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EXECUTIVE SUMMARY

The LarKC project's market observation and monitgrstrongly indicates that mainstream business
is adopting semantic technologies and making aitiquis related to big data. The market potential
for big data is evolving rapidly, driven by innomat in the underlying technologies, platforms, and
analytical capabilities for handling data. Thesamdes are causing an increasing demand for tools
and services to make daily tasks easier for a wiglege of users, including both technical and non-
technical specialists. Other services includingsoiting, education and training are also showing
increasing demand. LarKC is well positioned to iggoate in and to contribute to the frontier of big
data innovation.

The LarKC project has developed strategies andoérpl four paths to connect LarKC with the
markets. (1) LarKC vertical spin-off Life Data; (DarKC platform as open-development
community; (3) LarKC technology innovation as birlgl blocks to be recombined by partners;
and (4) newstart up business (Web of Data Interpreter (WoDI)).

LarKc's vertical spin-off, Life Data (LLD) has thpotential to become a data hub for the health care
and life sciences research communities throughntbdel of Information as a Service or Data as a
Service (laaS/DaaS).

LLD can contribute to opportunities like US Healthre Reform and EU administrative optimization.
US Healthcare reform will shift the basis of paym&om procedures to results/performance as it
encourages outcome-based medicine. This cannoehapjthout the use of semantic innovations
involving big data (clinical data, payer/claims,sts) pharmaceutical and medical products, R&D
data.) According to McKinsey Global Institute, tevings potential from analyzing large datasets for
evidence-based drug therapy and from use of clidiata for treatment cost effectiveness is $108 B
per year. The savings potential from clinical ogierss including Comparative Effectiveness
Research (CER) and clinical decision-support systsn$165B. The LLD service integrates some of
the major public data sources covering moleculausace data (proteomics and genomics data),
system biology resources (molecular interactiond pathways), chemical compounds and drug
related information, clinical and medical relatemirces and scientific publications. The model of
LLD data integration could be used to provide thguired analytical basis for defining of exhaustive
disease models (LLD used as DaaS), which coultiéutead to successful personalized treatment of
patient. The LLD platform provides -capabilities tturther drill-down into a concrete
scientific/medical problem and supported with expeowledge, to expose a specific (focused) data
sub-set (LLD used as laaS). LLD laaS/DaaS can kelpform researchers, allowing for better
decisions-making in their research projects. (DetaiChapter 3)

When the funded portion of the program terminatetate 2011, its major deliverable, the LarKC
platform, will undergo continued development asogen source platform. This will be achieved by
continuing the current open source developmentrteffaat have been initiated within the project
itself, extending them with organisational struetithat do not depend solely on the original LarKC
consortium members, and by moving as many of thgprr resources as possible onto platforms that
are conveniently maintainable by the new orgaragatiVhile LarKC will not solely depend for its
future on the project consortium members, manyhosé members are committed to working to
“keep LarKC alive”; further details are to be foundSection 3.4.1.
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1 Introduction

This document is a collection of contributions frarKC consortium partners. It covers six major
parts.

Part 1 is LarKC market observation and LarKC Sgpigevelopment.

Market observation and monitoring are focused @nupdate of key indicators and analysis
of the impacts on LarKC.

The strategy development concentrates on ‘Whatterekey market development and the
market potentials?” and ‘What is LarKC'’s uniqueugland contribution to the markets?’ It
develops LarKC strategy in general including théugaproposition LarKC is offering to
markets; identifying target customers and markgtments to answer “Who will use LarKC
to do what?”, as well as positioning LarKC in tharkets.

Part 2 is an example of one specific market exgtioih plan by one consortium partner,
Ontotext. Ontotext’'s Data as a Service will playrétical role in Big Data and helping

pharmaceutical/biologists and researchers to mariagedata explosion. The business
concepts and plan are in this section.

Part 3 is covering LarKC architecture and the snatality of the LarKC Platform. It also
includes a model on exploitation through otheripar{including reuse in project proposals)
and the ecosystem for LarKC exploitation.

Part 4 is LarKC technological asset exploitationl applications by consortium partners. It
shows the partner’s plan and efforts to use LankK@eéir operational business environments.

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

Part 6 is IPR plan exploited the contributions anpacts of LarKC project on IPR.
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2 3rd Report on Market Observationl

This chapter will focus on the update monitorindalfowing key indicators:

Updatel: RDFa Adoption by Search & Social Mediao@e, Facebook and Twitter.
Update2: Semantic Metadata Platform (Twitter's dations, Adobe's Extensible Metadata
Platform (XMP)).

Update3: Semantic Ecommerce/Ecosystem (e.g., Lidkszh Commerce (LOC), Drupal).
Update4: Semantic Web Application Platform for thi®bile Ecosystem (SwapMe and
Apple’s App Store).

The world around Semantic technology is constasttBnging, with technological advances in mobile

technology; cloud computing and the rise and rfsBig Data. Data is changing the way scientists do
research and the way people use mobile devicesci&lenge is how to surface data and bring data
together in meaningful ways. As Google’s chief emoist Hal Varian has said, the scarce factor is no
longer the data, which is essentially free and witdgs, 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.&Q¥pen Graph Protocol can link tRacebook
ecosystem with theinked Data ecosystem. This means increasing of RDFa-like sémaretadata
on pages all over the web, and this increase Wilbat exclusively use the Open Graph. It will mean
more people will be asking for RDFa, and more dewets will learn it. This could be catalytic for
the adoption of Semantic Web.

There are strong indications from the pharma ingiubiat it is ready to fund a new growing market
between data consumers and external data protiddisst like LOC Eco-system).There is huge
potential for the market that sits between theghigrmaceutical companies (data consumers) and the
data providers (publishers, crated content and dt€D can play a role as hub for domain specific
areas.

According to Paul Sagan, (CEO of Akamai Technolsgiehich ushers 15-30% of Web traffidhe
real business value creation and investment in ¥\&fic is from the two ends of Web traffic: in the
data center and in the last-mile. If you can skgmiddle, the Internet will continue to scale glon

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

2.1.1 Update 1: Google Takes up RDF and Has Purchased Febase

In July 2010, Google acquirddetawel the company behinBreebase— a free, semantic database
of “over 12 million people, places, and things le tworld.” Freebase is a system in the linked open
data, although RDF is not its native representatisrcontent is available as RDF and there areyman
links that bind it to the LOD cloud. Moreover, Fbase has a very good wiki-like interface allowing
people to upload, extend and edit both its scherdadata.

According to the Google bloannouncement

! 'Disclaimer: In Chapter 1-3, the methodology forrked analysis is desk-top research. Which meamgusi
publicly available information including reportspers, available analysis of market & technologyrir
internet'.
2 Vassil Momtchev [vassil. nomtchev@ontotext.com]
¥ MIT Technology Review Vol 114/no.1, Jan./Feb. 2011
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“Over time we've improved search by deepening aqwiesstanding of queries and web pages. The
web isn’'t merely words — it's information aboutnifys in the real world, and understanding the
relationships between real-world entities can hefpdeliver relevant information more quickly. ...
With efforts likerich snippetsand thesearch answers featureve’re just beginning to apply our
understanding of the web to make search bettere Tlyarack obama birthday] in the search box and
see the answer right at the top of the page. Orcsefor [events in San Jose] and see a list of #jgec
events and dates. We can offer this kind of expegibecause we understand facts about real people
and real events out in the world. But what aboutllpges on the west coast with tuition under
$30,000] or [actors over 40 who have won at least oscar]? These are hard questions, and we've
acquired Metaweb because we believe working togetb# be able to provide better answers.”

Semantic web is adopted by Facebook and Best Buydnthers?

Facebook and Links Data

Facebook’s engineers are using the word “graptdescribe their ecosystem with the launch of the
Open Graph APl Facebook is not using pure RDFa but a new stdndalled RIF. It is "two
standards in one." Firstly, it's a format for exufiag rules between one rules system and another.
For example a set of email spam rules that carxperted for another person to use. Secondly, RIF
defines a rule language for semantic web dataitaito what can be done with ontologies. It enable
"simpler things than major ontologie%."

Best Buy adds RDFa to their entire product catalog, whiak resulted in benefits in SEO and cost
savings’

Drupal+RDF—Web of Data for Everyone

Drupal already uses structured data and it wasfitise of the big three open source content
management systems to enable users to createothaircontent types and to do it without any
programming necessary (WordPress and Joomla! stragiding that functionality now).

2.1.1.1 Analysis
The usage of RDFa has advanced significantly airdrbe a leading format on the Web. The chart
below shows the deployment of the most common rfocnmats and RDFa markup on the Web, as

percentage of all web pages, based on an analys&hillion web pages indexed by Yahoo! Sedtch

Microformats and RDFa deployment on the Web (%llofvab pages)

* http://www.readwriteweb.com/archives/w3c_pleasedhvéemantic web_adoption.php#
5 http://apps.facebook.com/feightlive/

% lvan Herman , W3C Semantic Web Activity Lead

7 http://www.readwriteweb.com/archives/w3c_pleasedhvéiemantic_web_adoption.php#
8 http://tripletalk.wordpress.com/2011/01/25/rdfa-bsment-across-the-web/
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Figure 1: Microformats and RDFa deployment on the Vb (% of all web pages)

Source: http:/ftripletalk.wordpress.com/2011/0 lv@fa-deployment-across-the-web

Purchasing Freebase shows that Google is addingra structured approach to linking the web of
data to its statistical approach to Semantic W8ce its traditional approach has reached itg,limi
the semantic capability will open up a new playfigyd, not only complementing today’s business
but also bringing other potentials into the future.

Impacts on Google: Freebase gives Google an infgtatitold into the web of linked data.

Using Semantic technology in their searchFreebase will help Google enhance their search
results.

A tool to use Semantic WebFreebase gives Google a large (> 4 million tgpgssmantic
vocabulary, and a well developed REST API for astes

In addition, Google bought many other semantic acggs with only one real competitorDBpedia
OWL's sameas method of mapping entity equality saé@e of competition from DBpedia (from an
indexing and linking point-of-view rather than anamercial perspective).

Facebook and Linked Data ecosystems

RDFa/ Open Graph Protocol can connectFlaeebookecosystem to theinked Data ecosystem.
This might increase RDFa like semantic metadatpaies 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 oth&ssalso created a much needed feedback loop

that is driving the publication of more structur@ata. These imply increasing demand for tools and
services to make job easier for wider users, esfpgaion-technical specialists. Tool-provision is

® http://www.mmmeeja.com/blog/semantic-web/semantittools. html
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important for the extension of the non-technicahownity of users. Consulting services including
advice, education and training are likely to besitl.

A big part of the Freebase databaseoiscepts As well as specific places, people and so-fdréisic
concepts like North, Aluminium, House, Kitten, @i also present. These RDF documents are the
foundations of the semantic web - an enormous nuiftthird parties use them to describe their own
entities. This means that FreeBase could be thépadia of the semantic w&bcompeting with
Dbpedia. Opencyc, from LarKC partner Cycorp Euragdso offers a free vocabulary (opencyc.org),
similar to that provided by Freebase and dbPedigtaixe-up of this vocabulary has been limited.

Become a Hub:there are a number of hubs emerging — like DBpedithat form the focal points

for links from a number of different datasets. Waed the key success factors and who could be the
Wikipedia of Semantic Web? LarKC LLD could be a habswitchboard within specific subject
domains. If so, it needs become a de facto starfdarachieving interoperability. To benefit LarKC
differentially, LLD also needs to ensure that LLDt mvailable in other more accessible formats and
APls.

One challenge is changing the nature of the LirRath cloud from what is a largely static and slow
moving environment to one that is much more liayg real-time:!

2.1.2 Update 2: Semantic Metadata Platform: Twitter Annofations and SemanticTwitter?
(e.g., Twitter's Annotations, Adobe's Extensible M&adata Platform (XMP)

Twitter’s Chirp developer conferent¢ad two big announcements:

They are buying the Tweetie iPhone application

The addition of meta data payloads to tweets edalhnotations
The key value of annotation is to provide data inithe context of the namespace - the author of the
book, price of the meal, etc.

Adobe's Extensible Metadata Platform (XMP) is elaty technology that allows user to embed data
about a file, known as metadata, into the filelfitse

Companies are getting together to build metadaémaperability across operating systems,
mobile devices, cameras, and online servites.

2.1.2.1 Analysis and LarKC Implication

The Adobe’s XMP Toolkit SDK allows developers téeigrate XMP functionality into their product
or solution. The XMP Toolkit is available under 8D licenseLarKC's toolkit/components
could be offered in a similar way as XMP SDK tophdevelopers and lead users.

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

Semantic Web technology is used on the businegscoimmerce. Enterprise software vendors like
IBM, Oracle, and Microsoft have started to incogiersemantic search and W3C standards into their
platforms.

10 http://www.mmmeeja.com/blog/semantic-web/googlef@se.html

™ Leigh Dodds, http://www.talis.com/nodalities/pdittalities_issuel12.pdf
12 hitp://semantictwitter.appspot.com/

13 http://www.adobe.com/products/xmp/

1 http://www.metadataworkinggroup.org/

Page 15 of 71



FP7 - 215535
Deliverable 9.6

In the semantic ecommerce ecosystem, there are piaygrs and keystone gatekeepers who provide
the unique value to the system. Two of these are:WWeb Ontology for E-CommerCeand Drupal: a
publishing platform that enables publishers to gegaith their visitors http://drupal.com/

Linked Open CommerceLOC" is a community effort to collate, cleanse, corgat, and augment
structured e-commerce information from the WWW, amdnake this information available via a
SPARQL endpoint. This “Web Ontology for eCommeriehot for consumers, but for developers. It
is one piece of a solution, one part of the puzzle.

Linked Open Data has gained momentum over thefppasyears. Over 100 large-scale datasets such
as BBC Music, the New York Times dataset have hmdriished, providing several billion RDF
triples interlinked by roughly 160 million RDF lisk.

Recently, online retailers have started deployiagantic Web platforms to help optimize product
and brand placements in search engine resultst@movide consumers with richer and more
efficient shopping experiences.

Here is its own description of that it provides

“GoodRelations is a language that can be used tscdlee very precisely what your business is
offering. Some people call GoodRelations a “datatidhary”, others prefer “schema” or
“ontology”. But the name of the thing is not impamt. Important is that you can use GoodRelations
to create a small data package that describes ypooducts and their features and prices, your stores
and opening hours, payment options and the like. sfimply 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 etébktween the data consumers and the external
data providers

The major challenges in establishing this market ar

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

Semantic technology enables Bl analysis and imgros@les through better understanding of
customer response and sentiments about produatsgrass industry comparison. LOC provides a
large set of triples about businesses and prodastaiell as related aspects such as offeringsngric
or locations”?

One "business model" for LOC is, as promoted nowGmogle, to improve the visibility of
enterprises due to the publication of linked d&iaua their business and products.

LarKC might have some impact there in terms of nedere and data management and processing
layer for intelligently reasoning about data orating data.

The key success factors include tailored applioatiattract people by offering easy-to-use online
environments that meet the needs and interests. tabtap into ecosystems directly or through
social media.

15 http://www.heppnetz.de/projects/goodrelations/
18 http://linkedopencommerce.com/
7 hitp://www.talis.com/nodalities/pdf/nodalities_iefupdf
8 hitp://semanticweb.com/semantic-wave-hits-ecommpage 2-current-innovation b629#
1% Reto Krummenacher, reto.krummenacher@sti2.at
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There are huge opportunities on providing custobieapplications for smart phones, notebooks,
and tablets such as the Apple iPad, as well asuptalipport and advice in the ecosystems (such as
FarmVille on Facebook).

Semantic capability will add additional advantage®ther existing ecosystems as well as ‘semantic
ecosystems’. Netflix, a US$1.3 billion online mowuiental service with more than 15 million
subscribers. It offers personalized social sitegr@hindividual recommendations are offered in a
wholly transparent way.

Semantic technology can also enable cross-selhidgu@-selling based on data analysis of real-time
sales data and consumer browsing activities. Festinclude a large and active community that
provides trusted customer reviews and a vast n@dae that seamlessly integrates thousands of
third-party sellers. It is also critical to usedaramounts of real-time feedback directly to depets

for rapid products and services improvement anekdgwment.

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

Leading semantic Web platform vendors are Cambri8genantics, Expert System, Revelytix,
Endeca, Lexalytics, Autonorfiyand Topquadrant.”

Jenais an open-source Java framework for building sgimaVeb applications. It includes APIs for
RDF, RDFS and OWL, a SPARQL query engine and alvated inference engine.

Sesameis an open-source framework for storing, inferegcand querying RDF data. Most leading
semantic Web platforms come with knowledge repdsiathat describe general terms, concepts and
acronyms, giving users a running start in creadinglogies.

The digital distribution platforms for mobile deei include two major sources: Operating system-
native platforms and third-party platform. Distifhahowed that the Android Market features the
highest percentage of free apps, with over 57%gf#e to download, double the amount of Apple
Inc.'s App Store.

20 http://www.autonomy.com/content/ Technology/autogsftechnology-a-different-approach/index.en.html
2! Sourcehttp://techcrunch.com/2010/07/05/distimo-june-2@10/
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Proportion Free vs. Paid (US, May 2010)

pisTiMO €53
Apple App Store - iPad 23% 80%
Apple App Store - iIPhone 28% T3%
Apple App Store - Universal 28% T5%
ElackBerry App World 26% T5%
Google Android Market 57% 439
Mokia Ovi Store 204 75%
Palm App Catalog 34% B6%
Windows Marketplace 229 7%

0% 25% 50% ?5-% 1 DD%

B Percentage Of Free Applications
[ Percentage Of Paid Applications

Figure 2: Apple Inc.'s App Store
Sourcehttp://techcrunch.com/2010/07/05/distimo-june-2@10/

SwapMe is a Semantic Web Application Platform fog Mobile Ecosystem. It is a joint project of
MIT CSAIL and Nokia Research Center Cambridg&wapMe addresses the following challenges:

Data formats do not offer accessible semanticsy thre typically proprietary, and the
semantics are not declarative

Ensuring interoperation introduces a high cost, iatgraction has to be specifically designed
and/or engineered; Ad hoc interoperation is imguesi

Heavy emphasis on application-specific standaridiaat

Apple’s mobile Web application platform (the AppoB%) can be a show-case for Semantic web
ecosystem and LarKC platform operation. It hostss tef thousands programs, which created by
third-party developers.

1.1.4.1. Analysis and LarKC Implication

Innovative Smartphones and tablet devices are ¢iginbing of mobile Web evolution, which will
drive the development of Semantic Web Applicatidat®rm. Will the mobile Web become a
substitute for wired access? As of now, most Wedssume spent on the wired Web is three to seven
times greater than on the mobile W&l he pace of mobile Web adoption depends on ufeslior,

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

https://www.mckinseyquarterly.com/High_Tech/Stratefynalysis/What_shape_will_the_wireless_web_take_ 2
425
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the operator’s investment on wireless spectrume mdadvances in data-compression technologies,
as well as innovative applications.

LarKC operation can reference the App Store plarife business model. The App Store attaracts a
lot of consumers and developers— which has resiritadarge number of applications availaffle.

LarKC could add semantic capability on Android Meatrkecause it is the most open app store with a
57% share of free applications, according to Distimesearch findinga

%4 The total market value is currently unknown, astineates thereof vary significantly. What is knoigrthat
typical paid applications range from $2 to $3 pewdload, and only the best apps (the top 5 percangt)
purchased. The real uncertainty lies in how thosiel ppplications stand against total number of cores
downloads: if these applications follow a typicadwer curve—as what happened with other third-party
application platforms such as i-mode for the wissl&Veb or Facebook for the wired Web—they may auicou
for as much as 30 to 40 percent of total downlo&igen the current rate and number of downloads,rtteans
that the App Store generates a revenue markebsé¢b $800 million, with $250 million accruingApple.

%5 Sourcehttp://techcrunch.com/2010/07/05/distimo-june-2@10/
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3 LarKC Strategy Development

This chapter will answer ‘What is LarKC’s uniqudwe and offering, to who to do what?’

Summary

Two technology-enabled business trends have besmapeng strategy across a wide range of
industrie&® and will have direct impacts on LarKC strategy e+ é&xample, anything-as-a-service and
multisided business models.

.LarKC’s assets can be considered as building Bldak recombination into solutions and offerings.
For example, LLD can be offered as ‘DaaS’ (Data &ervice) as a stand-alone service, as well as as
an enabling service to other providers (LOC) in sieenantic ecosystem or integrated into multi-
platforms. Instead of traditional one-to-one busineelationships, multisided business models will b
more suitable for LarKC operating in the ecosystéth many players.

LarKC/LLD could be a hub within specific subjectrdains and provide data services/analysis as a
Google-like business. The business model is toldpvi®ols supporting analysis of data collected
from the customer data. LarKC/LLD can become a@®tinat informs researchers, allowing them to
make intelligent decisions for their research ptge

The business development of LarKC could start friva diffusion of scientific principles and
technological breakthroughs, to the licensing ofhow, then the development of final products.
Or it could develop all of these in parallel depiegdn the resource and objectives.

Since LarKC components are mostly semantic enaldimgponents, they can be positioned as
centralized server level infrastructure between data-base and end-users. The customers are
semantic system providers and Web & mobile-web iserproviders, and major end/users are
software developers who use LarKC to develop bgsispecific application and plug-ins.

Few semantic companies are offering multi-levelugohs like LarKC (platform, plug-in, and
solutions/use cases). LarKC can have three patb@noting to the markets after the project ended:

Path 1: LarKC partners and external companies adopt LacK@ponents and solutions

LarKC/LLD could be a hub within pharmaceutical damand provide data as a service business. The
business is to develop tools supporting data aisalys doing so, LarKC/LLD becomes a source that
informs researches to make intelligent decisiongteir research projects

LarKC can benefit from this collaboration early evhere Ontotext is much more likely to develop
commercial version offerings. Specific technicgbestise from the Ontotext can save time and money
in developing new solutions. The offerings can b#wedded in, or added to, the infrastructure and
applications that support end users (including jolens/suppliers, partners, internal staff/develsper
and customers).

Path 2 LarKC open source platform for all plus value-addervice offerings.

This assets light option turns collective cognitsegplus into value.

Path 3 LarKC spin-off to start new business (Web of Diaiizzrpreter (WoDI)j’

26

https://www.mckinseyquarterly.com/High_Tech/Stratefinalysis/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 situationseWill outline the commercialization options
and analyze the strengths and weaknesses of vajpmeaches to commercialization below and
for more detailed exploitation plans in Chaptefirgjividual Market Exploitation Plan’.

Open data
Data ll:i’:’* | Lo
5 B
Platform
o o
plug-ins
Open Spin-off
Market DaaS community Web of Data
Exploitation Ontotext LarkC Interpreter Others
Platform (WoDI)

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 technglagpmponents for developers and semantic
providers, as well as solutions for business probldts broad value and impacts can be measured by
not only tangible assets but also intangible aset® impacts and benefits are cross-sectors and
industries, including the semantic technology diifun and spill-over to the society, scientific and
R&D communities; and the learning experiences li@r ttarKC partners. The tangible unique assets
can be divided into two parts:

Data-base level assets: domain specific Linked Dita (LLD), and general knowledge base
LDSR (FactForge).

Plug-in level assets: technologies and work flowcfinology in reasoning (Webpie, WP4)
and data streaming (C-SPARQL, WP3); and work flouZancer research (WP7b) and Social
media (WP6).

The offerings can be embedded in, or added tojntnastructure and applications that support end
users (including providers/suppliers, partnersrimal staff/developers, and customers).

27 hitp://www.wodi.eu/
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3.1.1 LarKC Technology Capability Framework

LarKC approaches is a typical ‘technology push’ef#fore, understand its ‘technology capability’
and matching them with market needs is the keydemtify future applications fields. The links
between technology capability and business probkmamshe ‘use cases’.

Cycorp
pluQ'in‘\ /

H
level

Data Heterogenic
M
level
—

L
level
«

W
Complex M Simple ~\N
Process | 08
ML
plug-in

*LarKC (ML) vs. other approaches (ML W/O LarKC)

Figure 4: LarKC technology capability framwwork

Data size Reasonability Complexity Specify

Platform +++ ++ ++ ++
WP 7a +++ ++ +++ +++
WP2&5 ++ + ++ ++
WP7b ++ + + +++
WP6 +++ + +++ +
WP3 +++ ++ +++ ++
WP4 +++ ++ +++ ++

*Source: Atanas Kiryakov, ontotext and team analysis

Figure 5: LarKC platform and components capability
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3.1.2 Addressing the Challenges: to Match the Technologgapability to Market Applications

Innovation involves the development of new produmtgrocesses and the know-how that begets
them. New products can take the form of high-ldwelding blocks, midlevel intermediate goods
(motherboards with components such as microprocgssmd ground-level final produdt.

The willingness and ability of ground-level playdrs create new know-how and products is as
important as to an economy as the scientific ackrnelogical breakthroughs.

Similarly, LarKC impacts might start from the diffion of scientific principles and technological
breakthroughs, and extend to the licensing of khows then the development of final products.

There are classic challenges for LarKC to address fleading edge technology solutions to
commercial products.

The #1 challenge is to develop the right use casmmhceptualize a new application/product through
effective technology integration: matching knowledgf semantic technologies with the complex
characteristics of the application business enwiramt. The ability to leverage semantic technology
effectively is related not only to the quality detwork performed in the LarKC project, but also, t
the capability of conceptualizing a new product.

Use Case
Concentualizinc

)

Developing an application/product means drawingnuptany domains. The LarKC use case for
Pharmaceutical development is based on advancetidritstry and an understanding of the process
of drug development, along with many other divesgecialized disciplines

The #2 challenge is a combination of the noveltg aomplexity of the rapidly changing Web and
semantic technology environments. Critical techgglselection decisions are buried deep within
LarKC project. The selection of IR techniques likeedom indexing and structured querying and
graph traversal for connection mining has obvioses as an Owlim feature, possibly to be customised
and extended based on customer needs.

*The exploitation of items such as Webpie would hawlved their being productized by the
commercial partners and subsequently supportedhdnevent that Ontotext develops a scale-out
partitioned RDF database, a reimplementation of péelon top of such a product would be a
possibility. There is also a need for integration $pecific optimisations like the Owlim treatmerft
owl:sameAs.

%8 https://www.mckinseyquarterly.com/Where_innovatioreates_value_2304
%0 TECHNICAL REVIEW REPORT, 09/2010, Project Officdbr Stefano Bertolo, name of expert(s): Orri
Erling, lan Horrocks, Magnus Sahlgren

Page 23 of 71



FP7 - 215535
Deliverable 9.6

3.2 Identify Target Customers and Market Segments ( Who will Use LarKC to Do
What?)
The top three Internet players are the cluster®ofpanies - mobile-network operators (Vodafone, T-
Mobile...); operating-systems companies (MicsorfiviB.), and device makers (Apple, Nokia...).
The value creations are moving away from the tiaubd telecom operators and toward application
and service providers such as Google, Apple, amgbeok, as well as smaller players for the fast-
moving, customer-centric software innovation.

As more and more services migrate online, teled@mtechnology, and Internet service companies
will race for higher-margin and differentiating dipptions. Infrastructure players will seek for
partnerships to help them build efficient, risk+shg business models and software-based platforms.
Software vendors will face the challenge of smalkeghly innovative new players, who typically
without the advantage of control points such asaipey systems and large-scale enterprise suites.

LarKC’s target customers will be segmented by ‘jode-done’s common needs in solving
problems.

2nd 3rd
System Web
vendors Service

1st Semantic
Components

Four customer segments are identified for LarKC

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

IT System vendors wish to enhance current offeringsth semantic
components/capabilities (Large ITCs, SAP, IBM, Mioft and etc.)

Demand specific communities of Pharma, Cancer-resehecome lead users of
semantic capabilities (MediLexicon,. National Lity@f Medicine and etc.)

The government and other EU projects are usindeor o use LarKC.

OpenPhacts It's funded under the EU IMI programma (co-furgdiby EU and
Pharmaceutical companies). It's all about pre-cditedata-sharing between pharma
companies. LarKC is a key element of their architex Astrazeneca and VUA are
participating as partners; OntoText will be resgngdo a tender that OpenPhacts will put
out for hosting the triple-store.

Capturing data and analyzing information: Linked Life Data (LLD) captures domain specifiata
while LDSR (FactForge) captures general knowledgeey offer value-added services and solutions
to aggregate and analyze data. The business vahaebenefits are making ‘management by data’ a
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reality- huge volumes of data can be absorbed athsegized to guide automated systems and
decision-making.

Optimize business processedmprove efficiency and process optimizations anews cased by
LarKC use cases. Workflow semantic technologiesduoted in LarKC development environment
and in small-scale use case, will seek partnerghipggeate semantic capabilities for target indestr
Some of the plug-ins have 80% reusability (MarcHimgnarching learning).

3.3 Positioning of LarKC in the Markets

LarKC connecting to the markets through Multichannel and multi-interfaces

- Web
Enabling & Open Infrastructure
Source & Service
providers
< =
Partnering/Piloting
N LarKC /L Ecosystem
> Data solutions \l'
- Technology components
- Work flow salutions
I/OLU\I
Enterprise Spin -off
System, Product
and Solution

Figure 6: Position of LarKC in the markets

LarKC has two major groups to address: the entwpr(Ontotext customers) and the Web providers
(LarKC reasoning (Webpie, WP4) and data stream&PARQL, WP3).

They are different in technical requirements ad a®kelling approaches:

Technology different Web app and native app (conventional app livecomputers) are
differing in functionality and performance.

Web app has broader reach platform to reach mavigedethan other platforms

Web languages are developed by standards orgamizagpen source) rather than

by individual companies

Web app performance is not matching up with corigeat app due to the need for
additional layers of software to interpreted Weldleedefore hardware can act.
However, the development of JavaScript and up-te-ééeb languages like HTML5

and CSS3 will able to handle computing-intensiwkda

O O OoOOo

Selling different: technical selling vs. usage scenario selling.
0 Selling to enterprise need to sell ‘usage scendii@sApple. It is the ability to sell
different usage scenarios. Potential customersldhaentify with the tasks/problems
and get excited when they see a solution to a prolthey’'ve experienced in the past.
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In addition, the total cost of product life cycke a key consideration for decision-
making.

o0 Selling to service providers need to sell technicapability and features,
specifications, and technologies; as well as bgsirgenefits in terms of operation
efficiency and impacts on business critical measure

In both selling approaches, especially in the estesy environments, LarKC could add cross-selling
and up-selling based on data analysis of real-tiates data and consumer browsing activities.

The two positionings also mean different offeringif

LLD/Ontotext as start-up company with pure Semaottierings in niche markets.
As data-base solutions for clinical and scientiff&D intensive verticals. Or Data
aggregation services: aggregation of disparaterimdton in accessible formats

LarKC partnering as OEM partner to medium and laf§ecompanies adding semantic-
technology solutions to their portfolio to improtheir market share or to target new markets.
As enabling server level infrastructure for senwifi system providers and Web & mobile-
web service providers. Application services: WehHable applications provide contextual
elements to other larger applications to incredgibgild more powerful services for a mass
market.

LarKC’s combined use of different technology appgites (Semantic + statistics/mathematics) are
also adopted by other major players, such as Sdardkey, Google, and New York Times.

There is no radical innovation in the current bassimodels of semantic technology as opposed to
the traditional models and channels at this pditinte. It seems to exhibit a lack of disruptive
characteristics and breakthrough advantages fratoers’ perspectives but rather serves as
technology complementary to existing methods fraavider’'s perspectives. However, most
indicators are showing acuminated momentum andeidiiness of the market for adoption.

Key Success factors for develop right applicationse cases:

The right solution comes from the right beta uset their feedback. Targeting users who can
create a critical mass for participation. To selbeta users who will help drive a self-

sustaining effort (often enthusiastic early tecbgyl adopters who have rich personal
networks and will share knowledge and exchangesjdea

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

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

3.3.1 List of Opportunities

Service providers: Pistoia Alliance represent thiggést content providers for the
Pharmaceutical industry — Elsevier, Highwire, Najwatc

Pharmaceutical and healthcare: AstraZeneca, DitigapsAgroTech, InSilico research,
Elsevier, Highwire, Nature, etc.

Scientific Databases owners and users: GenBankjrisier; Web of Science...

Domain specific groups/companies: OpenPhacts [ating in OpenPhacts project will
increase the number of the pilot users. (LLD antb@xt is considered as key platform)
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3.4 Delivery Options

3.4.1 The LarKC Platform and Plug-in Library Will Keep Ru nning as Open Source
Community

For LarKC to fulfil its goal of becoming a widelysed platform, that significantly lowers the coft o
both commercial and scientific experimentation viétge, knowledge- and reasoning-driven systems,
it needs to become a “living” artefact, whose cdl@s grow and evolve with the input of, and,
where possible, the direct contributions of itsraseTo achieve this, three communities need to be
established, nurtured, and coordinated:
The Platform Community (an immortalisation of WP®o will fix bugs in the current
platform, more fully implement or take advantagetsfcurrent latent capabilities, reduce its
dependencies on external software, extend its déjabin ways generally useful to other
communities, and enhance it to incorporate newnilclgies and to support operation on new
computational platforms.
The Plug-in and Workflow Community, who will devplaew capabilities by implementing:
0 Plug-ins: For inference, data and knowledge transftion, storage, and so forth,
and
o0 Workflows: That orchestrate the platform and plogets to exploit knowledge based
and inference based approaches to software devetdpror experimental or for
practical purposes.
The documentation and user support community, wihde not working directly on the code
for the platform, plug-ins or workflows, sustainethuser base by maintaining wikis,
discussion groups, users-group meetings and wopkslt@monstration videos, tutorials, and
all of the information and communication infrastwe. It is this part of a user/developer
community that enables potential new users to dyitlap their needs onto the capabilities of
the software, find out how to satisfy those neads, receive assistance when something goes
wrong, or good go better with help.
During the transition from project to community, wtill be necessary for the current primary
stakeholders — the LarKC consortium members — whreently have the greatest development and
background expertise, to remain heavily engageernally, the effort to foster this engagement is
called “keep LarKC alive”. Currently UIBK, VUA, and, in collaboration withy€Eur, the Jo3ef
Stefan Institute have committed, at the time oftimgi to provide support at the level of 20 % FTE
each. In the case of VUA, its on-going involvemeilltbe ensured by its activities on the OpenPhacts
project, which is committed to building its lifetsnces research products on the LarKC platform. JSI
plans to use the platform within the Envision pcbje
Organisationally, current plans call for establighia working group of STI International.
http://www.sti2.org/organisation/working-groypss the decision-making body for the LarKC
community, with a possible transition to a foundatior similar structure as the size and
independence of the community warrents.
In the remaining months of the project, effortslwe made to prepare for a smooth transition. This
will involve:
- Ensuring that issue tracking for the platform (adne plug-ins) is being supported solely
through the SourceForge site, and not through gropernal lists.
Ensuring that the project web-site and wiki wilht@n functional, and preparing to move
them from their current homes on university compgiinfrastructure to infrastructure under
community control.
Assembling as coherent a set of getting starteénmadd for users and developers as possible,
much of this material exists, but in the form objprct deliverables, rather than effectively
presented through a simple, useable portal.
Establishing the initial organisational structuféhe LarKC community organisation.
Publicising, as widely as possible, what has beamedwithin the project, with LarKC, so
that members of the community can model how toafplresurces to their research and
commercial problems.

31 Seehttp://wiki.larkc.eu/KeepingLarKCAlive
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The LarKC project has produced reliable, portabltwsare capable of supporting a wide variety of
applications, from simple “mash-ups” to complex stalling of distributed computing resources. Its
capabilities are not matched by other platform vgafe, or by open software. With a vibrant

community process, and its permissive, open sofiweence, 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 dath for the health care and life sciences research
communities through the model of Information aseavi8e or Data as a Service (laaS/DaaS). Detail
plan is in Chapter 3.

3.4.3 Recommendations

LarKC should develop beta version and make usehefwisdom of beta users to build more
compelling apps and to improve user experiencesadsprototyping’.

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

Offering preferential rewards and status to thetrima®Ilved users.
LarKC might consider using supports from compatke liIHackFwd’ for quick Beta version. Its
process ‘build to Beta’ designs for start up quédftware development and optimized product. In

addition, it helps to get Beta users and to maksesef consumer feedback.32

LarKC might become supplier or a member of theptgiforms and ecosystems such as Apple App
Store and Google’s Android Market in mobile Web;@® E-commoners Eco-system; ....

LarKC should have a 3rd party testing as a benckinrand gaining insights on other available
options for consulting services.

32 hitp://hackfwd.com/#tools
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4 Individual Exploitation Plans

ONTOTEXT LLD EXPLOITATION PLAN

Semantic technologies are playing a critical ralbelping pharmaceutical/biologists and
researchers to manage the data explosion

LarKC/LLD can be a source that informs researchsrthey attempt to make intelligent
decisions for their research projects. At the aurstage of development of LLD, the service
integrates some of the major public data sourcesragy molecular sequence data, system
biology resources (molecular interactions and pathwchemical and drug related
information, clinical and medical related sourced acientific publications.

The majority of the data sources are distributedkufifree for academic research” licenses,
as some of them are also free for commercial usage.

The added value generated by LLD could be spread ov
- Semantic warehousing of heterogeneous data setsding update support and
maintenance)
Semantic instance alignment (redundancy and diggrabon 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 (DaaSh aimnixture of open source and chargeable
offerings. For example: value added services (sémarstance alignment and semantic
annotations) may be chargeable, while the idergittend some key metadata need to be open
and remain open. The idea is to turn Identifiets @hannels, by using URIs as the hooks.

Different approaches will be evaluated:

Participate in industry specific efforts, which aito define the foundation for the application
of semantic web technologies in Pharmaceuticalstrigiu- Pistoia Alliance & W3C HCLS

group
Use LLD as a core platform for future AstraZeneoamercial projects (the projects are in
late phase discussions - i.e. budget is approved/dumeed to refine the requirements and the
technical plan)

Increase the number of the pilot users by partitigain OpenPhacts project funded by
"Innovative Medicine Initiative". (LLD and Ontoteid considered as key platform)

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

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

“Clone” LLD knowledge base to cover a specific @sh areas demanded by the market—
develop a KB focused to a specific class of tafgemarkers/diseases.
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Partnering with a scientific publishing company a®in content providers for the
pharmaceutical companies

Small and medium biotech and pharma companies dmildpproached with SaaS offering,
with a preloaded set of the public data sets arséraice offering for integration of their
proprietary data.

Multisided business models (create value throutgractions among multiple players rather
than one-on-one, e.g., Skype, Flickr, Pandora) heéé considered.

4.1 Business Problems, Solutions and Relevant Marke ts

4.1.1 The Business Problems

Business problem 1:R&D search capabilities need improvemeritere is a poor linkage
between pharma resources/data — i.e. local depatrtdatabases, web-based applications, company
topic experts and corporate databases — which sagsentists to have a low awareness of existing
relevant information resources due to a lack ofadiata about them.

Traditional data integration approaches are un&bl&ulfill the information needs of a researcher

because the linkage structure is hierarchal andtrduditional ranking assumption of popularity

equating to relevance cannot be applied. Scientis#st trudge through pages and pages of
information to find something relevant.

Common need 1to integrate all of their disparate data into niegful and useable information.

Business problem 2Within the past decade the publicly available molecsequence data keeps
the trend to double in every 2-3 years. The samvalid and for the in house generated information.
With the move to personalized medicine (and due to sdstimicroarrays and next generation
sequencing) this process has been significantlglexated. Many software vendors haleveloped
applications for the analysis of this data, whismot standardized amdmained in various formats.
IT tools will need to help relate genetic inforneati with population and regional data to make
analysis easier and quicker.

Common needs 2data across various systems must be describethapged. Different contexts of
genetics and chemical knowledge must be bridged.

Business problem 3:The information valuable for the enterprise isallulocked into unstructured
form (documents). This makes the information urlhehée and often is a reason for taking wrong
decisions which in the Pharmaceutical R&D procesdcccause serious financial losses.

Common need 3:extract structured data from unstructured chuckements) and expose it in a
searchable form.

4.1.2 Solutions

Semantic technologies can help to greatly alleviag¢eissue of searching through heterogeneous data
formats by calling for common information modelsittare extensible, mergeable and shareable.
Scientists can use these models to discover raitips between information from different sources,
internal and external. Various use cases exigifppart of this pain point.

Companies are active in the areas of Taxonomiesaoaologies which are used in addition to
statistical methods for search. Semantic technologg help relate genetic information with
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population/race/regional data which can make thadyais easier and quicker. This would allow for
drug companies to develop medicines that are nfteetie and safer.

Semantic Alignment of Internal Knowledge (SemanticMaster Data Management): Although
external data might be gathered by different depamts, they might not have the same view or
alignment (i.e. marketing and sales departmentdjlitlonally, many of these data become available
only months after the sales transactions occus thioas different load intervals. Thus the proa&ss
matching and cross-linking information for knowledgreation may involve a more challenging
development process than is typical for other itriks

Additionally, a Pharma R&D group has many departsi@merapeutic areas, each with its own
system of recording and storing data in variousnfis. R&D efficiency practices include mergers
and acquisitions, R&D restructuring, outsourcind awctive lifecycle management of products. Often,
scientists are unaware of important informationahla to access it, or unable to analyze it.
Additionally life science industry relies on thipgty data, which gathers patient care and
prescriptions information.

Mapping Internal to Public Data: The amount of the molecular and clinical data labée in the
public space is immense, but also it is redundaighly heterogeneous and often unreliable. This
demands the requirement to organize the relevabiicpknowledge and to align it to the information
generated in-house. This process ensures that @bisiahs in the different phases of product
development process will be based on maximum irdtion — evidence-based research.

Target identification and Drug design: The early research phases aim to identify relevard
particular targets and to identify a limited setsafall organic molecules based on the knowledge of
the potential biological targets.

Drug Discovery Decision Support allows a researcher to access the entire parttdlicompounds
across all therapeutic areas, and cross referémeighi public and private information, drawn from
both internal and external systentidsing semantic technologies for text mining to éaege and
reduce the cost of new drug development. Text rgihias impacts at multiple points across the drug
development life cycle, with measured improveméntsme to solution of more than 100X compared
with manual methodd

Drug Development (pre-clinical and clinical) Suppot. The regulatory authorities demands
detailed study of safety, toxicity, pharmacokingtand metabolism of the drugs on model systems
and organisms and on humans. Due to the highlygbprocess, most of the valuable information,
which could be used to improve the pharmaceutioadlycts, is locked in unstructured (documents)
and rarely in semi-structured form (document mamege systems). The Information extraction
techniques (and especially semantic annotations)vary powerful mechanism to improve the
“availability” of this information across the enpeise.

4.1.3 The Relevant Markets
The relevant markets are identified as OntologieBiomedicine and Bioinformatic§emantic Data
Integration, Semantic Information Retrieval, Semantic Data Minamdinformation Extraction.

4.1.3.1 Ontologies in Biomedicine and Bioinformatics

Biotech and pharmacy are merging into extremelywkadge intensive industry verticals. These
verticals have the greatest maturity in terms ofetlgping ontology-driven semantic technologies
(semantic search, Linked Data...).

33 http://www.value-it.eu/c/document library/get fite? id=15812&folderld=17174&name=DLFE-9001.pdf
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One startlng point could be from the establishetb®gy’s in Biomedicine and bioinformatits
Ontologies of diseases, nursing, therapeutics,, aeg
Upper level concepts of healthcare and life scismegologies.
Semantic metadata for Clinical Data Interchange.
Gene Ontology (GO).
Semantics of medical XML standards and vocabularies
Multilingualism in Biomedicine and bioinformaticsilogies.
Best practice and semantic patterns in ontologyetiogl and evaluation

The National Center for Biomedical Ontology (NCB®@as created in 2005 to help life scientists and
clinicians use ontologies to manage the informativarload. The NBCO is one of several National
Centers for Biomedical Computing (NCBCs) supportigdthe NIH. BioPortaf is a website that
provides access to more than 200 biomedical onedagnd controlled terminologies. It is repository
of nearly all the world’s biomedical ontologies. RO also offers tools and Web services that allow
users to access those ontologies and to use thearviriety of applications.

The abundance of different partially overlappingobogies on one side, and the need to maintain in-
house generated (proprietary) vocabularies, thesaur ontologies on the other side, demands the
development of advanced tools for ontology creatmaintenance and alignment.

4.1.3.2 Semantic Data Integration, Information Retrieval and Data Mining

A special category of “vendors” in this market #ne big research institutes like NCBI, EMBL-EBI
and SIB, which serves as a primary data sourcenfolecular sequence information, molecular
interactions and pathways, chemical structuresrimétion, scientific publications and many other
types of bio-medical data.

GenBankis the NCBI genetic sequence database, an andotatiection of all publicly available
DNA sequences. Along with GenBank, this primaryotgse provides single point of access to more
than 30 differnt data sets covering genomic infdroma sequence mutations and functional domains,
sequence homology information, gene expressiomidat sand bioassays.

UniProtis a joint effort ofEMBL-EBI, RiR and SIB, which provides the scierdifommunity with a
comprehensive, high-quality and freely accessildsource of protein sequence and functional
information.

Ensemblis an EBIproject that produces genome databases for verdsbend other eukaryotic
species, and makes this information freely avadlaiiline. This is the most comprehensive vertebrate
genome information data source available at the emnThe data could be further analysed with a
broad range of bioinformatic algorithms.

Most of the big research institutes follow the datderation approach.

SciFinderhave aggregated and parsed the structures obnsillbf biological and chemical sequences
and structures. SciFinder is from the American GhahSociety (ACS).

Technologies to store and retrieve data are wekldped and generally highly effective. A problem
is the incompatibility between systems that makeendng information increasingly difficult. Each
data store or content repository is designed witkiown organization and business unit for a jeci
purpose; applications and processing are veryrdiftsfrom one system to another. Even the data sets
created by one and the same organization oftere sftampletely different data schema and does not
comply with a common standards and ontologies deniifying the biomedical entities and their
properties. Semantic technologies provide highfgaive methods to connect systems, applications,
and data. This makes more intelligent informatiamdiing features — such as intelligent search,

% http://www.onthemove-conferences.org/index.php/imesevents/otm09/0tc2009
% http://www.bioontology.org/
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automated reasoning, intelligent agents, and adagibmputing — a realistic possibility in current
enterprise systems.

The second category of solution providers for thatket are the semantic data integration solution
providers based on “conventional” technologies aamproaches (like RDBMS). They have
successfully solved the problem for warehousingla$ely related biomedical data sets. The resultant
system provides high quality data, with limited wuedancy and data ambiguity. The disadvantage of
the approach is primarily in the increasing costmfmintenance and further extension of the systems,
since those type os systems are based on a fixadmbalel, which has to be adapted according to the
evolving source data and the need for inclusiomesy data sets.

Some of the major solution providers are:

Genomatixprovide wide range product portfolio covering alina#f aspects of the bioinformatics
tools for research in the field of life sciencesequence analysis, functional promoter analysis,
proprietary genome annotation, promoter sequendabdses, comparative genomics, scientific
literature data mining, pathway databases, biokdgietwork databases, pathway analysis, network
analysis, and expression profiling. Their Knowledgi@ing suite consists of BiblioSphere (Pathway
Edition) and Litinspector Litinspector is text nmigi tool over PubMed abstracts. As a term classifier
it uses MeSH ontology from NCBI. The gene namesabataries are based on the annotations from
NCBI Genes and other Entrez databases. As a sfarrtranscription factors the tool uses an in-home
developed proprietary database. The algorithm ifiemtgenes, transcription factors, tissue, disease
pathways and functions.

BioMax Informatics AGprovides computational solutions for better decisitaking and knowledge
management in the life science industry. Biomaxettgyed the well-known Pedant-Pro Sequence
Analysis Suite, the BioRS Integration and RetrieSgkstem, the BioXM Knowledge Management
Environment and other computational solutions fattdr decision making and knowledge
management in the life science industry. It off@search processes in the life sciences that suppor
customers with a platform, which combines softwareducts with knowledge resources, including
oncology, nutrigenomics, plant research, and foneti genomics. The company offers various
services, including genome annotation; bioinforogtisolutions with online access; training
workshops; Web-based service application that alltavoptimize protein expression using rational
cDNA design; information, including literature migj and proprietary catalogs for structuring and
modeling; and genome comparison. Its solutionsugtelclinical research, biomarker discovery and
validation, drug discovery, nutrition and healthgg protection, and white biotechnology.

GeneGodevelops systems biology technology for life sceemesearch. The original computational
platform allows an integration and expert analysiglifferent kinds of experimental data (MRNA
expression, proteomics, metabolomics, siRNA ancerothenotypic data) and relevant bioactive
chemistry (metabolites, drugs, other xenobioticgjhiw the framework of curated biological
pathways and networks. GeneGo's flagship produeta®ore 3.2, assists pharmaceutical scientists in
the areas of target selection and validation, ifleation of biomarkers for disease states and
toxicology. The second product, MetaDrug is desigfoe prediction of human metabolism, toxicity
and biological effects for novel small moleculesnpounds. MetaBase represents the knowledge base
for MetaCore.

As the semantic web technologies have enteredniatare phase, more vendors provides solutions
based on RDF triple stores with limited or no iefaze. There are also a couple of open acces effort
which integrates a significant amount of data sesiit a single semantic ware house or federated
semantic repositories — LODD, Bio2RDF, Chem2Bio2RDF

Some of the key vendors identified as a major cditqps are:

NextBiois the developer of an innovative global discovyaatform for life sciences data.
Corporate and individual researchers' data frorardiv experiments can easily be imported,
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integrated with public data, and explored withilevant biological and clinical context. Our
unique "correlation engine" pre-computes billiomsignificant data connections and enables
researchers to intelligently mine this data in#t@ak. NextBio technology plays an essential
role in translating complex high-throughput dat@ imformation that can be used to create
and test novel hypotheses. Researchers and clinigan a comprehensive understanding of
gene function, disease development, and therap@asfponse. The NextBio Platform is
offered in three product versions: NextBio Basifre® web application that provides access
to a curated, correlated database of public datagiated literature, clinical trials, and
scientific news, NextBio Professional, which adus &bility to exploit internally generated
data, and NextBio Enterprise, providing a completielegrated solution that enables a
dramatic increase in research productivity, bdéteerage of investment in past experiments,
and improved collaboration across therapeutic gs@m geographic boundaries. NextBio
Enterprise enables the creation of synergies egrating publicly available experimental
data processed by the NextBio scientific team yithprietary experimental data.

IO Informatics tools apply semantic technologyrtegrate heterogeneous data in context,
solving common knowledge and project managementig@mnes. TheSentient Suite
(“Sentient”) allows non-IT users (researchers argext matter experts) as well as IT
experts to integrate data from multiple sourcdsgfiinstruments, databases, public sources)
without creating new, static and inflexible datiasi Utilize data from multiple sources
regardless of format and location using existinglivare and IT infrastructure, all in a
secure, compliant and interoperable environmerawdrom public and private data,
instruments, applications, and ontologies in otderombine and contextualize data in a
meaningful way to create innovative custom knowtdzises. Visually access, explore,
interrogate, report, and query your data to uncbidaten relationships and stimulate
innovation. Accelerate discovery and share knowdealtd insight with fellow researchers.

The main areas of specialization of the solutiamsthis market areMetadata Repository
Development, Knowledge Bases and Data Integrat@omplex search and IR, Linked Data and
Enterprise Semantic Intelligence.

4.1.3.3 Information Extraction
The Information Extraction market streams the sofigtin three main directions:
Text mining platforms with basic IE components whiequires expert knowledge to be
tuned for a particular purpose — GATE, UIMA
Custom IE products focused in IE for a specifidtgrypes and/or relation extraction (e.g.
identification of proteins and genes, moleculareiattions and molecular pathways
reconstruction)
Content providers of text extracted
Most of the companies approach the market withyedmodel. For example TEMIS
product suite is developed based on UIMA, as tteeldeveloped a specific component,
which perform a specific IE task (extraction of fgias and genes, molecular interactions,
chemical compounds, sentiment analysis, competitioasysis, etc).
The main areas of specialization of the |IE solgtidaveloped by the vendors are Content
Enrichment, Scientific Discovery (targets idengtfiion, validation and selection; System
Biology; Biomarkers linking pre-clinical and clidtinformation; Pharmacovigilance, safety
and regulatory), Sentiment Analysis and Competiinalysis.

Some major vendors in this market are:

Ariadne Genomickave developeBathway Studio software, which builds and displapsecular

pathways and helps scientists to uncover connextbhiomedical interest. Powered by MedScan

Technology the software has for over 5 years prawdye an unsurpassed pathways analysis research
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and discovery tool. The Ariadne difference is thieliactive software interface and the computational
approach to generating database content fromtératlire.

Ingenuity Systemss the vendor of Ingenuity Pathways Analysis suitn all-in-one software
application that enables researchers to modelyamahnd understand the complex biological and
chemical systems at the core of life science rebe#PA’s search capabilities provide users with
access to the highest quality detail-rich knowledgailable on genes, drugs, chemicals, protein
families, cellular and disease processes, andlgigrend metabolic pathways. IPA supports analysis
of data from all experimental platforms, and isduaeall stages of the drug discovery and
development process, including target identificatod validation, biomarker discovery, molecular
toxicology, metabolomics, and pharmacogenomics.HBgbeen broadly adopted and cited in
hundreds of peer-reviewed journals. All of the pratd leverage Ingenuity's knowledge base, the
largest data base of its kind, which houses thiegical and chemical relationships extracted from
scientific literature. The information is uniquediructured so scientists can ask complex biological
guestions to gain rapid insight into their experitaé data or create relevant biological models to
move forward in their research. Today, Ingenugghkitions are used by thousands of researchers at
hundreds of leading pharmaceutical, biotechnolagg, academic research institutions worldwide.

Linguamaticstext mining technology pivots on natural languagecessing (NLP) and text search.
The union of these two techniques is novel, and:tikepany engineers have embraced this
challenging "shotgun marriage” with the added fiomatlity of "experimentation” - interactive
querying and results exploration for both exped arore casual users. The idea is that the systam ca
understand source materials and present the ugemare than a list of documents in which a user's
query terms appear. The result is providing the wih a tabular view of documents that match the
query with a drill-down option to enable the useexkplore the supporting evidence. The core of the
firm's technology is the work of Dr. David Milwardho co-founded Linguamatics in the UK in
2001. Dr. Milward holds a Ph.D. in Computer Sciefroen Cambridge University. In addition to text
mining, Dr. Milward has had an interest in spok@lafjue systems. The user interacts with the
system via a dialogue--essentially a question-arsivar session--with the system and the user
exchanging information.

TEMIS's Luxid® for Life Sciences— module based tool for information discovery &ndwledge
extraction from unstructured texts. It is desigtedeet the specific content management
requirements of pharmaceutical, chemical, bioteldgyy and medical device companies, Luxid® for
Life Sciences is a powerful and scalable solutimmg immediate access to non obvious information
and delivering Life Sciences specific knowledgerfrimternal and external data sources.

4.2  Analysis of Target Customers

Categories of potential customers:

Big Pharma — as it represents the largest singiéiesn which could be a potential customer. This
category includes the company itself and sepanaits (teams) within the company. More feasible
approach is 1) to “win” a single unit as a custon®rto increase the trust within the company as
implementing successful projects in other team&iwithe company in order 3) to be selected as a
primary semantic solution provider for that compabgvelopment a successful show case is critical
for the expanding the customer basis (new unitiiwithe company or in other pharma companies).
Thus prioritizing the development of drug discovenyd development mainstream component and
solutions could be highly advantageous for the igwveent of the company portfolio.

BioTech - similar to the big Pharma companieshwulite major difference that the transition to a
preferred semantic solution provider could not mexbroadening the project base within the
company.

Diagnostics — it is just identified as a possildeget group. At that stage there was no specific us
case of semantic web technologies for that segment.

AgroTech — it is just identified as a possible &rgroup. At that stage there was no specific ase ¢
of semantic web technologies for that segment.
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InSilico research — probably the most attractiveegary of potential customers among the small to
mid companies. Their main asset is the informatolected, generated and analysed during their
research process. The requirement for new apprsdohenaintaining and mining the data within the
enterprise have an increased priority in such coegaThe main drawback is that substantial part of
these InSilico research companies has a limitegétdery fast (and highly time dependent) process,
which makes the investment of “untested” technalsgiytion very unlikely.

Content Providers — this type of companies coulddberred either as customers or as partners. As
their core business is to provide high quality amgto-date content to theri customers, these
companies needs high quality text analysis andrimf¢ion extraction solutions. Along with the
semantic annotations/tagging of their content, iaefieial feature is the enrichment of the content
with the tagged entities’ meta data.

Big Hospitals and Research Institutes — wide rarfgmssible projects.

Government organization (healthcare primarily) —past of a funded project, the semantic data
integration and mining solutions and IE componemtld be only as a complementary software
components. Having in mind the scope of such ptejé&antotext could not implement the complete
functionality.

Single researchers and small research labs — thiec lLD service could serve as basic research
platform for mining heterogeneous biomedical da@tse service must remain free for academic users
as the primary content license distribution defitiés. The channel should be used to gain visjbilit
among the research community, which further toxttereled and over the business.

Ontotext’s value offering

Improve decision making during the drug discovang development process as the offered
solutions provide:
o Efficient semantic integration of the existing imal information streams with the
public domain knowledge
o Improved data harmonisation and semantic interdyléya between different
research units
0 Integrated more than 25 public biomedical datalzessb130 thesauri and ontologies
that covers (gene, protein, interaction, targetgddisease, patient groups)
0 The public show case system is the most scalablgtieo for semantic data
integration available in production
Up to 4 billion entities (extendable to virtuallplimited — 2°)
Over 6 billion statements in production system
Up to 20 billion statements and beyond in contrbtiest environment.
0 The solutions based on Linked Life Data integratmatform are omparable in
scalability with the conventional systems base®RBBMS.
0 At the same time the LLD platform is characterizgth lower cost for maintenance
(update, replication and migration) and extensidth wew data sets (transformation).

Subscription for new updates of the public dataces!
Provides a standardized interfaces useful for teeeldpment of third party portal
applications and data mashups
Add value over existing data providers
infer new facts based in the existing knowledgtherepository
removes redundancy based in syntax and semandk; lev
interlink the different data sets based on shansities
identify causality relations within the linked data
combine the structured meta data from the datavg#isextracted information from
the unstructured chunks (either docuemtns or stéonitsired meta data
Increase the accessibility and the visibility lod information
0 better complex search
0 Semantic search
0 Linked data browsing and navigation

O O Oo0OO0oOo
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Exploitation and business development strategy

DaaS approach based on the public service of Lldfqrim. The public LLD will provide
free access to all publicly available and alreatgdrated data in the system. The rationale
for providing the data for free is:

o Data source License limitations

0 Need to broader the user base of LLD

o Intension to introduce LLD URIs as global uniqueritifiers for biomedical entities.
All added value services and functionalities cobddoffered asa separate distinct extension
packages (e.g. Semantic annotations, Upload amgjriation of proprietary data sets, etc).
The approach aim to address the needs of of brdmder of single users (single researchers
and small research labs)
Extend DaaS with mash-up creators’ community basedopen and well documented
standard interfaces. This includes SPARQL end-paimd Lucene Index Auto-complete
interface. The approach aims to build a networkary semantic web adopters, enthusiasts
and small technology companies and start ups arbubBdpublic service. The ultimate final
goal is to be developed variety of visualizatiomponents and modules, which to be feeded
by LLD.
Apply LLD platform at different stages in the Drgscovery and Development process in
current partner pharmaceutical companies - AstraZaieommercial projects (the projects are
in late phase discussions - i.e. budget is apprbuedve need to refine the requirements and
the technical plan). The efforts in this directamm to specify and tune use cases, which fit in
the mainstream of Drug Discovery and Developmeotgss.
Influence and closely monitor the technology staddglan Semantic Web Data integration for
the Pharmaceutical domain — active membershipstoRi Alliance and participation in SeSL
project from one of the work packages will ensinedawareness about the future trends in the
industry and will provide some mechanism for inflagg the technology standards adopted
by the business. In addition the effort will the@ally test the suitability of the developed
use cases within the previous approach.
Content Management: using LLD to enable interopéraland access to rich media assets
across the corporation; transitioning from con&dllvocabularies and taxonomies to
ontologies; extending ontologies to align and hams® them; and providing integrated
semantic discovery and access across subject deraadh organizational boundaries. Some
very active members of the Pistoia Alliance repmeédbe biggest content providers for the
Pharmaceutical industry — Elsevier, Highwire, Nafuetc. The opportunity to collaborate
with these entities will serve as a basis for Wattederstanding of what are their business
needs and how to address them with a custom solutio
Increase the number of the pilot users by partitigain OpenPhacts project funded by
"Innovative Medicine Initiative". (LLD and Ontotex$ considered as key platform). Adapt
the developed use cases and build a specifiedi@olidgcused to solve a specific business
problem during the Drug Discovery and Developmentess.
Direct sales of LLD platform to pharmaceutical cangs (meetings with Roche, Bayer,
Pfizer and it will be more likely small consultangsojects to deliver a quick prototype)
Use LLD knowledge base in other commercial textyasig projects - not directly relevant to
LarKC technology but relevant to WP7a knowledgeebas

4.2.1 Innovative Lead Users Are the Focused as Pilot Cuminers

Since the semantic web technologies are just egten their mature phase, most of the decision
makers in pharma domain still prefer to rely onvantional technologies. The winning approach to
demonstrate the advantages of the semantic repesitnd lightweight reasoning over the data is to
define a impressive show case for a specific bgsipgoblem and a small pilot project. The focus
should not be on the new technology that will kieouced (RDF triple stores, reasoning, etc) but of
the new functionalities and capabilities that thgtem will provide (linked data exploration, caityal
relations mining, etc). But the most important pagnhow these new functionalities and capabilities
will enhance the Drug Discovery and Developmentess.
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Evidence Based ResearchThe Pharma R&D group has many departments/thetiapaeas, each
with its own system of recording and storing dat&arious formats. Most life science companies rely
on third-party data, which gathers patient care @medcription information. Most of the solutions do
not follow any well defined standards and the dataard to be integrated on an enterprise level. Fo
addressing this type of problems we provide Semdbéta Integration Solutions (ETL, Semantic
Warehousing).

Informed Decision Support allows a researcher to access the entire partéflpossible targets and
compounds across all therapeutic areas, and cefesemce it with public and private information,
from both internal and external systems. To resalweh type of problems we use Linked Data
Solutions (Instance Mappings, Causality relations)

Increase Data Availability: Huge amount of valuable information is locked irstuactured or semi-
structured form. Text mining accelerates and resltice cost of new drug development. Toel kit

for text mining includes named entity extraction;accurrence, frequencies & nearest neighbours,
text clustering, text categorization; natural laage processing; ontologies Text mining has impacts
at multiple points across the drug development difele, with measured improvements in time to
solution of more than 100X compared with manualhods.

The number of the pilot users can be increaseddiicjpating in OpenPhacts project funded by
"Innovative Medicine Initiative”. LLD is considerezbs a key semantic data integration platform and
Ontotext is recognized as key technology vendor.

4.2.2 Providers Wish to Add Semantic Capability as Complmentary to Traditional

Approaches

Multiplatform capability : integrate web, IT infrastructure/devices, and irobervice/devices and
leveraging content and brand assets onto thesepitaforms to create new, engaging and highly
relevant personalized audience experiences foisitdd business model.

4.3 Evaluation of Channels

Software sales model Evaluation of channels

( % $ &&
)* * "

Source: Ontotext

Figure 7: Ontotext LLD selling model

Page 38 of 71



FP7 - 215535
Deliverable 9.6

Direct sales — since Ontotext develops very spedfilutions, this seems to be the most
frequently used sales channel.

Co-Sell — when reached a phase, at which Ontotextdeveloped a solution, which solves a
specific business case, this is a possible chaApglicable for ETL components and some
basic IE components.

Full Use Resell — not applicable. All the composesrtd solutions developed by Ontotext for
the Life Science domain could be hardly appliedtrer domains and thus such channel does
not seems to happen.

Application specific full use — seems that at thi@ige, Ontotext could not use such a selling
channel. This could be a complimentary to our disades, if there is a demand from the
market and Ontotext selling department is incaptbt®over all possible sales.

Embedded ESL — very possible selling approach svlthg system integrator company.

4.4  Offering Structure
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Figure 8: Offering structure
4.4.1 Partnering and Use Case Development

The development of a solution for a particular bess case could be as a part of a deliverable for
research project (like LarKC) or based on the curté D public show case (as part of commercial
business development). During that phase the useisaevaluated from technological point of view
(data required, technologies required, generaltisol@architecture definition, etc) and from busmes
case prospective (business case requirementsjdoakctequirements, performance and scalability
requirements). In addition some basic testing anbuser training are performed. The solution design
and implementation, along with the end user ingatthered during system usage, could be further
used for the design of a pilot project (Design Bedelopment for Commercial Use)

4.4.2 Offering

Evaluation Kit
Freepublic use case system —http://www.linkedlifagd@m
All integrated in LLD data sets are available fomehload via FTP
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RDF repository available for evaluation and dowdl@éamited version)
Basic ETL components available as part Open Sdenamework
Basic IE components available as part Open Souaraéwork
Use case demonstration sessions
Training Kit

- Short documentation of LLD public service
Detailed documentation of LLD interfaces (SPARQIdgaint, Lucene Auto-complete)
ETL Open Source Framework documentation
IE Open Source Framework documentation
RDF ETL training materials provided to partners

- |E specific components (LifeNERC) provided to parsiand 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 componéetam\Ware
IE indexing and retrieval — MIMIR
Visualization Library - Forest

4.4.3 Support & Services

Due to the wide usage of Open Source software egndefvorks, we reuse the provided by the
community infrastructure for maintenance of thepgrpdocumentation. For the specific components
Ontotext provides mostly user manuals and how-tud@nts.

4.5 Deliver (License or Services) Models and Channe Is

Analysis of target customers

direct influence necessary

— A

Ontotext Partner End
Cycorp (Semantic service) Customer
« Address both (end)
customer and « Fast market reach and
partner Assts low

Source: Greenfield team

Figure 9: Sales Channel
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At that stage, Ontotext develops custom solutiomtdlon the basis of a set of standard modules,
products and open source software. The current nedervice 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 fores@tand alone basic infrastructure components
(BigOWLIM) or very generic IE modules.

4.6 Documentation and Training

Due to the wide usage of Open Source software egndefvorks, we reuse the provided by the
community infrastructure for maintenance of thepsurp documentation. This includes the ETL and
IE components. Both open source communities arg aetive and maintain well supported mail

groups forums and specialized documentation (iricutechnical documentation, user manual, how
to document, code examples, interactive video ialfgretc)

For the specific components Ontotext provides rmposer manuals and how-to documents. The
artefacts bundle will be extended will user maduyp and forum, interactive video tutorials and othe
For the developed in-house open source compon@ntstext provides introductory training for the
community and detailed technical documentation ttwevcomponent could be used and customized.
As part of commercial project the solution docuraéinh and training is included in the transition
phase. Depending on the specificity of the projdet, 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 commercigis the cost to acquire a customer could
range from 5 to 15 % of the total project cost. Hfert includes the initial business development,
consulting in the definition of the business case project management.

The cost to deliver a specific solution dependshencurrent customer base for that type of solution
For the first implementation and deployment of aciic solution, the cost could be up to 80 % & th
total project cost (worst case scenario). The effepends on the re-usage of system components. The
initial estimates are that the half of the compaseould be re-used with a minimal adaptation, tvhic
decreases the initial 80% to 40%. With the extemsibthe customer base for that type of solution,
the effort for delivering a solution could be degged even more.

The cost for maintenance and support is estimat@d1i0% per year, which covers maintenance of a
fully functional system and resolving major systeralfunctioning (bug fixing).

In addition to the support and maintenance, Ontqieovides fixed price offering for implementation
of new custom features (change control) to theigeml/solution.
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5 Architecture

The LarKC platform is realized according to a sienphd loosely-coupled architecture design, and
implemented as an open-source software projedboth cases, during the entire realization phase
care was taken to emphasize openness: open daradat programming interfaces, industry-friendly
open-source licensing models and open/public adeetise code base, documentation and support
team. These are all preconditions for a communityed development of the LarKC platform and
sustainable management of the infrastructure beloagbroject’s lifetime. Essentially, the openness
of the LarKC platform is intended to foster a wid@ptake of the core technologies that are
investigated and developed by the project consarand enable both project partners and certainly
external individuals and companies to use the qiatfas a baseline infrastructure and integration
platform for large scale data management facilifidee idea is to have a market for data management
services emerge around LarKC, in which contextoteribodies can make business by maintaining
and selling plug-ins. Offering plug-ins that impeodata management tools and that easily integrate
via the LarKC platform and workflow execution infteucture will also allow for fast access to
market for smaller and dedicated solutions. Thexend need for holistic data management
infrastructures, as everyone can contribute toltheKC-based data management environment via
simple API-conformant plug-ins. In other words, twihe LarKC platform as core infrastructure, it is
possible for various independent companies to nmkéit by realizing services on top of it; in
collaboration with LarKC project members or fullydependently.

5.1 Sustainability of the LarKC Platform

Although already maintained as an open-source aoftyroject and hosted on sourceforge.net, there
is a need for centralized preservation of the dmate and documentation beyond the LarKC project
in order to guarantee the software quality and stpfor developers and plug-in providers. The
maintainer of the LarKC platform can be any of therent consortium members, or a third party
body that is founded for the purpose of sustairitmg LarKC platform and its user and developer
community. An alternative possibility would be tcartd over the platform including code,
documentation and responsible support team to $iérrational, as an independent interest
association. Essentially, the role of the orgammathat takes on the maintenance of the LarKC
platform is to ensure that there are no technieatrictions for others to implement plug-ins and
services on top of and around the platform; i.allmv 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 annepmirce endeavour and a public good for
community use and development. In that sense, ther@ direct intention and there should not be any
such plans to make the LarKC platform itself a bass object that serves as a source of exclusive o
direct profit. The argument in respect to busingggortunities is, rather, that project partnerd an
third party organizations may use the platform @ cata management and reasoning infrastructure
and that various services, applications and plggaie implemented that generate business value, and
hence financial profit. The LarKC platform as palgjiood is intended to enable a new market for data
management and reasoning software products thajuéekly brought to the market, as the LarKC
platform greatly facilitates its use and integmatior 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 accortinpe Linked Data principles, and made available
as Linked Open Data, shares many underlying giesiwith the goal of LarKC. On one hand it is
about making available to the public data on topwdfich applications and services can be
implemented, again openly or for business reasmnbpth. On the other hand, there is the LarKC
platform that is realized and made available openly publicly for third parties to publish and make
functional software components for working with ieas types of data, chiefly linked data that is
made available in RDF. To this end, there is arae@rlap in goals and target markets between the
Linked Open Data movement and LarKC.

@ _*
-\

Applications M

3{UNKINGOPENDATA

ie.m?bio@ RDF
OpenCyc 3
. y&b Etlegislation.gov.uk Linked Enterprise Data
%% DBpedia
Linked Data G 5

Plug-Ins / Services

LarKC Platform

Figure 10: Creating Business from the LarKC Platfom in a Linked (Open) Data Context

Linked Open Data is characterised by the fact itisasources are distributed: the so-called Linked
Data cloud is fully decentralised, and by the fewt the quality of the data sets in terms of
consistency, completeness and dependability vasigsificantly. Many of the data sets are
automatically extracted from public or private detses and exposed and interlinked as linked data on
the fly. Exposing databases as linked data, andownpg the quality and usefulness of the data sets
thus requires diverse types of data managementpaockssing steps at various stages in the
publication and exploitation lifecycle. The LarK@Gfform hence offers a potentially highly profitabl
infrastructure for processing linked data, with laggtions ranging from identification of possible
sources, via the extraction and transformation R~ data (linked data), through to reasoning-based
quality improvements and data set completion, amdrisistency mitigation. The LarKC platform
was conceptualized and realized with linked datzcgssing in mind, while the actual processing
steps are offered by the intelligent combinatiorphfg-ins. So far, we have only listed the use of
LarKC for the maintenance and processing of tha datirces and the linked data itself. Effectively,
there is, as previously already mentioned, sigaificutility in LarKC too, for the realization of
applications and services (extending the idea ofjpts) and the implementation of data analytics
over linked data. Plug-ins allow for exposing anahipulating particular data sources, including non-
RDF ones, and hence LarKC is an enabler for tregiation and processing of private, as much as
public, linked data, or their combination. This tsgnificant potential business value as it alldors
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the leveraging of RDF data in large scale and cdatjon heavy data management tasks in which the
integration of distributed data sources and ad dmwalytics play an important role. The networked
economy is a good example, as various companies tf@ir business-neutral information and
enhance it with public information sources for agting process knowledge that goes beyond what a
single entity could do. Similar applications emefgem manufacturing and logistics, or customer
relations management where information processnglliabout discovering trends and changes in
customer behaviour and satisfaction. Public infdioma about demographics and socio-cultural
aspects paired with company owned customer feedli@okmation provides a huge base of
information over which reasoning may be applied ttetect the desired patterns and inferred
knowledge.

In summary, in Linked (Open) Data scenarios, theKCaplatform provides a fundamental data
processing infrastructure enabling the implemeoatbf 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 atayts Web was already briefly touched on above,
but will be emphasised in more detail in this ®ect The Web is a constantly growing and
dynamically emerging source of information, anddeeis pronouncedlhad hoc Two particular traits

of data on the Web that have emerged over theypass and that are still increasing in impact are i
the data streams produced by community portalsarzhlled Web2.0 applications such as Facebook,
Twitter or multimedia sharing sites, and ii) theeams of data exposed by sensor networks and
actuators.

Both types of data streams, the human-created gességa community Web sites, and the machine-
created measurements from sensors exhibit simiaracteristics and certainly call forth similar
challenges and requirements in regards to data geament. The most important aspect, however, in
regards to the use of LarKC, is the need for riead-tand stream reasoning for making sense out of
the resulting data avalanche. While the fundametdtd structures in many traditional data analytics
scenarios are data warehouses that are cleansegrapdred beforehand, the aforementioned
scenarios require a notion of ad hoc data analytits streams of data that are integrated, cleansed
and reasoned about on the fly. Providing solutionthis respect opens up an enormous potential
market; discussion on twitter, expression of seetit and opinions on Facebook, or the evolution of
temperature or humidity over time all hide and @scdate important information that could critically
benefit decision-taking in companies and industry.

Some of the most impactful work around stream neiagphas emerged from the LarKC project, and
from the implementation of plug-ins that manage gmiiform, in an sustained manner, data
extraction, aggregation, cleansing and, eventuadlgsoning and decision making. Together, these
facilities provide a modular and highly powerfubltauite for online data analytics on the fly. Agai
the LarKC platform is a promising enabler for ma#icient management solutions for business
information in combination with public data. To ¢hénd, LarKC as a core platform for real-time
reasoning over emerging data streams is an eféestarting point for promising business scenarios
and development and application of novel marketpextives.

5.3 Other Exploitation Possibilities

So far the focus of this section has been on etpipithe open-source LarKC platform for the
creation of business value via the provisioning aalling of plug-ins, services and applications on
top of linked data and online data streams, botiipand private. Such exploitation scenarios show
direct business benefit which turns work based arkKC into money. A more indirect exploitation
path is, however, also possible through third parthat base their work and research on LarKC
results and reuse the platform and available piggin other projects. Such indirect exploitation
generates an ecosystem for future LarKC exploitadiod is not to be neglected.
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In the remainder of this section we discuss twocoete examples. First we show the use of LarKC in
a project that is in the process of being launcheuile in a second example we discuss how a
pending project proposal intends to leverage thi&Caplatform in the context of a project that works
on complex event-driven information integration d&cision support systems.

5.3.1 OpenPHACTS Project

The OpenPHACTS project will officially start in Mar 2011, and aims at an open source, open
standards and open access innovation platform larmnpaceutical research in general, and drug
discovery in particular, that adheres to a semamgic approacf Analysis and hypothesis generation
for drug-discovery projects requires careful asdgmtverlay and comparison of data from many
sources, requiring shared identifiers and commaonasgics. Alignment and integration of company
internal and public data and information sources sggnificant effort and the process must mostly b
repeated across companies, institutes and acadbgvoi@tories. This represents a significant wakte o
effort and money. The listed data management teeiggire significant data processing effort that
largely overlaps with the LarKC approach. It isréfere not surprising that the LarKC platform was
chosen to serve as a workhorse for OpenPHACTS,igptise triple store for storing the integrated
data and powering reasoning over the collected sitta The resulting semantic integration hub will
address key bottlenecks in small molecule drugodsy such as disparate information sources, lack
of standards or shared concept identifiers. Wowkdldor data capture, processing, interoperability,
visualization, and chemogenomics will be specifiad developed on top of the LarKC platform.

5.3.2 CONFORMED Proposal

The CONFORMED proposal intends to bring methodscépturing knowledge from text to levels of
accuracy and usefulness far beyond those achiewdtiietoday’s natural language processing and
text mining solution! The proposal principally addresses epidemic $iamee and financial
intelligence, two highly knowledge-intensive donsifor which large numbers of critical data are
only available in distributed texts. To access axgloit this information, it must be unlocked from
text and turned into a structured, semantic forms is where the LarKC platform will become
relevant. Previously extracted facts, user feedlzexck external knowledge bases must be aggregated
and aligned with the extracted information from teetual sources. For these data processing tasks,
CONFORMED will leverage LarKC, extend it for apg@ttons over unstructured data, uncertainty
and reasoning methods that support not only apprabe output, but also uncertain data input, and
build a resulting new infrastructure for NLP andeetprocessing on top of LarKC that also support
aspects such as data quality and provenance, anarhinteraction.

% The OpenPHACTS consortium comprises 14 Europeadeswic and SME partners, with leading experts in
the fields of data mining, annotation, small molecidata storage and manipulation, target related
bioinformatics, RDF-type information handling, miassreasoning and chemical biology.

%" The proposed CONFORMED consortium consists of eigb¢arch and industry partners including SAP, the
French Institute for Public Health Surveillance @nel Royal Bank of Scotland.
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6 Technological Assets

6.1 CEFRIEL
6.1.1 Short Profile of the Company

CEFRIEL’s primary objective is to strengthen exigtties between the academic and business worlds
in the innovative ICT sector. CEFRIEL has been edred and structured to pursue this mission.

Thanks to its distinctive operational model and tididciplinary competences, CEFRIEL is able to
design a wide range of innovative products and isesvbased on customer requirements and
integrating the most recent scientific researchiltesthe best technologies available on the market
the emerging standards and the reality of the imiprocesses.

CEFRIEL is a not-for-profit organization. Its shioéders are Universities (Politecnico di Milano,

Universita degli Studi di Milano, Universita ded@iudi di Milano Bicocca, Universita degli Studi

dell'lnsubria), Public Authorities (Lombardy Regjpand 15 leading multinational Companies in the
ICT and Media sectors.

CEFRIEL is part of the ICT Institutéhitp://ictinstitute.polimi.it), recently created by Politecnico di
Milano to coordinate and promote overall initiasveelated to higher education, research and
innovation in the ICT sector.

In 2010, CEFRIEL opened its subsidiary office im@nnati, Ohio, to further strengthen its support
of companies’ increasing worldwide innovation needs

Academia CEFRIEL Industries
/N

High

Medium

Loww

>

Research Innovation Market
Delivery

Figure 11: CEFRIEL business positioning.

6.1.2 CEFRIEL Activities within the LarKC Project

Within the LarKC project, CEFRIEL and DEI (Dipartmnto di Elettronica e dell'Informazione —
Politecnico di Milano) act as a Joint Research Wmider the ICT Institute in accordance with the
Special clause n°10. As such DEI's, role is deddte foundational, fundamental research, while
CEFRIEL applies research results in the developroérproof of concepts that demonstrate the
feasibility and the applicability of options for@ging the project results, in an innovation sejtin
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Figure 12 visually represents the positioning oFREEL’s activities within the LarKC project in the
range of activites the company can perform in litggets.

ADVISING

ASSESSMENT
PROTOTYPING
DEVELOPMENT
DEPLOYMENT

Security positioning
and vulnerability
assessment

Technology and
processes
assessment

Intellectual property
assessment and
patenting support »

Technology transfer
for accelerating
ICT innovation
adoption and
deployment
Development of
hardware and
software pre-series
prototypes ’

Context driven
evaluation of
advanced
technologies

System integration
tests in real case
scenarios

Feasibility studies

Third-party support
in public bids

Technology scouting
and watching

Innovation coaching ’

Design of innovative

architectures Development of

innovative

Development of
proof-of-concepts ’

customized
solutions ’

Figure 12: CEFRIEL activities in LarKC.

The potential for exploitation of CEFRIEL activiéiein 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 “tediogical assets” that CEFRIEL developed in LarKC.

6.1.

3.1 SPARQL Engine Extension

In the context of LarKC activities, CEFRIEL expedrmnied with a number of extensions that could be

app
exp
and

lied to SPARQL engines. While the results ole@im LarKC are only proofs of concepts (as
lained above), those demonstrators could be@eateto result in more stable prototyping versions
could also lead to further research investigadis well as re-engineering af software solutions.

Operational Research Algorithmsdata expressed in RDF can be easily represenitbd w
graphs; thus, a natural requirement could be tdyapperational research questions (e.g. a
path computation over the graph). In LarKC we depetl dedicated plug-ins that “wrap”
graph processing libraries (namely JGrafihihat is able to apply Dijkstra algoritm) or graph
databases (namely Ned3J

Geo-spatial Functionsa large number of geo-spatial datasets are begpaviailable as open
data and/or linked data; in order to benefit framse dataset and being able to perform
generic spatial queries, as they are availablel$ggstems, we investigated the possibility to
“wrap” spatial databases (like Post&)Sand include their functionalities in SPARQL

38 http://www.jgrapht.org/

% http://neo4j.org/
40 http://postgis.refractions.net/
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queries. Within LarKC, we developed the concept GEZR and prototyped a small
demonstrator.

Streaming Data Processingthe popularity of streaming data and systemsscit the
extension of SPARQL engines to deal with continuauseries. The C-SPARGL
conceptualization is specifically oriented to tipisrpose. In LarKC we have prototyped a
number of plug-ins that integrate data stream memagt system (DSMS) functionalities
within the LarKC platform.

6.1.3.2 Software Frameworks Based on LarKC

In the context of LarKC activities, CEFRIEL has dmped a number of end-to-end frameworks
based on the LarKC platform. While the results wigid in LarKC are only proofs-of-concept (as
explained above), those frameworks could be exterideesult in more stable versions and could
also lead to further research investigation as asele-engineering of software solutions.

Linked Data-based Recommendatiaria the context of the development of a SOA-orent
platform for developers, CEFRIEL was asked to reak hybrid recommender system for
web services. We developed additional plug-ins af as complete LarKC workflows to
provide one of the recommenders that were intedranel harmonized in the hybrids system.
This recommendé&t computes item recommendations (in this case, rewmdations about
Web-services) on the basis on linked data desonipdif both the available items and the
users’ profile. While the demonstrator as realimgatks in a specific domain, the developed
software framework is generic and, as such, itatdod re-used and extended for different
domains.

Social Media_Analyticsin the context of the development of a locati@sdd social media
application, CEFRIEL developed a number of plug-@msl workflows to gather, elaborate
and derive information from social media streamsparticular, CEFRIEL (together with its
third party Politecnico di Milano) developed a shiiEmework to record, re-play and analyse
a stream of social media activities (e.g. tweetastrs). While the developed workflows are
specific to the BOTTARI application developed inrK&, the plug-ins and their underlying
behaviour are generic and, as such, they can Isedeand extended for other types of social
media.

41 Emanuele Della Valle, Hafiz Muhammad Qasim anadr€elino: “Towards treating GIS as Virtual RDF
Graphs”, In Proceedings of the 1st Internationalrk®bop on Pervasive Web Mapping, Geoprocessing and
Services (WebMGS 2010), Como, Italy, August 2010.
“2 http://wiki.larkc.eu/c-spargl(see also the list of publications available there
43 http://etechdemo.cefriel.it/rs-component-servigkymo ahttp://etechdemo.cefriel.it/rs-answers-service/
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Exploitation potential
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;& ________________________J

Figure 13: CEFRIEL exploitation potential on the basis of LarKC results.

The proof-of-concept demonstrations developed withe project represent the basis for the further
exploitation of LarKC results: a more targeted asseent of technologies and processes, as well as
deeper technology scouting and monitoring (lefesia Figure 13) would help in identifying the
suitability of LarKC results in the context of CEFER’s customers needs; a further improvement and
re-engineering of the developed proof-of-conceptesys would lead to a more targeted realization of
prototypes that meet the needs of CEFRIEL'’s custeme

6.2 Cycorp Europe (CycEur)

LarKC as a flexible and scalable platform offersesal possibilities for use in novel application

systems and thus contribute to the competitivenédshe company and of the research institutions
with which it collaborated. In combination with ethexisting technologies LarKC makes it possible
to form and integrate software solutions which wiontherwise be too expensive and hard to develop.

Cyc Europe plans to integrate the LarKC platforithwour existing technologies, especially the Cyc
reasoning engine. This combination of the LarKCifptan and existing Cyc technology, together
with some of the newly developed plug-ins, offeegesal immediate commercial possibilities. This
concept of producing integrated products based ororabination of Cyc and tools from the
technological ecosystem fits well within the Cya&pe development strategy.

We are planning applications where we will use ItheKC technology as the basis of publically,
commercially available services and products. Thasglications have mostly evolved from our
research activities and will at first be deployadaitest environment and used internally inside the
Cycorp Europe and then after some time the oneshmhill evolve and prove to be useful will
become available to the public. The public and cenumal 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 vakithe CycEur-developed plug-in which is able to
connect to various online calendars (with the firstsion working with Google) and retrieve and
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write into the appointment list and other persaredéndar information. The data is then converted to
RDF using the calendar ontology based on the RD¥aedbulary ittp://www.w3.org/TR/rdfca)l
The RDF can be used and integrated with any otkistirg LarKC plug-in and converted to Cyc
internal language using the transformer plug-ittijea 6.2.3). The Google calendar plug-in is algead
in development and is available on the LarKC syroséory.

Another, similar plug-in is able to connect to aayi set of Trip-it accounts and retrieve travel

information and integrate it with the Google calenglug-in. This data can be then converted to the
Cyc internal language as well and thus availabtedgc reasoning engine. The Triplt plug-in is

already working and is available on the svn as.well

On top of this infrastructure, an application dae built which would help individuals and
organizations to maintain the consistency of théerdar events. Joined up with pre-existing
knowledge from Cyc KB and other identifier plug-ihgould help with planning and organization of
events, appointments, projects and other relatieitees.

Ultimately this application will converge to a pensl assistant application, running on tablets or
mobile phones, which will be able to reason ondbfhe retrieved data and vastly improve the time
management and quality of life of the user.

6.2.2 Foursquare and Similar Geolocation Data IdentifierPlug-ins

An indirectly related prototype product Cyc Eurogeworking on is a travel diary application,
supported by computer reasoning, which on topfafementioned data also uses geolocation and
other travel related information. For this intendmaplication, it is necessarily to integrate ak th
various relevant data sources. LarKC offers anligkdform for that, using multiple data retrieval
plug-ins and reasoning plug-ins to clean the da@tas data can be then converted to the CycL
language (see below) and used with other pre-agi€iyc tools to collect more relevant information
from crowd sourcing and using the full Cyc reasasewell.

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 applicatiatnich integrates into the Foursquare native
application and then uses its data to seed iritfatrmation for the Cyc reasoner, which is thetfeab
to ask users smart questions about the thingstkahteresting for some specific location.

6.2.3 RDF to CycL transformer plug-in

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

6.2.4 Natural Language Interface to LarKC

Natural language interaction will soon be one @& thore important human computer interactions.
Cycorp already has technology, which is able comoate to to some extent in natural language and
convert the language the computer logic. Togethiér the data integration solutions the natural

language module would be a useful product which levdelp LarKC users to communicate in a

natural language with the system.

6.3 Saltlux
6.3.1 General Overview of Company

Saltlux, Inc. is a well-known leading knowledge tnis valuation company in Korea that supplies
completed and integrated services and total seisitiased on next generation information retrieval,
information mining and semantic web technologiegviHg been established in 1979 and renovated in
2003, Saltlux, Inc. provides basic system thattesgastores and manages knowledge content through
the utilization of hidden important knowledge asseferived from the abstract, classification,
summarization, retrieval and share of the semantiomation from the vast volume of knowledge
content.

Saltlux, Inc. also is a key partner with major ¢elemunication companies in Korea such as SK
Telecom and KTF. Especially, we have experiencecers¢ semantic projects which require a
capability of triple processing in high volume.

Korea has become one of the major leaders in Ilisitng with highly advanced IT infrastructure.
Information services on national IT infrastructtigve the first priority in the government IT poliy
realize U-Commerce, U-Government, U-Learning, U4Heand other ubiquitous information service
systems. Semantic technology is regarded as tletecdnnology for the goals.

At the national level Saltlux has been or is involved in the followingojects: Middleware
Technologies for Knowledge Services in UbiquitousviEonment (National project with Korea
Telecom, KTF (2nd mobile telecommunication compainy Korea)), National IT ontology
infrastructure technology development with Koreavaéwmced Institute of Science and Technology,
ETRI and many other research firms. Developmentintélligent Personal Media Managing
Technology for Ubiquitous Environment (Researchsootium with ETRI)

In 2011, Saltlux will exploit latest LarKC platforon Geo/Social context based social media service
with ETRI.

Commercial projects include LG CNS (Semantic KMSealepment and SK Telecom (Intelligent
Service Framework Development for Mobile environithen

6.3.2 OntoBroker Reasoner Plug-in

The OntoBroker reasoner plug-in is implemented asod of reasoner plug-in that wraps the
commercial reasoner library named OntoBrdkef OntoPrise for Baby LarKC Platform.

“Shttp://www.ontoprise.de/en/products/ontobroker/
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OntoBroker is a deductive database system whoseapyiquery language and native format is F-
Logic. F-Logic is an ontology language and combitiess advantages of conceptual modeling with
object-oriented, frame-based languages and offelesckarative, compact and simple syntax, as well
as the well-defined semantics of a logic-basedudagg. It also supports multiple query languages
such as RDF, OWL, and SPARQL.

OntoBroker provides compilers for different langaago describe ontologies, rules and facts. It runs
as a server which reads input files containingsfactd rules and which then evaluates queries gent t
the server and sends the results back.

Saltlux has gained experience from performing Samselectronics project named Ucity that is
similar to Urban LarKC scenario. Ucity is a simidat of finding shortest path with traffic
information and variable road status. Ucity is iempented based on OntoBroker to execute reasoning
with F-logic rule and queries to find shortest patth applying variant Bellman-ford algorithm.

The OntoBroker reasoner plug-in is used for patdifig 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 mhrB®R(Semantic Object Roaster) that
integrating diverse Ontology repositories and reagpengines for developing semantic application.
SOR support integrated management of Ontology sahand its instances with AllegroGraph,

OntoBroker, BigOwlim and querying and reasoningwBiPARQL, RDFS++ reasoning, F-Logic and

converting Relational Database into RDF.

SOR reasoner plug-in is implemented as a wrapp&QR client with reasoner plug-in to interact
with SOR server through HTTP protocol by queryingl aeasoning on RDF dataset for usecase
stored by SOR loading tools in its RDF repositaries

SOR reasoner plug-in of LarKC platform v1.0 is usedlo querying and reasoning on RDF datasets
for Road sign management scenario stored in RDBsiepy which is BigOWLIM same to the
LarKC platform data layer.

SOR reasoner plug-in acts as client of anotheriloiged remote semantic framework.

6.3.4 Road Sign Management Ontology Containing its Instaces

Road sign management (RSM) ontology containingngtance is constructed to integrate Road sign
information and geo spatial information of POI andd from open data for map as one of results of
Urban computing usecase of road sign managememdsae

Road sign management scenario is for checking ataid of road sign beside roads within Seoul by
tracking target POI indicated by road sign.

RSM ontology is modelled road sign information tlcantains 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 (Korearstitute of Construction Technology) and POls
are extracted from Korean POI, Road informationexteacted from Open Street M&jand Linked
Geo Datd” within Seoul.

Open Street Map is needed to manipulate its relatialatabase data to convert RDF data for
matching a part of road, way, node classes of R3kbIOgy.

RSM ontology contains instances of 33517 POIs, 442§s and 9507 road signs with WGS84
coordinate.

Essential dataset for ontology instance scalesrallibn triples and it can be extended to 1 bilio
triples by attaching linked geo data covering wét@ls.

RSM ontology supports RDFS++ reasoning that user8®@f, sameAs, subPropertyOf, subClassOf
property except transitive property.

RSM ontology contains property of operator for gpatial function such as retrieving distance of
two nodes by SPARQL.

6.4 Siemens

Siemens is the pioneer in energy efficiency, indaisproductivity, affordable and personalized
healthcare systems, and intelligent infrastrucgolitions. Siemens’ strategy is derived from this
vision: to constantly tap new markets with innovafproducts and solutions. It is worth notifyingtth
very recently Siemens created the fourth sectiinastructures and cities. This clearly indicatest t
cities offer outstanding business opportunities &idmens is engaged in urban infrastructure
solutions for large cities. On the other hand, camication technologies are not Siemens core
business any more. In the following sections weeflyri 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 technologiesdpice data of unprecedented scale, speed and
coverage providing a unique opportunity to optimizecesses and solve complex problems through
knowledge driven services and products.
The project focuses to exploit this opportunityotlgh the integration and utilization of distributed
knowledge — from sensor to board room. By develppange scale knowledge representation and
reasoning technologies the project will in a priteil way address the data explosion and information
access challenges.
Innovative solutions for the following scenariog &eing developed:
Unified Service Intelligence: Efficient service telry through improved knowledge capture
and usage
Healthcare 3.0: Integration of complex healthcamowdedge and improved disease
management through patient specific multi-scalepasational models
Unified City Intelligence: Develop knowledge-drivearvices based on urban data streams

We are planning to exploit the LarKC platform ahd technologies/plug-ins we developed in LarKC
in the collective intelligence project. Based omsdkey characteristics of this project we make
following proposals.
- Parties working in various domains contribute te tollective intelligence framework. The
integration of heterogeneous (and distributed) adliabe needed as an indispensible step.
We propose that all parties utilize Linked Data (@loas a data integration platform and
publish their data in uniform RDF formats. ThenyK@ platform can be easily applied to
retrieve relevant information for a given targean different data sources (identify and
selection).
Obviously the size of the data processed in the@bmentioned scenarios will be very large.
We propose to apply the LarKC platform and its phsgto both search and reasoning on
such large amount of data which is exactly the rpaipose of LarKC.
In WP3 “Abstraction and Learning” we developed maeHearning based plug-ins which can
be used to (1) model collaborative object-to-objegttitionships and (2) support decision
making, for instance, decision support on diagiftosiatment for physical in clinics.
Another important exploitation opportunity is amgaliions and solutions for mega cities. It
belongs to, as mentioned before, a novel core bssinf Siemens. Fortunately we have been
intensively working with CEFRIEL on this topic with LarKC. A prototype of location-
based social media analysis using the LarKC platfeill be available soon. We hope the
prototype can demonstrate both the platform andkaow-how in this area. Moreover, it is
desired to transfer the prototype to other urbaoblems, e.g. energy supply and
sustainability.

6.4.2 Healthcare

The Siemens healthcare sector is one of the worldigest healthcare providers. Its core
competencies are diagnostic and therapeutic teobiesl as well as knowledge processing,
information technology, and system integration.

We developed the SUNS, a machine learning framewdrich can be used to support medical
decision, for example for physical to make decisiondiagnosis and treatment for patients in clinics
and for radiologist to make laboratory diagnostiesed on radiological reports. In such cases SUNS
takes all relevant information and knowledge intcaunt, for example patient’s properties such as
age, sex, gene, treatment history, family, etc thieddiagnosis/treatment of other patients who have
similar profiles or have suffered from same disease

6.4.3 Internet of Services

Nowadays the internet is not only a commonplaceetb products and content such as music and
videos. Many consumers and companies are willingréide or consume Web-based services on the
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Internet such as Amazon EC2, iPhone apps, and \&e&dbjob searching and recruiting. The web
services are getting more and more popular anduhger of the web services is rapidly increasing.
Compared to common products it is much more compderescribe web services, since various
aspects have to consider such as security, trggedef the provider, payment as well as how to
evaluate the quality, how to charge the fee etcialfythe recommendation of web services needs to
take all those aspects into account and shouldbles ta provide an underlying ranking of web
services according to user’s requirements and enedes. The SUNS framework is suitable for such
recommendation engines to handle large scale anglmated data and knowledge bases.

6.5 Ontotext

Ontotext is a software technology company thatigfizes in the area of semantic databases, search,
web mining and data Integration. The company dedivenovative products and solution utilizing
RDF infrastructure enabling the integration of mrasg and semantic analyses algorithms. In the
context of LarKC Ontotext developed the followingykkechnology assets:

6.5.1 Semantic Database Infrastructure

OWLIM is one of the leading RDF semantic databasésrms of robustness and scalability. It is also
one of the core platform components that enableotreall system scalability of LatKC. In the
context of LarKC project Ontotext achieved improvrisein its robustness and increased the number
of supported use cases. The major exploitable &spee:

BigOWLIM replication cluster — it is a high performance cluster that virtually bies
unlimited number of concurrent user read requdsts technology contributed significantly
to the completion of the project BBC 2010 World GAipbsite.

OWLIM Plugin API — it is a low level plug-in API interface that emetigitom the LarKC
selector requirements. The interface is complemgritathe LarKC plug-in architecture and
allows the tight integration of very I/O intensigemponents with the underlying storage
engine.

OWL2RL support — the OWL2RL standard naturally emerged from the neédhe
industrial vendors like Ontotext to develop a stadd ontology language balancing
predictable computational complexity.

Consistency checking rules -this technology feature makes possible the suppowide
range of use cases associated with semantic dagaation.

WebPIE distributed inference integration —WebPIE is excellent piece of work that breaks
the scalability barriers in the reasoning overdaagnounts of data.

6.5.2 Semantic Data Integration

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

6.6 Softgress
6.6.1 SIM - Semantic Instrumentation and Monitoring

LarKC is developing a distributed platform for imsplete reasoning based on a pluggable
architecture. The platform allows other users togptheir own components, known as plug-ins in
LarKC terminology, into the platform, to run andttéhem by performing large scale experiments. As
with any distributed system, a vertical servicet tis always required is instrumentation and
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monitoring of the system components and of theesysts a whole. Such a service enables LarKC
users to observe if, and how well the system addtnponents are performing. In WP11, Softgress
is developing, a generic solution for instrumemwtaind monitoring for large scale applications.sThi
solution, called Semantic Instrumentation and Manrig (SIM) is applied in the context of LarKC
platform, workflows and plug-ins.

The methods and tools developed in LarKC by Safgres part of SIM, will be used to customize
and extend existing Softgress solutions with imagntation and monitoring capabilities. One
concrete software solution that Softgress is demefpfor one of its customers is a sales system for
domain names on Internet. It is planned to instninaad monitor this solution, which is as well a
large scale, distributed system, using SIM.

\

Softgress intends to further develop, promote afmoé SIM after the end of the project. SIM is
being developed as an open source project beintableafrom https://github.com/semantic-ime
will engage interested research and developerstando build an open source community for
semantic instrumentation and monitoring. As thers®ucode is and will remain open source,
Softgress will also offer consultancy and supporhow to use SIM, e.g. how to install, deploy SIM,
how to instrument and monitor distribute applicasipetc.

6.6.2 parlRIS — Parallel IRIS

Developing reasoning techniques that scale to tleé Wvel is the main goal of the LarKC project.
With this goal in mind, Softgress together with Wity of Innsbruck has developed a distributed
and parallel rule-based reasoner that consumes col@pliant with the RIF-Core specification, and
makes it possible to apply and combine them witl-Riata-sets by integrating RDF repositories. The
resulting reasoning system, which we qadrIRIS is the parallel, distributed version of the IRIS
datalog reason&t parlRIS is available ahttp://github.com/distributed-iris-reasoner/distried-iris-
reasonemnder the terms of the Apache 2.0 license. Saftgvell offer consultancy and support on
how to useparlRIS Softgress will customize and integr@@ RIS in applications developed for its
clients where reasoning with large data sets igired.parlRISwill developed further developed and
optimized in terms of performance for specific suars.

6.7 UIBK

UIBK is currently exploiting or planning to expldierKC results in other European research projects,
such as Envisidf, Support’ and e-Freighit. The methods and algorithms developed in LarKC for
storing and reasoning with very large amount o&dreitl be adapted and further extended to meet the
requirements of the previously mentioned projeltisthe Envision project, which aims to build an
infrastructure to support non ICT-skilled userstlie process of semantic discovery and adaptive
chaining and composition of environmental servities,environmental data coming from live sensors
represent and excellent use case to test LarkK@mewg capabilities in real time on very large and
noisy data streams. Processing and reasoning ewarstteams is a challenging task that is gaining
considerable attention given the increasing nurobapplications that publish online streams of data
such as Twitter, Facebook, etc and the multitudeeofors that generate streams of information from
real world. In the Support and e-Freight projetitBK is planning to exploit not only the methods
and algorithms developed in LarKC, but also théigéecture and design principles behind the LarKC
platform. Support aims to raise the current levigbart security by integrating legacy port systems
with new surveillance and information managemerstesyps. e-Freight on the other hand aims to
facilitate the use of different transport modestlogir own and in combination, to obtain an optimal
and sustainable utilisation of European freighhgport resources. Both projects use as underlying
architecture is based following the Semanticallyallas Service Oriented Architecture, shortly

“8 http://www.iris-reasoner.org/

49 http://www.envision-project.eu/
%0 http://www.supportproject.info/
51 http://www. efreightproject.eu/
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SESA, has been currently rethought and aligned wWith architecture and principles (modular,
pluggable, scalable) of the LarKC architecture. K@rarchitecture is being adopted and customized
to meet the needs of a scalable architecture tipgiosts 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 casehave developed a number of demonstrators
that use the LarKC platform and its plug-ins toyide some end-user functionalities.

In this section we provide a list of the develog®dofs of concepts; furthermore, since the two
partners mainly involved in this use case have défgrent exploitation profiles (CEFRIEL is a not-
for-profit company, while Saltlux is a profit compg, 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 Biens, developed the Traffic LarkKC applicatfon
that allows for computing the “most desirable paftf: LarKC deliverable D6.5) within the Milano
urban area. This proof of concept demonstratesfehsibility of using the LarKC platform to
integrate different algorithms within the same agalorr’. In this case, the proof of concept uses: (1)
recurrent neural networks to compute traffic prédits, (2) operational research algorithms to
compute the shortest path given the desired pakicl/(3) traditional SPARQL querying.

7.1.1.2 City exploration (point of interest, and events)

Within the project CEFRIEL developed the Urban L@rkpplication* that allows for finding points

of interest within the Milano (Milan) urban are&i3 proof of concept demonstrates the feasibility o
using the LarKC platform to integrate different usequests within the same applicafiorin this
case, the proof of concept can: (1) find monumédgjscheck relevant events happening in the city on
a specific time-date and (3) calculate the shogath to reach one of those destinations, as jger th
aforementioned application.

7.1.1.3 Road sign management

Within the project Saltlux, with the support of GEEL and VUA, developed the Seoul Road Sign
Management (RSM) application. This proof of conceidt system based on LarKC platform was
designed to provide commercial feasibilities ofK@rand its architectures. The RSM was developed
as a real-world use-case and service system foegfogovernment. This pilot project has achieved
three research goals: (1) data modelling and iategr of huge linked geo-data, point of interesada
and road sign data set, (2) developing a real wgrkpplication for intelligent road sign management
(3) designing a LarKC-platformbased scalable aechitre for complex querying and reasoning. We
successfully developed this use-case based oneadnegheterogeneous geospatial and urban data set,
and we found several key benefits of LarKC platfdram this use-case like : (1) easy integration for
distributed huge data set, (2) powerful query aasoning for linked data set, and (3) flexibilityda
extensibility for building applications.

%2 hitp://larkc.cefriel.it/traffic-larkc/
*3 |EEE Intelligent Systems paper currently undeisien
5 hitp://seip.cefriel.it/alpha-Urban-LarK C/
°5 Emanuele Della Valle, Irene Celino and Danielel'Bglio: "The Experience of Realizing a Semantic We
Urban Computing Application”, Special Issue of Tactions in GIS, Volume 14, Issue no. 2, pages 188~
DOI: 10.1111/j.1467-9671.2010.01189.x, Wiley-Bla@thwApril 2010.
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7.1.1.4 Application of location-based social media analysis

Within the project CEFRIEL, together with Saltlwnda Siemens, developed a location-based
application for social media analysis, named BOTTARis proof of concept system based on the
LarKC platform was designed as a social media aisafyamework to gather, process and extract
information from tweets and blog posts of Koreaerssbout the points of interests (POIS) in the cit
of Seoul. First BOTTARI analyse the “sentiment’usfers with regards to POIs and then passes this
information to a LarKC workflow; this workflow useseveral techniques to provide POI
recommendations: (1) personal recommendations: BRI Tsuggests users some POIls they could
like on the basis of their past social activity) @pular POl recommendations: BOTTARI suggests
users the top 10 POls according to all users’ seatvities; (3) emerging POI recommendations:
BOTTARI suggests users the most appreciated P@tsrdiag to the analysis of what's on fashion in
the latest time-window; (4) contextual recommerafegi BOTTARI suggests users with POIs that are
more suitable in a specific context, e.g. for fgrevisitors. On top of the LarKC platform, a loceti
based and augmented-reality Android application desloped to provide BOTTARI functionalities
to users in mobility.

7.1.2 CEFRIEL Exploitation Potential

The approach followed by CEFRIEL in the developmanthe aforementioned proofs of concept is
graphically represented irigure 16; within CEFRIEL, this process is usually knows ‘@hnolLab
model”. Starting from customer requirements, wegnate research results with the most innovative
technologies available on the market, designing eselutions that adhere to target constraints and
prove their value in the short period.

The centre activities aim to cover different phaeéghe innovation cycle: technology scouting,
feasibility studies, prototypes development, fulbgucts/services or component development, field
assessment of new technologies or solutions.

The distinctive characteristic of CEFRIEL is itsildp to pick-up from the academic competencies

and, at the same time, to realize, side-by-sidé witr 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 modé¢

In LarKC, the proof of concept development was wai#d by the interaction with potential
“customers” (AMAT — Milano Agency for Mobility, irthe case of the Traffic LarKC and Urban
LarKC applications, and KICT — Korean Institute féonstruction Technologies, in the case of the
Seoul RSM application); the design and developnaerd carried on in collaboration with academic
partners (like Politecnico di Milano) and indudtpartners (like Siemens and Saltlux). The prodfs o
concept could eventually lead to further prototyimesollaboration with the potential customers.

The exploitation potential of LarKC results for GBIEL therefore can be concretized in one of the
following ways:

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

Contacts with other additional customers that, bp basis of LarKC demonstrators,
understand the added value of the technology atidh#e 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 comjgs who provide semantic technology and its
applications. Saltlux plans to exploit LarKC platfoand developed technologies within the B2B and
B2C market as well.

Saltlux has its own product SOR that is a semamhita warehouse with the functions of triple
repository, query and reasoning. Current majorarusts who are using SOR are KT who is largest
telecom company in Korea, Samsung electronics, &ogovernment and etc. Saltlux has started an
internal project to integrate LarKC platform and FS@agether. Saltlux will release new version of
SOR with LarKC technology by the end of the yeat P@ support huge scale data analysis and real
time intelligent service system. The new SOR podiénelLarKC will be used for:
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Geo-semantic service platform: geospatial infororatsystem is evolving toward more
heterogeneous and intelligent platform. LarKC texdbgy could be used for developing geo-
semantic service systems.

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

Open government data: many governments includingc@&lhtries, Korea and Japan have a
plan to develop service sites to open and utilizeeghment data like data.gov and data.go.uk.
Korean government planed a project to make data.geb site with the concept of LOD. In
this case, LarKC could be one of best candidatespport spargl endpoint.

Saltlux is developing an intelligent mobile apptioa “BOTTARI” based on LarKC platform.
BOTTARI is a geo-social search and recommendatpps avorking on Andriod. LarKC is used for
server side platform to handle huge and real-tirata dncluding social data stream and semantic
geospatial data. Hybrid reasoning architecture siream reasoning technologies are considered to
analyze social media and location based socialar&tvBOTTARI will be distributed free in charge
on Android app market.

7.2 Early Clinical Development

Improved data interoperability and better methods ihterpretation have high priority within
pharmaceutical companies in their endeavor to ingthe early clinical development process and
success rate.

In LarKC we have developed tools to assist scientis understand the complexity of diseases and
biological processes by making heterogeneous dateces interoperable and integrated in Linked
Life Data, LLD. The LarKC platform provide uniqu@mortunities to “play” with different strategies
when interpreting the data, i.e. by exchanging, ingparound or/and developing new plug-ins. User
interaction tools for scientists customized for gfie scenarios is developed to help scientists to
leverage from the knowledge repository.

The advanced semantic data integration appliedthiegevith the flexibility offered by the LarKC
platform to apply customized strategies when inmtipg data have opened new opportunity for
pharmaceutical companies to utilize internal antereal heterogeneous genes-proteins-pathways-
target-diseases-drug-patient data.

The result of our effort open several opportunit@sexploration:

A “web” scale capability to manage heterogeneougegroteins-pathways-target-diseases-
drug-patient data into one quearble knowledge sefViLD.

An improved ETL process to extract structured kremge from text aligned with LLD.

A platform to develop flexible novell strategiesmto interpret heterogeneous data,

An interactive tool for scientists to interact witle LarKC platform.

7.2.1 LLD knowledge Base and Service

LLD service aggregates more than 25 popular bioca¢diata sources that cover information from
gene, protein, target, pathway, disease, drug, atéent. The asset is being used in multiple
scenarios:
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Source knowledge baséor further development of solutions. Such a nita@xample is the
causality mining work that provides high qualityusative links derived from LLD primary
data sources

Rapid prototyping of biomedical text-mining applications that brings into play
terminologies, biomedical entities and related rugtt. Refer SLAM case study.

Linked data servicethat exposes resources on the web

Cycorp Europe’s parent company (Cycorp) is using LID in performing a National
Library of Medicine funded research project in automated reasoning about causal
pathways in osteoporosis.

7.2.2 RDF Warehousing Methodology

The integration of 25 data sources resulted in thoa®logy and a workflow to manage the addition
and update of new information. The developed eigeei$ an exploitable result on its own

7.2.3 LLD Semantic Data Integration Tools and Applicatiors

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

7.2.4 Knowledge Exploration Tools for Scientists

7.2.4.1LarKC platform as a flexible research platform for Health Care and Life Science
(HCLS)

The flexibility provided by the LarKC workflow inambination with the huge resource of interoperal
heterogeneous genes-proteins-pathways-target-dseasg-patient data opens exploration
opportunities to provide services around deploynaeict utilization.

A LarKC platform deployment that functions as altawngside scientists to explore new
opportunities to interpret data and thereby miggéte complexity they struggle with
presently.

Potential customers are companies and authoriiteéwvthe HCLS domain.

Could be deployed by internal resources or asvacegprovided by expert service provider.
Critical components for success will be usability, the capability to move the possibility to
experiment with analyse strategies without havingpeputer scientists/bioinformatician in
his knee.

7.2.4.2 Plug-ins

A successful deployment of the LarKC platform ie tHCLS domain will require sufficient supply of
plug-ins.
The LarKC platform used for science will requirengoful 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 methodsajaiure user interest, e.g. by exploring

publication history. This can be developed and wegful 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 irarplaceutical research. Therefore it's
desirable to have a tool where scientists and tmmputer” can work together and evolve the
understanding of the problem/relation.

In LarKC we are developing an application that wvaillow scientists to interact with the knowledge
repository” to come up with potential hypothesieiglain problems/relations. We use causal mining
to generate hypotheses and CYC for natural langimgeaction with the scientists.

Cycorp Europe sees two potential models for theedisnation of this work-bench. In one, the system
is licensed to individual research scientists awkarch organisations to make it practical for tiem
apply automated inference to support fast-turnad@malysis of the huge and constantly changing set
of biomedical data resources. It is likely thabtpresentation versions will be needed — Software-a
a-service, for scientists who want to explore putata (as in LLD), as conveniently as possibld, an
local-installation, for organisations which alsovedarge, proprietary data sets which they wishse

in combination with public data. In some casegrimediate “secure SAAS” solutions may be idea.

In the case of companies with their own data, Qydéurope envisions an additional business of
supplying consulting for integration, and customadditional connectors (e.g. a SAS dataset reader)
to allow data integration using the Cyc SKSI fagilntegrated with the LarKC-based workbench.

The second main model for this workbench is theeliggment of an integrated analysis capability for
causal pathway reasoning, enabling e.g. the sdarchossible side-effect pathways during early
clinical development. These analysis capabilitiesild be offered to Pharmas and Clinical Service
providers as a service.

7.3 Cancer Research
7.3.1 Exploiting LarKC for Discovery of Gene-Disease Asstiations

In a typical Genome Wide Association Study (GWAS8¥perimental data is collected on the
associations between several millions of SNPs aeddisease under study. These associations are
expressed as odds ratios (OR) calculated from SipRegsion in patients relative to controls. The
numbers of SNPs examined mean that large numbepatant and control samples are needed to
make the analysis useable and reliable. With eviswathousands of patients and controls, p value
thresholds must be in the order of 10e-6 or lessrbesignificance can be claimed for an individual
SNP. In addition, most studies do not make usengf@evious knowledge that might have been
published about particular genes and the disease.

The LarKC project has implemented Bayesian Falszdiery Probability (BFDP) on the LarKC
platform. BFDP works by taking into account priorokvledge about genes, and combining it with
posterior experimental data in a Bayesian modelf,3or example, we already know that a gene has
been associated with the buzz experienced on sgakgarettes, then we can take this into account
when calculating the relevance of experimentalltesiout this gene in lung cancer patients.

Prior knowledge about genes is buried in the téxdaientific papers, and so to make use of it in
BFDP we use text mining to find those papers tieduds particular genes, diseases, anatomy, drugs
and so on. Our experiments have shown that tygictie technique requires half the data used in a
typical GWAS to achieve the same results, and givegge cost saving. A result like this is clearly
exploitable. Most GWAS are conducted by publicdlipded laboratories, who make their results
public, and who have a tradition of providing fredormatics services to the wider genetics
community. The most likely exploitation path woullderefore be to obtain research funding to
provide a free, we-based service. It is also ptssitat pharmaceutical companies may be interested
in setting up an internal GWAS BFDP service, arisl $hould be explored.
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The LarKC GWAS service could also, with minor adjnents, be exploited by applying it to to other
similar genetic experiments:

7.3.2

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

Studies of epigenetics: One of the areas in camsgarch that is currently receiving a lot of
attention is epigenetics. Epigenetics refer toistudf how differences in gene expression can
be affected by other factors than the underlyingAD8kquence. An example of this is
methylation in which methyl groups are added tataipry regions of genes, i.e. CpG sites,
and thus causes the gene to stop being expressehn{@-wide methylation assays are
currently becoming available which enables the ipdig to conduct agnostic studies to
detect methylation patterns that are associatdu egihcers. The LarKC technology could be
easily adapted to these studies, much in the saayesvin the genome-wide SNP studies.

Studies utilizing whole genome-sequencing: Perhthpsmost exiting novel technique in

medical science is the development of 2nd generatguencing which enables interrogating
each single base of the genome, a procedure thegiopsly took years. One application of
this novel technique is sequencing the exome, the. coding gene regions that span
approximately 1% of the whole human genome. Sarsigke and power are major issues in
exome sequencing studies, and the LarKC gwas meltbgyd should be easily applicable to

these type of studies.

Incorporating Unbiased and Informative Knowledge Atained from the Medical
Literature into Genome-wide GXE Interaction Studies

We propose a method for incorporating unbiased iaf@rmative knowledge attained from the

medical literature into genome-wide GxE interactistudies, the AJAPT method. AdJAPT is

innovative as it fully integrates large-scale seticatext-engineering techniques with a Bayesian
statistical framework. The resulting measure ofemairthiness will be influenced by the statistical
strength of the GxE interaction and the wealthwaflence 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 specifibormation, state-of-the-art text mining and
semantic annotation methodologies will be incorpetan AJAPT. We will annotate texts
based on concepts in standard biomedical ontologgag GATE, the highly regarded and
popular open-source natural language engineeriatfopim.2 This will help to overcome
problems of investigator bias, ambiguity and symopyn text retrieval, and will also allow
us to distinguish papers reporting positive findingve will use GATE's Cloud software
infrastructure to scale text mining to both PubNaédtracts.

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

In addition to providing the statistical methodolofpr incorporating AJAPT priors into
classical interaction models, we also propose elnamd potentially powerful statistical
framework for modeling GXE interactions. This frameek gains efficiency by assuming that
GxE interactions will only be present if geneticimaffects are also present, an assumption
that holds under most interaction models.

We here propose to further develop the AJAPT mailamy, take full advantage of available text
mining techniques, and to adapt it to GEWIS. Thaigmt has been divided into three overarching
aims:
To further develop and incorporate semantic teatgies in the AdAPT text-based
information retrieval.
To provide an open-access web-service which incatps AJAPT technology.
To provide the statistical framework required focarporating the AJAPT methodology in
GXxE studies.

7.3.2.1 Incorporating natural language processing and semdit methodologies into AAPT

Specific aim 1:Bayesian techniques are appealing as a means aporating prior knowledge in
large-scale genetic association studies, but dificult for investigators not to infer their own
predisposed ideas and hence, bias the priors. dipr@liminary experiments we assigned keywords
relevant to the phenotype of interest manually (Beeliminary results above), and while these
experiments provided proof-of-principle evidence thie method, the results will arguably be biased
by our choice of keywords. We will therefore exgldechniques to automatically derive keywords
based on the complete body of PubMed abstractthanshenotype of interest.

Our initial experiments in this area generated kaygs using simple techniques based on classic
information retrieval algorithms (e.g. Term Fregerinverse Document Frequency [TFIDE]).
While these initial results were promising, thewewd lists generated were not perfect and included
some non-relevant terms (noise). We will overcohig moise by using semantically annotated texts,
i.e. those in which terms are linked to externatotmgies. This will allow us to incorporate
information from biomedical data and knowledge Basedecide on the relevance of keywords, thus
reducing noise and increasing the relevance ofémerated keyword list. We have begun to explore
these ideas with preparatory work using Randomxinge”

Specific aim 2: The use of semantically annotated texts will sdlow us to move away from
searching for specific keywords in text. Insteadseérching for a potentially ambiguous term, or
missing a synonym for a search term, searchesbailfor precisely defined concepts as given in
standard biomedical ontologies. Importantly, byoiporating semantic techniques we will also be
able to distinguish papers reporting positive firgdi to those reporting null findings, and take this
into account when assigning priors.

The initial experiments have concentrated on séagdor prior evidence in the biomedical literature
(see Preliminary results above), i.e. PubMed atistraand have made only limited use of other
sources of biomedical knowledge, such as the wedltiene, protein, pathway, and other databases
available. We will extend our search algorithmsroorporate these other sources, making use of
recent advances in the linking of data with staddaowledge representation and ontology languages
such as Resource Description Framework (RDF) amd wieb ontology language, OWL (url:
http://imwww.w3.org/). In the current implementatiohthe AJAPT search engine, we have moved in
this direction by using a large RDF triple storaridex links between genes, SNPs, and the litezatur
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We will further leverage on these technologies kyaloping search queries that connect multiple
knowledge sources to our existing text indices.ekample of such data sources is gene expression
databases that can provide information of genesateadifferentially expressed in specific tissues,
e.g. lung cancer tissue.

While the techniques fdBpecific aims 1 and are all in place, incorporating them into the AdAP
search engine will require extensive calibratiod &esting. As an example, optimal thresholds for
automatically generated keywords will be decidedapplying AJAPT to real data and evaluating
which strategy generates the best results for knsugteptibility loci and interaction signals. This
will be done using GWAS data that are availabldanse at IARC for a wide range of endpoints, as
well as assigning priors for other phenotypes fhicl a large number of susceptibility loci haverbee
identified (e.g. prostate cancer, breast cancabeatés, and height).

7.3.2.2 Developing the AJAPT open-access web service

Specific aim 3: We intend to make the AdJAPT technology publiclyaitable to the research
community via a web service with a simple userrfatee capable of computing prior probabilities in
realistic times. A working prototype of this usernterface is available at url:
http://services.gate.ac.uk/lld/gwas/service/, ptog access to prior probability calculations using
both text-based evidence retrieval, and simple aémannotation based evidence retrieval. The
prototype implementation uses a simple model armssignment based on the rules in Box 1 for any
SNP listed in dbSNP. We will extend this to inclualetechnologies of Specific aims 1 and 2. The
interface will provide the user with both pre-definqueries for important endpoints (e.g. common
diseases), and allow them to define their own tyitqueries. Performing such complex queries over
large collections of text and data sets simultaslgois computationally expensive, and we will use
proven Cloud based compute technologies to progidebust platform for the search engine.
Distributed Indexes will be based on the Multi-Rigan Information Management Index and
Repository (MIMIR) and OWLIM text processifign GATE Cloud, thus providing the opportunity to
include additional data sources, e.g. pathway afuiession databases that may be specifically
relevant for some endpoints. Here we will also tedte account functionality of individual SNPs, as
well as linkage disequilibrium.

Notably, the web service will not require the userupload their results from GWA analyses for
online BFDP calculations as this might cause datdidentiality concerns. Instead we have decided
to provide the user with scripts for common stetadtpackages, e.g. SAS, STATA and R, allowing
them to combine prior and association resultsrodfli

7.3.2.3 Statistical framework for incorporating BFDP estimates in GXE studies

Specific aim 4:The first prototype search engine only includetbrimation on the presence of
keywords in abstracts associated with a specifiegi the final implementation of AAPT we will
also provide information on the frequency of keyasand key concepts in the abstracts. Achieving
Specific aim will also allow us to move away from the finite igfating of keywords/concepts, and
assume a continuous weighting. Considering the pleawnt one data source, e.g. PubMed abstracts,
and a set ofm keywords/concepts, associated with weightg(i I 1,...,m,1=w, <w, <...<w,). We

will use a logistic function to modep, = Pr(Noteworthy_signal[Y] prior _inf [z,]) for SNPi as

PO,|Z=exp(a+bHZ) where Z1 0/1 and b1:|og(p5/(1- prl))- a- Subsequently, for each gene the
AdAPT provides a set of “occurrences” in abstradfs.|, and the prior score is given by
7= Vvili/ wn- This can be readily extended to include addifiafeta sources, e.g. expression

databases Specific aim 2) In order to estimate the Bayesian false discovprgbability
(BFDP= ABF" PQ/(ABF PO+1)), an estimate of the Approximate Bayes Factor (ABF)eeded.
The ABF can be estimated given a point estimatestandard error only. For the purpose®f E
studies, consider the classical moqh%l/(l- P(():exp(a+ng+qu+qgeG' E)*, where G is a binary
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marker indicator (for example = 0/1 for O or 1/2 copies of the minor allele), and Eaidinary
exposure measure. The indicator variaple=o corresponds tg, =0 andH =110 g 0. After

fitting * it is straightforward to calculate the ABfrom g  and Se([}ge), and subsequently BFDP
according to box 2 which corres,pond5|:t',4;}.|ge =]Jdata)- Here 'data’ includes both the information from

the association results, as well as the prior nfiion used to evaluate the probability @f, =0

estimated using AJAPT. This can readily be extertdedore complex models, including continuous
measures of E, as well as multivarigte

While the above modeling of * is straightforwarditaplement, in order to achieve higher efficiency
we also propose an alternative framework for modely,, and g, jointly using a hierarchical

Bayesian framework. Briefly, we assume that GxErattions will only be true in the presence of
genetic main effects, i.eq, =0 qge=0, which is likely to be valid in most situationsy B

estimating the prior probabilities fag, =0 and Gye =0 using AJAPT, we are interested in finding
P{H,, =1data) which under the assumption g,=0 ¢g,=0 is
(PrldatdH . =1H, =1)Pr(H,, =1H, =1))/Pr{dataH,, =1), corresponding to the BFDP faj,,, and can
be calculated by integrating over all plausibig and g,.. Source code for implementing the above

mentioned models, as well as alternative multitarienteraction signals, will be provided for
common statistical packages, including R, SAS,Sn4TA.

7.3.3 Future Prospects

It is important to note that the techniques devedtbm this project are not limited to applicatians
GWAS and GEWIS, but also any other study designwhich a large number of genes are
investigated. Examples of such studies include edgehome exome sequencing studies By 2
generation sequencing techniques and whole-genostigyfation studies. We are currently involved
in a large scale re-sequencing effort of renal cedircinoma (RCC, CAGEKID, URL:
http://www.cng.fr/cagekid/), which aims to identiflyiver mutations by whole-genome sequencing of
100 tumors, and whole-genome exome sequencing @tutors. Promising findings from the first
two phases will subsequently be validated in arit@mddl 2,000 tumor samples, and we plan to utilize
AdAPT when selecting regions for validation. Ovkrale envisage methodologies incorporating
unbiased prior information - such as AJAPT - toyaranstrumental in future large scale genetic and
genomic studies.
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8 IPR Plan

European projects serve several purposes: centtlly seek to advance human knowledge and its
contribution to the wellbeing, security and comfofthumanity. Additionally, though, they seek to
broadly advance European competitiveness and Eanopghesion. To this end, they include a broad
mix of reseach institutions and organisations, braald medium enterprises, large industrial
combines, and, sometimes, individual researcheranadging the very disparate needs of these
participants, the needs of European society, amdi¢éimeral good, requires beneficiaries of IP fugdin
to think carefully about how the fruits of theisearch efforts will be made available, both withind
outside the consortium.

LarKC is a particularly interesting, and perhapallgmging case. It is explicitly modelled on large-
scale physics research infrastructure, which hasverttionally been entirely publically funded,
directly or indirectly by universities and natiotabs. The similarity with LarKC is that what isibg
created is infrastructure that enables experimentaat the cutting edge of a field (automated
inference, broadly construed) at vastly reduced, @@=l by and expanded group of researchers. But
there are differences: in LarKC, many of the pgréints must provide some of their own support and
therefore are under internal pressure to justifstiggpation; it also differs greatly from the phgsi
cases by virtual of the fact that LarKC is softwaamd once created can be replicated at little
additional cost.

The LarKC consortium has tried to balance the that, as infrastructure, LarKC will provide the
greatest ROI if it is made useful (by virtuater alia of being useable and available) to as many
people as possible, with the needs of consortiumminees. In case of a potential conflict, it has érre
on the side of promoting the public good via opasné&enerally we have adopted licences, and for
that matter, development and distribution practittest put as few barriers as possible in front of
potential users and contributors, whether theyfrara the private or public sector.

8.1 Platform vs. Plug-ins

This aim at minimising barriers has resulted in samewhat different approaches to licensing the
LarKC platform itself, licensing of plug-ins thategproduced within and outsider the consortium, and
for practical reasons, to licensing of the refeeedata-layer implementation (OWLIM) provided with
the LarKC releases during the IP.

8.1.1 Licensing for Maximum Platform Adoption

Since the once cannaselLarKC at all without the platform, and since allrK& users, including
possible commercially-interested plug-in producbes)efit from there being as much use, testing, and
development work in the platform as possible, tHatf@rm is developed in public, on the
SourceForge code development platform, and is geavunder an Apache 2.0 licence. This licence is
compulsory within the consortium fqgulatform code contributions and releases. The most salient
features of this licence, and the chief reasonsitfoadoption by the consortium, are: it does not
interfere with the ability of contributors or usdos combine or use the LarKC platform with other
code, irrespective of the licensing requirementthaf code (in this respect it is superior to G a
other “viral” licences, which impose licensing r@gments which some organisations may not be
able to fulfil on code combinations); it includes explicit patent grant (and therefore avoids the
possibility that a user may, while having a licetoerun the code, violate a patent by doing so, a
possibility with CC 0, BSD, MIT and similar licengg 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 consartivere produced and released under the Apache
2.0 licence, they are not necessary for the omeradf LarKC workflows (generally — of course a
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particular plug-in may be needed for a particularkflow) and therefore the inability of a particula
user to accept a plug-in's licence is a substdptiawer barrier to use than in the case of the
platform. For this reason, while the consortiumoians plug-in licences that are as free as possible,
and strongly discourages the use of highly contegylizences such as GPL, it is not averse to plug-
ins being externally produced and distributed uredeariety of licences (including e.g. BSD, LGPL,
CC 0, etc).

The rationale here is that plug-in licences vievesdsomehow undesirable can be avoided fairly
readily and selectively by potential users or dbotors without substantial harm to their ability t
use LarKC generally, and that therefore the balastmauld favour potential producers of plug-ins,
who may have good reasons of their own not to wiskdopt the Apache 2.0 Licence. In this way, the
consortium hopes to foster a larger community afjph and workflow designers and developers.

8.1.3 Data Layer Licensing

Although the current LarKC data layer has a sirigiplementation (OWLIM from Ontotext) it is
potentially fairly readily replaceable by anothessertion store, and it seems likely that sustained
development on LarKC would lead to the testingltd@raatives. Moreover, the OWLIM triple store is
a major product of Ontotext, and releasing it agre® under an Apache 2.0 licence would be a
significant hardship to the compafyFor this reason, the data layer is provided ura@o-cost
licence for a limited functionality executable viers

8.2 Patent Protection for Platform Techniques, c.f. Plug-ins and Workflows

The consortium allows its members to seek pateteption for techniques that have been developed
in LarKC, under the proviso that, if they are inmomated in the platform, they are subject to the
compulsory grant of licence in the Apache 2.0 LaenThe consortium does not appear to have a
unified opinion on the desirability of such patemigh respect to the LarKC project goals. The
consortium is aware of only one patent applicatipnSiemens, with respect to techniques developed
within LarKC, for a technique intended for use iplag-in.

%% It may be worth noting though, that Cycorp Eurdimrelease a very large body of pre-existing poodode
under an Apache 2.0 Licence, with source, as fahteoplatform, and this sort of release is encgeda
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9 Conclusion and Recommendations

The LarKC market observation (as part of the pt)jedicates that mainstream business is adopting
semantic technologies and making acquisitions edladb big data. Google and Face-book are
adopting semantic technologies and providing seimakieb services. This will push standards and
lower the barriers for adoption of semantic tecbgms. Leading companies are seeing big data
analytics as an area to be embedded into theiti@atuinfrastructure. IBM acquired Cognosas and
Netezza for $1.7 billion. Oracle bought Exadata klygerion, and SAP got Business Objects. The
big data acquisitions by large companies and alentife Capital investment indicate the future
market significance of big data. The market posnior big data is evolving rapidly, driven by
innovation in the underlying technologies, platfsfrand analytical capabilities for handling data.

What can LarKC contribute to the market and thaifeuinternet? How does LarKC patrticipate in the
market and the Future Internet?

The two most important capabilities LarKC can otiee:

1. LarKC platform open and free, but further serviceswill be charged.
LarKC could be an umbrella platform for a numbesmall and more focused plug-ins. Each
one built for a specific customer subset, as oppdseone for all customers. LarKC could
consider offering a very limited amount of choigdsa time, along with a brief, engaging
description of each offering. The alternative igrtake a combination of pre-selected, limited
set of work-flows/plug-ins as well as a large seploig-ins. Amazon, offers both schemes:
pre-selected "recommendations” as well as unlimikes text searching. Facebook is
valuable to many people because it represents a prderly alternative to the web. It's a
controlled environment, a structured environmergets the rules.”

2. Data aggregation and analytic services.
LLD Collects and caches data from different sosire@d then integrates them into one
common framework. Additionally it is providing angie, trusted access point to the data.
This provides a very valuable service that will ldeaa number of applications to proper
function and display integrated data from the SeamaNeb.

The markets to benefits from LarKC innovations are:

Big data can enable more than $300 Billion a yedues in US Healthcare. LarKC can make a
significant contribution to the efforts of usingghdata intelligently. LarKC data-based analyticetss
include machine-learning, reasoning, statistical ae-based technologies. LarKC could make data
more accessible and create useful insights fromr-diaten analysis. LarKC LLD new business model
offers Information and data as a service: it coaggregates and analyzes data to provide data and
services to third parties.

LarKC can also contribute to the efforts of Eurgm¥ernment administrators to save in operational
efficiency. Significant value can be captured byking data available, transparent and applying
analysis. More than 90% data is in digital form bat been used effectively due to incompatible data
formats so that data can not be shared cross-ageritll is starting to publish Linked Data (LODZ2,
LATC). LarKC online platform & community and techiogy assets can support the efforts of data
availability.

LarKC is stimulating and incubating Asia marketsdmation. Asia is attractive since around 20-40 %

global big data potential is in emerging marketsiaAis leading in generation of personal location
data because of the numbers of mobile phones ifeugein 2010, 800 M in China).
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LarKC project products people with the skills tekdaadvantage of the data which is one of the most
important constraints for organizations to bendfiis future of the Internet.
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