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Abstract- Business Intelligence (BI) is considered to have a high
impact on businesses. Research activity has risen in the last
years. An important part of BI systems is a well performing
implementation of the Extract, Transform, and Load (ETL)
process. In typical BI projects, implementing the ETL process
can be the task with the greatest effort.
Index Terms- Business Intelligence, Data Warehouse, Decision
Making, ETL, Operational Data, Metadata

I. INTRODUCTION

B

usiness intelligence (BI) has gained wide recognition in the
last years. It also got high business impact and is seen as a
key enabler for increasing value and performance" [1].

Figure 1: The role of BI systems in decision making [18]
Unsurprisingly, the progress of BI is monitored by
management and IT consultants [2]. It is recognized as having a
high relevance for the profit of businesses [3]. It is agreed that a
strategic business intelligence approach will be needed [4].
At the same time, Business intelligence is a rather new
discipline with a lot of research activity. Even though the term
has been coined in 1958 [5], the number of published papers has
risen considerably in the last few years. The rapid progress has
also brought a high level of heterogeneity [6]; this causes both
problems for businesses and offers research opportunities. It is
possible to grasp the current state of BI [1] and practitioner's
literature tries to lay out a roadmap on how to implement BI in a
company [7]. There is no reliable roadmap for BI progress,
though.
One important component of BI is the Extract, Transform
and Load (ETL) process. It describes the gathering of data from
various sources (extract), its modification to match a desired state
(transformation) and its import into a database or data warehouse
(load). ETL processes take up to 80% of the effort in BI projects
[8]. A high performance is thereby vital to be able to process
large amounts of data and to have a up-to-date database. The

term ETL is known for a while [9] and the relevant market is
already divided by a number of major players [10]. A data
warehouse is predominantly used to store detailed summary data
and metadata. Detailed data concern, for instance, sales or
production volume in a given period. In order to increase
effectiveness of queries, data in a data warehouse are subject to
aggregation. Data e.g. on sales may be aggregated in a
geographical dimension, a time period dimension or a product
line dimension, etc. On the other hand, metadata include
information on data themselves. They facilitate a process of
extracting, transforming and loading data through presenting
sources of data in the layout of data warehouses. Metadata are
also used to automate summary data creation and queries
management.
Furthermore, existing BI architectures typically feature a
unidirectional communication flow between different
components. The architectures proposed in [12] and [13] are
good examples where they only feature a one-way data flow
from data sources to data warehouse. The limitation of
unidirectional data flow (i.e., no backward data flow from data
warehouse to data sources) is that no adjustment or correction is
allowed on data source even if an error is found. This may lead to
the garbage-in-garbage out situation. If organizations want to
correct the error, they have to repeat the entire BI process
especially that of the cleansing procedures again. To overcome
these problems, a two-way data integration flow [14] is
suggested whereby the cleansed data can be sent back to data
sources to improve accuracy and reduce cleansing work.
Another issue with existing BI architectures is the lack of
support on metadata management. A good BI architecture should
include the layer of metadata. A metadata repository is essential
for business users to store and standardize metadata across
different systems. By having a well-structured metadata,
organizations will be able to track and monitor data flows within
their BI environment [15]. In addition, they will be able to ensure
the consistency of definitions and descriptions of data that
support BI components and thus avoid misunderstanding and
misinterpretation of data.
Aside from that, some of the architectures do not include
operational data store (ODS) within the BI environment. For
instance, Watson’s BI architecture (2009) [16] contains only data
warehouse and data marts whereas [17] include only data
warehouse. In order to address operational data needs of an
organization, it is essential to implement ODS to provide current
or near current integrated information that can be accessed or
updated directly by users. Through this way, decision makers
will be able to react faster to changing business environment and
requirements. Furthermore, it is necessary to consider data
staging area in the ETL (Extract Transform-Load) process. As
most of the data from data source require cleansing and
transformation, it is important to create a temporary storage for
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data to reside prior to loading into ODS or data warehouse.
Without building this staging area, the process of working on the
data [27]

II. BUSINESS INTELLIGENCE ARCHITECTURE
This paper describes a framework of a five layered BI
architecture (see Figure 1), taking into consideration the value
and quality of data as well as information flow in the system. The
five layers are data source, ETL (Extract-Transform-Load), data
warehouse, end user, and metadata layers. The rest of this section
describes each of the layers.
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(e.g., customer demographic and economic), and technology [21]
.
It is important for organizations to clearly identify their data
sources. Knowing where the required data can be obtained is
useful in addressing specific business questions and
requirements, thereby resulting in significant time savings and
greater speed of information delivery. Furthermore, the
knowledge can also be used to facilitate data replication, data
cleansing, and data extraction [26]

IV. ETL (EXTRACT-TRANSFORM-LOAD) LAYER
This layer focuses on three main processes: Extraction,
Transformation and Loading [17]. Extraction is the process of
identifying and collecting relevant data from different sources
Usually, the data collected from internal and external sources are
not integrated, incomplete, and may be duplicated. Therefore, the
extraction process is needed to select data that are significant in
supporting organizational decision making. The extracted data
are then sent to a temporary storage area called the data staging
area prior to the transformation and cleansing process. This is
done to avoid the need of extracting data again should any
problem occurs. After that, the data will go through the
transformation and the cleansing process.
Transformation is the process of converting data using a set
of business rules (such as aggregation functions) into consistent
formats for reporting and analysis. Data transformation process
also includes defining business logic for data mapping and
standardizing data definitions in order to ensure consistency
across an organization [

Fig 2: BI Architecture [12]

III. DATA SOURCE LAYER
Nowadays, many application domains require the use of
structured data as well as unstructured and semi-structured data
to make effective and timely decision [12]. All these data can be
acquired from two types of sources: internal and external.
Internal data source refers to data that is captured and
maintained by operational systems inside an organization such as
Customer Relationship Management and Enterprise Resource
Planning systems. Internal data sources include the data related
to business operations (i.e., customers, products, and sales data).
These operational systems are also known as online transaction
processing systems because they process large amount of
transactions in real time and update data whenever it is needed.
Operational systems contain only current data that is used to
support daily business operations of an organization. Generally,
operational 0mainly on specific business operations such as
sales, accounting, and purchasing [19]
External data source refers to those that originate outside an
organization. This type of data can be collected from external
sources such as business partners, syndicate data suppliers, the
Internet, governments, and market research organizations [20].
These data are often related to competitors, market, environment

V. DATA WAREHOUSE LAYER
There are three components in the data warehouse layer,
namely operational data store, data warehouse, and data marts.
Data flows from operational data store to data warehouse and
subsequently to data

VI. OPERATIONAL DATA STORE
An operational data store (ODS) is used to integrate all data
from the ETL layer and load them into data warehouses.
ODS is a database that stores subject-oriented, detailed, and
current data from multiple sources to support tactical decision
making It provides an integrated view of near real-time data such
as transactions and prices. In addition, the data stored in ODS is
volatile, which means it can be over-written or updated with new
data that Blow into ODS [22]. As such, ODS does not store any
historical data. Generally, ODS is designed to support
operational processing and reporting needs of a specific
application by providing an integrated view of data across many
different business applications [23]. It is normally used by
middle management level for daily management and short-term
decision making [24]. Since the data stored in ODS are updated
frequently (i.e., in minutes or hours), it is useful for reporting
i
types that require real time (within 15 minutes) or near time
(updated in 15 minutes to 1 hour) information [25]
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VII. END USER LAYER
The end user layer consists of tools that display information
in different formats to different users. These tools can be grouped
hierarchically in a pyramid shape (as shown in Figure 1). As one
moves from the bottom to the top of the pyramid, the degree of
comprehensiveness at which data are being processed increases.

VIII. CONCLUSION
This paper has described a framework of five-layered BI
architecture with various components. BI architecture plays an
important role in affecting the success of a BI implementation.
To have a smooth BI operation, organizations can benchmark
their architectural plan against the framework proposed here. By
having a good BI architecture, organizations will be able to
maximize the value from their BI investments, and thereby meet
their business requirements and improve business performance.
However, at this point, the framework proposed in this paper
remains conceptual in nature. Though it is built based on existing
literature, the framework still needs to be validated using real-life
BI cases to affirm its usability. Future research therefore can go
along this line to validate the framework.
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