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ABSTRACT
The success of organizations or business networks depends
on fast and well-founded decisions taken by the relevant
people in their speciﬁc area of responsibility. To enable
timely and well-founded decisions, it is often necessary to
perform ad-hoc analyses in a collaborative manner involving
domain experts, line-of-business managers, key suppliers or
customers. Current Business Intelligence (BI) solutions fail
to meet the challenges of ad-hoc and collaborative decision
support, slowing down and hurting organizations.
The main goal of our envisioned system, which will be designed and implemented in a future research project, is to
realize a highly scalable and ﬂexible platform for collaborative, ad-hoc BI over large data sets. This will be achieved
by developing methodologies, concepts and an infrastructure
to enable an information self-service for business users and
collaborative decision making over high-volume data sources
within and across organizations.

Categories and Subject Descriptors
J.1 [Administrative data processing]: Business

General Terms
Business Intelligence

1.

INTRODUCTION

Current Business Intelligence (BI) environments suﬀer from
several shortcomings. One problem is the missing focus on
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the individual needs of the analysts and decision makers,
i.e., the business users. These users are forced to rely on
standard reporting and predeﬁned analytical content that
often rather insuﬃciently fulﬁlls the individual information
needs. They strongly depend on either IT administration or
enhanced technical skills to generate the required business
reports.
A second problem follows from the lack of business context
information, such as deﬁnitions, business goals and strategies as well as business rules or best practices for the provided analytical data. Hence, business users have to understand the semantics of data by themselves and they have to
take decisions and derive strategies using additional information sources, which often leads to an escalation of eﬀorts
and costs.
Another shortcoming concerns the collaboration aspect: Wellfounded decisions are often based upon opinions and expertise of several analysts. This implies that decision making
is inherently a collaborative task and the combination of social software with business intelligence (collaborative BI) can
dramatically improve the quality of decision making. However, current BI solutions only provide (in the best case)
rudimentary collaboration capabilities. Collaborative decision making is done outside of the system using other tools
or classical communication channels such as emails or phone
conversations. Such cumbersome, lengthy, and expensive
processes slow down organizations and have negative impact
on the adoption and usage of analytical tools.
Furthermore, the setup and conﬁguration of current BI systems requires deep insight in both the data to be analyzed
and the intended analytical tasks. Here, content and data
models have to be provided in advance by the IT department
and tailored to the needs of a speciﬁc group of people within
the company. This procedure usually ends up with several
conﬁguration (implementation or adaption) cycles; according to the world’s largest BI study [2] the modal time for new
BI implementations is between 3 and 6 months causing im-

plementation and support costs that often deter companies
of a wider BI deployment.
Finally, today’s BI solutions have a strong focus on structured, enterprise-internal data but lack the capability of integrating external and/or unstructured information in an
easy, (near) real-time and eﬀective way. As a consequence,
a lot of useful information is never included in the analysis.
Not considering this information could provide a distorted
or incomplete view of the actual world and consequently, it
could lead to wrong business decisions.
In this paper, we propose a BI platform—that will be implemented in a future research project—allowing business
users to derive their own business information in an ad-hoc
fashion, discuss the gained knowledge and shape their business strategies in a collaborative manner. This platform will
reduce IT dependencies and put information acquisition directly into the business user’s hands, be it managers or operative information workers (see Figure 1). To accomplish
these goals, we need
A ﬂexible data model to describe and adapt business relevant entities and their relationships within and across
organizations. Such a data model allows to react on
rapidly changing conditions by adding, removing or
modifying new entities and relationships. Further, it
allows to model various context information (i.e. information relevant for the decision making process that
complements the data to be analyzed).
An eﬃcient and scalable data store for these business
data to realize fast response times even for large datasets.
This data store has to take the ﬂexible data model into
account.
A business conﬁguration methodology to populate the
data store in a pay-as-you-go fashion and to empower
users to adapt the business data on their own.
An information self-service allowing users to easily retrieve the business information of interest. The information self-service should enable business users to
satisfy their information needs in an intuitive, fast, and
eﬃcient manner and to deﬁne a personalized environment for retrieving and analyzing information.
An integrated collaboration environment to discuss the
results, derive conclusions and take decisions in a collaborative fashion. Important properties of this environment should be synchrony, intuitiveness and traceability.
Our goal is to empower business users to be able to conﬁgure business data and create analyses based on their speciﬁc
requirements without technical skills or synchronization efforts using the language and terminology they are familiar
with.
In the next section, we will give an overview over the state
of the art in the relevant ﬁelds. In Section 3, we will address
the individual points given above in more detail. Section 4
summarizes the paper.

Figure 1: Envisioned platform

2.

STATE OF THE ART

In this section, we describe the state of the art in the key
areas which are relevant to reach our goal.

2.1

Flexible Data Models for Business Metadata

Data Warehousing and OLAP are the means of choice for
the integration and consolidation of multi-dimensional data;
their architectures and data models are well known [17].
In addition, OLAP functions allow complex analyses of the
data. However, today’s analysis tools provide a rather technical view on the analysis content and thus require technical skills of the analysts. Some BI solutions have already
incorporated business metadata in a limited manner via a
dedicated abstraction level based upon business terminology.
Also some applications like dedicated performance management solutions cover enhanced business knowledge, comprising general and domain speciﬁc rules and interdependencies.
Current research eﬀorts concentrate on introducing ontologybased approaches to improve decision making, tracking, progress monitoring and usage-information mining. For instance,
[18] contributes a ﬁrst attempt to enable end-user self-service
BI with the help of ontology-based infrastructure and reasoning. By providing a target ontology capturing the business view the authors achieve a declarative and ﬂexible decoupling between data sources and business oriented models. Furthermore, [16] proposes an approach for strategydriven business process analyses by providing an ontology
formalizing performance management related aspects like
strategies, goals, KPIs, processes, measures, etc. as well as
their interrelationships. [6] is an alternative approach to
achieve ontology-based integration of BI considering data
warehouses, data mining and reporting systems as well as
OLAP tools. The authors state that current BI solutions
focus on structural integration, and, thus, enable semantic
integration mechanisms to facilitate user-friendly and adaptive analyses. Albeit being powerful, ontologies are expensive to setup and maintain.
In the Web community, the RDF (Resource Description
Framework) [20] data model is well established; it has been
designed as a ﬂexible representation of schema-relaxable or
even schema-free information for the Semantic Web. To
achieve our goals, we leverage the ﬂexibility and expressiveness of RDF to add business metadata—i.e. a business
view—to the technical terms. The resulting relationships
between technical and business terms allow to abstract from
the technical view.

2.2

Efficient and Scalable Data Stores

Representing business terms and their relations to technical
terms and other business terms in a large organization or
company may lead to a high data volume. In such a scenario,
an eﬃcient and scalable data store such as a distributed or
a column-oriented main-memory data management system
has to be used.
A distributed data management system consists of a collection of subsystems whose distribution is transparent to the
user. The subsystems process the data in parallel. Therefore high data volumes can be handled eﬃciently. The distributed system appears as one local system. The user may
be unaware of the fact that there are several machines. Their
location, storage replication, load balancing and functionality is transparent [15].
Main-memory databases like MonetDB [5] store and thus
eﬃciently process the data in main memory. Column-store
databases like MonetDB, Sybase IQ [19] or SAP NetWeaver
BI Accelerator (TREX) [14] store the data in a columnoriented way which allows high compression rates and a
more eﬀective exploitation of main memory and modern
CPU features, like SIMD or pipelining [21]. However, as
the tuples are fragmented some query types require expensive joins.
In our system, we apply main-memory processing to improve the overall performance of our RDF-based business
data store. To eﬀectively utilize the main memory we will
apply column-store techniques; to be eﬃcient we will take
special care on joins, e.g. with enhanced index structures.

2.3

Business Configuration Methodologies

In the past, the usage of customized standard software (packaged applications) has been established in particular in the
area of transaction-oriented information systems. Conﬁguration and customizing approaches allow an enterprise-speciﬁc
adaptation of the respective packaged application thereby
addressing the individual needs of the enterprise [1, 3]. Recently, basic customization and conﬁguration functionalities
have also been incorporated into analytical information systems in order to reduce development and implementation
eﬀorts of these systems and to meet user requirements in
a better way [10]. The reference content which is provided
within packaged applications is called business content and
forms the foundation for any customization and conﬁguration task. For instance, SAP deﬁnes analytical business content as role- and task-speciﬁc information models. These
information models may comprise amongst others queries,
OLAP cubes, measures, dimensions etc. for a speciﬁc purpose like sales planning. In an implementation project business content has to be adapted to the needs of the enterprise.
This is often a time-consuming and costly process [1].
To facilitate an eﬀective and eﬃcient conﬁguration process
a couple of concepts for conﬁguring business content for
transaction-oriented systems evolved over the years such as
checklists, requirements navigation, reference models, and
business conﬁguration sets [7]. All these approaches build
upon one key idea: Enterprise applications have to be adapted
to business needs and business processes of respective enterprises. Therefore the conﬁguration of business software is

ﬁrst of all driven by business questions. Technical software
settings are just a result of answering business questions and
can thus be mostly derived automatically if all relevant business questions are answered properly. Requirements navigation for example is a checklist mechanism based on a conﬁguration wizard and a knowledge-based system. While using the wizard, an end user with business expertise will be
asked about business-related topics in a comprehensive way.
During this conﬁguration process potential dependencies of
functional conﬁgurations will be checked in the background
and automatically resolved if necessary. This dependency
check and resolving mechanism is based on a dedicated rule
system.
Until today, these business driven conﬁguration approaches
have not been applied to the domain of analytical information systems. Comparable to the aforementioned approaches
for conﬁguring transaction-oriented systems, we will ﬁrst
provide business content for analytical information systems
and second, develop a conﬁguration approach which is adequate for business users.

2.4

Information Self-Service

In today’s BI environments, there is often a clear separation of roles between (technical) BI experts—who conﬁgure
the BI system and specify the underlying queries such that
the reports and analyses are created according to the information needs of the (non-technical) business users—and
the business users themselves who consume the standard reports and predeﬁned analytical content. While the entrance
barrier for deﬁning information queries has been lowered in
recent years by query generation tools such as MySQL Query
Browser or Microsoft Access 2007 Query Wizard or Query
Designer, these tools nevertheless require the user to have
a detailed knowledge of technical data schemas as well as
query syntax and semantics, which is still too technical and
complex for the business users we target with our approach.
At the same time, there is a clear need and demand in companies to enable information self-service for business users.
A key element of such an information self-service environment is the ability to seamlessly integrate (or mash-up) different information sources (that may come from diﬀerent
information providers). By combining several independent
queries, business users will be able to develop their own
analytical applications and dashboards. Existing mash-up
technologies enable the combination of diﬀerent types of information in order to provide a new integrated information
or view [12]. For instance, geographic information can be
combined with real estate services and yellow page services
for a person looking for an apartment to rent. Yahoo! Pipes
provides a graphical user interface for building applications
that aggregate Web feeds, Web pages, and other services,
creating Web-based applications from various sources, and
publishing those applications. Pipes can be seen as communication channels between data sources and gadgets. Users
can create mash-ups by dragging pipes from a toolbox and
dropping them in work area, specifying data input, interconnecting resources through pipes, and specifying data output
formats. However, current mash-up technologies and in particular mash-up applications created using technologies like
Yahoo! Pipes usually do not have an enterprise focus and
do not support more complex data queries.

2.5

Integrated Collaboration Environments

It is widely agreed that the decision making process of a
company has major impact on the success of a company
in the market. Companies will only survive if they take
the right decisions and if they can rely on a sound decision
making process. Within the next decade the meaning of
having a good and sophisticated decision making process in
an enterprise will become even more important as companies
have to face the increasing globalization and the impact of
strongest market competitions.
Business Intelligence, data warehousing, and related technologies and approaches provide the technical mechanisms
for decision makers to examine historical trends, to measure
results, and to look for patterns in the data that might be
missed otherwise [9]. The kinds of decisions which need to
be made in organizations and which are supported by these
mechanisms are manifold. Decisions are made on diﬀerent
hierarchy levels of a company such as on the strategic level,
the management level ,and the operative level. Furthermore,
the data which form the base of decisions diﬀer regarding the
degree of structuring (unstructured, semi-structured, and
structured) [11, 13].
A typical collaborative decision making process including
diﬀerent decision makers and business analysts is rather unstructured and dominated by eﬀorts for coordination and inquiries. Today, email is the preferred communication means
in such a process, so that the overall decision process is distributed in the form of multiple email threads over several
mailboxes. Intransparent decision processes and the loss of
information are the ultimate result of these practices. Collaborative decision environments thrive to overcome these
challenges by bringing together all relevant information and
people in one place for eﬀective and eﬃcient decision making.
In the portfolios of analytical software vendors a couple of
collaboration techniques can be found that are partly integrated into their products. In addition to that, in the ﬁeld
of social software, “much of the technological foundation is
[already] in place”, which could be used for further enhancements of collaborative functionalities of analytic software.
However, “no commercial oﬀerings [exist] that comprehensively incorporate the vision of collaborative decision making” [4]. Collaborative decision making is much more than
the integration of an instant messaging component into analytical applications as realized in e.g. Microsoft SharePoint
Server 2007.

3.

CONCEPTS AND ARCHITECTURE

In this section, we ﬁrst discuss the relevant points for our
envisioned BI platform. Afterwards, we introduce the architecture of our proposed BI platform.

3.1

Flexible Data Model

The global data model of our proposed platform consists
of two concepts: DataSpaces that manage the base data
and InfoSpaces that model the relations and provide context
information for DataSpaces. This is motivated by our goal
to have a clear separation of the IT point of view (DataSpaces) from the business point of view (InfoSpaces).

DataSpaces
Our platform builds upon data feeds from central and decentral data sources. Central data sources are managed by
IT and cover internal transactional data sources (e.g. ERP,
CRM) as well as data warehouses and data marts. Decentral data sources may be added by business users and may
cover locally managed data (e.g. data managed by business
departments or business users) as well as external data (e.g.
external RSS feeds). Both the central and the decentral
data sources are encapsulated as DataSpaces. Beside the
data itself DataSpaces comprise meta data like ETL deﬁnitions or basic post-processing rules like anonymization and
data cleaning.

InfoSpaces
InfoSpaces are business representations of data abstracting
from technical concepts such as data formats or schemas.
They integrate data from diﬀerent sources for the needs of
a speciﬁc user group. In general, InfoSpaces may contain
business objects (e.g. orders, customers), measures (e.g.
quantities, amounts, KPIs) and strategic goals. The aim
of InfoSpaces is to provide access to data on an appropriate
end-user-oriented data-abstraction level.

3.2

Efficient and Scalable Data Store

The data store faces the challenge to easily and eﬃciently
manage the large amount and high diversity of InfoSpaces.
The latter aspect makes RDF—due to its ﬂexibility—a promising solution. Hence, for the management of business context
information we propose a technological shift from heavyweight ontologies and reasoning to a light-weight approach
based upon a combination of RDF data and database technology in order to support performing BI analyses also over
large scale data sets. We realize eﬃciency by heavy use
of main memory and distributed query processing. As main
memory is rare we apply column-store and compression techniques to eﬀectively utilize it.

3.3

Business Configuration Methodology

While in traditional BI environments data integration is
performed by IT departments, our proposed business conﬁguration methodology enables business users to perform
such conﬁguration tasks by themselves. As data integration can be a complex task, a speciﬁc business-user-oriented
design will be necessary. Our business conﬁguration process is based on interaction paradigms that allow business
users to express their information needs in a simple and
intuitive way. In order to facilitate a quick and easy conﬁguration process, the business conﬁguration uses a three
step approach. In the ﬁrst step the scope of an InfoSpace
is deﬁned (scoping) while in the second step the detailed
conﬁguration is speciﬁed (ﬁne-tuning). With the help of a
wizard, the conﬁguration process can be guided by questions
like “Do you want analytical support for the sales planning?”
(scoping) and “Do you perform a monthly or quarterly sales
planning?” (ﬁne-tuning). The third and ﬁnal step is to select the DataSpaces to be used in the analysis, out of a set
of candidates that have been suggested by the system as
able to deliver the needed data. Beside the integration of
new data sources, the business conﬁguration also manages
the creation and adaption of business metadata (business
strategies, KPIs) and InfoSpaces.

BI Life Cycle
Our envisioned platform supports the life cycle of a BI analytical task as shown in Figure 2. The life cycle visualizes the
recurrent adaptation of BI environment to business needs.
The lifting of the BI life cycle on a business level results
in an environment that can be primarily used by business
users. This entails that also conﬁguration activities, which
so far have been assigned to the software engineers with a
direct eﬀect on the increase of the business/IT coordination
costs, is manageable by business users.

tion. One of the key objectives of our approach is therefore a
business-oriented composition approach of analytical mashups comprising information queries while technical aspects
are handled “behind the scenes” as much as possible.
Due to the multitude of queries that could be generated
by business users, a management regarding their semantic
content is essential for e.g. realising synergies by reusing predeﬁned queries. For this purpose, metadata can be used for
describing the data in the integration layer as well as the
queries. [8] diﬀerentiates between the following categories
of metadata, that is relevant for our purposes: deﬁnitional
(what does this data mean from a business perspective?),
data quality (does this data possess suﬃcient quality for me
to use it for a speciﬁc purpose?), navigational (where can
I ﬁnd the data I need?), and lineage (where did this data
originate and what’s been done to it?).

3.5

Figure 2: BI life cycle

3.4

Information Self-Service

The envisioned information self-service (ISS) environment
is the business user environment for self-service query design, query execution and information mash-ups; it enables
business users to ﬁnd required information using enhanced
navigation and search techniques and to build lightweight
analytical applications according to their individual needs
based upon InfoSpaces. Intuitive portals and wizards are
going to help the users to formulate their information needs
on the basis of InfoSpaces and to browse the data along
diﬀerent dimensions. An intuitive query consumption environment allows the user to consume information in a table
format or as graphical chart. Additionally to the requested
data, the ISS environment automatically provides context
information, such as related reports, business goals or general/company speciﬁc business knowledge (KPI deﬁnitions,
interdependencies), in order to improve and accelerate the
business decision processes. The built-in evaluation of report
usage information allows the system to pro-actively make
recommendations to business users, e.g. on related reports.
Furthermore, diﬀerent information elements like tables or
charts could be composed into dashboards, based on simple
patterns.
Regarding ad-hoc analysis, the combination of several data
sources and linkages between single queries resembles an advanced development process by itself that may discourage
business users. A viable alternative that we aim to investigate is a pattern-based approach, which provides templates
of pre-deﬁned and pre-linked queries that fulﬁll the needs
of an explicit scenario or use case. In a Web 2.0-based
approach, these could be collected from other users via a
shared repository. Moreover, semi-automatic linking of information queries can be a vital approach to business user
mash-ups. Usage analyses (“How have other users linked
information?”) could serve as a basis to automatically generate information mash-ups and propose them to a user.
Furthermore, the analysis of data models could also serve
as a basis for automatic query linking and mash-up genera-

Integrated Collaboration Environment

The proposed platform aims to provide collaboration rooms
where business users are able to share, comment and take
joint decisions. We aim to allow users to work on business
reports simultaneously and to allow them to collaborate in
all phases of the decision making process including the formulation of queries and the interpretation of results. Live
interaction facilities allow users of our system to exchange
ideas on-the-ﬂy. Users may bring in information from various public and private sources and may use them as an information source when taking decisions in a team. As such,
we want to add a new level to the collaborative decision
making process lifting it to the same level as if people would
work together in the same room. Furthermore, collaboration
rooms are the means to capture user feedback, community
knowledge and best practices to improve decision making.
Exploiting information usage data to proactively distribute
information is a key feature of collaboration rooms.

3.6

Architecture

The overall architecture of our envisioned platform consists
of two major layers—the Ad-hoc and Collaborative Analysis and the Integration and Enrichment layer—and one key
repository—the Global Business Data Model, see Figure 3.

Figure 3: Proposed architectural components

Ad-hoc and Collaborative Analysis
The Ad-hoc and Collaborative Analysis layer facilitates information self-service and collaboration of business users.
It consists of two main components: the Information SelfService Environment for intuitive ad-hoc analyses and the
Collaboration Rooms as seamlessly integrated means for collaborative decision making.

Integration and Enrichment
The Integration and Enrichment layer integrates and semantically enriches heterogeneous data sources within and across
organizations. It consists of two main components, namely
the Business Conﬁguration—the environment for business
users with moderate data management skills to setup and
conﬁgure InfoSpaces and DataSpaces—and the Data Provisioning that ensures high ﬂexibility and eﬃciency.

Global Business Data Model
The Global Business Data Model is the central repository
of the platform. On one hand, it serves to “translate” the
IT terminology (e.g. data models, ﬁelds, etc.) into business
terminology and thus to support business users in conﬁguring new information models (InfoSpaces) and create new
reports. On the other hand, it provides extended general,
company- and user-speciﬁc context information for faster
and more accurate business decisions. It contains InfoSpace
deﬁnitions, navigational and lineage metadata (descriptions
of ETL processes), deﬁnitional metadata (business object,
KPIs, dimensions), integrated organizational data (contact
persons; business functions, access rights), advanced business data (decisions, legal data strategies), and usage and
evaluation data (logs on reports and KPI usages).

4.

SUMMARY

In this paper, we have outlined the importance of providing
business users with the means for ad-hoc and collaborative
decision making. We presented the coarse-grained architecture for the envisioned system and identiﬁed the main building blocks that need to be developed. We further described
ideas of how to realize the envisioned goals.
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