeConversionMode Allowed
~ Result Set
ResultSet None
~ 50l Statement
ConnectionType OLEDB
Connecticn SrcConn
S5CLSourceType Direct input
SOLStatement Update replDistribution.dbo.repltrackset audit
IsCueryStoredProcedure False
BypassPrepare True
Name
Specifies the name of the task.
Browse... Build Query... Parse Query

The destination table gets loaded in this step. To load destination,the procedure has been created which read stage

data from thlOrderAudit and feeds the tblOrder.

Execute replLoadTargetTable

Figure 22. Package Load Target Table Script

Below is the code for the procedure which is getting called in this step.

Create procedure [dbo].[replLoadTargetTable]
as
Begin

deletefromreplTarget.dbo.tblOrders

whereOrderIDin

(select75rderedfromreplTarget.dbo.tblOrdersAudit
whereperformedAction=‘Deleted”)

insert intoreplTarget.dbo.tblOrders
selectOrderID,OrderApprovalDateTime,OrderStatusfromreplTarget.dbo.tblOrdersAudit
whereperformedAction="‘Inserted’

Update t
Sett.OrderID=ta.OrderID,
t.OrderApprovalDateTime=ta.OrderApprovalDateTime,
t.OrderStatus=ta.OrderStatus
fromreplTarget.dbo.tblOrders t
inner joinreplTarget.dbo.tblOrdersAudit ta

on t.Orderld=ta.orderid
andta.performedAction=‘Updated’
End
GO

Figure 23. replLoadTargetTable procedure Script
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3 Execute SOL Task Editor m] *

Configure the properties required to run SOL statements and stored procedures using the selected connection.

Ly
v General
Parameter Mapping MName Load Target Table
Result Set Description Execute SQL Task
Expressions v Options
TimeOut 0
CodePage 1252
TypeConversionMode Allowed
+~ Result Set
ResultSet None
v 50l Statement
ConnectionType OLEDB
Connection TarConn
5QLSourceType Direct input
SQLStatement execute replloadTargetTable
IsQueryStoredProcedure False
BypassPrepare True
Name
Specifies the name of the task.
Browse... Build Query... Parse Query

Figure 24. Load Target Table Task

11.6. FlushTargetAuditTable—
tblOrdersAudit table in destination is purely stage table which we truncate after loading target table in destination
database.

deletefromreplTarget.dbo.tblOrdersAudit

Figure 25. FlushTargetAuditTable Script

3
[]
] 1 Configure the properties required to run SOL statements and stored procedures using the selected connection.
| LS
General ~ General
Parameter Mapping Name FlushTargetAuditTable
Result Set Description Execute SQL Task
Expressions ~ Options
TimeQOut 0
CodePage 1252
[ Enter SQL Query o X Allowed
Helste from repl Target.dbo thiDrdersAudit None
OLEDB
TarConn
Direct input
delete from replTarget.dbo.tblOrdersAudit
False
True
the task.
Build Query... Parse Query
D Cancel

Figure 26. FlushTargetAuditTable Task

XIl. PACKAGE EXECUTION
Let’s see the execution of a complete set in action. Before this demonstration, | scheduled this package using the
SQL Server agent and it is getting executed every second. We can use any scheduler to run the packages and for the
package itself, I am using SSIS as it comes packages with SQL Server but again any ETL tool can be used. Its
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totally on the discretion of users what they have available at their dispense. The frequency of executing this package
is totally on the requirement and should be consulted with business to get SLA. In this demonstration, we will add
data in the source and will see it getting applied to the destination.

12.1 Add Row to the source table—
We already have 23 rows in the source table and adding below 3 will take the count to 26 rows.

insert intotblOrders values (NULL,'Pending’)
insert intotblOrders values (NULL,'Pending’)
insert intotblOrders values (NULL,'Pending’)

go

Figure 27. Feed Source Table Script

3 rows got added in Source table

OrderlD  OrderApprovalDate Time OrderStatus -
112 201907-0319:30:57.403  Approved
g NULL ending
3 4 MULL Pending
4 5 NULL Pending
5 6 MULL Pending
& 7 NULL Pending
7 8 MULL Pending
8 9 NULL Pending
9 10 NULL Pending "
@ Query executed successfully. DESKTOP-25MIOCM (14.0 RTM) | DESKTOP-25NIOCM\chira ... | Admin | 00:00:00 | 26 rows

Figure 28. Source Table after rows addition

Below presents results in the destination table after the insert has been performed on the source table. In the below
right corner of the below screen, it will show 26 rows in the destination table which is the same as the source table.

- BELECT [OrderID]
,[OrderApprovalDateTime]
, [OrderStatus]
FROM [replTarget].dbo.[tblOrders]

100 % -

EH Resuts 2 Messages
OrderfpprovalDate Time OrderStatus ~

1 20130703 19:30:57.403  Approved

2 3 *NULL Pending

3 4 MULL Pending

4 5 MULL Pending

5 6 MULL Pending

] 7 MULL Pending

7 8 MULL Pending

8 9 MULL Pending

9 10 NULL Pending v

@ Query executed successfully. DESKTOP-25NIOCM (14.0 RTM) | DESKTOP-25MIOCM\chira ... | Admin | 00:00:00 | 26 rows

Figure 29. Destination Table After rows addition in Source table

Now let’s update the status of order Id 2 and 3 to Approved—

update tblOrders
setOrderStatus="Approved’,
OrderApprovalDateTime=getdate()
whereOrderIDin(2,3)

go

Figure 30. Update Source Table Script
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The top section of the below screen contains a result for the source and the bottom contains the destination result set.

Below show the same order approved date and order status for order id 2 and 3.
SQLQuery3.sql - DE..3NIOCM\chira (32))* SOLQuery1.sql - DE..SNIOCM\chira (60))* + X |RIEEECLER S AR s
"** Script for SelectTopNRows command from SSMS  ***=s%/
~BELECT [OrderID]
, [OrderApprovalDateTime]
, [OrderStatus]
FROM [Admin].[dbo]. [tblOrders]

P

- SELECT [OrderID]
, [OrderApprovalDateTime]
, [OrderStatus]
FROM [replTarget].dbo.[tblOrders]

100 % -
B Resuts [ Messages
Or\:lerID Orderfpproval Date Time OrderStatus
_j 2020-01-16 15:05:51.310  Approved
2020:1-16 12:05:51.310  Approved

L R
DN e o ibg

NULL Pending
NULL Pending
MLLLL Pandina

OrderlD  OrderApproval Date Time OrderStatus

1 020-01-16 15:05:51.310  Approved
2 2020-01-16 15:05:51.310  Approved
3 4 NULL Pending
4 5 NULL Pending
5 & NULL Pending
A 7 NLITT Pendina

Figure 31. Source and Target Table results after the update

In the above testing, we added new rows and updated rows in the source table and we noticed the destination table
gets updated right away. We scheduled package to run after every second which allows it to check for rows in
source table every second keep source and destination in sync. We also did regress testing with heavy data load as
millions of rows which can be the use case when you are trying to sync tables in the datawarehouse. This proposed
solution worked excellently with any amount of data and kept the destination table in sync.

XI11l. CONCLUSIONS
Data synchronization between disparate systems is becoming very crucial with the fact that most organizations have
various database management systems and need often arise where we need to sync data in various tables.
Native data sync options are being provided by vendors only for their DBMS and sometimes they extend it to
different vendor DBMS but not all DBMS are supported. The proposed solution can be implemented on any DBMS.
Scripts provided in this article are for SQL Server only but those can be modified depending upon the DBMS in use.
The approach provided can be used for near real-time sync and also for scheduled sync of data between database
tables on disparate DBMS.
SLA requirements should be check before implementing the proposed solution and SLA can be met by tweaking the
ETL job schedule.
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