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EXECUTIVE SUMMARY
The LarKC project’s market observation and monitoring strongly indicates that mainstream business
is adopting semantic technologies and making acquisitions related to big data. The market potential
for big data is evolving rapidly, driven by innovation in the underlying technologies, platforms, and
analytical capabilities for handling data. These changes are causing an increasing demand for tools
and services to make daily tasks easier for a wider range of users, including both technical and nontechnical specialists. Other services including consulting, education and training are also showing
increasing demand. LarKC is well positioned to participate in and to contribute to the frontier of big
data innovation.

The LarKC project has developed strategies and exploited four paths to connect LarKC with the
markets. (1) LarKC vertical spin-off Life Data; (2) LarKC platform as open-development
community; (3) LarKC technology innovation as building blocks to be recombined by partners;
and (4) new start up business (Web of Data Interpreter (WoDI)).
LarKc's vertical spin-off, Life Data (LLD) has the potential to become a data hub for the health care
and life sciences research communities through the model of Information as a Service or Data as a
Service (IaaS/DaaS).
LLD can contribute to opportunities like US Health Care Reform and EU administrative optimization.
US Healthcare reform will shift the basis of payment from procedures to results/performance as it
encourages outcome-based medicine. This cannot happen without the use of semantic innovations
involving big data (clinical data, payer/claims, costs, pharmaceutical and medical products, R&D
data.) According to McKinsey Global Institute, the savings potential from analyzing large datasets for
evidence-based drug therapy and from use of clinical data for treatment cost effectiveness is $108 B
per year. The savings potential from clinical operations including Comparative Effectiveness
Research (CER) and clinical decision-support systems is $165B. The LLD service integrates some of
the major public data sources covering molecular sequence data (proteomics and genomics data),
system biology resources (molecular interactions and pathways), chemical compounds and drug
related information, clinical and medical related sources and scientific publications. The model of
LLD data integration could be used to provide the required analytical basis for defining of exhaustive
disease models (LLD used as DaaS), which could further lead to successful personalized treatment of
patient. The LLD platform provides capabilities to further drill-down into a concrete
scientific/medical problem and supported with expert knowledge, to expose a specific (focused) data
sub-set (LLD used as IaaS). LLD IaaS/DaaS can help to inform researchers, allowing for better
decisions-making in their research projects. (Details in Chapter 3)
When the funded portion of the program terminates in late 2011, its major deliverable, the LarKC
platform, will undergo continued development as an open source platform. This will be achieved by
continuing the current open source development effort that have been initiated within the project
itself, extending them with organisational structures that do not depend solely on the original LarKC
consortium members, and by moving as many of the project resources as possible onto platforms that
are conveniently maintainable by the new organisation. While LarKC will not solely depend for its
future on the project consortium members, many of those members are committed to working to
“keep LarKC alive”; further details are to be found in Section 3.4.1.
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1 Introduction
This document is a collection of contributions from LarKC consortium partners. It covers six major
parts.
•

Part 1 is LarKC market observation and LarKC Strategy development.
Market observation and monitoring are focused on the update of key indicators and analysis
of the impacts on LarKC.
The strategy development concentrates on ‘What are the key market development and the
market potentials?” and ‘What is LarKC’s unique value and contribution to the markets?’ It
develops LarKC strategy in general including the value proposition LarKC is offering to
markets; identifying target customers and market segments to answer “Who will use LarKC
to do what?”, as well as positioning LarKC in the markets.

•

Part 2 is an example of one specific market exploitation plan by one consortium partner,
Ontotext. Ontotext’s Data as a Service will play a critical role in Big Data and helping
pharmaceutical/biologists and researchers to manage the data explosion. The business
concepts and plan are in this section.

•

Part 3 is covering LarKC architecture and the sustainability of the LarKC Platform. It also
includes a model on exploitation through other parties (including reuse in project proposals)
and the ecosystem for LarKC exploitation.

•

Part 4 is LarKC technological asset exploitation and applications by consortium partners. It
shows the partner’s plan and efforts to use LarKC in their operational business environments.

•

Part 5 is LarKC use cases applications including Urban Computing, Clinical development,
and Cancer research by LarKC partners.

•

Part 6 is IPR plan exploited the contributions and impacts of LarKC project on IPR.
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2

3rd Report on Market Observation1

This chapter will focus on the update monitoring of following key indicators:
•
•
•
•

Update1: RDFa Adoption by Search & Social Media: Google, Facebook and Twitter.
Update2: Semantic Metadata Platform (Twitter’s annotations, Adobe's Extensible Metadata
Platform (XMP)).
Update3: Semantic Ecommerce/Ecosystem (e.g., Linked Open Commerce (LOC), Drupal).
Update4: Semantic Web Application Platform for the Mobile Ecosystem (SwapMe and
Apple’s App Store).

The world around Semantic technology is constantly changing, with technological advances in mobile
technology; cloud computing and the rise and rise of Big Data. Data is changing the way scientists do
research and the way people use mobile devices. The challenge is how to surface data and bring data
together in meaningful ways. As Google’s chief economist Hal Varian has said, the scarce factor is no
longer the data, which is essentially free and ubiquitous, but now the scarce factor is the ability to
understand that data and extract value from it.
The base for mass adoption of RDFa is in place. RDFa/ Open Graph Protocol can link the Facebook
ecosystem with the Linked Data ecosystem. This means increasing of RDFa-like semantic metadata
on pages all over the web, and this increase will almost exclusively use the Open Graph. It will mean
more people will be asking for RDFa, and more developers will learn it. This could be catalytic for
the adoption of Semantic Web.
There are strong indications from the pharma industry that it is ready to fund a new growing market
between data consumers and external data providers2. (Just like LOC Eco-system).There is huge
potential for the market that sits between the big pharmaceutical companies (data consumers) and the
data providers (publishers, crated content and etc). LLD can play a role as hub for domain specific
areas.
According to Paul Sagan, (CEO of Akamai Technologies, which ushers 15-30% of Web traffic),3 the
real business value creation and investment in Web traffic is from the two ends of Web traffic: in the
data center and in the last-mile. If you can skip the middle, the Internet will continue to scale along.
2.1

2.1.1

RDFa Adoption by Search & Social Media: Google, Facebook and Twitter;
Google Take-up of RDF and Purchased Freebase
Update 1: Google Takes up RDF and Has Purchased Freebase

In July 2010, Google acquired Metaweb, the company behind Freebase — a free, semantic database
of “over 12 million people, places, and things in the world.” Freebase is a system in the linked open
data, although RDF is not its native representation. Its content is available as RDF and there are many
links that bind it to the LOD cloud. Moreover, Freebase has a very good wiki-like interface allowing
people to upload, extend and edit both its schema and data.
According to the Google blog announcement:

1

'Disclaimer: In Chapter 1-3, the methodology for market analysis is desk-top research. Which means using
publicly available information including reports, papers, available analysis of market & technology from
internet'.
2
Vassil Momtchev [vassil.momtchev@ontotext.com]
3
MIT Technology Review Vol 114/no.1, Jan./Feb. 2011
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“Over time we’ve improved search by deepening our understanding of queries and web pages. The
web isn’t merely words — it’s information about things in the real world, and understanding the
relationships between real-world entities can help us deliver relevant information more quickly. …
With efforts like rich snippets and the search answers feature, we’re just beginning to apply our
understanding of the web to make search better. Type [barack obama birthday] in the search box and
see the answer right at the top of the page. Or search for [events in San Jose] and see a list of specific
events and dates. We can offer this kind of experience because we understand facts about real people
and real events out in the world. But what about [colleges on the west coast with tuition under
$30,000] or [actors over 40 who have won at least one oscar]? These are hard questions, and we’ve
acquired Metaweb because we believe working together we’ll be able to provide better answers.”

Semantic web is adopted by Facebook and Best Buy and others.4
Facebook and Links Data
Facebook’s engineers are using the word “graph” to describe their ecosystem with the launch of the
Open Graph API5. Facebook is not using pure RDFa but a new standard called RIF. It is "two
standards in one." Firstly, it's a format for exchanging rules between one rules system and another.
For example a set of email spam rules that can be exported for another person to use. Secondly, RIF
defines a rule language for semantic web data - similar to what can be done with ontologies. It enables
"simpler things than major ontologies."6
Best Buy adds RDFa to their entire product catalog, which has resulted in benefits in SEO and cost
savings.7
Drupal+RDF—Web of Data for Everyone
Drupal already uses structured data and it was the first of the big three open source content
management systems to enable users to create their own content types and to do it without any
programming necessary (WordPress and Joomla! are just adding that functionality now).
2.1.1.1 Analysis
The usage of RDFa has advanced significantly and become a leading format on the Web. The chart
below shows the deployment of the most common microformats and RDFa markup on the Web, as
8
percentage of all web pages, based on an analysis of 12 billion web pages indexed by Yahoo! Search.

Microformats and RDFa deployment on the Web (% of all web pages)

4
5

http://www.readwriteweb.com/archives/w3c_pleased_with_semantic_web_adoption.php#
http://apps.facebook.com/feightlive/

6

Ivan Herman , W3C Semantic Web Activity Lead
7
http://www.readwriteweb.com/archives/w3c_pleased_with_semantic_web_adoption.php#
8
http://tripletalk.wordpress.com/2011/01/25/rdfa-deployment-across-the-web/
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Figure 1: Microformats and RDFa deployment on the Web (% of all web pages)

Source: http://tripletalk.wordpress.com/2011/01/25/rdfa-deployment-across-the-web
Purchasing Freebase shows that Google is adding a more structured approach to linking the web of
data to its statistical approach to Semantic Web. Since its traditional approach has reached its limit,
the semantic capability will open up a new playing field, not only complementing today’s business
but also bringing other potentials into the future.
Impacts on Google: Freebase gives Google an instant foothold into the web of linked data.
•
•

Using Semantic technology in their search. Freebase will help Google enhance their search
results.
A tool to use Semantic Web: Freebase gives Google a large (> 4 million topics) semantic
vocabulary, and a well developed REST API for access.9

In addition, Google bought many other semantic acquirings with only one real competitor - DBpedia.
OWL’s sameas method of mapping entity equality takes care of competition from DBpedia (from an
indexing and linking point-of-view rather than a commercial perspective).
Facebook and Linked Data ecosystems
RDFa/ Open Graph Protocol can connect the Facebook ecosystem to the Linked Data ecosystem.
This might increase RDFa like semantic metadata on pages all over the web, and this increase will
speed up the adoption of Semantic Web
2.1.1.2 LarKC Implication
The adoption of RDFa by Facebook, Google and others has also created a much needed feedback loop
that is driving the publication of more structured data. These imply increasing demand for tools and
services to make job easier for wider users, especially non-technical specialists. Tool-provision is

9

http://www.mmmeeja.com/blog/semantic-web/semantic-web-tools.html
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important for the extension of the non-technical community of users. Consulting services including
advice, education and training are likely to be offered.
A big part of the Freebase database is concepts. As well as specific places, people and so-forth, basic
concepts like North, Aluminium, House, Kitten, etc are also present. These RDF documents are the
foundations of the semantic web - an enormous number of third parties use them to describe their own
entities. This means that FreeBase could be the Wikipedia of the semantic web10 competing with
Dbpedia. Opencyc, from LarKC partner Cycorp Europe, also offers a free vocabulary (opencyc.org),
similar to that provided by Freebase and dbPedia, but take-up of this vocabulary has been limited.
Become a Hub: there are a number of hubs emerging — like DBpedia — that form the focal points
for links from a number of different datasets. What are the key success factors and who could be the
Wikipedia of Semantic Web? LarKC LLD could be a hub or switchboard within specific subject
domains. If so, it needs become a de facto standard for achieving interoperability. To benefit LarKC
differentially, LLD also needs to ensure that LLD not available in other more accessible formats and
APIs.
One challenge is changing the nature of the Linked Data cloud from what is a largely static and slow
moving environment to one that is much more lively and real-time.11
2.1.2

Update 2: Semantic Metadata Platform: Twitter Annotations and SemanticTwitter12
(e.g., Twitter’s Annotations, Adobe's Extensible Metadata Platform (XMP)

Twitter’s Chirp developer conference had two big announcements:
• They are buying the Tweetie iPhone application
• The addition of meta data payloads to tweets - called annotations
The key value of annotation is to provide data within the context of the namespace - the author of the
book, price of the meal, etc.
Adobe's Extensible Metadata Platform (XMP) is a labeling technology that allows user to embed data
about a file, known as metadata, into the file itself.13

Companies are getting together to build metadata interoperability across operating systems,
mobile devices, cameras, and online services.14
2.1.2.1 Analysis and LarKC Implication
The Adobe’s XMP Toolkit SDK allows developers to integrate XMP functionality into their product
or solution. The XMP Toolkit is available under the BSD license. LarKC’s toolkit/components

could be offered in a similar way as XMP SDK to help developers and lead users.
2.1.3

Update 3: Semantic Ecommerce/Ecosystem (e.g., Linked Open Commerce (LOC),
Drupal)

Semantic Web technology is used on the business of e-commerce. Enterprise software vendors like
IBM, Oracle, and Microsoft have started to incorporate semantic search and W3C standards into their
platforms.

10

http://www.mmmeeja.com/blog/semantic-web/google-freebase.html
Leigh Dodds, http://www.talis.com/nodalities/pdf/nodalities_issue12.pdf
12
http://semantictwitter.appspot.com/
13
http://www.adobe.com/products/xmp/
14
http://www.metadataworkinggroup.org/
11
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In the semantic ecommerce ecosystem, there are many players and keystone gatekeepers who provide
the unique value to the system. Two of these are: The Web Ontology for E-Commerce15 and Drupal: a
publishing platform that enables publishers to engage with their visitors http://drupal.com/
Linked Open Commerce LOC16 is a community effort to collate, cleanse, consolidate, and augment
structured e-commerce information from the WWW, and to make this information available via a
SPARQL endpoint. This “Web Ontology for eCommerce” is not for consumers, but for developers. It
is one piece of a solution, one part of the puzzle.
Linked Open Data has gained momentum over the past five years. Over 100 large-scale datasets such
as BBC Music, the New York Times dataset have been published, providing several billion RDF
triples interlinked by roughly 160 million RDF links17.
Recently, online retailers have started deploying semantic Web platforms to help optimize product
and brand placements in search engine results, and to provide consumers with richer and more
efficient shopping experiences.
Here is its own description of that it provides18:
“GoodRelations is a language that can be used to describe very precisely what your business is
offering. Some people call GoodRelations a “data dictionary”, others prefer “schema” or
“ontology”. But the name of the thing is not important. Important is that you can use GoodRelations
to create a small data package that describes your products and their features and prices, your stores
and opening hours, payment options and the like. You simply paste this data package into your Web
page using W3C’s RDFa format. That’s all!”
2.1.3.1 Analysis and LarKC Implication
Pharma industry is ready to have a new growing market between the data consumers and the external
data providers
The major challenges in establishing this market are:
•
•

Reducing the costs to change data providers
Increasing the interoperability between the different data providers (Adding value to their
data)

Semantic technology enables BI analysis and improves sales through better understanding of
customer response and sentiments about products, and cross industry comparison. LOC provides a
large set of triples about businesses and products, as well as related aspects such as offerings, pricing
or locations.19
One "business model" for LOC is, as promoted now by Google, to improve the visibility of
enterprises due to the publication of linked data about their business and products.
LarKC might have some impact there in terms of middleware and data management and processing
layer for intelligently reasoning about data or curating data.
The key success factors include tailored applications attract people by offering easy-to-use online
environments that meet the needs and interests. LLD can tap into ecosystems directly or through
social media.
15

http://www.heppnetz.de/projects/goodrelations/

16

http://linkedopencommerce.com/
17
http://www.talis.com/nodalities/pdf/nodalities_issue9.pdf
18
http://semanticweb.com/semantic-wave-hits-ecommerce-part-2-current-innovation_b629#
19
Reto Krummenacher, reto.krummenacher@sti2.at
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There are huge opportunities on providing customizable applications for smart phones, notebooks,
and tablets such as the Apple iPad, as well as product support and advice in the ecosystems (such as
FarmVille on Facebook).
Semantic capability will add additional advantages to other existing ecosystems as well as ‘semantic
ecosystems’. Netflix, a US$1.3 billion online movie rental service with more than 15 million
subscribers. It offers personalized social sites where individual recommendations are offered in a
wholly transparent way.
Semantic technology can also enable cross-selling and up-selling based on data analysis of real-time
sales data and consumer browsing activities. Features include a large and active community that
provides trusted customer reviews and a vast marketplace that seamlessly integrates thousands of
third-party sellers. It is also critical to use large amounts of real-time feedback directly to developers
for rapid products and services improvement and development.
2.1.4

Update 4: Semantic Web Application Platform for the Mobile Ecosystem (SwapMe, and
Apple’s App Store)

Leading semantic Web platform vendors are Cambridge Semantics, Expert System, Revelytix,
Endeca, Lexalytics, Autonomy20 and Topquadrant.”
Jena is an open-source Java framework for building semantic Web applications. It includes APIs for
RDF, RDFS and OWL, a SPARQL query engine and a rule-based inference engine.
Sesame is an open-source framework for storing, inferencing and querying RDF data. Most leading
semantic Web platforms come with knowledge repositories that describe general terms, concepts and
acronyms, giving users a running start in creating ontologies.
The digital distribution platforms for mobile devices include two major sources: Operating systemnative platforms and third-party platform. Distimo21 showed that the Android Market features the
highest percentage of free apps, with over 57% being free to download, double the amount of Apple
Inc.'s App Store.

20

http://www.autonomy.com/content/Technology/autonomys-technology-a-different-approach/index.en.html

21

Source: http://techcrunch.com/2010/07/05/distimo-june-2010/#
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Figure 2: Apple Inc.'s App Store

Source: http://techcrunch.com/2010/07/05/distimo-june-2010/#
SwapMe is a Semantic Web Application Platform for the Mobile Ecosystem. It is a joint project of
MIT CSAIL and Nokia Research Center Cambridge. 22 SwapMe addresses the following challenges:
•
•
•

Data formats do not offer accessible semantics, they are typically proprietary, and the
semantics are not declarative
Ensuring interoperation introduces a high cost, any interaction has to be specifically designed
and/or engineered; Ad hoc interoperation is impossible
Heavy emphasis on application-specific standardization

Apple’s mobile Web application platform (the App Store) can be a show-case for Semantic web
ecosystem and LarKC platform operation. It hosts tens of thousands programs, which created by
third-party developers.

1.1.4.1. Analysis and LarKC Implication
Innovative Smartphones and tablet devices are the beginning of mobile Web evolution, which will
drive the development of Semantic Web Application Platform. Will the mobile Web become a
substitute for wired access? As of now, most Web users time spent on the wired Web is three to seven
times greater than on the mobile Web23. The pace of mobile Web adoption depends on user behavior,
22
23

http://dig.csail.mit.edu/SwapMe/

https://www.mckinseyquarterly.com/High_Tech/Strategy_Analysis/What_shape_will_the_wireless_web_take_2
425
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the operator’s investment on wireless spectrum, pace of advances in data-compression technologies,
as well as innovative applications.
LarKC operation can reference the App Store plartform’s business model. The App Store attaracts a
lot of consumers and developers— which has resulted in a large number of applications available.24
LarKC could add semantic capability on Android Market because it is the most open app store with a
57% share of free applications, according to Distimo’s research findings25.

24

The total market value is currently unknown, and estimates thereof vary significantly. What is known is that
typical paid applications range from $2 to $3 per download, and only the best apps (the top 5 percent) are
purchased. The real uncertainty lies in how those paid applications stand against total number of consumer
downloads: if these applications follow a typical power curve—as what happened with other third-party
application platforms such as i-mode for the wireless Web or Facebook for the wired Web—they may account
for as much as 30 to 40 percent of total downloads. Given the current rate and number of downloads, this means
that the App Store generates a revenue market of close to $800 million, with $250 million accruing to Apple.
25
Source: http://techcrunch.com/2010/07/05/distimo-june-2010/#
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3 LarKC Strategy Development
This chapter will answer ‘What is LarKC’s unique value and offering, to who to do what?’
Summary
Two technology-enabled business trends have been reshaping strategy across a wide range of
industries26 and will have direct impacts on LarKC strategy — for example, anything-as-a-service and
multisided business models.
.LarKC’s assets can be considered as building blocks for recombination into solutions and offerings.
For example, LLD can be offered as ‘DaaS’ (Data as a Service) as a stand-alone service, as well as as
an enabling service to other providers (LOC) in the semantic ecosystem or integrated into multiplatforms. Instead of traditional one-to-one business relationships, multisided business models will be
more suitable for LarKC operating in the ecosystem with many players.
LarKC/LLD could be a hub within specific subject domains and provide data services/analysis as a
Google-like business. The business model is to develop tools supporting analysis of data collected
from the customer data. LarKC/LLD can become a source that informs researchers, allowing them to
make intelligent decisions for their research projects.
The business development of LarKC could start from the diffusion of scientific principles and
technological breakthroughs, to the licensing of know-how, then the development of final products.
Or it could develop all of these in parallel depending on the resource and objectives.
Since LarKC components are mostly semantic enabling components, they can be positioned as
centralized server level infrastructure between the data-base and end-users. The customers are
semantic system providers and Web & mobile-web service providers, and major end/users are
software developers who use LarKC to develop business specific application and plug-ins.
Few semantic companies are offering multi-level solutions like LarKC (platform, plug-in, and
solutions/use cases). LarKC can have three paths to connoting to the markets after the project ended:
Path 1: LarKC partners and external companies adopt LarKC components and solutions
LarKC/LLD could be a hub within pharmaceutical domain and provide data as a service business. The
business is to develop tools supporting data analysis. In doing so, LarKC/LLD becomes a source that
informs researches to make intelligent decisions for their research projects
LarKC can benefit from this collaboration early on, where Ontotext is much more likely to develop
commercial version offerings. Specific technical expertise from the Ontotext can save time and money
in developing new solutions. The offerings can be embedded in, or added to, the infrastructure and
applications that support end users (including providers/suppliers, partners, internal staff/developers,
and customers).

Path 2: LarKC open source platform for all plus value-added service offerings.
This assets light option turns collective cognitive surplus into value.
Path 3: LarKC spin-off to start new business (Web of Data Interpreter (WoDI))27
26

https://www.mckinseyquarterly.com/High_Tech/Strategy_Analysis/Clouds_big_data_and_smart_assets_Ten_te
ch-enabled_business_trends_to_watch_2647
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Each option is explored for different situations. We will outline the commercialization options
and analyze the strengths and weaknesses of various approaches to commercialization below and
for more detailed exploitation plans in Chapter 3, ‘Individual Market Exploitation Plan’.

LarKC Assets and four paths to markets
Open data

LOD

Data

LarKC Platform

LarKC
Platform
LarKC
plug-ins

Reasoning

ML
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Market
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LLD

DaaS
Ontotext

Open
community
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Work Flow

3
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Others …
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Figure 3: LarKC assets and for paths to markets

3.1

Define the Value LarKC Is Offering to Markets, Broken Down by Platform, and
Plug-ins

LarKC offerings include semantic enabling technology components for developers and semantic
providers, as well as solutions for business problems. Its broad value and impacts can be measured by
not only tangible assets but also intangible assts. The impacts and benefits are cross-sectors and
industries, including the semantic technology diffusion and spill-over to the society, scientific and
R&D communities; and the learning experiences for the LarKC partners. The tangible unique assets
can be divided into two parts:
•
•

Data-base level assets: domain specific Linked Life Data (LLD), and general knowledge base
LDSR (FactForge).
Plug-in level assets: technologies and work flow. Technology in reasoning (Webpie, WP4)
and data streaming (C-SPARQL, WP3); and work flow in Cancer research (WP7b) and Social
media (WP6).

The offerings can be embedded in, or added to, the infrastructure and applications that support end
users (including providers/suppliers, partners, internal staff/developers, and customers).

27

http://www.wodi.eu/
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3.1.1

LarKC Technology Capability Framework

LarKC approaches is a typical ‘technology push’. Therefore, understand its ‘technology capability’
and matching them with market needs is the key to identify future applications fields. The links
between technology capability and business problems are the ‘use cases’.

LarKC Technology Capability Framework
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level
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plug-in
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* LarKC (ML) vs. other approaches (ML W/O LarKC)

Figure 4: LarKC technology capability framwwork

LarKC platform and components capability
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Figure 5: LarKC platform and components capability

Page 22 of 71

fy

FP7 - 215535
Deliverable 9.6

3.1.2

Addressing the Challenges: to Match the Technology Capability to Market Applications

Innovation involves the development of new products or processes and the know-how that begets
them. New products can take the form of high-level building blocks, midlevel intermediate goods
(motherboards with components such as microprocessors), and ground-level final products.28
The willingness and ability of ground-level players to create new know-how and products is as
important as to an economy as the scientific and technological breakthroughs.
Similarly, LarKC impacts might start from the diffusion of scientific principles and technological
breakthroughs, and extend to the licensing of know-how, then the development of final products.
There are classic challenges for LarKC to address from leading edge technology solutions to
commercial products.
The #1 challenge is to develop the right use case to conceptualize a new application/product through
effective technology integration: matching knowledge of semantic technologies with the complex
characteristics of the application business environment. The ability to leverage semantic technology
effectively is related not only to the quality of the work performed in the LarKC project, but also, to
the capability of conceptualizing a new product.

Technology
Capability &
option

Use Case
Conceptualizing

Business
problems

Developing an application/product means drawing upon many domains. The LarKC use case for
Pharmaceutical development is based on advanced biochemistry and an understanding of the process
of drug development, along with many other diverse specialized disciplines
The #2 challenge is a combination of the novelty and complexity of the rapidly changing Web and
semantic technology environments. Critical technology selection decisions are buried deep within
LarKC project. The selection of IR techniques likes random indexing and structured querying and
graph traversal for connection mining has obvious use as an Owlim feature, possibly to be customised
and extended based on customer needs.
30

The exploitation of items such as Webpie would have involved their being productized by the
commercial partners and subsequently supported. In the event that Ontotext develops a scale-out
partitioned RDF database, a reimplementation of Webpie on top of such a product would be a
possibility. There is also a need for integration for specific optimisations like the Owlim treatment of
owl:sameAs.

28

https://www.mckinseyquarterly.com/Where_innovation_creates_value_2304
TECHNICAL REVIEW REPORT, 09/2010, Project Officer: Dr Stefano Bertolo, name of expert(s): Orri
Erling, Ian Horrocks, Magnus Sahlgren

30
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3.2

Identify Target Customers and Market Segments (Who will Use LarKC to Do
What?)
The top three Internet players are the clusters of companies - mobile-network operators (Vodafone, TMobile…); operating-systems companies (Micsorft, IBM…), and device makers (Apple, Nokia…).
The value creations are moving away from the traditional telecom operators and toward application
and service providers such as Google, Apple, and Facebook, as well as smaller players for the fastmoving, customer-centric software innovation.
As more and more services migrate online, telecom, IT, technology, and Internet service companies
will race for higher-margin and differentiating applications. Infrastructure players will seek for
partnerships to help them build efficient, risk-sharing business models and software-based platforms.
Software vendors will face the challenge of smaller, highly innovative new players, who typically
without the advantage of control points such as operating systems and large-scale enterprise suites.
LarKC’s target customers will be segmented by ‘jobs-to-be-done’: common needs in solving
problems.

1st Semantic
Components

2nd
System
vendors

3rd
Web
Service

Four customer segments are identified for LarKC

•

Mobile-web service providers want to have the latest semantic technology infrastructure
to better serve customers (social network providers, Facebook, etc.)

•
•
•

IT System vendors wish to enhance current offerings with semantic
components/capabilities (Large ITCs, SAP, IBM, Microsoft and etc.)
Demand specific communities of Pharma, Cancer-research become lead users of
semantic capabilities (MediLexicon,. National Library of Medicine and etc.)
The government and other EU projects are using or plan to use LarKC.
OpenPhacts. It's funded under the EU IMI programma (co-funding by EU and
Pharmaceutical companies). It's all about pre-competitive data-sharing between pharma
companies. LarKC is a key element of their architecture. Astrazeneca and VUA are
participating as partners; OntoText will be responding to a tender that OpenPhacts will put
out for hosting the triple-store.

Capturing data and analyzing information: Linked Life Data (LLD) captures domain specific data
while LDSR (FactForge) captures general knowledge. They offer value-added services and solutions
to aggregate and analyze data. The business values and benefits are making ‘management by data’ a
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reality- huge volumes of data can be absorbed or synthesized to guide automated systems and
decision-making.
Optimize business processes: improve efficiency and process optimizations are show cased by
LarKC use cases. Workflow semantic technologies conducted in LarKC development environment
and in small-scale use case, will seek partnerships to create semantic capabilities for target industries.
Some of the plug-ins have 80% reusability (Marching-to-marching learning).

3.3

Positioning of LarKC in the Markets

LarKC connecting to the markets through Multichannel and multi-interfaces

Enabling & Open
Source

Partnering/Piloting

LarKC
- Data solutions
- Technology components
- Work flow solutions

Enterprise

Web
Infrastructure
& Service
providers

Ecosystem

Spin-off

System, Product
and Solution
Figure 6: Position of LarKC in the markets

LarKC has two major groups to address: the enterprises (Ontotext customers) and the Web providers
(LarKC reasoning (Webpie, WP4) and data streaming (C-SPARQL, WP3).
They are different in technical requirements as well as selling approaches:
•

Technology different: Web app and native app (conventional app live on computers) are
differing in functionality and performance.
o
o
o
o

•

Web app has broader reach platform to reach many devices than other platforms
Web languages are developed by standards organization (open source) rather than
by individual companies
Web app performance is not matching up with conventional app due to the need for
additional layers of software to interpreted Web code before hardware can act.
However, the development of JavaScript and up-to-date Web languages like HTML5
and CSS3 will able to handle computing-intensive tasks.

Selling different: technical selling vs. usage scenario selling.
o Selling to enterprise need to sell ‘usage scenarios’ like Apple. It is the ability to sell
different usage scenarios. Potential customers should identify with the tasks/problems
and get excited when they see a solution to a problem they’ve experienced in the past.
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o

In addition, the total cost of product life cycle is a key consideration for decisionmaking.
Selling to service providers need to sell technical capability and features,
specifications, and technologies; as well as business benefits in terms of operation
efficiency and impacts on business critical measures.

In both selling approaches, especially in the ecosystem environments, LarKC could add cross-selling
and up-selling based on data analysis of real-time sales data and consumer browsing activities.
The two positionings also mean different offering foci:
•

LLD/Ontotext as start-up company with pure Semantic offerings in niche markets.
As data-base solutions for clinical and scientific R&D intensive verticals. Or Data
aggregation services: aggregation of disparate information in accessible formats

•

LarKC partnering as OEM partner to medium and large IT companies adding semantictechnology solutions to their portfolio to improve their market share or to target new markets.
As enabling server level infrastructure for semantic/IT system providers and Web & mobileweb service providers. Application services: Web-available applications provide contextual
elements to other larger applications to increasingly build more powerful services for a mass
market.

LarKC’s combined use of different technology approaches (Semantic + statistics/mathematics) are
also adopted by other major players, such as SearchMonkey, Google, and New York Times.
There is no radical innovation in the current business models of semantic technology as opposed to
the traditional models and channels at this point of time. It seems to exhibit a lack of disruptive
characteristics and breakthrough advantages from customers’ perspectives but rather serves as
technology complementary to existing methods from provider’s perspectives. However, most
indicators are showing acuminated momentum and the readiness of the market for adoption.

Key Success factors for develop right application use cases:
•

The right solution comes from the right beta user and their feedback. Targeting users who can
create a critical mass for participation. To select beta users who will help drive a selfsustaining effort (often enthusiastic early technology adopters who have rich personal
networks and will share knowledge and exchange ideas).

•

The solutions should be integrated into the mainstream workflow to create business critical
impacts and overcome the entry barriers. LarKC has higher chance of success when
incorporated into a user’s daily workflow than .separated from mainstream work.

•

Balance the required efforts/contribution and benefits in early adoption. Too much up front
effort higher the barriers of entry.

3.3.1
•
•
•
•

List of Opportunities
Service providers: Pistoia Alliance represent the biggest content providers for the
Pharmaceutical industry – Elsevier, Highwire, Nature, etc
Pharmaceutical and healthcare: AstraZeneca, Diagnostics, AgroTech, InSilico research,
Elsevier, Highwire, Nature, etc.
Scientific Databases owners and users: GenBank; SciFinder; Web of Science…
Domain specific groups/companies: OpenPhacts participating in OpenPhacts project will
increase the number of the pilot users. (LLD and Ontotext is considered as key platform)
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3.4
3.4.1

Delivery Options
The LarKC Platform and Plug-in Library Will Keep Running as Open Source
Community

For LarKC to fulfil its goal of becoming a widely used platform, that significantly lowers the cost of
both commercial and scientific experimentation with large, knowledge- and reasoning-driven systems,
it needs to become a “living” artefact, whose capabilities grow and evolve with the input of, and,
where possible, the direct contributions of its users. To achieve this, three communities need to be
established, nurtured, and coordinated:
• The Platform Community (an immortalisation of WP5), who will fix bugs in the current
platform, more fully implement or take advantage of its current latent capabilities, reduce its
dependencies on external software, extend its capabilities in ways generally useful to other
communities, and enhance it to incorporate new technologies and to support operation on new
computational platforms.
• The Plug-in and Workflow Community, who will develop new capabilities by implementing:
o Plug-ins: For inference, data and knowledge transformation, storage, and so forth,
and
o Workflows: That orchestrate the platform and plug-in sets to exploit knowledge based
and inference based approaches to software development, for experimental or for
practical purposes.
• The documentation and user support community, who, while not working directly on the code
for the platform, plug-ins or workflows, sustain the user base by maintaining wikis,
discussion groups, users-group meetings and workshops, demonstration videos, tutorials, and
all of the information and communication infrastructure. It is this part of a user/developer
community that enables potential new users to quickly map their needs onto the capabilities of
the software, find out how to satisfy those needs, and receive assistance when something goes
wrong, or good go better with help.
During the transition from project to community, it will be necessary for the current primary
stakeholders – the LarKC consortium members – who currently have the greatest development and
background expertise, to remain heavily engaged. Internally, the effort to foster this engagement is
called “keep LarKC alive”31. Currently UIBK, VuA, and, in collaboration with CycEur, the Jošef
Stefan Institute have committed, at the time of writing to provide support at the level of 20 % FTE
each. In the case of VuA, its on-going involvement will be ensured by its activities on the OpenPhacts
project, which is committed to building its life-sciences research products on the LarKC platform. JSI
plans to use the platform within the Envision project.
Organisationally, current plans call for establishing a working group of STI International.
http://www.sti2.org/organisation/working-groups, as the decision-making body for the LarKC
community, with a possible transition to a foundation or similar structure as the size and
independence of the community warrents.
In the remaining months of the project, efforts will be made to prepare for a smooth transition. This
will involve:
• Ensuring that issue tracking for the platform (and some plug-ins) is being supported solely
through the SourceForge site, and not through project internal lists.
• Ensuring that the project web-site and wiki will remain functional, and preparing to move
them from their current homes on university computing infrastructure to infrastructure under
community control.
• Assembling as coherent a set of getting started materials for users and developers as possible,
much of this material exists, but in the form of project deliverables, rather than effectively
presented through a simple, useable portal.
• Establishing the initial organisational structure of the LarKC community organisation.
• Publicising, as widely as possible, what has been done, within the project, with LarKC, so
that members of the community can model how to apply its resurces to their research and
commercial problems.
31

See http://wiki.larkc.eu/KeepingLarKCAlive
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The LarKC project has produced reliable, portable software capable of supporting a wide variety of
applications, from simple “mash-ups” to complex marshalling of distributed computing resources. Its
capabilities are not matched by other platform software, or by open software. With a vibrant
community process, and its permissive, open software licence, it can become a significant enabler of
advancement in computing R&D.
3.4.2

LarKC's Vertical Spin-off

Life Data (LLD) has the potential to become a data hub for the health care and life sciences research
communities through the model of Information as a Service or Data as a Service (IaaS/DaaS). Detail
plan is in Chapter 3.
3.4.3

Recommendations

LarKC should develop beta version and make use of the wisdom of beta users to build more
compelling apps and to improve user experiences instead ‘prototyping’.
•

Ensuring users to share feedback on beta versions of applications and to provide self-help and
message boards, and solutions to product problems.

•

Offering preferential rewards and status to the most involved users.

LarKC might consider using supports from company like ‘HackFwd’ for quick Beta version. Its
process ‘build to Beta’ designs for start up quick software development and optimized product. In
addition, it helps to get Beta users and to make sense of consumer feedback.32
LarKC might become supplier or a member of the top platforms and ecosystems such as Apple App
Store and Google’s Android Market in mobile Web; LOC in E-commoners Eco-system; ….
LarKC should have a 3rd party testing as a benchmarking and gaining insights on other available
options for consulting services.

32

http://hackfwd.com/#tools
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4 Individual Exploitation Plans
ONTOTEXT LLD EXPLOITATION PLAN
Semantic technologies are playing a critical role in helping pharmaceutical/biologists and
researchers to manage the data explosion
LarKC/LLD can be a source that informs researchers as they attempt to make intelligent
decisions for their research projects. At the current stage of development of LLD, the service
integrates some of the major public data sources covering molecular sequence data, system
biology resources (molecular interactions and pathway), chemical and drug related
information, clinical and medical related sources and scientific publications.
The majority of the data sources are distributed under “free for academic research” licenses,
as some of them are also free for commercial usage.
The added value generated by LLD could be spread over:
• Semantic warehousing of heterogeneous data sets (including update support and
maintenance)
• Semantic instance alignment (redundancy and disambiguation resolving)
• Semantic annotation of unstructured documents
• Upload and integration of proprietary data.
• Mining of linked data
LLD also can offer as Data as a service (DaaS), with a mixture of open source and chargeable
offerings. For example: value added services (semantic instance alignment and semantic
annotations) may be chargeable, while the identifiers and some key metadata need to be open
and remain open. The idea is to turn Identifiers into Channels, by using URIs as the hooks.
Different approaches will be evaluated:
•

Participate in industry specific efforts, which aims to define the foundation for the application
of semantic web technologies in Pharmaceutical industry – Pistoia Alliance & W3C HCLS
group

•

Use LLD as a core platform for future AstraZeneca commercial projects (the projects are in
late phase discussions - i.e. budget is approved but we need to refine the requirements and the
technical plan)

•

Increase the number of the pilot users by participating in OpenPhacts project funded by
"Innovative Medicine Initiative". (LLD and Ontotext is considered as key platform)

•

Direct sales of LLD platform to pharmaceutical companies (meetings with Roche, Bayer,
Pfizer and it will be more likely small consultancy projects to deliver a quick prototype)

•

Use LLD knowledge base in other commercial text analysis projects - not directly relevant to
LarKC technology but relevant to WP7a knowledge base

•

“Clone” LLD knowledge base to cover a specific research areas demanded by the market–
develop a KB focused to a specific class of targets/biomarkers/diseases.
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•

Partnering with a scientific publishing company as main content providers for the
pharmaceutical companies

•

Small and medium biotech and pharma companies could be approached with SaaS offering,
with a preloaded set of the public data sets and a service offering for integration of their
proprietary data.

Multisided business models (create value through interactions among multiple players rather
than one-on-one, e.g., Skype, Flickr, Pandora) need to be considered.
4.1
4.1.1

Business Problems, Solutions and Relevant Markets
The Business Problems

Business problem 1: R&D search capabilities need improvement. There is a poor linkage
between pharma resources/data – i.e. local department databases, web-based applications, company
topic experts and corporate databases – which causes scientists to have a low awareness of existing
relevant information resources due to a lack of metadata about them.
Traditional data integration approaches are unable to fulfill the information needs of a researcher
because the linkage structure is hierarchal and the traditional ranking assumption of popularity
equating to relevance cannot be applied. Scientists must trudge through pages and pages of
information to find something relevant.
Common need 1: to integrate all of their disparate data into meaningful and useable information.

Business problem 2: Within the past decade the publicly available molecular sequence data keeps
the trend to double in every 2-3 years. The same is valid and for the in house generated information.
With the move to personalized medicine (and due to mostly to microarrays and next generation
sequencing) this process has been significantly accelerated. Many software vendors have developed
applications for the analysis of this data, which is not standardized and remained in various formats.
IT tools will need to help relate genetic information with population and regional data to make
analysis easier and quicker.
Common needs 2: data across various systems must be described and mapped. Different contexts of
genetics and chemical knowledge must be bridged.
Business problem 3: The information valuable for the enterprise is usually locked into unstructured
form (documents). This makes the information unreachable and often is a reason for taking wrong
decisions which in the Pharmaceutical R&D process could cause serious financial losses.
Common need 3: extract structured data from unstructured chunks (documents) and expose it in a
searchable form.
4.1.2

Solutions

Semantic technologies can help to greatly alleviate the issue of searching through heterogeneous data
formats by calling for common information models that are extensible, mergeable and shareable.
Scientists can use these models to discover relationships between information from different sources,
internal and external. Various use cases exist in support of this pain point.
Companies are active in the areas of Taxonomies and ontologies which are used in addition to
statistical methods for search. Semantic technology can help relate genetic information with
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population/race/regional data which can make the analysis easier and quicker. This would allow for
drug companies to develop medicines that are more effective and safer.
Semantic Alignment of Internal Knowledge (Semantic Master Data Management):. Although
external data might be gathered by different departments, they might not have the same view or
alignment (i.e. marketing and sales departments). Additionally, many of these data become available
only months after the sales transactions occur; thus it has different load intervals. Thus the process of
matching and cross-linking information for knowledge creation may involve a more challenging
development process than is typical for other industries.
Additionally, a Pharma R&D group has many departments/therapeutic areas, each with its own
system of recording and storing data in various formats. R&D efficiency practices include mergers
and acquisitions, R&D restructuring, outsourcing and active lifecycle management of products. Often,
scientists are unaware of important information, unable to access it, or unable to analyze it.
Additionally life science industry relies on third-party data, which gathers patient care and
prescriptions information.
Mapping Internal to Public Data: The amount of the molecular and clinical data available in the
public space is immense, but also it is redundant, highly heterogeneous and often unreliable. This
demands the requirement to organize the relevant public knowledge and to align it to the information
generated in-house. This process ensures that the decisions in the different phases of product
development process will be based on maximum information – evidence-based research.
Target identification and Drug design: The early research phases aim to identify relevant to a
particular targets and to identify a limited set of small organic molecules based on the knowledge of
the potential biological targets.
Drug Discovery Decision Support: allows a researcher to access the entire portfolio of compounds
across all therapeutic areas, and cross reference it with public and private information, drawn from
both internal and external systems. Using semantic technologies for text mining to accelerate and
reduce the cost of new drug development. Text mining has impacts at multiple points across the drug
development life cycle, with measured improvements in time to solution of more than 100X compared
with manual methods33.
Drug Development (pre-clinical and clinical) Support: The regulatory authorities demands
detailed study of safety, toxicity, pharmacokinetics and metabolism of the drugs on model systems
and organisms and on humans. Due to the highly formal process, most of the valuable information,
which could be used to improve the pharmaceutical products, is locked in unstructured (documents)
and rarely in semi-structured form (document management systems). The Information extraction
techniques (and especially semantic annotations) are very powerful mechanism to improve the
“availability” of this information across the enterprise.
4.1.3

The Relevant Markets

The relevant markets are identified as Ontologies in Biomedicine and Bioinformatics, Semantic Data
Integration, Semantic Information Retrieval, Semantic Data Mining and Information Extraction.
4.1.3.1 Ontologies in Biomedicine and Bioinformatics
Biotech and pharmacy are merging into extremely knowledge intensive industry verticals. These
verticals have the greatest maturity in terms of developing ontology-driven semantic technologies
(semantic search, Linked Data…).
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http://www.value-it.eu/c/document_library/get_file?p_l_id=15812&folderId=17174&name=DLFE-9001.pdf
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One starting point could be from the established Ontology’s in Biomedicine and bioinformatics34.
• Ontologies of diseases, nursing, therapeutics, drug, etc.
• Upper level concepts of healthcare and life sciences ontologies.
• Semantic metadata for Clinical Data Interchange.
• Gene Ontology (GO).
• Semantics of medical XML standards and vocabularies.
• Multilingualism in Biomedicine and bioinformatics ontologies.
• Best practice and semantic patterns in ontology modeling and evaluation
The National Center for Biomedical Ontology (NCBO) was created in 2005 to help life scientists and
clinicians use ontologies to manage the information overload. The NBCO is one of several National
Centers for Biomedical Computing (NCBCs) supported by the NIH. BioPortal35 is a website that
provides access to more than 200 biomedical ontologies and controlled terminologies. It is repository
of nearly all the world’s biomedical ontologies. NCBO also offers tools and Web services that allow
users to access those ontologies and to use them for a variety of applications.
The abundance of different partially overlapping ontologies on one side, and the need to maintain inhouse generated (proprietary) vocabularies, thesauri and ontologies on the other side, demands the
development of advanced tools for ontology creation, maintenance and alignment.
4.1.3.2 Semantic Data Integration, Information Retrieval and Data Mining
A special category of “vendors” in this market are the big research institutes like NCBI, EMBL-EBI
and SIB, which serves as a primary data source for molecular sequence information, molecular
interactions and pathways, chemical structures information, scientific publications and many other
types of bio-medical data.
GenBank is the NCBI genetic sequence database, an annotated collection of all publicly available
DNA sequences. Along with GenBank, this primary resource provides single point of access to more
than 30 differnt data sets covering genomic information, sequence mutations and functional domains,
sequence homology information, gene expression, chemical sand bioassays.
UniProt is a joint effort of EMBL-EBI, RiR and SIB, which provides the scientific community with a
comprehensive, high-quality and freely accessible resource of protein sequence and functional
information.
Ensembl is an EBI project that produces genome databases for vertebrates and other eukaryotic
species, and makes this information freely available online. This is the most comprehensive vertebrate
genome information data source available at the moment. The data could be further analysed with a
broad range of bioinformatic algorithms.
Most of the big research institutes follow the data federation approach.
SciFinder have aggregated and parsed the structures of millions of biological and chemical sequences
and structures. SciFinder is from the American Chemical Society (ACS).
Technologies to store and retrieve data are well developed and generally highly effective. A problem
is the incompatibility between systems that make retrieving information increasingly difficult. Each
data store or content repository is designed within its own organization and business unit for a specific
purpose; applications and processing are very different from one system to another. Even the data sets
created by one and the same organization often share completely different data schema and does not
comply with a common standards and ontologies for identifying the biomedical entities and their
properties. Semantic technologies provide highly effective methods to connect systems, applications,
and data. This makes more intelligent information-handling features – such as intelligent search,

34
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http://www.onthemove-conferences.org/index.php/previousevents/otm09/otc2009
http://www.bioontology.org/
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automated reasoning, intelligent agents, and adaptive computing – a realistic possibility in current
enterprise systems.
The second category of solution providers for that market are the semantic data integration solution
providers based on “conventional” technologies and approaches (like RDBMS). They have
successfully solved the problem for warehousing of closely related biomedical data sets. The resultant
system provides high quality data, with limited redundancy and data ambiguity. The disadvantage of
the approach is primarily in the increasing cost for maintenance and further extension of the systems,
since those type os systems are based on a fixed data model, which has to be adapted according to the
evolving source data and the need for inclusion of new data sets.
Some of the major solution providers are:
Genomatix provide wide range product portfolio covering almost all aspects of the bioinformatics
tools for research in the field of life sciences - sequence analysis, functional promoter analysis,
proprietary genome annotation, promoter sequence databases, comparative genomics, scientific
literature data mining, pathway databases, biological network databases, pathway analysis, network
analysis, and expression profiling. Their Knowledge mining suite consists of BiblioSphere (Pathway
Edition) and LitInspector LitInspector is text mining tool over PubMed abstracts. As a term classifier
it uses MeSH ontology from NCBI. The gene names vocabularies are based on the annotations from
NCBI Genes and other Entrez databases. As a source for transcription factors the tool uses an in-home
developed proprietary database. The algorithm identifies genes, transcription factors, tissue, disease,
pathways and functions.
BioMax Informatics AG provides computational solutions for better decision making and knowledge
management in the life science industry. Biomax developed the well-known Pedant-Pro Sequence
Analysis Suite, the BioRS Integration and Retrieval System, the BioXM Knowledge Management
Environment and other computational solutions for better decision making and knowledge
management in the life science industry. It offers research processes in the life sciences that support
customers with a platform, which combines software products with knowledge resources, including
oncology, nutrigenomics, plant research, and functional genomics. The company offers various
services, including genome annotation; bioinformatics solutions with online access; training
workshops; Web-based service application that allows to optimize protein expression using rational
cDNA design; information, including literature mining and proprietary catalogs for structuring and
modeling; and genome comparison. Its solutions include clinical research, biomarker discovery and
validation, drug discovery, nutrition and health, crop protection, and white biotechnology.
GeneGo develops systems biology technology for life science research. The original computational
platform allows an integration and expert analysis of different kinds of experimental data (mRNA
expression, proteomics, metabolomics, siRNA and other phenotypic data) and relevant bioactive
chemistry (metabolites, drugs, other xenobiotics) within the framework of curated biological
pathways and networks. GeneGo's flagship product, MetaCore 3.2, assists pharmaceutical scientists in
the areas of target selection and validation, identification of biomarkers for disease states and
toxicology. The second product, MetaDrug is designed for prediction of human metabolism, toxicity
and biological effects for novel small molecules compounds. MetaBase represents the knowledge base
for MetaCore.
As the semantic web technologies have entered in a mature phase, more vendors provides solutions
based on RDF triple stores with limited or no inference. There are also a couple of open acces effort
which integrates a significant amount of data sources in a single semantic ware house or federated
semantic repositories – LODD, Bio2RDF, Chem2Bio2RDF.
Some of the key vendors identified as a major competitors are:
NextBio is the developer of an innovative global discovery platform for life sciences data.
Corporate and individual researchers' data from diverse experiments can easily be imported,
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integrated with public data, and explored within relevant biological and clinical context. Our
unique "correlation engine" pre-computes billions of significant data connections and enables
researchers to intelligently mine this data in real-time. NextBio technology plays an essential
role in translating complex high-throughput data into information that can be used to create
and test novel hypotheses. Researchers and clinicians gain a comprehensive understanding of
gene function, disease development, and therapeutic response. The NextBio Platform is
offered in three product versions: NextBio Basic, a free web application that provides access
to a curated, correlated database of public data, integrated literature, clinical trials, and
scientific news, NextBio Professional, which adds the ability to exploit internally generated
data, and NextBio Enterprise, providing a completely integrated solution that enables a
dramatic increase in research productivity, better leverage of investment in past experiments,
and improved collaboration across therapeutic groups and geographic boundaries. NextBio
Enterprise enables the creation of synergies by integrating publicly available experimental
data processed by the NextBio scientific team with proprietary experimental data.
IO Informatics tools apply semantic technology to integrate heterogeneous data in context,
solving common knowledge and project management problems. The Sentient Suite
(“Sentient”) allows non-IT users (researchers and subject matter experts) as well as IT
experts to integrate data from multiple sources (files, instruments, databases, public sources)
without creating new, static and inflexible data silos. Utilize data from multiple sources
regardless of format and location using existing hardware and IT infrastructure, all in a
secure, compliant and interoperable environment. Draw from public and private data,
instruments, applications, and ontologies in order to combine and contextualize data in a
meaningful way to create innovative custom knowledgebases. Visually access, explore,
interrogate, report, and query your data to uncover hidden relationships and stimulate
innovation. Accelerate discovery and share knowledge and insight with fellow researchers.
The main areas of specialization of the solutions in this market are Metadata Repository
Development, Knowledge Bases and Data Integration, Complex search and IR, Linked Data and
Enterprise Semantic Intelligence.
4.1.3.3 Information Extraction
The Information Extraction market streams the solutions in three main directions:
• Text mining platforms with basic IE components which requires expert knowledge to be
tuned for a particular purpose – GATE, UIMA
• Custom IE products focused in IE for a specific entity types and/or relation extraction (e.g.
identification of proteins and genes, molecular interactions and molecular pathways
reconstruction)
• Content providers of text extracted

Most of the companies approach the market with a mixed model. For example TEMIS
product suite is developed based on UIMA, as they have developed a specific component,
which perform a specific IE task (extraction of proteins and genes, molecular interactions,
chemical compounds, sentiment analysis, competitors analysis, etc).
The main areas of specialization of the IE solutions developed by the vendors are Content
Enrichment, Scientific Discovery (targets identification, validation and selection; System
Biology; Biomarkers linking pre-clinical and clinical information; Pharmacovigilance, safety
and regulatory), Sentiment Analysis and Competitive Analysis.
Some major vendors in this market are:
Ariadne Genomics have developed Pathway Studio software, which builds and displays molecular
pathways and helps scientists to uncover connections of biomedical interest. Powered by MedScan
Technology the software has for over 5 years proven to be an unsurpassed pathways analysis research
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and discovery tool. The Ariadne difference is the interactive software interface and the computational
approach to generating database content from the literature.
Ingenuity Systems is the vendor of Ingenuity Pathways Analysis suite - an all-in-one software
application that enables researchers to model, analyze, and understand the complex biological and
chemical systems at the core of life science research. IPA’s search capabilities provide users with
access to the highest quality detail-rich knowledge available on genes, drugs, chemicals, protein
families, cellular and disease processes, and signaling and metabolic pathways. IPA supports analysis
of data from all experimental platforms, and is used at all stages of the drug discovery and
development process, including target identification and validation, biomarker discovery, molecular
toxicology, metabolomics, and pharmacogenomics. IPA has been broadly adopted and cited in
hundreds of peer-reviewed journals. All of the products leverage Ingenuity's knowledge base, the
largest data base of its kind, which houses the biological and chemical relationships extracted from
scientific literature. The information is uniquely structured so scientists can ask complex biological
questions to gain rapid insight into their experimental data or create relevant biological models to
move forward in their research. Today, Ingenuity's solutions are used by thousands of researchers at
hundreds of leading pharmaceutical, biotechnology, and academic research institutions worldwide.
Linguamatics' text mining technology pivots on natural language processing (NLP) and text search.
The union of these two techniques is novel, and the company engineers have embraced this
challenging "shotgun marriage" with the added functionality of "experimentation" - interactive
querying and results exploration for both expert and more casual users. The idea is that the system can
understand source materials and present the user with more than a list of documents in which a user's
query terms appear. The result is providing the user with a tabular view of documents that match the
query with a drill-down option to enable the user to explore the supporting evidence. The core of the
firm's technology is the work of Dr. David Milward, who co-founded Linguamatics in the UK in
2001. Dr. Milward holds a Ph.D. in Computer Science from Cambridge University. In addition to text
mining, Dr. Milward has had an interest in spoken dialogue systems. The user interacts with the
system via a dialogue--essentially a question-and-answer session--with the system and the user
exchanging information.
TEMIS’s Luxid® for Life Sciences – module based tool for information discovery and knowledge
extraction from unstructured texts. It is designed to meet the specific content management
requirements of pharmaceutical, chemical, biotechnology, and medical device companies, Luxid® for
Life Sciences is a powerful and scalable solution giving immediate access to non obvious information
and delivering Life Sciences specific knowledge from internal and external data sources.
4.2 Analysis of Target Customers
Categories of potential customers:
Big Pharma – as it represents the largest single entities, which could be a potential customer. This
category includes the company itself and separate units (teams) within the company. More feasible
approach is 1) to “win” a single unit as a customer, 2) to increase the trust within the company as
implementing successful projects in other teams within the company in order 3) to be selected as a
primary semantic solution provider for that company. Development a successful show case is critical
for the expanding the customer basis (new units within the company or in other pharma companies).
Thus prioritizing the development of drug discovery and development mainstream component and
solutions could be highly advantageous for the development of the company portfolio.
BioTech – similar to the big Pharma companies, with the major difference that the transition to a
preferred semantic solution provider could not require broadening the project base within the
company.
Diagnostics – it is just identified as a possible target group. At that stage there was no specific use
case of semantic web technologies for that segment.
AgroTech – it is just identified as a possible target group. At that stage there was no specific use case
of semantic web technologies for that segment.
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InSilico research – probably the most attractive category of potential customers among the small to
mid companies. Their main asset is the information collected, generated and analysed during their
research process. The requirement for new approaches for maintaining and mining the data within the
enterprise have an increased priority in such companies. The main drawback is that substantial part of
these InSilico research companies has a limited budget, very fast (and highly time dependent) process,
which makes the investment of “untested” technology/solution very unlikely.
Content Providers – this type of companies could be referred either as customers or as partners. As
their core business is to provide high quality and up-to-date content to theri customers, these
companies needs high quality text analysis and information extraction solutions. Along with the
semantic annotations/tagging of their content, a beneficial feature is the enrichment of the content
with the tagged entities’ meta data.
Big Hospitals and Research Institutes – wide range of possible projects.
Government organization (healthcare primarily) – as part of a funded project, the semantic data
integration and mining solutions and IE component could be only as a complementary software
components. Having in mind the scope of such projects, Ontotext could not implement the complete
functionality.
Single researchers and small research labs – the public LLD service could serve as basic research
platform for mining heterogeneous biomedical data. The service must remain free for academic users
as the primary content license distribution defines this. The channel should be used to gain visibility
among the research community, which further to be extended and over the business.
Ontotext’s value offering
•

Improve decision making during the drug discovery and development process as the offered
solutions provide:
o Efficient semantic integration of the existing internal information streams with the
public domain knowledge
o Improved data harmonisation and semantic interoperability between different
research units
o Integrated more than 25 public biomedical database and 130 thesauri and ontologies
that covers (gene, protein, interaction, target, drug, disease, patient groups)
o The public show case system is the most scalable solution for semantic data
integration available in production
 Up to 4 billion entities (extendable to virtually unlimited – 263)
 Over 6 billion statements in production system
 Up to 20 billion statements and beyond in controlled test environment.
o The solutions based on Linked Life Data integration platform are omparable in
scalability with the conventional systems based on RDBMS.
o At the same time the LLD platform is characterized with lower cost for maintenance
(update, replication and migration) and extension with new data sets (transformation).

•
•

Subscription for new updates of the public data sources
Provides a standardized interfaces useful for the development of third party portal
applications and data mashups
Add value over existing data providers
o infer new facts based in the existing knowledge in the repository
o removes redundancy based in syntax and semantic level;
o interlink the different data sets based on shared entities
o identify causality relations within the linked data
o combine the structured meta data from the data sets with extracted information from
the unstructured chunks (either docuemtns or semi-structured meta data
Increase the accessibility and the visibility of the information
o better complex search
o Semantic search
o Linked data browsing and navigation

•

•
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Exploitation and business development strategy
• DaaS approach based on the public service of LLD platform. The public LLD will provide
free access to all publicly available and already integrated data in the system. The rationale
for providing the data for free is:
o Data source License limitations
o Need to broader the user base of LLD
o Intension to introduce LLD URIs as global unique identifiers for biomedical entities.
All added value services and functionalities could be offered asa separate distinct extension
packages (e.g. Semantic annotations, Upload and Integration of proprietary data sets, etc).
The approach aim to address the needs of of broader base of single users (single researchers
and small research labs)
• Extend DaaS with mash-up creators’ community based on open and well documented
standard interfaces. This includes SPARQL end-point and Lucene Index Auto-complete
interface. The approach aims to build a network of early semantic web adopters, enthusiasts
and small technology companies and start ups around LLD public service. The ultimate final
goal is to be developed variety of visualization components and modules, which to be feeded
by LLD.
• Apply LLD platform at different stages in the Drug Discovery and Development process in
current partner pharmaceutical companies - AstraZeneca commercial projects (the projects are
in late phase discussions - i.e. budget is approved but we need to refine the requirements and
the technical plan). The efforts in this direction aim to specify and tune use cases, which fit in
the mainstream of Drug Discovery and Development process.
• Influence and closely monitor the technology standards in Semantic Web Data integration for
the Pharmaceutical domain – active membership in Pistoia Alliance and participation in SeSL
project from one of the work packages will ensure the awareness about the future trends in the
industry and will provide some mechanism for influencing the technology standards adopted
by the business. In addition the effort will theoretically test the suitability of the developed
use cases within the previous approach.
• Content Management: using LLD to enable interoperability and access to rich media assets
across the corporation; transitioning from controlled vocabularies and taxonomies to
ontologies; extending ontologies to align and harmonise them; and providing integrated
semantic discovery and access across subject domains and organizational boundaries. Some
very active members of the Pistoia Alliance represent the biggest content providers for the
Pharmaceutical industry – Elsevier, Highwire, Nature, etc. The opportunity to collaborate
with these entities will serve as a basis for better understanding of what are their business
needs and how to address them with a custom solution.
• Increase the number of the pilot users by participating in OpenPhacts project funded by
"Innovative Medicine Initiative". (LLD and Ontotext is considered as key platform). Adapt
the developed use cases and build a specified solution focused to solve a specific business
problem during the Drug Discovery and Development process.
• Direct sales of LLD platform to pharmaceutical companies (meetings with Roche, Bayer,
Pfizer and it will be more likely small consultancy projects to deliver a quick prototype)
• Use LLD knowledge base in other commercial text analysis projects - not directly relevant to
LarKC technology but relevant to WP7a knowledge base
4.2.1

Innovative Lead Users Are the Focused as Pilot Customers

Since the semantic web technologies are just entering in their mature phase, most of the decision
makers in pharma domain still prefer to rely on conventional technologies. The winning approach to
demonstrate the advantages of the semantic repositories and lightweight reasoning over the data is to
define a impressive show case for a specific business problem and a small pilot project. The focus
should not be on the new technology that will be introduced (RDF triple stores, reasoning, etc) but of
the new functionalities and capabilities that the system will provide (linked data exploration, causality
relations mining, etc). But the most important point is how these new functionalities and capabilities
will enhance the Drug Discovery and Development process.
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Evidence Based Research: The Pharma R&D group has many departments/therapeutic areas, each
with its own system of recording and storing data in various formats. Most life science companies rely
on third-party data, which gathers patient care and prescription information. Most of the solutions do
not follow any well defined standards and the data is hard to be integrated on an enterprise level. For
addressing this type of problems we provide Semantic Data Integration Solutions (ETL, Semantic
Warehousing).
Informed Decision Support: allows a researcher to access the entire portfolio of possible targets and
compounds across all therapeutic areas, and cross reference it with public and private information,
from both internal and external systems. To resolve such type of problems we use Linked Data
Solutions (Instance Mappings, Causality relations)
Increase Data Availability: Huge amount of valuable information is locked in unstructured or semistructured form. Text mining accelerates and reduces the cost of new drug development. The tool kit
for text mining includes named entity extraction, co-occurrence, frequencies & nearest neighbours,
text clustering, text categorization; natural language processing; ontologies Text mining has impacts
at multiple points across the drug development life cycle, with measured improvements in time to
solution of more than 100X compared with manual methods.
The number of the pilot users can be increased by participating in OpenPhacts project funded by
"Innovative Medicine Initiative". LLD is considered as a key semantic data integration platform and
Ontotext is recognized as key technology vendor.
4.2.2

Providers Wish to Add Semantic Capability as Complementary to Traditional
Approaches

Multiplatform capability: integrate web, IT infrastructure/devices, and mobile service/devices and
leveraging content and brand assets onto these new platforms to create new, engaging and highly
relevant personalized audience experiences for multisided business model.
4.3

Evaluation of Channels

Ontotext LLD selling model
Evaluation of channels

Software sales model

Direct and Co-Sell

Potential Channels:
Direct
Ontotext develops very
specific solutions, this
seems to be the most
frequently used sales
channels
Co-sell
Applicable for ETL
components and some
basic IE components.

Embedded

ESL
Description:
Restricted license type
sold by an ISV or OEM
embedded in its
application.

Potential Channels:
Indirect:
Big system Integrators
as channels

Application
Specific Full
Use
Description:
Restricted license
type
sold by an ISV in
conjunction with its
Application.
Potential
Channels:
Not now but??
ISV as sales
channel

Source: Ontotext

Figure 7: Ontotext LLD selling model

Page 38 of 71

Full Use
Resell
Description:
platform is sold
unaltered and
unrestricted with
all functions via
indirect partner to
end-customer.
not applicable

FP7 - 215535
Deliverable 9.6

•
•

•

•

•
4.4

Direct sales – since Ontotext develops very specific solutions, this seems to be the most
frequently used sales channel.
Co-Sell – when reached a phase, at which Ontotext has developed a solution, which solves a
specific business case, this is a possible channel. Applicable for ETL components and some
basic IE components.
Full Use Resell – not applicable. All the components and solutions developed by Ontotext for
the Life Science domain could be hardly applied on other domains and thus such channel does
not seems to happen.
Application specific full use – seems that at that stage, Ontotext could not use such a selling
channel. This could be a complimentary to our direct sales, if there is a demand from the
market and Ontotext selling department is incapable to cover all possible sales.
Embedded ESL – very possible selling approach with a big system integrator company.
Offering Structure

Support &
Services

LarKC
components

Offering

Partnering

Offering Structure
Training
and Tests

Evaluation

Evaluation Kit

Design and
Development
for
Commercial Use

Training Kit

• Basic based
• Royalty- Free (…)
• Download Option (?)
• Might be available free of charge

• Basic based
• Including XY component
• Download Option (?)
• Available to partner after
completion of training

• Developer Documentation
• Developer Documentation
• Code Samples
• Code Samples
• Howto Documents
• How to Documents
• WIKI, Collaboration Platform
• WIKI, Collaboration Platform
• Self Service Information / FAQ
• Self Service Information / FAQ
• Billable consulting services
• Billable consulting services (optional) (optional)

Construction Kit
• Date Sheet, custom installable Installer
with setup options
• Option 1: ABC package
• Usage of Openscape Product licensing
scheme
• Option 2: XYZ package
• Usage of Voice Portal licensing scheme
• Developer Documentation
• Code Samples
• How to Documents
• WIKI, Collaboration Platform
• Self Service Information / FAQ
• Billable consulting services
• Billable support services

Figure 8: Offering structure

4.4.1

Partnering and Use Case Development

The development of a solution for a particular business case could be as a part of a deliverable for
research project (like LarKC) or based on the current LLD public show case (as part of commercial
business development). During that phase the use case is evaluated from technological point of view
(data required, technologies required, general solution architecture definition, etc) and from business
case prospective (business case requirements, functional requirements, performance and scalability
requirements). In addition some basic testing and end user training are performed. The solution design
and implementation, along with the end user inputs gathered during system usage, could be further
used for the design of a pilot project (Design and Development for Commercial Use)
4.4.2

Offering

Evaluation Kit
• Freepublic use case system –http://www.linkedlifedata.com
• All integrated in LLD data sets are available for download via FTP
Page 39 of 71

FP7 - 215535
Deliverable 9.6

• RDF repository available for evaluation and download (limited version)
• Basic ETL components available as part Open Source Framework
• Basic IE components available as part Open Source Framework
• Use case demonstration sessions
Training Kit
• Short documentation of LLD public service
• Detailed documentation of LLD interfaces (SPARQL endpoint, Lucene Auto-complete)
• ETL Open Source Framework documentation
• IE Open Source Framework documentation
• RDF ETL training materials provided to partners
• IE specific components (LifeNERC) provided to partners and clients
Construction Kit
• Basic ETL components
• Customized ETL components
• Basic Infrastructure – BigOWLIM
• IE basic components – GATE
• IE custom components – LifeNERC
• IE process maintenance and management components – TeamWare
• IE indexing and retrieval – MIMIR
• Visualization Library - Forest
4.4.3

Support & Services

Due to the wide usage of Open Source software and frameworks, we reuse the provided by the
community infrastructure for maintenance of the support documentation. For the specific components
Ontotext provides mostly user manuals and how-to documents.
4.5

Deliver (License or Services) Models and Channels

Sales channel: direct, indirect or both?
Analysis of target customers
direct influence necessary

Ontotext
Cycorp

• Address both (end)
customer and
partner

Partner
(Semantic service)

• Fast market reach and
Assts low

Source: Greenfield team

Figure 9: Sales Channel
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At that stage, Ontotext develops custom solutions build on the basis of a set of standard modules,
products and open source software. The current model is service oriented with a trend to evolve to a
mixed model (services and licenses).
The non-recurring service like items includes:
• Consulting
• Integration
• Customized contract software
The recurring service-like items cover:
• Long term contractor
• Custom components development
• Annual maintenance and support fee
Software licenses model could be applicable for some stand alone basic infrastructure components
(BigOWLIM) or very generic IE modules.
4.6 Documentation and Training
Due to the wide usage of Open Source software and frameworks, we reuse the provided by the
community infrastructure for maintenance of the support documentation. This includes the ETL and
IE components. Both open source communities are very active and maintain well supported mail
groups forums and specialized documentation (including technical documentation, user manual, how
to document, code examples, interactive video tutorials, etc)
For the specific components Ontotext provides mostly user manuals and how-to documents. The
artefacts bundle will be extended will user mail group and forum, interactive video tutorials and other.
For the developed in-house open source components, Ontotext provides introductory training for the
community and detailed technical documentation how the component could be used and customized.
As part of commercial project the solution documentation and training is included in the transition
phase. Depending on the specificity of the project, the training could be oriented to end users or to
first line support or to both.
4.7 Costs to Acquire Customers, Deliver and Support
Based on the gathered experience from commercial projects the cost to acquire a customer could
range from 5 to 15 % of the total project cost. The effort includes the initial business development,
consulting in the definition of the business case and project management.
The cost to deliver a specific solution depends on the current customer base for that type of solution.
For the first implementation and deployment of a specific solution, the cost could be up to 80 % of the
total project cost (worst case scenario). The effort depends on the re-usage of system components. The
initial estimates are that the half of the components could be re-used with a minimal adaptation, which
decreases the initial 80% to 40%. With the extension of the customer base for that type of solution,
the effort for delivering a solution could be degreased even more.
The cost for maintenance and support is estimated to a 10% per year, which covers maintenance of a
fully functional system and resolving major system malfunctioning (bug fixing).
In addition to the support and maintenance, Ontotext provides fixed price offering for implementation
of new custom features (change control) to the provided solution.
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5 Architecture
The LarKC platform is realized according to a simple and loosely-coupled architecture design, and
implemented as an open-source software project. In both cases, during the entire realization phase
care was taken to emphasize openness: open standards and programming interfaces, industry-friendly
open-source licensing models and open/public access to the code base, documentation and support
team. These are all preconditions for a community-driven development of the LarKC platform and
sustainable management of the infrastructure beyond the project’s lifetime. Essentially, the openness
of the LarKC platform is intended to foster a wider uptake of the core technologies that are
investigated and developed by the project consortium and enable both project partners and certainly
external individuals and companies to use the platform as a baseline infrastructure and integration
platform for large scale data management facilities. The idea is to have a market for data management
services emerge around LarKC, in which context various bodies can make business by maintaining
and selling plug-ins. Offering plug-ins that improve data management tools and that easily integrate
via the LarKC platform and workflow execution infrastructure will also allow for fast access to
market for smaller and dedicated solutions. There is no need for holistic data management
infrastructures, as everyone can contribute to the LarKC-based data management environment via
simple API-conformant plug-ins. In other words, with the LarKC platform as core infrastructure, it is
possible for various independent companies to make profit by realizing services on top of it; in
collaboration with LarKC project members or fully independently.
5.1 Sustainability of the LarKC Platform
Although already maintained as an open-source software project and hosted on sourceforge.net, there
is a need for centralized preservation of the code base and documentation beyond the LarKC project
in order to guarantee the software quality and support for developers and plug-in providers. The
maintainer of the LarKC platform can be any of the current consortium members, or a third party
body that is founded for the purpose of sustaining the LarKC platform and its user and developer
community. An alternative possibility would be to hand over the platform including code,
documentation and responsible support team to STI International, as an independent interest
association. Essentially, the role of the organization that takes on the maintenance of the LarKC
platform is to ensure that there are no technical restrictions for others to implement plug-ins and
services on top of and around the platform; i.e. to allow them eventually to make money as a result of,
and as a means of sustaining, their extra efforts.
5.2 Business Opportunities
The LarKC platform was always intended to be an open-source endeavour and a public good for
community use and development. In that sense, there is no direct intention and there should not be any
such plans to make the LarKC platform itself a business object that serves as a source of exclusive or
direct profit. The argument in respect to business opportunities is, rather, that project partners and
third party organizations may use the platform as core data management and reasoning infrastructure
and that various services, applications and plug-ins are implemented that generate business value, and
hence financial profit. The LarKC platform as public good is intended to enable a new market for data
management and reasoning software products that are quickly brought to the market, as the LarKC
platform greatly facilitates its use and integration for complex tasks; through the use of plug-ins in
research and application workflows.
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5.2.1

LarKC Platform in a Linked (Open) Data Context

The principle that data can be published according to the Linked Data principles, and made available
as Linked Open Data, shares many underlying principles with the goal of LarKC. On one hand it is
about making available to the public data on top of which applications and services can be
implemented, again openly or for business reasons, or both. On the other hand, there is the LarKC
platform that is realized and made available openly and publicly for third parties to publish and make
functional software components for working with various types of data, chiefly linked data that is
made available in RDF. To this end, there is a clear overlap in goals and target markets between the
Linked Open Data movement and LarKC.

Figure 10: Creating Business from the LarKC Platform in a Linked (Open) Data Context
Linked Open Data is characterised by the fact that its sources are distributed: the so-called Linked
Data cloud is fully decentralised, and by the fact that the quality of the data sets in terms of
consistency, completeness and dependability varies significantly. Many of the data sets are
automatically extracted from public or private databases and exposed and interlinked as linked data on
the fly. Exposing databases as linked data, and improving the quality and usefulness of the data sets
thus requires diverse types of data management and processing steps at various stages in the
publication and exploitation lifecycle. The LarKC platform hence offers a potentially highly profitable
infrastructure for processing linked data, with applications ranging from identification of possible
sources, via the extraction and transformation into RDF data (linked data), through to reasoning-based
quality improvements and data set completion, and inconsistency mitigation. The LarKC platform
was conceptualized and realized with linked data processing in mind, while the actual processing
steps are offered by the intelligent combination of plug-ins. So far, we have only listed the use of
LarKC for the maintenance and processing of the data sources and the linked data itself. Effectively,
there is, as previously already mentioned, significant utility in LarKC too, for the realization of
applications and services (extending the idea of plug-ins) and the implementation of data analytics
over linked data. Plug-ins allow for exposing and manipulating particular data sources, including nonRDF ones, and hence LarKC is an enabler for the integration and processing of private, as much as
public, linked data, or their combination. This has significant potential business value as it allows for
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the leveraging of RDF data in large scale and computation heavy data management tasks in which the
integration of distributed data sources and ad hoc analytics play an important role. The networked
economy is a good example, as various companies join their business-neutral information and
enhance it with public information sources for extracting process knowledge that goes beyond what a
single entity could do. Similar applications emerge from manufacturing and logistics, or customer
relations management where information processing is all about discovering trends and changes in
customer behaviour and satisfaction. Public information about demographics and socio-cultural
aspects paired with company owned customer feedback information provides a huge base of
information over which reasoning may be applied to detect the desired patterns and inferred
knowledge.
In summary, in Linked (Open) Data scenarios, the LarKC platform provides a fundamental data
processing infrastructure enabling the implementation of more efficient solutions for managing
business information or public data.
5.2.2

Stream Reasoning and Real-Time Data Feeds

A particular aspect of processing online data on today’s Web was already briefly touched on above,
but will be emphasised in more detail in this section. The Web is a constantly growing and
dynamically emerging source of information, and hence is pronouncedly ad hoc. Two particular traits
of data on the Web that have emerged over the past years and that are still increasing in impact are i)
the data streams produced by community portals and so-called Web2.0 applications such as Facebook,
Twitter or multimedia sharing sites, and ii) the streams of data exposed by sensor networks and
actuators.
Both types of data streams, the human-created messages via community Web sites, and the machinecreated measurements from sensors exhibit similar characteristics and certainly call forth similar
challenges and requirements in regards to data management. The most important aspect, however, in
regards to the use of LarKC, is the need for real-time and stream reasoning for making sense out of
the resulting data avalanche. While the fundamental data structures in many traditional data analytics
scenarios are data warehouses that are cleansed and prepared beforehand, the aforementioned
scenarios require a notion of ad hoc data analytics with streams of data that are integrated, cleansed
and reasoned about on the fly. Providing solutions in this respect opens up an enormous potential
market; discussion on twitter, expression of sentiment and opinions on Facebook, or the evolution of
temperature or humidity over time all hide and encapsulate important information that could critically
benefit decision-taking in companies and industry.
Some of the most impactful work around stream reasoning has emerged from the LarKC project, and
from the implementation of plug-ins that manage and perform, in an sustained manner, data
extraction, aggregation, cleansing and, eventually, reasoning and decision making. Together, these
facilities provide a modular and highly powerful tool suite for online data analytics on the fly. Again,
the LarKC platform is a promising enabler for more efficient management solutions for business
information in combination with public data. To this end, LarKC as a core platform for real-time
reasoning over emerging data streams is an effective starting point for promising business scenarios
and development and application of novel market perspectives.
5.3 Other Exploitation Possibilities
So far the focus of this section has been on exploiting the open-source LarKC platform for the
creation of business value via the provisioning and selling of plug-ins, services and applications on
top of linked data and online data streams, both public and private. Such exploitation scenarios show a
direct business benefit which turns work based on LarKC into money. A more indirect exploitation
path is, however, also possible through third parties that base their work and research on LarKC
results and reuse the platform and available plug-ins in other projects. Such indirect exploitation
generates an ecosystem for future LarKC exploitation and is not to be neglected.
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In the remainder of this section we discuss two concrete examples. First we show the use of LarKC in
a project that is in the process of being launched, while in a second example we discuss how a
pending project proposal intends to leverage the LarKC platform in the context of a project that works
on complex event-driven information integration for decision support systems.
5.3.1

OpenPHACTS Project

The OpenPHACTS project will officially start in March 2011, and aims at an open source, open
standards and open access innovation platform for pharmaceutical research in general, and drug
discovery in particular, that adheres to a semantic web approach.36 Analysis and hypothesis generation
for drug-discovery projects requires careful assembly, overlay and comparison of data from many
sources, requiring shared identifiers and common semantics. Alignment and integration of company
internal and public data and information sources is a significant effort and the process must mostly be
repeated across companies, institutes and academic laboratories. This represents a significant waste of
effort and money. The listed data management tasks require significant data processing effort that
largely overlaps with the LarKC approach. It is therefore not surprising that the LarKC platform was
chosen to serve as a workhorse for OpenPHACTS, housing the triple store for storing the integrated
data and powering reasoning over the collected data sets. The resulting semantic integration hub will
address key bottlenecks in small molecule drug discovery such as disparate information sources, lack
of standards or shared concept identifiers. Workflows for data capture, processing, interoperability,
visualization, and chemogenomics will be specified and developed on top of the LarKC platform.
5.3.2

CONFORMED Proposal

The CONFORMED proposal intends to bring methods for capturing knowledge from text to levels of
accuracy and usefulness far beyond those achievable with today’s natural language processing and
text mining solutions.37 The proposal principally addresses epidemic surveillance and financial
intelligence, two highly knowledge-intensive domains for which large numbers of critical data are
only available in distributed texts. To access and exploit this information, it must be unlocked from
text and turned into a structured, semantic form; this is where the LarKC platform will become
relevant. Previously extracted facts, user feedback and external knowledge bases must be aggregated
and aligned with the extracted information from the textual sources. For these data processing tasks,
CONFORMED will leverage LarKC, extend it for applications over unstructured data, uncertainty
and reasoning methods that support not only approximate output, but also uncertain data input, and
build a resulting new infrastructure for NLP and event processing on top of LarKC that also support
aspects such as data quality and provenance, and human interaction.

36

The OpenPHACTS consortium comprises 14 European academic and SME partners, with leading experts in
the fields of data mining, annotation, small molecule data storage and manipulation, target related
bioinformatics, RDF-type information handling, massive reasoning and chemical biology.
37
The proposed CONFORMED consortium consists of eight research and industry partners including SAP, the
French Institute for Public Health Surveillance and the Royal Bank of Scotland.
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6 Technological Assets
6.1
6.1.1

CEFRIEL
Short Profile of the Company

CEFRIEL’s primary objective is to strengthen existing ties between the academic and business worlds
in the innovative ICT sector. CEFRIEL has been conceived and structured to pursue this mission.
Thanks to its distinctive operational model and multidisciplinary competences, CEFRIEL is able to
design a wide range of innovative products and services based on customer requirements and
integrating the most recent scientific research results, the best technologies available on the market,
the emerging standards and the reality of the industrial processes.
CEFRIEL is a not-for-profit organization. Its shareholders are Universities (Politecnico di Milano,
Università degli Studi di Milano, Università degli Studi di Milano Bicocca, Università degli Studi
dell'Insubria), Public Authorities (Lombardy Region), and 15 leading multinational Companies in the
ICT and Media sectors.
CEFRIEL is part of the ICT Institute (http://ictinstitute.polimi.it/), recently created by Politecnico di
Milano to coordinate and promote overall initiatives related to higher education, research and
innovation in the ICT sector.
In 2010, CEFRIEL opened its subsidiary office in Cincinnati, Ohio, to further strengthen its support
of companies’ increasing worldwide innovation needs.

Figure 11: CEFRIEL business positioning.

6.1.2

CEFRIEL Activities within the LarKC Project

Within the LarKC project, CEFRIEL and DEI (Dipartimento di Elettronica e dell’Informazione –
Politecnico di Milano) act as a Joint Research Unit under the ICT Institute in accordance with the
Special clause n°10. As such DEI’s, role is devoted to foundational, fundamental research, while
CEFRIEL applies research results in the development of proof of concepts that demonstrate the
feasibility and the applicability of options for applying the project results, in an innovation setting.
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Figure 12 visually represents the positioning of CEFRIEL’s activities within the LarKC project in the
range of activites the company can perform in its projects.

Figure 12: CEFRIEL activities in LarKC.

The potential for exploitation of CEFRIEL activities in LarKC outside and/or after the project
duration is graphically represented in Figure 13.
6.1.3

Technological Assets

In this section we will briefly describe the “technological assets” that CEFRIEL developed in LarKC.
6.1.3.1 SPARQL Engine Extension
In the context of LarKC activities, CEFRIEL experimented with a number of extensions that could be
applied to SPARQL engines. While the results obtained in LarKC are only proofs of concepts (as
explained above), those demonstrators could be extended to result in more stable prototyping versions
and could also lead to further research investigation as well as re-engineering af software solutions.
•

•

Operational Research Algorithms: data expressed in RDF can be easily represented with
graphs; thus, a natural requirement could be to apply operational research questions (e.g. a
path computation over the graph). In LarKC we developed dedicated plug-ins that “wrap”
graph processing libraries (namely JGraphT38, that is able to apply Dijkstra algoritm) or graph
databases (namely Neo4J39)
Geo-spatial Functions: a large number of geo-spatial datasets are becoming available as open
data and/or linked data; in order to benefit from those dataset and being able to perform
generic spatial queries, as they are available in GIS systems, we investigated the possibility to
“wrap” spatial databases (like PostGIS40) and include their functionalities in SPARQL

38

http://www.jgrapht.org/
http://neo4j.org/
40
http://postgis.refractions.net/
39
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•

queries. Within LarKC, we developed the concept of G2R41 and prototyped a small
demonstrator.
Streaming Data Processing: the popularity of streaming data and systems calls for the
extension of SPARQL engines to deal with continuous queries. The C-SPARQL42
conceptualization is specifically oriented to this purpose. In LarKC we have prototyped a
number of plug-ins that integrate data stream management system (DSMS) functionalities
within the LarKC platform.

6.1.3.2 Software Frameworks Based on LarKC
In the context of LarKC activities, CEFRIEL has developed a number of end-to-end frameworks
based on the LarKC platform. While the results obtained in LarKC are only proofs-of-concept (as
explained above), those frameworks could be extended to result in more stable versions and could
also lead to further research investigation as well as re-engineering of software solutions.
•

•

Linked Data-based Recommendations: in the context of the development of a SOA-oriented
platform for developers, CEFRIEL was asked to realize a hybrid recommender system for
web services. We developed additional plug-ins as well as complete LarKC workflows to
provide one of the recommenders that were integrated and harmonized in the hybrids system.
This recommender43 computes item recommendations (in this case, recommendations about
Web-services) on the basis on linked data description of both the available items and the
users’ profile. While the demonstrator as realized works in a specific domain, the developed
software framework is generic and, as such, it could be re-used and extended for different
domains.
Social Media Analytics: in the context of the development of a location-based social media
application, CEFRIEL developed a number of plug-ins and workflows to gather, elaborate
and derive information from social media streams; in particular, CEFRIEL (together with its
third party Politecnico di Milano) developed a small framework to record, re-play and analyse
a stream of social media activities (e.g. tweet streams). While the developed workflows are
specific to the BOTTARI application developed in LarKC, the plug-ins and their underlying
behaviour are generic and, as such, they can be reused and extended for other types of social
media.

41

Emanuele Della Valle, Hafiz Muhammad Qasim and Irene Celino: “Towards treating GIS as Virtual RDF
Graphs”, In Proceedings of the 1st International Workshop on Pervasive Web Mapping, Geoprocessing and
Services (WebMGS 2010), Como, Italy, August 2010.
42
http://wiki.larkc.eu/c-sparql/ (see also the list of publications available there)
43
http://etechdemo.cefriel.it/rs-component-service/ (demo at http://etechdemo.cefriel.it/rs-answers-service/)
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Figure 13: CEFRIEL exploitation potential on the basis of LarKC results.

The proof-of-concept demonstrations developed within the project represent the basis for the further
exploitation of LarKC results: a more targeted assessment of technologies and processes, as well as
deeper technology scouting and monitoring (left side in Figure 13) would help in identifying the
suitability of LarKC results in the context of CEFRIEL’s customers needs; a further improvement and
re-engineering of the developed proof-of-concept systems would lead to a more targeted realization of
prototypes that meet the needs of CEFRIEL’s customers.
6.2

Cycorp Europe (CycEur)

LarKC as a flexible and scalable platform offers several possibilities for use in novel application
systems and thus contribute to the competitiveness of the company and of the research institutions
with which it collaborated. In combination with other existing technologies LarKC makes it possible
to form and integrate software solutions which would otherwise be too expensive and hard to develop.
Cyc Europe plans to integrate the LarKC platform with our existing technologies, especially the Cyc
reasoning engine. This combination of the LarKC platform and existing Cyc technology, together
with some of the newly developed plug-ins, offers several immediate commercial possibilities. This
concept of producing integrated products based on a combination of Cyc and tools from the
technological ecosystem fits well within the Cyc Europe development strategy.
We are planning applications where we will use the LarKC technology as the basis of publically,
commercially available services and products. These applications have mostly evolved from our
research activities and will at first be deployed in a test environment and used internally inside the
Cycorp Europe and then after some time the ones which will evolve and prove to be useful will
become available to the public. The public and commercial availability can be either as a public
service or a downloadable application.
6.2.1

Personal Information Identifier Plug-ins

One of the modules of potentially commercial value is the CycEur-developed plug-in which is able to
connect to various online calendars (with the first version working with Google) and retrieve and
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write into the appointment list and other personal calendar information. The data is then converted to
RDF using the calendar ontology based on the RDFcal vocabulary (http://www.w3.org/TR/rdfcal/).
The RDF can be used and integrated with any other existing LarKC plug-in and converted to Cyc
internal language using the transformer plug-in (section 6.2.3). The Google calendar plug-in is already
in development and is available on the LarKC svn repository.
Another, similar plug-in is able to connect to a given set of Trip-it accounts and retrieve travel
information and integrate it with the Google calendar plug-in. This data can be then converted to the
Cyc internal language as well and thus available for Cyc reasoning engine. The TripIt plug-in is
already working and is available on the svn as well.
On top of this infrastructure, an application can be built which would help individuals and
organizations to maintain the consistency of the calendar events. Joined up with pre-existing
knowledge from Cyc KB and other identifier plug-ins it could help with planning and organization of
events, appointments, projects and other related activities.
Ultimately this application will converge to a personal assistant application, running on tablets or
mobile phones, which will be able to reason on top of the retrieved data and vastly improve the time
management and quality of life of the user.
6.2.2

Foursquare and Similar Geolocation Data Identifier Plug-ins

An indirectly related prototype product Cyc Europe is working on is a travel diary application,
supported by computer reasoning, which on top of aforementioned data also uses geolocation and
other travel related information. For this intended application, it is necessarily to integrate all the
various relevant data sources. LarKC offers an ideal platform for that, using multiple data retrieval
plug-ins and reasoning plug-ins to clean the data. This data can be then converted to the CycL
language (see below) and used with other pre-existing Cyc tools to collect more relevant information
from crowd sourcing and using the full Cyc reasoner as well.

Figure 14: Architecture of the travel diary application (the tripit, foursquare and Cyc logos are
trademarks of their respective organisations)

We already have the prototype Android application, which integrates into the Foursquare native
application and then uses its data to seed initial information for the Cyc reasoner, which is then able
to ask users smart questions about the things that are interesting for some specific location.
6.2.3

RDF to CycL transformer plug-in

CycL is the language used by the Cyc reasoning engine and is used as the basis of the Cyc knowledge
base. The Cyc system already has a component which is able to import RDF data but this is currently
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solely a RDF file importer. Assuming the LarKC plug-in market will grow quickly and will have
useful plug-ins, it would be reasonable to develop the standard RDF to CycL converter which could
be connected to any workflow. This way the Cyc AI system will be able to easily use any RDF data
produced by the LarKC plug-ins. This fits nicely to the plug-ins described above and enables us to do
the development of tightly integrated LarKC and Cyc applications.
6.2.4

Natural Language Interface to LarKC

Natural language interaction will soon be one of the more important human computer interactions.
Cycorp already has technology, which is able communicate to to some extent in natural language and
convert the language the computer logic. Together with the data integration solutions the natural
language module would be a useful product which would help LarKC users to communicate in a
natural language with the system.
6.3
6.3.1

Saltlux
General Overview of Company

Saltlux, Inc. is a well-known leading knowledge contents valuation company in Korea that supplies
completed and integrated services and total solutions based on next generation information retrieval,
information mining and semantic web technologies. Having been established in 1979 and renovated in
2003, Saltlux, Inc. provides basic system that creates, stores and manages knowledge content through
the utilization of hidden important knowledge assets derived from the abstract, classification,
summarization, retrieval and share of the semantic information from the vast volume of knowledge
content.
Saltlux, Inc. also is a key partner with major telecommunication companies in Korea such as SK
Telecom and KTF. Especially, we have experienced several semantic projects which require a
capability of triple processing in high volume.
Korea has become one of the major leaders in IT industry with highly advanced IT infrastructure.
Information services on national IT infrastructure have the first priority in the government IT policy to
realize U-Commerce, U-Government, U-Learning, U-Health and other ubiquitous information service
systems. Semantic technology is regarded as the core technology for the goals.
At the national level, Saltlux has been or is involved in the following projects: Middleware
Technologies for Knowledge Services in Ubiquitous Environment (National project with Korea
Telecom, KTF (2nd mobile telecommunication company in Korea)), National IT ontology
infrastructure technology development with Korea Advanced Institute of Science and Technology,
ETRI and many other research firms. Development of Intelligent Personal Media Managing
Technology for Ubiquitous Environment (Research consortium with ETRI)
In 2011, Saltlux will exploit latest LarKC platform on Geo/Social context based social media service
with ETRI.
Commercial projects include LG CNS (Semantic KMS development and SK Telecom (Intelligent
Service Framework Development for Mobile environment).
6.3.2

OntoBroker Reasoner Plug-in

The OntoBroker reasoner plug-in is implemented as a sort of reasoner plug-in that wraps the
commercial reasoner library named OntoBroker45 of OntoPrise for Baby LarKC Platform.

45

http://www.ontoprise.de/en/products/ontobroker/

Page 51 of 71

FP7 - 215535
Deliverable 9.6

OntoBroker is a deductive database system whose primary query language and native format is FLogic. F-Logic is an ontology language and combines the advantages of conceptual modeling with
object-oriented, frame-based languages and offers a declarative, compact and simple syntax, as well
as the well-defined semantics of a logic-based language. It also supports multiple query languages
such as RDF, OWL, and SPARQL.
OntoBroker provides compilers for different languages to describe ontologies, rules and facts. It runs
as a server which reads input files containing facts and rules and which then evaluates queries sent to
the server and sends the results back.
Saltlux has gained experience from performing Samsung electronics project named Ucity that is
similar to Urban LarKC scenario. Ucity is a simulation of finding shortest path with traffic
information and variable road status. Ucity is implemented based on OntoBroker to execute reasoning
with F-logic rule and queries to find shortest path with applying variant Bellman-ford algorithm.
The OntoBroker reasoner plug-in is used for path-finding usecase in Urban LarKC scenario with
converting RDF for scenario into F-Logic.
6.3.3

SOR Reasoner Plug-in

Saltlux developed semantic framework and tools named SOR(Semantic Object Roaster) that
integrating diverse Ontology repositories and reasoning engines for developing semantic application.
SOR support integrated management of Ontology schema and its instances with AllegroGraph,
OntoBroker, BigOwlim and querying and reasoning with SPARQL, RDFS++ reasoning, F-Logic and
converting Relational Database into RDF.
SOR reasoner plug-in is implemented as a wrapper of SOR client with reasoner plug-in to interact
with SOR server through HTTP protocol by querying and reasoning on RDF dataset for usecase
stored by SOR loading tools in its RDF repositories.
SOR reasoner plug-in of LarKC platform v1.0 is used to do querying and reasoning on RDF datasets
for Road sign management scenario stored in RDF repository which is BigOWLIM same to the
LarKC platform data layer.
SOR reasoner plug-in acts as client of another distributed remote semantic framework.
6.3.4

Road Sign Management Ontology Containing its Instances

Road sign management (RSM) ontology containing its instance is constructed to integrate Road sign
information and geo spatial information of POI and road from open data for map as one of results of
Urban computing usecase of road sign management scenario.
Road sign management scenario is for checking validation of road sign beside roads within Seoul by
tracking target POI indicated by road sign.
RSM ontology is modelled road sign information that contains directions of target POIs and roads
with element data from open map data.
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Figure 15: Road Sign Management Ontology

Road sign information is provided by KICT (Korean Institute of Construction Technology) and POIs
are extracted from Korean POI, Road information are extracted from Open Street Map 46and Linked
Geo Data 47 within Seoul.
Open Street Map is needed to manipulate its relational database data to convert RDF data for
matching a part of road, way, node classes of RSM Ontology.
RSM ontology contains instances of 33517 POIs, 4126 ways and 9507 road signs with WGS84
coordinate.
Essential dataset for ontology instance scales to 4 million triples and it can be extended to 1 billion
triples by attaching linked geo data covering world POIs.
RSM ontology supports RDFS++ reasoning that use inversOf, sameAs, subPropertyOf, subClassOf
property except transitive property.
RSM ontology contains property of operator for geo-spatial function such as retrieving distance of
two nodes by SPARQL.
6.4 Siemens
Siemens is the pioneer in energy efficiency, industrial productivity, affordable and personalized
healthcare systems, and intelligent infrastructure solutions. Siemens’ strategy is derived from this
vision: to constantly tap new markets with innovative products and solutions. It is worth notifying that
very recently Siemens created the fourth section: infrastructures and cities. This clearly indicates that
cities offer outstanding business opportunities and Siemens is engaged in urban infrastructure
solutions for large cities. On the other hand, communication technologies are not Siemens core
business any more. In the following sections we briefly explore the technological assets and
exploitation perspectives of LarKC at Siemens.

46

www.openstreetmap.org

47

http://linkedgeodata.org/Datasets
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6.4.1

Collective Intelligence

Ubiquitous digitization and sensing technologies produce data of unprecedented scale, speed and
coverage providing a unique opportunity to optimize processes and solve complex problems through
knowledge driven services and products.
The project focuses to exploit this opportunity through the integration and utilization of distributed
knowledge – from sensor to board room. By developing large scale knowledge representation and
reasoning technologies the project will in a principled way address the data explosion and information
access challenges.
Innovative solutions for the following scenarios are being developed:
• Unified Service Intelligence: Efficient service delivery through improved knowledge capture
and usage
• Healthcare 3.0: Integration of complex healthcare knowledge and improved disease
management through patient specific multi-scale computational models
• Unified City Intelligence: Develop knowledge-driven services based on urban data streams
We are planning to exploit the LarKC platform and the technologies/plug-ins we developed in LarKC
in the collective intelligence project. Based on some key characteristics of this project we make
following proposals.
• Parties working in various domains contribute to the collective intelligence framework. The
integration of heterogeneous (and distributed) data will be needed as an indispensible step.
We propose that all parties utilize Linked Data Cloud as a data integration platform and
publish their data in uniform RDF formats. Then, LarKC platform can be easily applied to
retrieve relevant information for a given target from different data sources (identify and
selection).
• Obviously the size of the data processed in the above mentioned scenarios will be very large.
We propose to apply the LarKC platform and its plug-ins to both search and reasoning on
such large amount of data which is exactly the main purpose of LarKC.
• In WP3 “Abstraction and Learning” we developed machine learning based plug-ins which can
be used to (1) model collaborative object-to-object relationships and (2) support decision
making, for instance, decision support on diagnosis/treatment for physical in clinics.
• Another important exploitation opportunity is applications and solutions for mega cities. It
belongs to, as mentioned before, a novel core business of Siemens. Fortunately we have been
intensively working with CEFRIEL on this topic within LarKC. A prototype of locationbased social media analysis using the LarKC platform will be available soon. We hope the
prototype can demonstrate both the platform and our know-how in this area. Moreover, it is
desired to transfer the prototype to other urban problems, e.g. energy supply and
sustainability.
6.4.2

Healthcare

The Siemens healthcare sector is one of the world’s largest healthcare providers. Its core
competencies are diagnostic and therapeutic technologies as well as knowledge processing,
information technology, and system integration.
We developed the SUNS, a machine learning framework which can be used to support medical
decision, for example for physical to make decision on diagnosis and treatment for patients in clinics
and for radiologist to make laboratory diagnostics based on radiological reports. In such cases SUNS
takes all relevant information and knowledge into account, for example patient’s properties such as
age, sex, gene, treatment history, family, etc and the diagnosis/treatment of other patients who have
similar profiles or have suffered from same diseases.
6.4.3

Internet of Services

Nowadays the internet is not only a commonplace to sell products and content such as music and
videos. Many consumers and companies are willing to provide or consume Web-based services on the
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Internet such as Amazon EC2, iPhone apps, and Web-based job searching and recruiting. The web
services are getting more and more popular and the number of the web services is rapidly increasing.
Compared to common products it is much more complex to describe web services, since various
aspects have to consider such as security, trust degree of the provider, payment as well as how to
evaluate the quality, how to charge the fee etc. Equally the recommendation of web services needs to
take all those aspects into account and should be able to provide an underlying ranking of web
services according to user’s requirements and preferences. The SUNS framework is suitable for such
recommendation engines to handle large scale and complicated data and knowledge bases.
6.5

Ontotext

Ontotext is a software technology company that specializes in the area of semantic databases, search,
web mining and data Integration. The company delivers innovative products and solution utilizing
RDF infrastructure enabling the integration of reasoning and semantic analyses algorithms. In the
context of LarKC Ontotext developed the following key technology assets:
6.5.1

Semantic Database Infrastructure

OWLIM is one of the leading RDF semantic databases in terms of robustness and scalability. It is also
one of the core platform components that enable the overall system scalability of LatKC. In the
context of LarKC project Ontotext achieved improvments in its robustness and increased the number
of supported use cases. The major exploitable aspects are:
•

•

•

•
•

6.5.2

BigOWLIM replication cluster – it is a high performance cluster that virtually enables
unlimited number of concurrent user read requests. This technology contributed significantly
to the completion of the project BBC 2010 World Cup Website.
OWLIM Plugin API – it is a low level plug-in API interface that emerged from the LarKC
selector requirements. The interface is complementary to the LarKC plug-in architecture and
allows the tight integration of very I/O intensive components with the underlying storage
engine.
OWL2RL support – the OWL2RL standard naturally emerged from the need of the
industrial vendors like Ontotext to develop a standard ontology language balancing
predictable computational complexity.
Consistency checking rules – this technology feature makes possible the support of wide
range of use cases associated with semantic data integration.
WebPIE distributed inference integration – WebPIE is excellent piece of work that breaks
the scalability barriers in the reasoning over large amounts of data.
Semantic Data Integration

Linked data is a promising technology for reducing the complexity of combining data from multiple
sources and resolving classical integration problems related to the information accessibility. An
important emerged aspect in the LarKC project and it use case is how to generate high-quality RDF
data that can be used for reasoning. As result of the project development Ontotext developed multiple
exploitable assets:
6.6
6.6.1

Softgress
SIM – Semantic Instrumentation and Monitoring

LarKC is developing a distributed platform for incomplete reasoning based on a pluggable
architecture. The platform allows other users to plug their own components, known as plug-ins in
LarKC terminology, into the platform, to run and test them by performing large scale experiments. As
with any distributed system, a vertical service that is always required is instrumentation and
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monitoring of the system components and of the system as a whole. Such a service enables LarKC
users to observe if, and how well the system and its components are performing. In WP11, Softgress
is developing, a generic solution for instrumentation and monitoring for large scale applications. This
solution, called Semantic Instrumentation and Monitoring (SIM) is applied in the context of LarKC
platform, workflows and plug-ins.
The methods and tools developed in LarKC by Softgress as part of SIM, will be used to customize
and extend existing Softgress solutions with instrumentation and monitoring capabilities. One
concrete software solution that Softgress is developing for one of its customers is a sales system for
domain names on Internet. It is planned to instrument and monitor this solution, which is as well a
large scale, distributed system, using SIM.
\
Softgress intends to further develop, promote and exploit SIM after the end of the project. SIM is
being developed as an open source project being available from https://github.com/semantic-im/. We
will engage interested research and developers and try to build an open source community for
semantic instrumentation and monitoring. As the source code is and will remain open source,
Softgress will also offer consultancy and support on how to use SIM, e.g. how to install, deploy SIM,
how to instrument and monitor distribute applications, etc.
6.6.2

parIRIS – Parallel IRIS

Developing reasoning techniques that scale to the Web level is the main goal of the LarKC project.
With this goal in mind, Softgress together with University of Innsbruck has developed a distributed
and parallel rule-based reasoner that consumes rules compliant with the RIF-Core specification, and
makes it possible to apply and combine them with RDF data-sets by integrating RDF repositories. The
resulting reasoning system, which we call parIRIS, is the parallel, distributed version of the IRIS
datalog reasoner48. parIRIS is available at http://github.com/distributed-iris-reasoner/distributed-irisreasoner under the terms of the Apache 2.0 license. Softgress will offer consultancy and support on
how to use parIRIS. Softgress will customize and integrate parIRIS in applications developed for its
clients where reasoning with large data sets is required. parIRIS will developed further developed and
optimized in terms of performance for specific scenarios.
6.7

UIBK

UIBK is currently exploiting or planning to exploit LarKC results in other European research projects,
such as Envision49, Support50 and e-Freight51. The methods and algorithms developed in LarKC for
storing and reasoning with very large amount of data will be adapted and further extended to meet the
requirements of the previously mentioned projects. In the Envision project, which aims to build an
infrastructure to support non ICT-skilled users in the process of semantic discovery and adaptive
chaining and composition of environmental services, the environmental data coming from live sensors
represent and excellent use case to test LarKC reasoning capabilities in real time on very large and
noisy data streams. Processing and reasoning over data streams is a challenging task that is gaining
considerable attention given the increasing number of applications that publish online streams of data
such as Twitter, Facebook, etc and the multitude of sensors that generate streams of information from
real world. In the Support and e-Freight projects, UIBK is planning to exploit not only the methods
and algorithms developed in LarKC, but also the architecture and design principles behind the LarKC
platform. Support aims to raise the current level of port security by integrating legacy port systems
with new surveillance and information management systems. e-Freight on the other hand aims to
facilitate the use of different transport modes on their own and in combination, to obtain an optimal
and sustainable utilisation of European freight transport resources. Both projects use as underlying
architecture is based following the Semantically Enables Service Oriented Architecture, shortly
48

http://www.iris-reasoner.org/
http://www.envision-project.eu/
50
http://www.supportproject.info/
51
http://www.efreightproject.eu/
49
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SESA, has been currently rethought and aligned with the architecture and principles (modular,
pluggable, scalable) of the LarKC architecture. LarKC architecture is being adopted and customized
to meet the needs of a scalable architecture that supports data and services consumption on a large.
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7 Use Cases
7.1 Urban Computing
In the context of WP6, the Urban Computing use case, we have developed a number of demonstrators
that use the LarKC platform and its plug-ins to provide some end-user functionalities.
In this section we provide a list of the developed proofs of concepts; furthermore, since the two
partners mainly involved in this use case have very different exploitation profiles (CEFRIEL is a notfor-profit company, while Saltlux is a profit company), we also offer a brief vision of exploitation
potential.
7.1.1

Proofs of Concept Based on LarKC

7.1.1.1 Routing (with and without traffic predictions)
Within the project CEFRIEL, with the support of Siemens, developed the Traffic LarKC application52
that allows for computing the “most desirable path” (cf. LarKC deliverable D6.5) within the Milano
urban area. This proof of concept demonstrates the feasibility of using the LarKC platform to
integrate different algorithms within the same application53. In this case, the proof of concept uses: (1)
recurrent neural networks to compute traffic predictions, (2) operational research algorithms to
compute the shortest path given the desired policy and (3) traditional SPARQL querying.
7.1.1.2 City exploration (point of interest, and events)
Within the project CEFRIEL developed the Urban LarKC application54 that allows for finding points
of interest within the Milano (Milan) urban area. This proof of concept demonstrates the feasibility of
using the LarKC platform to integrate different user requests within the same application55. In this
case, the proof of concept can: (1) find monuments, (2) check relevant events happening in the city on
a specific time-date and (3) calculate the shortest path to reach one of those destinations, as per the
aforementioned application.
7.1.1.3 Road sign management
Within the project Saltlux, with the support of CEFRIEL and VUA, developed the Seoul Road Sign
Management (RSM) application. This proof of concept pilot system based on LarKC platform was
designed to provide commercial feasibilities of LarKC and its architectures. The RSM was developed
as a real-world use-case and service system for Korean government. This pilot project has achieved
three research goals: (1) data modelling and integration of huge linked geo-data, point of interest data
and road sign data set, (2) developing a real working application for intelligent road sign management,
(3) designing a LarKC-platformbased scalable architecture for complex querying and reasoning. We
successfully developed this use-case based on a huge and heterogeneous geospatial and urban data set,
and we found several key benefits of LarKC platform from this use-case like : (1) easy integration for
distributed huge data set, (2) powerful query and reasoning for linked data set, and (3) flexibility and
extensibility for building applications.

52

http://larkc.cefriel.it/traffic-larkc/
IEEE Intelligent Systems paper currently under revision
54
http://seip.cefriel.it/alpha-Urban-LarKC/
55
Emanuele Della Valle, Irene Celino and Daniele Dell'Aglio: "The Experience of Realizing a Semantic Web
Urban Computing Application", Special Issue of Transactions in GIS, Volume 14, Issue no. 2, pages 163–181,
DOI: 10.1111/j.1467-9671.2010.01189.x, Wiley-Blackwell, April 2010.
53
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7.1.1.4 Application of location-based social media analysis
Within the project CEFRIEL, together with Saltlux and Siemens, developed a location-based
application for social media analysis, named BOTTARI. This proof of concept system based on the
LarKC platform was designed as a social media analysis framework to gather, process and extract
information from tweets and blog posts of Korean users about the points of interests (POIs) in the city
of Seoul. First BOTTARI analyse the “sentiment” of users with regards to POIs and then passes this
information to a LarKC workflow; this workflow uses several techniques to provide POI
recommendations: (1) personal recommendations: BOTTARI suggests users some POIs they could
like on the basis of their past social activity; (2) popular POI recommendations: BOTTARI suggests
users the top 10 POIs according to all users’ social activities; (3) emerging POI recommendations:
BOTTARI suggests users the most appreciated POIs according to the analysis of what’s on fashion in
the latest time-window; (4) contextual recommendations: BOTTARI suggests users with POIs that are
more suitable in a specific context, e.g. for foreign visitors. On top of the LarKC platform, a locationbased and augmented-reality Android application was developed to provide BOTTARI functionalities
to users in mobility.
7.1.2

CEFRIEL Exploitation Potential

The approach followed by CEFRIEL in the development of the aforementioned proofs of concept is
graphically represented in Figure 16; within CEFRIEL, this process is usually known as “InnoLab
model”. Starting from customer requirements, we integrate research results with the most innovative
technologies available on the market, designing new solutions that adhere to target constraints and
prove their value in the short period.
The centre activities aim to cover different phases of the innovation cycle: technology scouting,
feasibility studies, prototypes development, full products/services or component development, field
assessment of new technologies or solutions.
The distinctive characteristic of CEFRIEL is its ability to pick-up from the academic competencies
and, at the same time, to realize, side-by-side with our customers, concrete projects with the time,
quality and cost required by the market.
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Figure 16: CEFRIEL approach as per its InnoLab model

In LarKC, the proof of concept development was motivated by the interaction with potential
“customers” (AMAT – Milano Agency for Mobility, in the case of the Traffic LarKC and Urban
LarKC applications, and KICT – Korean Institute for Construction Technologies, in the case of the
Seoul RSM application); the design and development was carried on in collaboration with academic
partners (like Politecnico di Milano) and industrial partners (like Siemens and Saltlux). The proofs of
concept could eventually lead to further prototypes in collaboration with the potential customers.
The exploitation potential of LarKC results for CEFRIEL therefore can be concretized in one of the
following ways:
•

Further interactions with the “customers” already contacted during the LarKC project (AMAT
and KICT) to activate new innovation projects to extend the proofs of concepts developed
during the project.

•

Contacts with other additional customers that, on the basis of LarKC demonstrators,
understand the added value of the technology and activate new innovation project to apply the
same approach in the customer specific environment.

7.1.3

Saltlux Exploitation Potential

Saltlux, Inc. is one of well known commercial companies who provide semantic technology and its
applications. Saltlux plans to exploit LarKC platform and developed technologies within the B2B and
B2C market as well.
Saltlux has its own product SOR that is a semantic data warehouse with the functions of triple
repository, query and reasoning. Current major customers who are using SOR are KT who is largest
telecom company in Korea, Samsung electronics, Korean government and etc. Saltlux has started an
internal project to integrate LarKC platform and SOR together. Saltlux will release new version of
SOR with LarKC technology by the end of the year 2011 to support huge scale data analysis and real
time intelligent service system. The new SOR powered by LarKC will be used for:
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•

Geo-semantic service platform: geospatial information system is evolving toward more
heterogeneous and intelligent platform. LarKC technology could be used for developing geosemantic service systems.

•

Social network analysis: social network and social media services affect a daily life of urban
citizen. LarKC platform will be used for analyzing social network and social media to
understand social trends and issues in the world.

•

Open government data: many governments including EU countries, Korea and Japan have a
plan to develop service sites to open and utilize government data like data.gov and data.go.uk.
Korean government planed a project to make data.go.kr web site with the concept of LOD. In
this case, LarKC could be one of best candidates to support sparql endpoint.

Saltlux is developing an intelligent mobile application “BOTTARI” based on LarKC platform.
BOTTARI is a geo-social search and recommendation apps working on Andriod. LarKC is used for
server side platform to handle huge and real-time data including social data stream and semantic
geospatial data. Hybrid reasoning architecture and stream reasoning technologies are considered to
analyze social media and location based social network. BOTTARI will be distributed free in charge
on Android app market.
7.2

Early Clinical Development

Improved data interoperability and better methods for interpretation have high priority within
pharmaceutical companies in their endeavor to improve the early clinical development process and
success rate.
In LarKC we have developed tools to assist scientists to understand the complexity of diseases and
biological processes by making heterogeneous data sources interoperable and integrated in Linked
Life Data, LLD. The LarKC platform provide unique opportunities to “play” with different strategies
when interpreting the data, i.e. by exchanging, moving around or/and developing new plug-ins. User
interaction tools for scientists customized for specific scenarios is developed to help scientists to
leverage from the knowledge repository.
The advanced semantic data integration applied together with the flexibility offered by the LarKC
platform to apply customized strategies when interpreting data have opened new opportunity for
pharmaceutical companies to utilize internal and external heterogeneous genes-proteins-pathwaystarget-diseases-drug-patient data.
The result of our effort open several opportunities for exploration:
•
•
•
•
7.2.1

A “web” scale capability to manage heterogeneous genes-proteins-pathways-target-diseasesdrug-patient data into one quearble knowledge service, LLD.
An improved ETL process to extract structured knowledge from text aligned with LLD.
A platform to develop flexible novell strategies how to interpret heterogeneous data,
An interactive tool for scientists to interact with the LarKC platform.
LLD knowledge Base and Service

LLD service aggregates more than 25 popular biomedical data sources that cover information from
gene, protein, target, pathway, disease, drug, and patient. The asset is being used in multiple
scenarios:
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•

•
•
•

7.2.2

Source knowledge base for further development of solutions. Such a notable example is the
causality mining work that provides high quality causative links derived from LLD primary
data sources
Rapid prototyping of biomedical text-mining applications that brings into play
terminologies, biomedical entities and related meta-data. Refer SLAM case study.
Linked data service that exposes resources on the web
Cycorp Europe’s parent company (Cycorp) is using LLD in performing a National
Library of Medicine funded research project in automated reasoning about causal
pathways in osteoporosis.
RDF Warehousing Methodology

The integration of 25 data sources resulted in a methodology and a workflow to manage the addition
and update of new information. The developed expertise is an exploitable result on its own
7.2.3

LLD Semantic Data Integration Tools and Applications

In the process of development of the RDF warehousing methodology the use case implemented a
number of tools to assist the integration process.
7.2.4

Knowledge Exploration Tools for Scientists

7.2.4.1 LarKC platform as a flexible research platform for Health Care and Life Science
(HCLS)
The flexibility provided by the LarKC workflow in combination with the huge resource of interoperal
heterogeneous genes-proteins-pathways-target-diseases-drug-patient data opens exploration
opportunities to provide services around deployment and utilization.
•

•
•
•

A LarKC platform deployment that functions as a tool alongside scientists to explore new
opportunities to interpret data and thereby mitigate the complexity they struggle with
presently.
Potential customers are companies and authorities within the HCLS domain.
Could be deployed by internal resources or as a service provided by expert service provider.
Critical components for success will be usability, i.e. the capability to move the possibility to
experiment with analyse strategies without having a computer scientists/bioinformatician in
his knee.

7.2.4.2 Plug-ins
A successful deployment of the LarKC platform in the HCLS domain will require sufficient supply of
plug-ins.
The LarKC platform used for science will require powerful plug-ins. Within a workflow there are
several opportunities for plug-ins providers;
• Causal mining
• Ranking of result
• Query improvement
• Heuristic support, LarKC have developed methods to capture user interest, e.g. by exploring
publication history. This can be developed and very useful as a plug-in both for selection and
prioritisation.
• Selection
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7.2.5

Knowledge Work Bench for Causal Mining

Complex problems/unknown relations are common in pharmaceutical research. Therefore it’s
desirable to have a tool where scientists and the “computer” can work together and evolve the
understanding of the problem/relation.
In LarKC we are developing an application that will allow scientists to interact with the knowledge
repository” to come up with potential hypothesis to explain problems/relations. We use causal mining
to generate hypotheses and CYC for natural language interaction with the scientists.
Cycorp Europe sees two potential models for the dissemination of this work-bench. In one, the system
is licensed to individual research scientists and research organisations to make it practical for them to
apply automated inference to support fast-turnaround analysis of the huge and constantly changing set
of biomedical data resources. It is likely that two presentation versions will be needed – Software-asa-service, for scientists who want to explore public data (as in LLD), as conveniently as possible, and
local-installation, for organisations which also have large, proprietary data sets which they wish to use
in combination with public data. In some cases, intermediate “secure SAAS” solutions may be idea.
In the case of companies with their own data, Cycorp Europe envisions an additional business of
supplying consulting for integration, and custom or additional connectors (e.g. a SAS dataset reader)
to allow data integration using the Cyc SKSI facility integrated with the LarKC-based workbench.
The second main model for this workbench is the development of an integrated analysis capability for
causal pathway reasoning, enabling e.g. the search for possible side-effect pathways during early
clinical development. These analysis capabilities would be offered to Pharmas and Clinical Service
providers as a service.
7.3
7.3.1

Cancer Research
Exploiting LarKC for Discovery of Gene-Disease Associations

In a typical Genome Wide Association Study (GWAS), experimental data is collected on the
associations between several millions of SNPs and the disease under study. These associations are
expressed as odds ratios (OR) calculated from SNP expression in patients relative to controls. The
numbers of SNPs examined mean that large numbers of patient and control samples are needed to
make the analysis useable and reliable. With even a few thousands of patients and controls, p value
thresholds must be in the order of 10e-6 or less before significance can be claimed for an individual
SNP. In addition, most studies do not make use of any previous knowledge that might have been
published about particular genes and the disease.
The LarKC project has implemented Bayesian False Discovery Probability (BFDP) on the LarKC
platform. BFDP works by taking into account prior knowledge about genes, and combining it with
posterior experimental data in a Bayesian model. So if, for example, we already know that a gene has
been associated with the buzz experienced on smoking cigarettes, then we can take this into account
when calculating the relevance of experimental results about this gene in lung cancer patients.
Prior knowledge about genes is buried in the text of scientific papers, and so to make use of it in
BFDP we use text mining to find those papers that discuss particular genes, diseases, anatomy, drugs
and so on. Our experiments have shown that typically, the technique requires half the data used in a
typical GWAS to achieve the same results, and gives a large cost saving. A result like this is clearly
exploitable. Most GWAS are conducted by publically funded laboratories, who make their results
public, and who have a tradition of providing free informatics services to the wider genetics
community. The most likely exploitation path would therefore be to obtain research funding to
provide a free, we-based service. It is also possible that pharmaceutical companies may be interested
in setting up an internal GWAS BFDP service, and this should be explored.
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The LarKC GWAS service could also, with minor adjustments, be exploited by applying it to to other
similar genetic experiments:
•

Studies of gene-environment interaction: Many complex diseases display large differences in
incidence when comparing geographical regions and ethnicities. Examples of such diseases
include multiple cancers (e.g. colorectal cancer, lung cancer, stomach cancer and head & neck
cancer), as well as diabetes and cardiovascular diseases. It is becoming widely accepted that
these differences are not only caused by their genetic makeup and exposure of important risk
factors by themselves, but also by the joint effect of the genetic and environmental exposure
acting in synergy. This phenomenon is usually referred to as gene-environment interaction
(GxE). However, one of the main obstacles in studies of GxE is the lack of sufficiently large
studies that are needed to attain sufficient statistical power, in particular when taken to the
genome-wide level. The LarKC GWAS methodology would seem perfectly suited to be
applied to GxE studies.

•

Studies of epigenetics: One of the areas in cancer research that is currently receiving a lot of
attention is epigenetics. Epigenetics refer to studies of how differences in gene expression can
be affected by other factors than the underlying DNA sequence. An example of this is
methylation in which methyl groups are added to regulatory regions of genes, i.e. CpG sites,
and thus causes the gene to stop being expressed. Genome-wide methylation assays are
currently becoming available which enables the possibility to conduct agnostic studies to
detect methylation patterns that are associated with cancers. The LarKC technology could be
easily adapted to these studies, much in the same way as in the genome-wide SNP studies.

•

Studies utilizing whole genome-sequencing: Perhaps the most exiting novel technique in
medical science is the development of 2nd generation sequencing which enables interrogating
each single base of the genome, a procedure that previously took years. One application of
this novel technique is sequencing the exome, i.e. the coding gene regions that span
approximately 1% of the whole human genome. Sample size and power are major issues in
exome sequencing studies, and the LarKC gwas methodology should be easily applicable to
these type of studies.

7.3.2

Incorporating Unbiased and Informative Knowledge Attained from the Medical
Literature into Genome-wide GxE Interaction Studies

We propose a method for incorporating unbiased and informative knowledge attained from the
medical literature into genome-wide GxE interaction studies, the AdAPT method. AdAPT is
innovative as it fully integrates large-scale semantic text-engineering techniques with a Bayesian
statistical framework. The resulting measure of noteworthiness will be influenced by the statistical
strength of the GxE interaction and the wealth of evidence from the medical literature, as well as the
power of detecting an association.
Specific innovative aspects include the following:
•

In order to retrieve highly relevant and specific information, state-of-the-art text mining and
semantic annotation methodologies will be incorporated in AdAPT. We will annotate texts
based on concepts in standard biomedical ontologies, using GATE, the highly regarded and
popular open-source natural language engineering platform.2 This will help to overcome
problems of investigator bias, ambiguity and synonymy in text retrieval, and will also allow
us to distinguish papers reporting positive findings. We will use GATE's Cloud software
infrastructure to scale text mining to both PubMed abstracts.

•

By incorporating LarKC’s Linked Life Data (LLD, URL: http://linkedlifedata.com), we will
broaden the search for prior evidence beyond the medical literature, and include information
from additional biomedical data sources (e.g. incorporate information from expression
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databases). Novel combinations of both text and linked data searches will be feasible by using
the Mimir multi-paradigm index,8 also developed within LarKC. The final AdAPT
methodology will be implemented in a publicly available search engine, and using LLD,
MIMIR and Gate Cloud will make it computationally feasible to conduct complex searches
over large data sets.
•

In addition to providing the statistical methodology for incorporating AdAPT priors into
classical interaction models, we also propose a novel and potentially powerful statistical
framework for modeling GxE interactions. This framework gains efficiency by assuming that
GxE interactions will only be present if genetic main effects are also present, an assumption
that holds under most interaction models.

We here propose to further develop the AdAPT methodology, take full advantage of available text
mining techniques, and to adapt it to GEWIS. The project has been divided into three overarching
aims:
• To further develop and incorporate semantic technologies in the AdAPT text-based
information retrieval.
• To provide an open-access web-service which incorporates AdAPT technology.
• To provide the statistical framework required for incorporating the AdAPT methodology in
GxE studies.
7.3.2.1 Incorporating natural language processing and semantic methodologies into AdAPT
Specific aim 1: Bayesian techniques are appealing as a means of incorporating prior knowledge in
large-scale genetic association studies, but it is difficult for investigators not to infer their own
predisposed ideas and hence, bias the priors. In our preliminary experiments we assigned keywords
relevant to the phenotype of interest manually (see Preliminary results above), and while these
experiments provided proof-of-principle evidence for the method, the results will arguably be biased
by our choice of keywords. We will therefore explore techniques to automatically derive keywords
based on the complete body of PubMed abstracts and the phenotype of interest.
Our initial experiments in this area generated keywords using simple techniques based on classic
information retrieval algorithms (e.g. Term Frequency Inverse Document Frequency [TFIDF]).14
While these initial results were promising, the keyword lists generated were not perfect and included
some non-relevant terms (noise). We will overcome this noise by using semantically annotated texts,
i.e. those in which terms are linked to external ontologies. This will allow us to incorporate
information from biomedical data and knowledge bases to decide on the relevance of keywords, thus
reducing noise and increasing the relevance of the generated keyword list. We have begun to explore
these ideas with preparatory work using Random Indexing.15
Specific aim 2: The use of semantically annotated texts will also allow us to move away from
searching for specific keywords in text. Instead of searching for a potentially ambiguous term, or
missing a synonym for a search term, searches will be for precisely defined concepts as given in
standard biomedical ontologies. Importantly, by incorporating semantic techniques we will also be
able to distinguish papers reporting positive findings to those reporting null findings, and take this
into account when assigning priors.
The initial experiments have concentrated on searching for prior evidence in the biomedical literature
(see Preliminary results above), i.e. PubMed abstracts, and have made only limited use of other
sources of biomedical knowledge, such as the wealth of gene, protein, pathway, and other databases
available. We will extend our search algorithms to incorporate these other sources, making use of
recent advances in the linking of data with standard knowledge representation and ontology languages
such as Resource Description Framework (RDF) and the web ontology language, OWL (url:
http://www.w3.org/). In the current implementation of the AdAPT search engine, we have moved in
this direction by using a large RDF triple store to index links between genes, SNPs, and the literature.
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We will further leverage on these technologies by developing search queries that connect multiple
knowledge sources to our existing text indices. An example of such data sources is gene expression
databases that can provide information of genes that are differentially expressed in specific tissues,
e.g. lung cancer tissue.
While the techniques for Specific aims 1 and 2 are all in place, incorporating them into the AdAPT
search engine will require extensive calibration and testing. As an example, optimal thresholds for
automatically generated keywords will be decided by applying AdAPT to real data and evaluating
which strategy generates the best results for known susceptibility loci and interaction signals. This
will be done using GWAS data that are available in-house at IARC for a wide range of endpoints, as
well as assigning priors for other phenotypes for which a large number of susceptibility loci have been
identified (e.g. prostate cancer, breast cancer, diabetes, and height).
7.3.2.2 Developing the AdAPT open-access web service
Specific aim 3: We intend to make the AdAPT technology publicly available to the research
community via a web service with a simple user interface capable of computing prior probabilities in
realistic times. A working prototype of this user interface is available at url:
http://services.gate.ac.uk/lld/gwas/service/, providing access to prior probability calculations using
both text-based evidence retrieval, and simple semantic annotation based evidence retrieval. The
prototype implementation uses a simple model of prior assignment based on the rules in Box 1 for any
SNP listed in dbSNP. We will extend this to include all technologies of Specific aims 1 and 2. The
interface will provide the user with both pre-defined queries for important endpoints (e.g. common
diseases), and allow them to define their own arbitrary queries. Performing such complex queries over
large collections of text and data sets simultaneously is computationally expensive, and we will use
proven Cloud based compute technologies to provide a robust platform for the search engine.
Distributed Indexes will be based on the Multi-Paradigm Information Management Index and
Repository (MIMIR) and OWLIM text processing8 on GATE Cloud, thus providing the opportunity to
include additional data sources, e.g. pathway and expression databases that may be specifically
relevant for some endpoints. Here we will also take into account functionality of individual SNPs, as
well as linkage disequilibrium.
Notably, the web service will not require the user to upload their results from GWA analyses for
online BFDP calculations as this might cause data confidentiality concerns. Instead we have decided
to provide the user with scripts for common statistical packages, e.g. SAS, STATA and R, allowing
them to combine prior and association results offline.
7.3.2.3 Statistical framework for incorporating BFDP estimates in GxE studies
Specific aim 4: The first prototype search engine only included information on the presence of
keywords in abstracts associated with a specific gene. In the final implementation of AdAPT we will
also provide information on the frequency of keywords and key concepts in the abstracts. Achieving
Specific aim 1 will also allow us to move away from the finite weighting of keywords/concepts, and
assume a continuous weighting. Considering the example of one data source, e.g. PubMed abstracts,
and a set of m keywords/concepts, associated with weights wi ( i ∈ 1,..., m , 1 = w1 < w2 < ... < wm ). We
will use a logistic function to model π i = Pr (Noteworthy _ signal .[Y ] prior _ inf .[Z i ]) for SNP i as
POY Z = exp (α + β1Z ) where Z ∈ 0 /1 and β1 = log ( Pr1 (1− Pr1 ) ) − α . Subsequently, for each gene the

AdAPT provides a set of “occurrences” in abstracts I i ...I m and the prior score is given by
Z = ∑ wi I i ∑ wi ni . This can be readily extended to include additional data sources, e.g. expression
databases (Specific aim 2). In order to estimate the Bayesian false discovery probability
(BFDP = ABF × PO ( ABF × PO + 1)) , an estimate of the Approximate Bayes Factor (ABF) is needed.1
The ABF can be estimated given a point estimate and standard error only. For the purpose of G × E
studies, consider the classical model PrY / (1− PrY ) = exp (α + θ gG + θe E + θ geG × E )* , where G is a binary
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marker indicator (for example G = 0 / 1 for 0 or 1/2 copies of the minor allele), and E is a binary
exposure measure. The indicator variable H ge = 0 corresponds to θ ge = 0 and H ge = 1 to θ ge ≠ 0 . After
fitting * it is straightforward to calculate the ABF from θˆge and se(θˆge ), and subsequently BFDP
according to box 2 which corresponds to Pr(H ge = 1 data) . Here 'data' includes both the information from
the association results, as well as the prior information used to evaluate the probability of θ ge = 0
estimated using AdAPT. This can readily be extended to more complex models, including continuous
measures of E, as well as multivariate θ ge .
While the above modeling of * is straightforward to implement, in order to achieve higher efficiency
we also propose an alternative framework for modeling θˆge and θˆg jointly using a hierarchical
Bayesian framework. Briefly, we assume that GxE interactions will only be true in the presence of
genetic main effects, i.e. θ g = 0 ⇒ θ ge = 0 , which is likely to be valid in most situations. By
estimating the prior probabilities for θ g = 0 and θ ge = 0 using AdAPT, we are interested in finding
Pr (H ge = 1 data )

(Pr (data H

ge

which

) (

under

the

)) Pr (data H
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g

be calculated by integrating over all plausible θ g and θ ge . Source code for implementing the above
mentioned models, as well as alternative multivariate interaction signals, will be provided for
common statistical packages, including R, SAS, and STATA.
7.3.3

Future Prospects

It is important to note that the techniques developed in this project are not limited to applications in
GWAS and GEWIS, but also any other study design in which a large number of genes are
investigated. Examples of such studies include whole-genome exome sequencing studies by 2nd
generation sequencing techniques and whole-genome methylation studies. We are currently involved
in a large scale re-sequencing effort of renal cell carcinoma (RCC, CAGEKID, URL:
http://www.cng.fr/cagekid/), which aims to identify driver mutations by whole-genome sequencing of
100 tumors, and whole-genome exome sequencing of 400 tumors. Promising findings from the first
two phases will subsequently be validated in an additional 2,000 tumor samples, and we plan to utilize
AdAPT when selecting regions for validation. Overall, we envisage methodologies incorporating
unbiased prior information - such as AdAPT - to prove instrumental in future large scale genetic and
genomic studies.
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8 IPR Plan
European projects serve several purposes: centrally, they seek to advance human knowledge and its
contribution to the wellbeing, security and comfort of humanity. Additionally, though, they seek to
broadly advance European competitiveness and European cohesion. To this end, they include a broad
mix of reseach institutions and organisations, small and medium enterprises, large industrial
combines, and, sometimes, individual researchers. Managing the very disparate needs of these
participants, the needs of European society, and the general good, requires beneficiaries of IP funding
to think carefully about how the fruits of their research efforts will be made available, both within and
outside the consortium.
LarKC is a particularly interesting, and perhaps challenging case. It is explicitly modelled on largescale physics research infrastructure, which has conventionally been entirely publically funded,
directly or indirectly by universities and national labs. The similarity with LarKC is that what is being
created is infrastructure that enables experimentation at the cutting edge of a field (automated
inference, broadly construed) at vastly reduced cost, and by and expanded group of researchers. But
there are differences: in LarKC, many of the participants must provide some of their own support and
therefore are under internal pressure to justify participation; it also differs greatly from the physics
cases by virtual of the fact that LarKC is software, and once created can be replicated at little
additional cost.
The LarKC consortium has tried to balance the fact that, as infrastructure, LarKC will provide the
greatest ROI if it is made useful (by virtue, inter alia of being useable and available) to as many
people as possible, with the needs of consortium members. In case of a potential conflict, it has erred
on the side of promoting the public good via openness. Generally we have adopted licences, and for
that matter, development and distribution practices that put as few barriers as possible in front of
potential users and contributors, whether they are from the private or public sector.
8.1

Platform vs. Plug-ins

This aim at minimising barriers has resulted in two somewhat different approaches to licensing the
LarKC platform itself, licensing of plug-ins that are produced within and outsider the consortium, and,
for practical reasons, to licensing of the reference data-layer implementation (OWLIM) provided with
the LarKC releases during the IP.
8.1.1

Licensing for Maximum Platform Adoption

Since the once cannot use LarKC at all without the platform, and since all LarKC users, including
possible commercially-interested plug-in producers, benefit from there being as much use, testing, and
development work in the platform as possible, the platform is developed in public, on the
SourceForge code development platform, and is provided under an Apache 2.0 licence. This licence is
compulsory within the consortium for platform code contributions and releases. The most salient
features of this licence, and the chief reasons for its adoption by the consortium, are: it does not
interfere with the ability of contributors or users to combine or use the LarKC platform with other
code, irrespective of the licensing requirements of that code (in this respect it is superior to GPL and
other “viral” licences, which impose licensing requirements which some organisations may not be
able to fulfil on code combinations); it includes an explicit patent grant (and therefore avoids the
possibility that a user may, while having a licence to run the code, violate a patent by doing so, a
possibility with CC 0, BSD, MIT and similar licences); it is widely used and respected, lowering the
barrier to understanding the licence.
8.1.2

Licensing for Maximum Plug-in Production

While many of the plug-ins produces by the consortium were produced and released under the Apache
2.0 licence, they are not necessary for the operation of LarKC workflows (generally – of course a
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particular plug-in may be needed for a particular workflow) and therefore the inability of a particular
user to accept a plug-in’s licence is a substantially lower barrier to use than in the case of the
platform. For this reason, while the consortium favours plug-in licences that are as free as possible,
and strongly discourages the use of highly contagious licences such as GPL, it is not averse to plugins being externally produced and distributed under a variety of licences (including e.g. BSD, LGPL,
CC 0, etc).
The rationale here is that plug-in licences viewed as somehow undesirable can be avoided fairly
readily and selectively by potential users or contributors without substantial harm to their ability to
use LarKC generally, and that therefore the balance should favour potential producers of plug-ins,
who may have good reasons of their own not to wish to adopt the Apache 2.0 Licence. In this way, the
consortium hopes to foster a larger community of plug-in and workflow designers and developers.
8.1.3

Data Layer Licensing

Although the current LarKC data layer has a single implementation (OWLIM from Ontotext) it is
potentially fairly readily replaceable by another assertion store, and it seems likely that sustained
development on LarKC would lead to the testing of alternatives. Moreover, the OWLIM triple store is
a major product of Ontotext, and releasing it as source under an Apache 2.0 licence would be a
significant hardship to the company56. For this reason, the data layer is provided under a no-cost
licence for a limited functionality executable version.
8.2 Patent Protection for Platform Techniques, c.f. Plug-ins and Workflows
The consortium allows its members to seek patent protection for techniques that have been developed
in LarKC, under the proviso that, if they are incorporated in the platform, they are subject to the
compulsory grant of licence in the Apache 2.0 Licence. The consortium does not appear to have a
unified opinion on the desirability of such patents with respect to the LarKC project goals. The
consortium is aware of only one patent application, by Siemens, with respect to techniques developed
within LarKC, for a technique intended for use in a plug-in.

56

It may be worth noting though, that Cycorp Europe did release a very large body of pre-existing product code
under an Apache 2.0 Licence, with source, as part of the platform, and this sort of release is encouraged.
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9 Conclusion and Recommendations
The LarKC market observation (as part of the project) indicates that mainstream business is adopting
semantic technologies and making acquisitions related to big data. Google and Face-book are
adopting semantic technologies and providing semantic Web services. This will push standards and
lower the barriers for adoption of semantic technologies. Leading companies are seeing big data
analytics as an area to be embedded into their solutions infrastructure. IBM acquired Cognosas and
Netezza for $1.7 billion. Oracle bought Exadata and Hyperion, and SAP got Business Objects. The
big data acquisitions by large companies and also Venture Capital investment indicate the future
market significance of big data. The market potential for big data is evolving rapidly, driven by
innovation in the underlying technologies, platforms, and analytical capabilities for handling data.
What can LarKC contribute to the market and the Future Internet? How does LarKC participate in the
market and the Future Internet?
The two most important capabilities LarKC can offer are:
1. LarKC platform open and free, but further services will be charged.
LarKC could be an umbrella platform for a number of small and more focused plug-ins. Each
one built for a specific customer subset, as opposed to one for all customers. LarKC could
consider offering a very limited amount of choices at a time, along with a brief, engaging
description of each offering. The alternative is to make a combination of pre-selected, limited
set of work-flows/plug-ins as well as a large set of plug-ins. Amazon, offers both schemes:
pre-selected "recommendations" as well as unlimited free text searching. Facebook is
valuable to many people because it represents a more orderly alternative to the web. It's a
controlled environment, a structured environment. It sets the rules."
2. Data aggregation and analytic services.
LLD Collects and caches data from different sources and then integrates them into one
common framework. Additionally it is providing a single, trusted access point to the data.
This provides a very valuable service that will enable a number of applications to proper
function and display integrated data from the Semantic Web.
The markets to benefits from LarKC innovations are:
Big data can enable more than $300 Billion a year value in US Healthcare. LarKC can make a
significant contribution to the efforts of using big data intelligently. LarKC data-based analytic assets
include machine-learning, reasoning, statistical and rule-based technologies. LarKC could make data
more accessible and create useful insights from data-driven analysis. LarKC LLD new business model
offers Information and data as a service: it could aggregates and analyzes data to provide data and
services to third parties.
LarKC can also contribute to the efforts of Europe government administrators to save in operational
efficiency. Significant value can be captured by making data available, transparent and applying
analysis. More than 90% data is in digital form but not been used effectively due to incompatible data
formats so that data can not be shared cross-agencies. EU is starting to publish Linked Data (LOD2,
LATC). LarKC online platform & community and technology assets can support the efforts of data
availability.
LarKC is stimulating and incubating Asia markets innovation. Asia is attractive since around 20-40 %
global big data potential is in emerging markets. Asia is leading in generation of personal location
data because of the numbers of mobile phones in use (e.g. in 2010, 800 M in China).
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LarKC project products people with the skills to take advantage of the data which is one of the most
important constraints for organizations to benefits from future of the Internet.
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