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Abstract
The pharmaceutical and chemical industries are facing significant internal and external
pressure to boost the experimental efficiency and effectiveness by cutting the direct
research costs and reducing the time to market for new sustainable products. Other key
issues to secure a competitive return on investment are to enable the rescue of stalled
product development projects, abort failing projects early, enhance collaborative multidis-
ciplinary ventures, and ensure an effectual risk management and cost savings through
safety testing and failure analysis. Typically, modern organizations rely on a variety of
informatics solutions from well-established software vendors. These typically operate on
different platforms and are controlled by different management systems using different
data types and proprietary formats. Maintaining, integrating, updating and monitoring
these powerful, but disparate, ensembles of tools, are an intricate and expensive
operation. We present the concept of the Enterprise Discovery Planning (EDP) software
platform design to facilitate the optimization of discovery activities at an enterprise level.
We also briefly present how Inforsense addresses these issues.

1 Introduction

The pharmaceutical and chemical industries face an in-
creasingly complex environment and are often searching
for growth through mergers and acquisitions [1]. In light of
decreasing numbers of blockbuster drugs and increasing
development cost per drug, the industry as a whole is mov-
ing to cut costs [2]. Furthermore, the political and public
[3, 4] pressure for controlling health care and drug costs,
increased health care expectations [5], and more stringent
regulatory environments [6] leading to longer approval pe-
riods causing a shorter effective patent life are compelling
the industry to hunt for new areas for growth. This pres-
sure in the pharmaceutical industry for stronger drug de-
velopment pipelines and improved operational efficiency
is a forceful driver for innovation and technology within
the Information Technology (IT) sector [7].

The novel “-omics” era embraces new complex technol-
ogies and presents enormous informational, strategic and
organizational challenges [8, 9]. For instance, genomics has
led to new drugs and treatments, increased efficiency,
greater use of intellectual property, new revenue models
and enhanced distribution of products and processes.
Technology will continue to pervade the life sciences in-

dustry and will change the way the industry operates [1,
10]. Where it was once focused primarily on science, the
industry is now witnessing the impact of technology, pri-
marily in the areas of product development and distribu-
tion. In every area of discovery and development, the
pharmaceutical organization is forced to absorb tech-
niques only months out of R&D and make decisions on
how use to that data as part of their business practices [1,
7, 11]. Pharmaceutical and biotechnology executives have
nowadays the intricate and perilous mission in assessing
these new technologies that could make a crucial differ-
ence in the success and wealth of their organization. Even
as IT and technology vendors continue to improve the util-
ity of their products and services [12], they must sell them
into a dynamic and highly fragmented marketplace.

Although mergers and acquisitions aim to reinforce
competitiveness, they are ironically accountable for a great
deal of fragmentation, ineffective communication and con-
nectivity between the new departments because of the
blend of legacy technologies, procedures and company cul-
ture. Therefore, an infrastructure that enables sharing
data, information and knowledge within the organization
is essential for biopharmaceutical companies hoping to
capitalize quickly on new scientific discoveries. According
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to the International Data Corporation (IDC), by the year
2006, US$ 38 billion will be invested in IT in the life scien-
ces sector [1]. Integration issues will drive a dramatic in-
crease in spending by biopharmaceutical companies – IDC
forecast $11 billion in 2004, see Figure 1. However, among
the key barriers to more widespread adoption of the tech-
nologies that would help to shorten the drug discovery
time line are the strict regulatory requirements under
which the pharmaceutical industry operates [13]. Although
most would agree that the US Food and Drug Administra-
tion (FDA) and similar regulatory agencies around the
world serve a vital function, it is also clear that the regula-
tory environment tends to reinforce a conservative stance
to the adoption of new processes and technologies. De fac-
to, the acceptance and effectiveness of new technologies
will drive IT spending in order to acquire, analyze, and in-
tegrate the disparate kinds of current tools dealing, for in-
stance, with image processing, databases, data integration,
storage and management, security, compliance, and stand-
ards. For instance, many informatics vendors currently
provide training to the FDA free of charge in order to as-
sure that discoveries made using their technologies can
gain regulatory acceptance, and agency reviewers and
pharmaceutical researchers will reach similar conclusions
when reviewing their data.

Life sciences and biotechnology are widely recognized
to be on the leading edge, together with the information
technology sector, of the next wave of the knowledge-

based economy, creating new opportunities for our societ-
ies and economies [14]. A revolution is taking place in the
knowledge base of life sciences and biotechnology, open-
ing up new applications in health care, agriculture and
food production, environmental protection, as well as new
scientific discoveries. This is happening globally and im-
pacts R&D projects that today use nanotechnology, biolo-
gy, chemistry, automation, and informatics [15]. There are
a constellation of software packages for knowledge man-
agement and discovery available, but none encapsulate the
process from inception to delivery of modern multidiscipli-
nary R&D projects. We will unveil some issues facilitating
access to knowledge through integrated informatics ap-
plied to life science and present how Inforsense addresses
these issues with its workflow engine for scientific applica-
tions.

2 Integrated Informatics in Life Sciences and
Materials Science

2.1 The Data and Process Flow in R&D

Modern R&D depends very much on data generated by
high-throughput screening and experimentation for the
identification of new chemical entities as drug candidates,
new materials or catalysts [16]. In both materials and life
sciences, computational methods are typically involved for
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Figure 1. The ability to share data across a broad base of researchers is essential for pharmaceutical and chemical companies hoping
to capitalize on the new scientific discoveries. Integration issues will drive dramatic increases in information technology spending by
these industries stimulated by the great deal of fragmentation, and the little communication and connectivity between departments.
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rapid screening and experimental design prior to the move
to small scale laboratory methods first, then scaled-up for
large-scale production [17]. This rising reliance on infor-
matics generates an ever-increasing and overwhelming
amount of data, ranging from chemical structures, biologi-
cal sequences and assay data to related text information
complemented with experimental data and setups. The re-
current and old paradigm is to transform data into knowl-
edge, but discovery processes are rarely secured in a tangi-
ble and consistent structure, and are often lost. Hencefor-
ward, we will refer to “workflows” to describe data and
process centric operations.

The R&D roadmap in drug discovery and materials sci-
ence is analogous (Figure 2), albeit the pharmaceutical in-
dustry is constrained by a stringent regulatory framework.
It usually starts by assessing and mining in-house and pub-
licly available data sources stored in different locations
and disparate formats. Experimental planning, screening
and optimization campaigns, data validation and analysis,
visualization and reporting are the subsequent steps in the
process. We will not discuss these issues here that are very
well described elsewhere [16, 18]. The workflow can be re-

iterated several times and objectives and constraints reas-
sessed accordingly. A priori, the discovery cycle to derive
QSAR/QSPR models substantially differs whether this is a
life or materials sciences framework. In the “-omic” world,
data are very heterogeneous and discovery processes are
still evolving rapidly as compared process chemistry and
materials science area – this is a strong differentiator. To a
large extent, both the semantic description of the problem-
atic and the experimental techniques of each field are of-
ten dissimilar, but the underlying concept is alike. Often,
the data-mining strategy and the corresponding statistical,
descriptive and predictive tools are the same [19]. In life
sciences, the strategy relies on validated QSAR models de-
veloped for the available series of biologically active com-
pounds. In time, these collections of local models describ-
ing classes of compounds or reactions are linked with
“-omics” models. The cycle starts with the numerical rep-
resentation of chemical compounds with a set of descrip-
tors or fingerprints. Eventually, QSAR models are built
and all the relevant descriptors are then identified. Pre- or
post-processing steps involve clustering techniques or mul-
tivariate analysis. Then, genetic algorithms can be em-
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Figure 2. an example of a process outline that blends chemoinformatics and bioinformatics applied to biocatalysis.
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ployed to design new structures with specific properties. In
materials science, solids, like catalysts, are also described
by a set of descriptors that are specific to these application
areas. Variable selection and material optimization rely on
identical techniques used in the life sciences environment.

Prior knowledge is critical to reduce the time to market
and ensure a high return on investment. Beside the tech-
nological and scientific aspects to consider, tools for enter-
prise resources planning, business intelligence and strate-
gic planning can be utilized to secure and forecast business
assets [20]. For instance, identifying core competencies
within the organization, or assessing risks in delivering a
project. Modern R&D is a blend of science and technology
driven by effectiveness and business rules.

This introduces the technical project definition with its
experimental part, which could combine various branches
of computational biology and molecular and materials sci-
ence. The ability to facilitate collaborative operations, i.e.,
workflows, between specialized personnel and their infor-
matics platforms is critical to the success of the project.
From this perspective, web services hold the potential to
address these concerns by allowing the use of on-demand
processing power and best-of-breed components, in a col-
laborative and transparent fashion [21]. Webservices [22]
are a modular collection of web-protocol-based applica-
tions that can be mixed and matched to provide business
functionality through an Internet connection. These serv-
ices represent black-box functionality that can be used and
reused without regard to how the service is implemented.
Webservices use standard Internet protocols such as
HTTP, (eXtensible Markup Language) (XML) and SOAP
to provide connectivity and interoperability between busi-
ness units and eventually virtual organizations.

Automatic data-processing demands continue to grow
rapidly due to increased use of in-silico tools, high-
throughput platforms and laboratory automation [23]. For
decades the traditional research process within the bio-
pharmaceutical industry was a sequential operation where,
after many months of target validation, the process would
lead to assay development followed by high-throughput li-
brary screens for hits, and then on to lead optimization.
This modus operandi is becoming obsolete with the intro-
duction of parallel and designed experimentation.

The use of robots allows the life sciences industry to
screen an ever-increasing number of compounds. At first,
compounds for testing may be selected from the large, read-
ily available collections of products accumulated over years
of synthetic effort in industrial or academic research labora-
tories. A second step consists of synthesizing new and large
combinatorial libraries, hitting the wall of a combinatorial
explosion, having potentially billions of chemical com-
pounds. Although modern laboratory automation and its in-
formatics infrastructure have progressed dramatically dur-
ing the last decades, they still cannot be handled by modern
experimental platforms. The challenge is to select of a rep-
resentative subset of samples to be experimented upon

from billions of possible candidates. Data is certainly not In-
formation. Besides this quandary, experimentation should
be designed to deliver relevant and applicable information
aimed to guide discovery in an effective and fast manner.
This is next to impossible to achieve without the use of an
efficient computational infrastructure, and without some
prior knowledge of the researched domain.

An alternative to the combinatorial data explosion
builds on an investigation of the greatest diversity of the
experimental space in the least number of experiments to
create a performance-based model [18]. This model deliv-
ers the highest density of information per experiment at
higher speed and favors the transformation of information
into knowledge. This methodology combines the advan-
tages of clustering techniques, molecular modelling, statis-
tical design, multivariate statistics and data visualization
and mining. Eventually, a model capable of guiding discov-
ery is built; it can correlate a collection of properties, or
descriptors, of a protein, a biocatalyst, or new material,
and the corresponding process conditions, such as temper-
ature or solvent, to its end performance. The strength of a
good model is its predictive power, its usability and its ver-
satility, but it can also deliver erroneous and misleading in-
formation if not used properly, especially when the work-
ing set is very different to the training set. However, expert
users – chemometricians, statisticians or modellers – can
engineer very complex processes and data-centric work-
flows that encapsulate the heuristic, ensuring that novices
properly use these models though a web portal, by access-
ing a collection of webservices. For instance, in production
phase, laboratory technicians or bench chemists would
have the most suitable QSAR/QSPR model automatically
selected from a model warehouse depending on the prob-
lem they need to address. This practice ensures capture,
dissemination and use of Knowledge throughout the or-
ganization that de facto maximizes its return on investment
and reduces the total cost of ownership of its Informatics.
It also enables seamless blending of technology, like bioin-
formatics, cheminformatics, materials science or robotics,
with business rules, such as business intelligence, enter-
prise resource planning or business process management.

2.2 Data Harmonization

Best-practice data-mining techniques are ineffective with-
out high-quality data, fast and reliable access to the infor-
mation and a consistent capture of data and processes. The
experimental issue is addressed with an apposite method-
ology by the experimentalist. The second topic is more
challenging because it involves coping with the disparate
data structures and data-exchange protocols. This hetero-
geneous information can be overwhelming to maintain
and requires tailored tools to be utilized. This drastically
impacts the total cost of ownership of the Informatics in-
frastructure, precludes a proper dissemination of knowl-
edge and delays scientific breakthroughs [1 – 3].
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Commercial and public organizations dealing with life
and materials sciences start dedicating collegially impor-
tant resources to harmonize and integrate this incongruent
information. Part of the solution is to use webservices that
access and open up legacy or proprietary applications. For
instance, Laboratory Information Management System
(LIMS) providers support these protocols but also pro-
mote and support the development of open-standards us-
ing the XML framework. XML provides syntax and gener-
ic mechanisms to structure data in documents. It aims to
provide a reliable transmission of versatile information re-
gardless of the platform used, which guarantees portability
of data between different operating systems and machine
architectures. XML schemas, i.e., dictionaries not only re-
stricted to scientific applications, are increasingly devel-
oped worldwide and international regulatory institutions,
such as International Union for Pure and Applied Chemis-
try (IUPAC) [24], act to prevent anarchy. This technology
complements and rationalizes the utilization of data-min-
ing techniques by combining data standardization, accessi-
bility, portability and modularity with new computational
techniques. It also eases system-integration services that
permit the rapid deployment of flexible solutions to its
adopters. An immediate and obvious corollary is the con-
sistent capture of data and processes. Because the seman-
tic and the underlying ontology are defined in the XML
schema, the transformation of data into knowledge is fa-
cilitated.

Ontologies [25] are a formal, explicit specification of a
shared conceptualization that emerged in artificial intelli-
gence as an alternative to represent knowledge and pro-
vide meta-information that describes data semantics. On-
tologies enable shared knowledge and reuse where infor-
mation resources can be communicated between human
or software agents. Semantic relationships in ontologies
are machine-readable, in such a way they enable making
statements and asking queries about a subject domain due
to the use of a conceptualization, which describes entities
and their relationships. This conceptualization enables
those software agents of a vocabulary to represent and to
communicate knowledge. Properties, activities and charac-
teristics of a material, for example, a catalyst, are highly
correlated with its constituents and its preparation. The re-
liable and consistent capture of the catalyst preparation
recipe would facilitate the identification of subtle factors
responsible for the material performance. Eventually, the
combination of process conditions, elemental descriptors
and recipes enable purely in-silico materials design, in-
cluding design of experiment, screening and optimization.

2.3 The Missing Link

Science, technology, politics and economics are globally in-
terconnected and one does not evolve without affecting
the others. The incentives for an integrated Informatics
(infrastructure) strategy is to create very clear and tangible

business benefits [26]. It enables the definition of the stra-
tegic direction within corporate and business development
structures, the identification of future therapeutic areas
and technologies to generate growth and both isolating
and valuing discrete project or company-based opportuni-
ties that align with this vision drive the investment in
R&D. A perfect and natural symbiosis between the new
global economy and the emerging global R&D is vital to
ensure sustainable and profitable scientific breakthroughs.
Given the scarcity of profitable R&D projects in biophar-
maceuticals, companies need to narrow their focus and
maximize their efficiency and to create value within very
real, but short-term constraints. This is not only restricted
to the pharmaceutical and biotech worlds. Other indus-
tries, like oil and gas, or fine chemicals, are also tightly
linked with business imperatives depending, for instance,
on geopolitical conditions that can affect their operational
structures. Thus far, tools for dealing with comprehensive
strategies for portfolio analysis, decision-making and opti-
mization for the pharmaceutical and biotechnology indus-
tries, and that take into account the technological constric-
tions and risks are scarce or even nonexistent. The need to
combine data- and process-centric workflows encapsulat-
ing business rules and scientific applications is growing
strongly.

2.4 Enterprise Discovery Planning

An Enterprise Discovery Planning (EDP) software plat-
form facilitates the organization and the optimization of
discovery activities at an enterprise level and is designed
to address the issues discussed above. An EDP-oriented
discovery platform is an open infrastructure that empha-
sizes the management of collaborative discovery projects
and contrasts with conventional more static systems. EDP
platforms are containers for integrated services and analy-
sis of dispersed information. This concept is analogous to
the successfully realized principle of Enterprise Resource
Planning in business information process management.

The main characteristics of an EDP software platform
are:

* an open architecture that supports, as plug-ins, new re-
sources, such as output from high-throughput devices,
databases or analytical software components,

* a dynamic information-integration framework enabling
a flexible, seamless access to heterogeneous scattered
data,

* an exhaustive collection of generic analytical and mod-
elling tools that encompass all required processing func-
tions, supplied as building blocks for composite audita-
ble discovery applications,

* an intuitive application composition framework to facil-
itate the creation of cross-domain data- and process-
centric workflows, eventually exposed and adapted for
novice users,
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* an apposite application performance, reliability, securi-
ty, availability, scalability and manageability,

* compliancy with the apposite regulatory requirements
and other typical legal requirements, such as confiden-
tiality, internal control processes and document reten-
tion,

* a searchable workflow warehouse permitting the moni-
toring, management, optimization and reporting of sci-
entific discovery processes and global corporate per-
formance.

Such EDP-oriented platforms operate as a technology
which is a collaborative and social bridge and are the back-
bone for overseeing R&D activities ranging from the life
sciences and the oil and gas industries, to contract research
organizations.

2.5 Adoption of EDP

The incentives for adopting an EDP-based solution are
found in the current very competitive commercial and
technological landscape. For instance, sustainable high re-

turn on investment, minimizing the total cost of ownership,
scattered complex organizational company structures,
post-merger assets management and increased R&D out-
sourcing, volatile core competencies and poor knowledge-
and intellectual-property management tools motivate the
implementation of EDP-based solutions.

Although EDP-based solutions can help organizations
mitigate the impact of a slowing economy and lower cor-
porate profit margins, and provide tactical cost effective-
ness and sophisticated results without increasing complexi-
ty, they are often perceived as too complex and perilous to
implement. Tangible expected benefits are often counter-
balanced by prior disastrous over-promised and under-de-
livered IT projects and by rigorous regulatory environ-
ment tending to reinforce conservatism with regard to
adopting new processes and technologies. Unquestionably,
data and services integration remain a key challenge for
the pharmaceutical and chemical industry because compa-
nies are still learning how to integrate new informatics
constructs into the world of chemistry, biology and robot-
ics.
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Figure 3. InforSense�s Knowledge Discovery Environment (KDE) proposes a full set of modular and interlinked software compo-
nents that enacts the Enterprise Discovery Planning (EDP) concept. It combines text mining, cheminformatics, bioinformatics and da-
tabase access. The SDK empowers the user desiring to deliver a “best-of-breed” EDP software system.
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2.6 InforSense�s Approach to EDP

InforSense�s Knowledge Discovery Environment (KDE)
proposes a full set of modular and interlinked software
components that enact the EDP concept (see Figure 3). In-
forSense technology has been deployed in pharmaceutical
and biotech industries and academic institutions as the
new infrastructure for discovery informatics.

Powerful Architecture: KDE�s architecture (see Fig-
ure 4) provides computational power, versatility and scala-
bility. An individual discovery station provides a basic sin-
gle-user system that can be augmented gradually to ad-
dress new requirements. Advanced modules designed for
collaborative campaigns and large-scale exploitation of
workflows, within a high-performance computing frame-
work, allo one to tailor the system to fulfil precise analyti-
cal and performance requests.

Integrated Access to Data Assets: KDE ensure seamless
and secure access to heterogeneous and scattered data
sources from data warehouses. Flexible and intuitive inter-
faces are provided to relational databases, specialized in-
formatics data warehouses and to semi-structured data
such as text, images and web sources.

Extensible Discovery Algorithms: KDE proposes a com-
prehensive portfolio of high performance discovery tools
to cope with modern R&D requisites. Its open architec-
ture, with its Software Development Kit (SDK) that con-
sents the effortless integration of third-party applications
and its in-buildt webservices access framework, ensure
that problems are addressed properly and efficiently.

Text Mining and Ontology Solutions: This extensive
suite of tools is designed to analyze large bodies of text in
order to complement other discovery material. Ontology
support augments the text-mining offering and is integrat-
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Figure 4. The InforSense EDP software system is a three-tier client-server architecture enabling large-scale, distributed creation and
management and execution of discovery processes. KDE includes integrated access to data assets through an extensible set of Data-
base Adapters. The Client Suite provides an integrated environment for the creation of discovery processes (top left) as well as inter-
active mining and visualization (top right). Computationally intensive processes are automatically executed on the Discovery Server.
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ed with cheminformatics and bioinformatics Inforsense
modules.

Collaborative Discovery Workflows: This framework fa-
cilitates the dissemination of knowledge and intellectual
property that is encapsulated in data- and process-centric
workflows (see Figures 5a – 5c). Eventually, workflow tem-
plates can be shared and exchanged between different
business units to secure the best use of core competencies
with the organizations. This modus operandi is extendable
to virtual organizations or subcontractors, for instance.

Workflow Warehousing: Inforsense provides a palette of
tools to search exhaustively within proprietary collections
of workflows gathered in a workflow warehouse (see Fig-

ure 6). Queries can operate on annotated and audited
building blocks composing workflows. That framework en-
ables to identify core competencies, track the use of infor-
matics resources, and provides limited functionalities for
portfolio management.

Discovery Portal: Workflows can be complex entities
build by several specialized groups. The discovery portal
module authorizes IT managers and expert users to expose
specific properties of a workflow to novice users. The
workflow is published as a service that is available to the
authorized personnel via a normal web access. For in-
stance, a set of workflows mapping the entire complexity
of an R&D process and its corresponding heuristic can be
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Figure 5. a) This workflow encapsulates the multivariate analysis performed on the fingerprints calculated for library of chemical
compounds. The system has an embedded visualization framework. Workflow templates b) – c) can eventually be shared and ex-
changed between different business units to secure the best use of core competencies with the organizations. Ultimately, the workflow
is published as a service that is available to the authorized, and maybe, novice personnel via a normal web access.
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presented as a collection of web pages having a specific
layout and exposed settings.

3 Conclusion

We have showed that the Enterprise Discovery Planning
software platform is the first significant step to facilitate
the optimization of discovery activities at an enterprise
level. An EDP software platform empowers modern or-
ganizations that deal with new, diverse and rapidly evolv-
ing cross-domain challenges. Important investments are
made both at the public and private levels to accelerate
the development of such systems that are not restricted
anymore to “early-adopters”. However, these efforts are
not the panacea to extract information and knowledge
from unstructured and unreliable data sets. Data harmoni-
zation is also essential to achieve a fully integrated and
powerful discovery framework.
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