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Abstract 

 

Business Intelligence can be defined as the process of turning data into information and then into 

knowledge. Business Intelligence systems are centered on data warehouses: large repositories of 

historical data, organized according to the multidimensional model. In spite of the large amount of 

research carried out in the last 20 years, the modern end-to-end business intelligence platforms 

seem to suffer from the increased/changed user needs. This is a consequence of the growth of the 

business intelligence culture within enterprises on the one hand, and a side effect of the mutated 

business panorama on the other. While in the past the business intelligence market was strictly 

dominated by closed source and commercial tools, the last few years were characterized by the birth 

of open source solutions. Commercial platforms are commonly considered superior to open source 

ones. Nevertheless, open source platforms will evolve much faster than commercial platforms since 

they are not constrained by compatibility problems and rigid (or even obsolete) architectures. 

In this paper we will propose a list of relevant research issues related to data warehouse and 

business intelligence and we will discuss how and why they can be used to create the second 

generation of business intelligence tools. In particular, we will distinguish between mid and long 

term goals and we will envision some possible applications. 
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About the BI Initiative 

OW2 Initiatives are joint efforts of OW2 Members and not-OW2 Members aiming at facilitating the 
use of OW2 technologies by mainstream systems integrators, end-users, academia and software 
vendors. Within an Initiative, participants work together to develop both technical integration 
between projects and business synergies in order to address specific market needs. 
 
 
The BI Initiative is a join effort set up to: 
• improve the coordination effort in the OS BI context 
• increase the use of OS BI solutions at enterprise level 
• strengthen connections between integrators, vendors, users and the research communities 
• attract more attention from the research activities to foster innovative BI solutions and practices. 
 
 
Main activities are:  
• integration of a full stack of OS BI solutions and tools 
• promotion of a service network to support the entire stack 
• kick-starting a community contributing to strengthen the current OS BI platforms 
• creation of a research network on BI topics, fostering a closer cooperation between researchers 

and OS BI vendors, to promote the development of a new generation of OS BI platforms. 
 
 
Participants of the BI Initiative are: 
• Altic, France (www.altic.org) 
• Artemis Information Management, Luxembourg (www.artemis.lu) 
• ClaraVista, France (www.claravista.fr) 
• Engineering Ingegneria Informatica, Italy (www.eng.it) 
• Ingres, USA (www.ingres.com) 
• Talend, France (www.talend.com); 
• DEIS-University of Bologna-Italy (www.eng.unibo.it/PortaleEn/default.htm) 
• DTI-University of Milan (http://ra.crema.unimi.it), Italy 
• DISI-University of Trento (www.dit.unitn.it), Italy 
• OW2 individual members. 
 
 
More information about OW2 BI Initiative: www.ow2.org/view/BusinessIntelligence/ 
More information about OW2 Consortium: www.ow2.org  
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1. Introduction 

Business Intelligence (BI) can be defined as the process of turning data into information and then 

into knowledge. BI was born within the industrial world in the early 90’s, to satisfy the managers’ 

request for efficiently and effectively analyzing the enterprise data in order to better understand the 

situation of their business and for improving the decision process. In the mid-90’s BI became an 

object of interest for the academic world, and ten years of research managed to transform a bundle 

of naive techniques into a well-founded approach to information extraction and processing.  

In particular, a huge work has been done in the specific area of data warehouses (DWs). DWs are 

large repositories of historical data, organized according to the multidimensional model. They are 

directly accessed by final users (i.e. the managers) through user-friendly interfaces that enable them 

to carry out very detailed analyses. The main results obtained on topics such as OLAP visualization 

[11], multidimensional modeling [4], design methodologies [5] and optimization techniques [12] 

converged to define the modern architecture of data warehousing systems and were absorbed by 

vendors to form a wide set of on-the-shelf software solutions. Today, data warehousing can be 

considered a mature field from several points of view: users understood the potential of 

multidimensional analysis and are fully exploiting OLAP capabilities; complete suites of tools are 

available and cover the whole data warehousing process from ETL extractors, to friendly interfaces, 

through specialized DBMSs; researchers explored most issues related to the conceptual, logical and 

physical levels of DW architectures. 

In spite of this, the modern end-to-end BI platforms seem to suffer from the increased/changed user 

needs. This is a consequence of the growth of the BI culture within enterprises on the one hand, and 

a side effect of the mutated business panorama on the other. The managers, aware of the BI 

capabilities and pushed by a more and more complex and frantic market, are asking for new 

solutions made feasible by the technology improvements. Beside OLAP, data mining and what-if 

analysis solutions must be made easily available to the users in the next years possibly in a unified 

and transparent fashion. Some proposals in this direction already coined the term OLAM (OnLine 

Analytical Mining model). Basically, this proposal consists in meaningfully combining the 

powerful of OLAP with the effectiveness of Data Mining tools and algorithms capable of 
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discovering interesting knowledge from large amounts of data (e.g., the data cell set of a given 

OLAP data cube) by means of clustering, classification, association rule discovery, frequent item 

set mining, and so forth. 

While in the past the BI market was strictly dominated by closed source and commercial tools (see 

for example [13] for different vendors’ market shares of OLAP servers), the last few years were 

characterized by the birth of open source (OS) solutions. In the beginning OS BI tools covered 

isolated portion of the DW process with a limited set of functionalities that made them appear as 

toys if compared to large commercial BI platforms. Consider for example the initial releases for 

Octopus as to ETL, Mondrian as to OLAP servers, and JPivot as to OLAP clients (see [16] for a 

complete listing). While single tools still keep evolving with an increasing number of features and a 

higher level of reliability, the turning point in OS BI has been the birth of OS BI platforms. An OS 

BI platform provides a full spectrum of BI capabilities within a unified system that reduces the 

overhead for the development and management of each application, and lets the user feel like she 

was using a single BI solutions. 

Commercial platforms are commonly considered superior to OS platforms. Nevertheless, OS BI 

platforms will evolve much faster than commercial platforms since they are not constrained by 

compatibility problems and rigid (or even obsolete) architectures. Furthermore, OS solutions can 

exploit the contributions of the OS development community, that relies on hundreds of 

programmers and designers as well as on the direct involvement of researchers that are willing to 

prototype on free platforms. 

In order to really do better than commercial solutions, we argue, OS solutions should not only 

replicate commercial functionalities with lower costs for the final users, but should also propose 

innovative functionalities according to the most sophisticated requirements of business users. 

Coupling twenty years of experience in building BI software with the more recent results on BI 

research can really make the difference. Thus, in this paper we list and discuss some research topics 

that are currently being investigated and that, we believe, could suggest new functionalities to be 

added to OS BI platforms. We envision two main directions: on the one hand, BI platforms need to 

be consolidated since they still lack in supporting some relevant requirements; on the other hand, 

part of the new user requirements impose to enlarge the traditional vision of BI since they cannot be 

fulfilled within the current frameworks. As a consequence, we should begin to work towards a 
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second generation of BI tools that, keeping into account the jumps ahead of both technology and 

research, will be capable of supporting new types of analysis. 

Noticeably, a discussion on the second generation of BI started some years ago, during the 

Perspectives Workshop “Data Warehousing at the Crossroads” [10], in which the BI research 

community discussed the state of the art in the field and tried to anticipate the hot research issue for 

the short and medium term future. Some of the topics proposed at that time have already become 

object of interest for the market, while others still remain mostly unexplored. Two noticeable 

examples of topics that attracted the market attention are the following: 

 

• Spatial data warehousing. Spatial and spatio-temporal data are inherently more complex than 

traditional (alphanumerical) business data. Spatial data refer to geometric objects like points, 

lines, regions, surfaces, and volumes in the two-dimensional and/or three-dimensional space. 

Spatio-temporal data add the temporal aspect. Besides, operations on geometric objects are 

much more complex than those on alphanumerical values. Spatial objects can change their 

position, shape, and extent over time and are then called moving objects. Geographical 

information systems (GIS) and data warehousing share the common interest to analyze data and 

to facilitate decision-making processes. But they use different technologies, and the capabilities 

of GIS for decision support are limited. Estimates state that 80% of all data have a spatial 

context or reference [8]. This makes the combination of both technologies an interesting and 

promising approach. Especially the support of ad hoc spatial and spatio-temporal aggregation 

operators is here of interest.  

• Data streams, real-time and active data warehouses. Since DWs integrate data from different 

operational systems, they provide unique functionality for discovering information across these 

otherwise isolated data sources. This makes them ideal candidates for monitoring enterprise- or 

organization-level events that cannot be detected by a single operational system. Unfortunately 

there is a considerable delay until information from operational systems is reflected in the DW: 

updates are typically performed in large batches once a week or overnight. However, a bank or 

telephone company requires real-time data warehousing functionality to detect suspicious 

activity in customer accounts in a timely manner before it results in financial damages. 
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Similarly, a large retailer could better optimize the supply at geographically distributed stores 

and warehouses, if he had more timely information in the DW. Other examples include data 

warehousing solutions for data stream applications like stock trading, military logistics, traffic 

monitoring, and sensor networks in general. All these applications require real-time or nearly- 

real-time update propagation, hence also real-time ETL. 

 

The above-mentioned topics require further investigations and a strong design and implementation 

effort for tools to fully exploit their potentialities, but they are on their way. In the following 

sections we will focus instead on those features that are currently not available at all in tools. 

2. Strengthening the first BI generation 

2.1 Design 

The statistic reports related to DW project failures state that a major cause lies in the absence of a 

global view of the design process. Indeed, adopting a methodological framework for design is an 

essential requirement to ensure the success of complex projects. On the other hand, it is well-known 

among software engineers that devising a design methodology is almost useless, if no CASE tool to 

support it is provided.  

Though some design methodologies for DWs have been proposed, none of them has been widely 

accepted so far, and all vendors propose their own proprietary methods. One of the reasons for this 

is that there is still no agreement about a standard conceptual model to be used at the core of the 

methodology. Conversely, a unified conceptual model for DWs would be a valuable support for 

both the research and industrial communities. It should be formally well-founded, but at the same 

time easily usable and understandable by designers. It should support integrated modeling of the 

DW architecture, deployment, sources, mappings, ETL, facts, workloads, etc. Finally, it should be 

expressive and flexible enough not only to enable representation of requirements coming from the 

classical enterprise domains, but also to support the peculiar issues and constraints arising in 

unusual and emerging domains and applications (such as those based on streaming data or 

geographical information). 
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2.2 Evolution and versioning 

As several mature implementations of data warehousing systems are fully operational within 

medium to large contexts, the continuous evolution of the application domains is bringing to the 

forefront the dynamic aspects related to describing how the information stored in the DW changes 

over time. As concerns changes in data values, a number of approaches have been devised, and 

some commercial systems allow to track changes and to effectively query cubes based on different 

temporal scenarios [15]. Conversely, the problem of managing changes on the schema level (that 

may be required by changes either in the business domain or in the user requirements or in the 

sources) has only partially been explored, and no dedicated tools or restructuring methods are 

available to the designer yet.  

The approaches to management of schema changes in DWs can be framed into two categories, 

namely evolution [1], [17] and versioning [2], [6]: while both categories support schema changes, 

only the latter keeps track of previous versions. If one is sure that previous schema information will 

never be useful again, schema evolution offers adequate functionality. Otherwise (e.g., to guarantee 

consistent re-execution of old reports), schema versioning offers the more powerful approach. 

Actually, in some versioning approaches, besides “real” versions determined by changes in the 

application domain, also “alternative” versions to be used for what-if analysis are considered [2].  

Overall, we believe that versioning is better suited to support the complex analysis requirements of 

DW users as well as the DW characteristic of non-volatility. The main research challenges in this 

field are to provide effective versioning and data migration mechanisms, capable of supporting 

flexible queries that span multiple versions. Considering the complexity of the ETL procedures, 

another very relevant issue is to devise techniques for propagating changes occurred in the source 

schemata to the ETL process. The obvious benefit in achieving these goals will be to keep the DW 

in sync with the business requirements, thus avoiding its obsolescence. 

2.3 User preferences 

Personalizing e-services by allowing users to express preferences is becoming more and more 

common. When querying, expressing preferences is seen as a natural way to avoid empty results on 

the one hand, information flooding on the other. Besides, preferences allow for ranking query 

results so that the user may first see the data that better match her tastes. Though a lot of research 
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has been carried out during the last few years on database preferences (e.g., [3], [9]), the problem of 

developing a theory of preferences for multidimensional cubes has been mostly neglected so far 

[14]. On the other hand, cubes (implemented either on relational or on multidimensional platforms) 

are the core of data warehousing and business intelligence systems. Their users are decision makers 

who need to express complex queries through OLAP front-end tools, often returning huge volumes 

of data, sometimes returning little or no information. Thus, we argue that expressing preferences 

could be valuable in this domain.  

What makes preference in OLAP systems different is the role played by aggregation, which enables 

decision makers to get valuable, summary information out of the huge quantity of transactional data 

available in the enterprise databases. OLAP queries do not only formulate selections and projections 

on the attributes and measures belonging to the cube, they also specify on what hierarchical 

attributes data are to be aggregated (group-by set). The aggregation level has a strong impact on the 

size of the result returned to the user, and its inappropriate setting may end in either obtaining very 

coarse, useless information or being flooded by tons of detailed data, which is particularly critical 

when working with devices with small bandwidth and limited visualization capabilities. For this 

reason we argue that, in the OLAP domain, users may wish to express their preferences also on 

group-by sets too, for instance by stating that monthly data are preferred to yearly and daily data. 

On the other hand in the OLTP domain, users typically express preferences only on instances. For 

examples in the hotel reservation domain a user will express a preference stating that “Hotels with a 

high level of stars, with low price and close to the city center are preferable”. 

2.4 What-if analysis 

In order to be able to evaluate beforehand the impact of a strategic or tactical move, decision 

makers need reliable forecasting systems. What-if analysis satisfies this need by enabling users to 

simulate and inspect the behavior of a complex system under some given hypotheses, called 

scenarios. Despite the marketing claims, until now only few tools offered what-if capabilities, and 

usually they were limited to a specific application. Besides, designing what-if applications requires 

to understand, simplify, and model business-related phenomena, which may become very difficult 

in complex enterprises. Unfortunately, no attempt has been made so far to comprehensively address 
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methodological and modeling issues in this field, while the adoption of naive approaches makes 

projects more expansive and exposes them to higher risk of failure. 

Some challenges arising in this field are: how to seamlessly integrate what-if analysis and OLAP 

into an extended interaction paradigm; to find an adequate formalism to conceptually express the 

simulation model on which what-if analysis is centered, so that it can be discussed and agreed upon 

with the users; to define an appropriate methodology for designing what-if applications, aimed at 

effectively reducing project failure risks by properly considering user requirements while 

guaranteeing the model reliability [7]. 

3. Towards the second BI generation 

3.1 Pervasive BI 

The world of BI is undergoing an important change. While traditionally BI techniques were the 

realm of a few trained analysts at the top of the enterprise, today they are used from an increasing 

number of users who exploit BI potentiality to support their daily operations. This mass of new 

users asks for flexibility not in manipulating data, but rather in accessing data: they require that 

information can be easily and timely accessed in different contexts, through devices with different 

computation and visualization capabilities (PCs, palmtops, mobile phones), and with sophisticated 

and customizable presentations. Besides, access must be selective, depending on the access control 

and privacy policies adopted in the organization, that could pose some constraints on the type of 

information each user can see. 

Thus, there is a need for advanced techniques for integrated and context-aware management of 

preferences and security policies in order to achieve personalized and selective access to 

information in BI platforms, and at the same time guarantee the privacy of data from which 

information derive. A query context could be defined for instance by the type of device the user is 

operating, by the user role, by the spatio-temporal location of the user, and by the type of analysis 

the user is carrying out. Contexts should be associated with preferences and access constraints that, 

in relationship with a specific user request, will concur in determining the information returned and 

its presentation format, and consequently the best suited strategy for data processing. The following 

examples will clarify the expressivity that can be obtained: 



 

BI Initiative 

deliverables 

 

OW2 BI Initiative deliverables OS BI: Open Research Issues December 22nd, 2008 

Author: DEIS, University of Bologna 
             DISI, University of Trento 

Revision: Engineering, University of Milan Page: 12/18 

  

 

• Show all alerts related to the production chain (context: role=”production manager”, 

device=”mobile phone”, location=”Paris”, preferences=”recent and local data first”). This query 

may return an SMS including the three most recent alerts, issued by the factories nearby Paris, 

regarding the production chain. 

• Show global yearly EU funding for research projects (context: role=”EU officer”, device=”PC”, 

location=”Bruxelles”, preferences=”computer science best”). This query may return a table 

summarizing the yearly funding in the computer science area as gathered from all national 

peers. 

3.2  Distributed BI 

The standard architecture for BI applications is that of a single DW that collects information from 

(typically local) sources and delivers information that are consumed by the decision makers, mainly 

using OLAP and reporting applications. In several application contexts, users feel the lack 

(perceived both at the economic-organizational level and at the technological one) of a framework 

supporting managers in the identification and use of business information in inter-business 

collaborative contexts, where several companies organize and coordinate themselves in order to 

develop common and shared opportunities, respecting their own autonomy and heterogeneity. This 

need is also felt whenever the time and the budget constraints make it unfeasible to carry out a DW 

integration project. This is true for instance in the case of company acquisitions where managers 

need to run queries on DWs of companies belonging to the group. Similarly, for a group of public 

agencies scattered on the territory, cross-agency analyses could be very useful to obtain overall 

statistics. We will call business intelligence networks (BINs) the consortiums whose goal is the 

sharing of information at the management level. 

Traditional BI system, born to support the decision-making processes of single enterprises, are not 

capable of operating in inter-company contexts where the (organizational, lexical and semantic) 

heterogeneity and the autonomy of the individual actors make it impossible to realize a shared and 

completely integrated BI system. Building a BIN poses several challenges, in particular: 
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• Which is the architecture to be adopted: since one of the requirements is the independence of 

the participants from the technological and organizational points of view, the architecture must 

be completely distributed and should be based on a network of peers, each equipped with 

independent BI systems that expose some information and services. Related issues are how to 

ensure performance and scalability, and how to ensure security, privacy, and dependability. 

• How to model information: difference in terminology and semantic of information stored in 

peers risks to make query results meaningless. Obviously, building mappings manually is 

unfeasible. A solution could obtained by coupling the exposed information and services with an 

ontological model that describes them and enables a mechanism for automatically mapping 

related concepts in different peers.  

• How to query the network: exploiting the information stored in the BIN requires a language and 

a set of algorithms that allow multiple peers to be queried. The querying mechanism should 

exploit the ontological information stored in the model in order to handle the heterogeneity of 

the concepts across the BIN and it should be flexible enough to return as much information is 

possible from different peers. In fact, since different peers can expose only part of the required 

information, returning only full matches is too restrictive. 

 

The emerging technology related to web services and P2P could be the starting point for a 

revolutionary approach to BI, where the traditional assumption that DWs contain materialized data 

is replaced with the novel idea that DWs can contain pointers to web services that guarantee 

delivery of the data upon request. 

3.3 Open Source Mapping Systems and Benchmarks 

The productivity of each community depends on the ability of its businesses to thrive in the modern 

knowledge-based global economy. The huge complexity and volume of the data involved in 

business transactions nowadays has already been recognized. Modern open-source BI tools have 

recently started to cope with that issue and help businesses explore new opportunities.  Modern 

businesses demand sophisticated data integration tools and techniques, complex analysis solutions 

and increased strategy planning capabilities.  
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Existing integration and data exchange solutions can be categorized into two main groups: the 

mediated information systems and the data warehouses. The former provide virtual integration of a 

number of physically distributed heterogeneous sources. This is achieved through a series of 

software components called mediators. Mediators have the knowledge of the schema and the data 

content of the underlying databases. They provide users and applications with a unified virtual 

schema. Since mediators have no data, when a query is sent to a mediator, it has to be analyzed 

decomposed to smaller parts and sent to the individual sources [22]. Then the data returned from the 

sources is collected by the mediator that combines it and presents it to the user or application that 

send the query. The advantage of this architecture is that no data replication is necessary and the 

query results are always up-to-date. In the alternative solution to the mediated architecture, i.e., the 

warehouse, there is a physical repository in which the integrated data is stored [21]. The advantage 

of the data warehouse is that queries can be answered on the materialized data, avoiding the need to 

communicate with the individual sources. The drawback is that the materialized data must be 

refreshed periodically from the sources, and if not, then the  answers to the queries may not be the 

most up-to-date.  

The process of building an information integration or a warehouse system is more similar. First the 

contents of the data sources are studied and understood. Then a set of queries, commonly referred to 

as mappings, are designed. Mappings specify the relationship between the schema of the sources 

and the integrated schema in the mediator or the warehouse. Nowadays, this is mainly a manual 

task. It requires skilled data administrators that need to spend countless hours trying to understand 

the data and write the transformations, a laborious and error-prone process. This translates to 

thousands of euros spent each year by modern businesses and organizations for this task. Intelligent 

tools that can automate or at least support the data administrators in that task are needed. This has 

led to the development of the schema mapping tools. A schema mapping tool is a tool that assist a 

data administrator in defining the mappings through a graphical user interface. It typically displays 

side-by-side two schemas (referred to as the source and the target schema). The source schema may 

be the schema of a local source and the target schema  the integrated schema in the mediator or a 

warehouse. Through the interface the data administrator draws lines from the source to the target 

schema elements representing semantic associations between them. These associations are high 

level and not expressive enough to describe the full details of the transformations that the data 
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administrator would have expressed through a transformation query. Thus, the task of the mapping 

tool is to try to interpret the high level associations and generate the actual transformation queries, 

saving the data administrator’s valuable time and guaranteeing correctness. Of course, due to their 

fuzzy semantics, there may be multiple interpretations of a given set of correspondences. The role 

of the data administrator is then to browse these interpretations and guide the tool in selecting the 

right one.  

One of the first schema mapping tools is Clio [20] developed at the IBM Almaden research center. 

Other similar tools have also been developed, i.e., the Altova MapForce [18] or the Stylus Studio 

[19]. Unfortunately, none of these tools is open source. Many open source integration solution may 

provide partial support for the mapping generation task as a side-product, but dedicated open-source 

mapping generation solutions offering the level of intelligence and functionality of the 

aforementioned tools, do not exist.  

Despite the existing mapping systems, there has been no benchmark developed for comparing and 

evaluating them. Exception is the STBenchmark [23], a benchmark developed in a collaboration 

between the University of California Santa-Cruz and the University of Trento. Similar to the 

motivation of benchmarking relational database management systems, a benchmark for mapping 

systems is important for assessing their relative merits, which is in turn important to businesses for 

making the right investment decisions and adopting the tool that best suits their needs. 

STBenchmark consists of a set of transformation scenarios that have been drawn from the related 

research literature and from a number of real application scenarios. Through these scenarios one can 

evaluate the transformation capabilities in terms of functionality of a mapping tool. In addition, 

STBenchmark offers a schema and data generator software [24]. This allows the generation of 

complex mapping scenarios that require different multiplexed transformations and can be 

parameterized to scale to different sizes, allowing the evaluation of the solutions provided by the 

various mapping tools not only in terms of complex transformations but also in terms of schema 

and data sizes.  
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Conclusions 

Thus, in this paper we list and discuss some research topics that are currently being investigated and 

that, we believe, could suggest new functionalities to be added to OS BI platforms. We envision 

two main directions: on the one hand, BI platforms need to be consolidated since they still lack in 

supporting some relevant requirements; on the other hand, part of the new user requirements impose 

to enlarge the traditional vision of BI since they cannot be fulfilled within the current frameworks. 

As a consequence, we should begin to work towards a second generation of BI tools that, keeping 

into account the jumps ahead of both technology and research, will be capable of supporting new 

types of analysis. BI initiative works in this direction by bringing together researchers as well as 

practitioners. We believe that BI initiative could be coupled with an Eclipse project aimed at 

building tools and frameworks for managing data warehouse systems across their lifecycle. 
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