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» The Semantic Web

» A Global Information Resource
» Discoverable
» Collaborative
» Trust to be negotiated

» Semantic Webs

» Resources for Virtual Organisations
» Discoverable
» Collaborative
» Faithful and trusted
» Interworking
» BioMedicine is network of virtual organisations
» For care
» For Research
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» New ways to deliver information services

» Service oriented computing

» Easy interworking of heterogeneous systems
» SOAP

» Semantically rich computing
» Workflows
» “Macros on steroids”
» Discovering appropriate services.

» Knowledge representation
»“Ontologies and metadata with everything!”
» Data on its own means nothing

» New standards for things we have been doing
» RDF(S), OWL, WSDL, xxML, SCUFL, ... ... ...

» New standard resources

» Genes, proteins, pathways, ... ... ...
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... and E-Science / E-Health
... and digital livraries
...and ... anad

» RDF, RDFS, OWL, SWRL, WSDL, SOAP, ...

» W3C Healthcare and Life Sciences Special Interest Group
» ISO 11179

» Dublin Core

» SKOS

> ...
\What about medical standards?

HL 72" CENZ |ISO? SNOMED?2 ...?2
Do we have to do It on our oMmn?

li"s 2 bigl epen woerld eut there!
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» E-Science

» Large scale collaborative science

» Collections based research
» Using information rather than gathering data
» Often Uses Grids but not about Grids
»Image processing, Text mining, Neuro Computing
» Need Cycles and Petabytes
» Workflows, Information organisation, social computing

» Need connectivity & collaboration
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» Information discovery

» Joining up healthcare delivery and
biomedical research

» Factoring huge problems into manageable
chunks

» Workflows & Service Oriented Architectures

» Rich semantics, metadata and ontologies
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Disceverng Information

» Adding meaning

» That machines can process
» That people can understand

» From specifying “how to do it” to
specifying “what to do”

» To find it it must be described

» Metadata & annotations

» To describe it you need a language;
» RDF(S), OWL, SWRL, ...

» For the language you need words -

» “Ontologies” and Terminologies
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WWW2002

The eleventh international world wide web conference
Sheraton waikiki hotel

Honolulu, hawaii, USA

7-11 may 2002

1 location 5 days learn interact

Registered participants coming from

australia, canada, chile denmark, france, germany, ghana, hong kong, india,
ireland, italy, japan, malta, new zealand, the netherlands, norway,
singapore, switzerland, the united kingdom, the united states, vietham,
zaire

Register now

On the 7t May Honolulu will provide the backdrop of the eleventh
international world wide web conference. This prestigious event ...

Speakers confirmed

Tim berners-lee

Tim is the well known inventor of the Web, ...

lan Foster

lan is the pioneer of the Grid, the next generation internet ...
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See...
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<location>exmoOseOm «SH&HE&H wOeN e
pOmMCe 0= - nT5+I5X¥A= TFeéd</location>

<date>eshr=r—~ osm arire</date>
<slogan>~ eommexOm & 2o@He emsOm XmemOSNme</slogan>
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» Annotations

» In languages that machines can process

» Using terminology that people have agreed & machines can
process

13
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llechnoelegies -
machine learning & text mining

Info-

Interaction

' Network
P 174 bM € d over tb:ijdof)t

L NRAN MEDLINE

N 3"\_11_

National Centre for Text Mining (NaCTeM)

http://www-tsujii.is.s.u-tokyo.ac.jp/info-pubmed/ 14
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there's no lack ofi text out there
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Web |mages Groups MNews Frocgle Maps Scholar more »
diabetes patient information Search |

Preferences

Results 1 - 10 of about 41,600,000 for diabetes patient information. (0.49 seconds)

Web mages rﬂu Mews Froogle Maps Scholar more »

Advanced Search
Dlabetes. support Search | Preferances

Results 1 - 10 of about 64,300,000 for Diabetes support. (0.87 seconds)

16
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@craaﬁve
commons
SEARCH

Creative Commaons Search

Full copyright applies to most stuff on the web. But this search helps you find photos, music, text, and other works whose
authors want you to re-use it for some uses -- without having to pay or ask permission. (More Info)

Diabetes support
3 _': Google | Yahoo! | Nutch |

[More Info] [Forum [Help
opt ional

™ Find me works | can use even for commercial purposes
™ Find me works | can modify, adapt, or build upon.
optional (nhutch only)

Format: | Any 7

Hits 1-10 (out of about 361 total matching pages):

T
k]

BioMed Central | Abstract | Systematic reviews of epidemiolo
- W n the public do

- must give attribution

- can't use miercially

- car't make derivatives

- must sharealike (use same licerse)
- sampling licenze

- sampling+ license

from the Diabetes Care Progra
.. decade in patients with diabetes mellitus attending Diabetes
Centres in the ... results from the
rerwi.cardiab.com/ conten
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» Four competing technologies

» Semantic Web

» Or hand built ontologies

» OBO, FMA, SNOMED? , other ...

» Social computing

» Open Directory, Wikipedia, FLIKR, FoF, ...
» \Web mining

» Google (& other web search)
» Text mining

» Just becoming widely available, especially in
biology

» All of pubmed abstracts about to be minable for
relations

» National Centre for Text Mining - NaCTeM

18
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Joining up healthcare delivery and
Biomedicall Research

The CLEF Vision

www.clinical-escience.org

19
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» A semantically rich summary of our best
understanding of the patient

» Inferred from data and metadata

» Combined from many sources on semantic webs

22
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(Increasing|detail)

Low haemoeglobins
OVer a period =
anaemia

Coreferences
Time

Clinical pragmatics
Simplification
Abstraction

23



Inferred best view: off the patient histonRy -
from whatever sources - the CLEE Chronicle
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» The great barrier to clinical use

» Web/Grid security a key topic

» For policy
» How safe is safe?
»What is the risk from medical information
» Your credit card company knows how much you drink!
» What counts as informed consent? Consent for what?
» Benefits vs risks

» Technology

» Authentication - who are you?

» Authorisation - what are you doing?
what are you allowed to do in that role?

» Accounting - who pays? How much?
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Factoring huge proklems

» Medicine is big and complicated
» & full of niches

» How to beat the combinatorial explosion

» Workflows
» "WGrid & Taverna

» Ontologies
» Protége & CO-ODE

»www.co-ode.org

26
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» Better ways to build from “Lego”
» Better ways of indexing and cataloguing
» Keys

» Rich semantics
» Discover rather than call
» Machine undersatndable
» Service oriented architectures
» Workflows
» Metadata and Provenance
» Data on its own is meaningless
» What is in the repository?
» \What studies have used it?
» What is known of its reliability?
B ?277?...?27?7?...7?7

» Terminology and ontology

29
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Workilows in Biomedical
Research

» “Macros on steroids”

» Specify what rather than how
» Describe the resources and tasks (RDF, WSDS, ...)

» Break big problems down into little steps

» Reduce effort from days to hours for
bioscientists

» Can we move them to medical care

30
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Translation/sequence
file. Good for records
and publications

Identifies PEST
seq
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FingerPRINTS
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regions
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databases.
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cellular location

Identifies functional
and structural

domains/motifs
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GenBank Accession No
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TF binding Prediction
prettyseq
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Identify regulatory

elements in
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BlastWrapper

SignalP ) restrict
TargetP P
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cpgreport
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ncbiBlastWrapper
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The New GENSCAN Web Server at MIT

Ide. “fication of complete gene sirues

atttgtac caacagtgga tfaggttgtt ggtctatgtt cfcaccaglat
12241 cagtctipfa aattttaacc tttagagaad ag#Catacag
tttttagctt 12301 gaccatccta atagatacac agtggtgtct Welcome to the iPSORT WWW Service
ttaatttgca ttttcctgct 12361 gactaattat gttgagy 0 " . .
ﬂ%ﬁzw_wﬂ—“ 2 gacaacttca ttagagaagt gtctaatatt 12421 taggtgactt
b TP T e e ek ttttaattgg gatctpbatt tttttaaatt attgatttgt 12481F

agctptt tatatattct_ggatficaagt tctttatcag atacacad gJrtymeta
41 ticttataag togtgotyt ttatattaat gtttttattgSqtgactgttt
acaafitg - - 22



Workflow Cutputs

Blastp_nr_out

Workilows

= PSORTI}———={ FioieinLostion]
PSORTI - ProteinLocation

ePEST_out

epest_GraphicsPNG

epestfind

TargetP_out

SP_url

A: Identification of o ) — (it~ EOBRRS]
overlapping " :

sequence

B: Characterisation
of nucleotide

sequence
C: Characterisation
of protein sequence
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Ontelogies and Terminelogies

» Biologists manage quite well

» Open Biological Ontologies

» The Gene Ontology, Micro-array / Gene Expression
Database, etc.

» Little legacy
» It all started in 1980
» Fanatically open and collaborative

» Medicine has chaos and “the coding wars”

» SNOMED (International,-RT, -CT), ICD, LOINC, DICOM,
MEDDRA, NCI, ICPC, Read/CT (v1,v2, & v3), GALEN,
NANDA,...

» It all started in 1880
» Closed and proprietary
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New: standards and Interest

» Logicians and Computer Scientists from the
mainstream

» OWL, RDF, ...

» Ontologists from Philosophy
» 3000 years of analysis

» much of which is relevant

» ...but medicine is big and complicated
... and combinatorially explosive

» A prime source of combinatorial explosions

35
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500 codes In pleces

» 10 things to hit...

» Pedestrian / cycle / motorbike / car / HGV / train / unpowered vehicle /
atree / other

» 5roles for the injured...

» Driving / passenger / cyclist / getting in / other
» 5 activities when injured...

» resting / at work / sporting / at leisure / other

» 2 contexts...
» In traffic / not in traffic
V12.24 Pedal cyclist injured in collision with two- or three-wheeled motor vehicle,

unspecified pedal cyclist, nontraffic accident, while resting, sleeping, eating or
engaging in other vital activities

38
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Gooedhye to picking lists...

i, xStructured Data Entry

Eile Edit Help

Cycling Accident

é»é
What you hit & @@% %%*@ %‘k\,

Your Role

Activity

Location




40



y
J

The Universit
of Manchest

MANCHESTER
= And generated language

M oderately severe angina pectons for 1 day,
getting worze

RHapid onset, moderately severe, pressing
pain i left l'h' and zternal region present

Ot E = :|r||ir|:|ri| I

Cardiovascular spstem -
._-I|ghf|_ll raized JYP
1zt and 2nd heart zounds normal
Mo added heart zounds

Fulze rate 104 |:u-'r rirLte

Blood prezsure 13890 mm Hg
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Legic as the clips for

gene
“Conceptual Cego”
hand protein
extremity £ polysacharide
body cell
expression
chronic Lung
acute Infection
abnarmal inflammation
normal bacterium
deletion polymorphism
Ischaemic virus

MUCUS

42
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“Conceptual Cego”
of CFTRGene causing Defect in MembraneTransport of
Chloride lon causing In of In CysticFibrosis...”

“Hand which is

43
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Build complex
fepresentations frem
moedularisead
primitives

Gene in humans

Genes

X\ Disease

Protein coded by
gene in humans

Function of
Protein coded by
gene in humans

Disease caused by abnormality in
Function of

Protein coded by

gene in humans

44
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..DUt Whatever the technology,
Rew Will"peeple Interpret It?

45
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ART & ARCHITECTURE THESAURUS (AAT)
Domain: art, architecture, decorative arts, material culture
Content: 125,000 terms

Structure: 7 facets, 33 polyhierarchies

Associated concepts (beauty, freedom, socialism)
Physical attributes (red, round, waterlogged)
Style/Period (French, impressionist, surrealist)
Agents: (printmaker, architect, jockey)
Activities: (analysing, running, painting)
Materials (iron, clay, emulsifier)

Objects: (gun, house, painting, statue, arm)

Synonyms
Links to “‘associated’ terms

Access: lexical string match;
hierarchical view 44
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UMLS helps

» US National Library of Medicine
» De facto common registry for vocabularies

» Metathesaurus

» 1.8 million concepts

» categorised by semantic net types
» Semantic Net

» 135 Types

» 54 Links

» Specialist Lexicon

» Now a key web resource

» Source of reference IDs
» CUIs and LUIs
» LSIDs elsewhere in biology
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communities

Open ‘Just-in-time Development using
Semantic \Webs

» Open just-in-time development
» For professionals
» For patients
» For public
» By health informaticians

» Social development
» By & for professionals
» By & for patients
» By & for public
» By & for health informaticians



Critical for everything: Human Eactors
IHelping withra humanly: Impossibile task

» Doing the right thing
» As well as doing it right

» Useful and usable applications

» Useless cleverness is easy & fun

RegUIres SEreUS investment and
Commitment

54
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Semantic Web/Grid Technelegy

» \Web or Webs

» New methods
» Discovery
» Cooperation
» For the world
» For virtual organisations

» Scaling up to medicine

» Better ways to factor problems
» Services rather than programs and data

» Depends on shared meaning & semantics
» RDF, RDFS, OWL, WSDL, SWRL, ... ...

» Joining up care & research
» Human factors

55
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