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Abstract—Reducing business latency is essential in today’s
competitive and demanding environments. This means
responding immediately to new information as it arrives, and
having the right information in time to make the best
decision. Integrating, processing and delivering results in
real-time is a huge challenge, particularly as data volumes
continue to increase dramatically and sources of data are
ever more distributed and varied.
The decision making process in traditional data warehouse
environments is often delayed because data cannot be
propagated from the source system to the data warehouse in
time. The typical update patterns for traditional data
warehouses on an overnight or even weekly basis increase
this propagation delay. Keeping data current by minimizing
the latency from when data is captured until it is available to
decision makers in this context is a difficult task. A real-time
data warehouse aims at decreasing the time it takes to make
business decisions and tries to attain zero latency between the
cause and effect of a business decision.
An ETL process that periodically copies a snapshot of the
entire source consumes too much time and resources.
Alternate approaches that include timestamp columns,
triggers, or complex queries often hurt performance and
increase complexity. What is needed is a reliable stream of
change data that is structured so that it can easily be applied
by consumers to target representations of the data.
To keep up with the market competition, there is increased
need to minimize ETL load times. In this paper I have
introduced an approach for data integration that deals with
reducing ETL load times.
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I. INTRODUCTION
The amount of information available to large-scale
enterprises is growing rapidly. New information is being
generated continuously by operational systems. In order to
support efficient analysis and mining of such diverse,
distributed information, a data warehouse collects data
from multiple, heterogeneous sources and stores integrated
information in a central repository. The data warehouse
needs to be updated periodically to reflect source data
updates [1]. The operational source systems collect data
from real-world events captured by computer systems. The
observation of these real-world events is characterized by a
propagation delay. The update patterns (daily, weekly) for
data warehouses and the data integration process (extracttransform-load) result in increased propagation delays.

Traditionally, there is no real-time connection between a
data warehouse and its data sources, because the writeonce and read-many decision support characteristics would
conflict with the continuous update workload of
operational systems and result in poor response time.
Existing models lack built-in mechanisms for handling
change and time.
The design of an active data warehouse has to deal with
two sorts of propagation delays in data warehouse
environments.
(1) Delays in capturing real-world events by operational
systems, and
(2) Delays in loading and integrating data into the data
warehouse.
The aim of our proposed approach is to shrink ETL load
times by mean of CDC (Change Data Capture) technique
and thereby delivering greater value from information. It
also enables meaningful analyses across time even when
data changes under the source system.

II. LATENCY IN BUSINESS INTELLIGENCE
The business value of an action decreases with the
amount of time elapses from the occurrence of the event to
taking action. However, the data about that transaction is
stored within the warehouse environment only after some
time-windows. Afterwards, the data is analyzed, packaged,
and delivered to the user-application. This process also
took time to be accomplished [4]. Therefore, only after a
time-window, the decision based on these analysis results
and the relevant action can be performed.

Fig. 1 Business value and action time
The end-to-end time or elapsed time required to respond
by taking action in response to the business transaction in
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an intelligent manner is called action time and can be
regarded as the latency of an action. Action time comprises
four components namely data latency, analysis latency,
decision latency and response latency. Data latency is the
time from the occurrence of the business event until the
data is stored and ready for analysis. The time from data
being available for analysis to the time when information
is generated out of it is called analysis latency. Decision
latency is the time it takes from the delivery of the
information to selecting a strategy in order to change the
business environment [5]. Response latency is the time
needed to take an action based on the decision made and to
monitor its outcome.

III. REAL TIME BUSINESS INTELLIGENCE
In the competitive world of business, real-time
information is fast becoming a requirement. The goal of
business intelligence (BI) systems is to enable better, more
informed, and faster decisions [12]. BI can help with the
critical issues of a company, such as finding areas with the
best growth opportunities, understanding competition,
discovering the major profit and loss areas, recognizing
trends in customer behavior, determining their key
performance indicators, and changing business processes
to increase productivity.
Many essential operational decisions need some actual
yet integrated and subject-oriented data in or near realtime. However, the direct real-time operational/tactical
decision support is not achieved by traditional Business
Intelligence Systems [13]. These types of analytical
applications are generally completely disconnected from
operational IT systems. The decisions are executed by
communicating them as a command or suggestion to
humans, thus always cause latency. The real-time analysis
requirements demand a set of service levels that go beyond
what is covered by a traditional Business Intelligence
System.

information that is current, real-time, or near real-time and
enables management to make more informed decisions.
Real-time business intelligence is having access to
information about business actions as soon after the fact as
is justifiable based on the requirements. This enables
access to the data for analysis and its input to the
management business decision-making process soon
enough to satisfy the requirement.

IV. DYNAMIC WAREHOUSE
Dynamic or Real-Time Data Warehousing (RTDW) is
referring to the technical aspects that timely perform
automatic updates in a Data Warehouse. It implies that any
data change occurring in a source system is automatically
and instantaneously reflected into the Data Warehouse. All
changes in the Data Warehousing environment take place
simultaneously with the change in the source system.
RTDW concepts include physical modifications to the
database schema and the database environment, movement
of data across the enterprise, ETL processes, and
modification of downstream processes, alerts, creation of
extracts, cubes and data marts [2].
Real-time Data Warehouse delivers the right
information to the right people just in time. Many essential
operational decisions (e.g. promotion effectiveness,
customer retention, key account information) need some
actual yet integrated and subject-oriented data in or near
real-time. However, the direct real-time operational or
tactical decision support is not achieved by traditional
Business Intelligence Systems. These types of analytical
applications are generally completely disconnected from
operational IT systems. The decisions are executed by
communicating them as a command or suggestion to
humans, thus always cause latency. The real-time analysis
requirements demand a set of service levels like data
freshness, continuous data integration, analytical
environments, active decision engines, adaptive platform
for the event stream processing that go beyond a traditional
Business Intelligence System [3].
Dynamic warehousing is part of the next generation of
technology that enables organizations to gain more
business insight and deliver relevant information on
demand. It enables businesses to provide a more complete
and accurate picture to users at any given point in time.
Traditional data warehouses can make it difficult to keep
up with today’s fast-paced environments, dynamic
warehousing delivers immediate and integrated
information.

V.
Figure. 2 Real-time Business Intelligence
Fig. 2 shows an overall view of real-time BI. On one
side, it shows the various techniques for getting data into
the data warehouse from the various data sources and
integrating it and on the other side, out data provides the

DESIGN CONSIDERATIONS FOR RTDW

The design of an RTDW has to consider technical
aspects: scalability, high availability, frequent (i.e. just-intime or continuously) data loading, mixed workload, etc.
as well as the integration of active mechanisms which deal
with the two sorts of propagation delays in Data
Warehouse environments [3]:
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1. Delays in capturing real world events by the
operational systems and
2. Delays in loading and integrating data into the Data
Warehouse. The business requirements for RTDW are
1. Performance
– Within seconds
2. Scalability
– Support for large data volumes, mixed
workloads and concurrent users
3. Availability
– 7 X 24 X 365
4. Data Freshness
– Accurate, up to the minute data

VI. ETL PROCESS
Extract Transform Load (ETL) is a common
terminology used in data warehousing which stands for
extracting data from source systems, transforming the data
according to the business rules and loading to the target
data warehouse. ETL is a process in data warehousing
responsible for pulling data out of the source systems and
placing it into a data warehouse.
ETL systems move data from OLTP systems to a data
warehouse, but they can also be used to move data from
one data warehouse to another. A heterogeneous
architecture for an ETL system is one that extracts data
from multiple sources. The complexity of this architecture
arises from the fact that data from more than one source
must be merged, rather than from the fact that data may be
formatted differently in the different sources [6].

Fig. 3 ETL System Architecture
The ETL process is not a one-time event; new data is
added to a data warehouse periodically. Typical periodicity
may be monthly, weekly, daily, or even hourly, depending
on the purpose of the data warehouse and the type of
business it serves.

was current. As the data warehouse increases in
complexity and the demand for more up-to-the-minute data
increases, the possibility of maintaining the data
warehouse in this fashion becomes intractable [9]. The
following are the weaknesses of the current ETL system.
1. Current ETL process is inefficient when the data
under the source system is not changed frequently.
2. Cost of recompilation can be expensive since the
degree of modification to base tables or relations is
normally small.
3. It increases response time (latency), network traffic,
wasteful to CPU or memory utilization.
4. It maximizes resource requirements and bulk
transfer.
5. It is intrusive to the source databases.

VIII. PROPOSED APPROACH - CDC
(CHANGE DATA CAPTURE)
To bring changed data across from source systems into
your data warehouse instead of loading in all of the source
data and doing a complete refresh, you would normally
look for columns in your source data or source files to
indicate the creation and modified date of a row of data.
Your process would then load in only those rows of data
that were new or modified since your last load date. This
mechanism enabled automatic feeds of new or changed
database records through to your data warehouse [7].
Change data capture is an approach to data integration,
based on the identification, capture, and delivery of only
the changes made to operational/transactional data
systems. By processing only the changes, CDC makes the
data integration, and more specifically the ‘Extract’ part of
the ETL process more efficient. When done correctly, it
also reduces the ‘latency’ between the time a change
occurs in the source systems and the time the same change
is made available to the business user in the data
warehouse.
Next generation Data Integration and ETL tools need to
support Change Data Capture, a technology that enables to
identify, capture, and move only the changes made to
enterprise data sources. No longer can the entire source
data be moved. Implementing CDC makes data and
information integration in real-time significantly more
efficient, and delivers data at the right-time [7].

VII. PROBLEMS WITH THE CURRENT ETL
SYSTEM
Traditionally, ETL processes run on a periodic basis
(weekly, daily). With the increasing popularity of data
warehouses and data marts, the ability to refresh data in a
timely fashion is more important than ever. Current ETL
systems will completely rebuild the data warehouse
periodically to ensure that information used for reporting

Fig. 4 Working of CDC in conjunction with ETL tools
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A common case for using CDC is in conjunction with
ETL tools for faster and more efficient data extract in data
warehouse implementations. A key goal of CDC is to
improve efficiency by reducing the amount of data that
needs to be processed to a minimum [14]. Therefore if the
business requirements are for only certain changes to be
captured, then it would be wasteful to transfer all changes.
The most advanced CDC solutions therefore provide filters
that reduce the amount of information transferred, again
minimizing resource requirements and maximizing speed
and efficiency.

[5]

[6]
[7]

[8]

A. CDC Methodologies
System developers can set up CDC mechanisms in a
number of ways as mentioned below.
1. Timestamps on rows
2. Version Numbers on rows
3. Status indicators on rows
4. Time/Version/Status on rows
5. Triggers on tables
6. Transaction log files on databases

[9]
[10]
[11]

[12]

[13]

IX.

CONCLUSION
[14]

This paper proposes a new data integration approach;
one that identifies the differences or changes from
operational systems and transferring them only. It offers an
effective solution to the challenge of efficiently performing
incremental loads from data source. An ETL application
incrementally loads change data from operational systems
to a data warehouse or data mart.
It will eliminate the need to perform costly data
refreshes or data snapshot comparisons, enable changes to
be processed in real time, improves the efficiency of the
entire ETL process, deliver timely information to endusers at a low cost, minimize system impact, and reduces
the associated costs including CPU cycles, storage,
network bandwidth, human resources and enables timely
consistent analysis of changed information.
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