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Kinds of Data in Modern Applications

= Unstructured data:
= Text organised in documents (sometimes multimedia files)
= No schema for the data
= No deep understanding of data — process data using statistic methods
= Bag-of-words
= |nverted index

= Relational data:

= Structured according to a well-defined schema
= Describes the kinds of entities and their relationships
= Developed in advance — schema-first
= Expected to be mostly stable

= Data processing via queries
= Often fixed ways of accessing data
= Schema determines the meaning of query results

= Schema used for optimising data access

= Application closely depends on the schema
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Enter Semistructured Data

= Data structure is not known (completely) in advance
= Schema is dynamic, sometimes ad hoc
= Rich structure: many different kinds of relationships
= Data processing via:
= Querying — as in relational model; fixed access patterns
= Exploration — ‘ask a query and see what is returned’

= Self-explanatory models — may use data without knowing all
structure

= Applications are not tightly linked to a schema
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Semistructured vs. Relational Data

No strict distinction—many benefits are ‘soft’

One can often:
= Embed semistructured into relational models

= Use relational technology to manage semistructured data
Key ‘soft’ aspect: flexibility
= Extending/modifying the schema is ‘easier’

)

= Ad hoc querying: systems should efficiently handle any ‘reasonable
query
= No distinction between querying schema and querying data
Common use case: data integration

= Flexibility needed to represent data from many sources
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What is an Ontology?
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What is an Ontology?

A fundamental branch of metaphysics
= Studies “being” or “existence” and their basic categories
= Aims to find out what entities and types of entities exist

Supreme genus: Substance

Differentiae: material immaterial
Subordinate genera: Body \Spl rit
Differentiae: animate inanimate
Subordinate genera: Living meral
Differentiae: sensitive insensitive
Proximate genera: Animal \Pla nt
Differentiae: rational irrational

Species: Human \Bea st
Individuals: Socrates  Plato  Aristotle etc.

DEPARTMENT OF

COMPUTER
ooy SCIENCE

e pBOnto ' SIRIUS



What is an Ontology?

A model of (some aspect of) the world
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What is an Ontology?

A model of (some aspect of) the world
= |ntroduces vocabulary
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What is an Ontology?

A model of (some aspect of) the world

= |ntroduces vocabulary
relevant to domain, e.g.: Microfilaments

Lysosome

Mitochondria
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What is an Ontology?

A model of (some aspect of) the world

= |ntroduces vocabulary
relevant to domain, e.qg.:

= Anatomy
= Cellular biology

= Aerospace
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What is an Ontology?

A model of (some aspect of) the world

= Introduces vocabulary
relevant to domain, e.qg.:

= Anatomy
= Cellular biology
= Aerospace

= Dogs
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What is an Ontology?

A model of (some aspect of) the world

= Introduces vocabulary

relevant to domain, e.qg.:
Kosher Pickle Spear

= Anatomy Dash of Celery Salt

Yellow Mustard

Cellular biology

Sport Peppers

= Aerospace Neon Relish
; DOgS Diced Onions
= Hotdogs
. Fresh Tomatoes

Steamed

Poppy Seed

Bun
COMPUTER
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What is an Ontology?

A model of (some aspect of) the world

= Introduces vocabulary
relevant to domain

= Specifies (relative) semantics
of terms

Heart is a muscular organ that
Is part of the circulatory system
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What is an Ontology?

A model of (some aspect of) the world

= Introduces vocabulary
relevant to domain

= Specifies (relative) semantics
of terms

Heart is a muscular organ that
Is part of the circulatory system

= Formalised using suitable logic

Va.[Heart(z) — MuscularOrgan(x) A
Jy.[isPartOf(z,y) A
CirculatorySystem(y)]|
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Semantic Systems

= Semantic systems are not general purpose problem solvers

= Simple ‘litmus test’:

Can the domain be described as a collection of ‘truth statements’?

Can domain dependencies be described declaratively (e.g., using rules)?
Can this description be provided explicitly ‘in advance’?

Is structured ‘query answering’ the main use case?

If all ‘yes’ — use a semantic system (i.e., a ‘better database’)

= Examples of ‘non-reasoning’:

= Information retrieval — very simple domain representation, queries are
unstructured, algorithms are not declarative

= Recommender systems — rules are implicit in users’ behaviour

= Travel package planning — main task is not pattern matching, more related to
constraint satisfaction

= Route planning — specialised algorithms
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Semantic Systems

Key components:

= (Standardised) languages:
= RDF for data
= OWL for ontologies
= SPARQL for queries

= Storage and reasoning systems:
= RDEF triple stores
= Reasoning/query-answering systems (RDFox, HermiT, ELK, ...)

= Qther tools and infrastructure:

= Ontology development environments (Protégé, Topbraid, ...)
= Other ontology services (bootstrapping, integrating, modularising, ...)
= APIs (RDF API, OWL API)
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Motivating Applications
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EDF Energy Adviser

m Produce personalised energy saving advice for EDF customers
m Describe customers’ situations in RDF

lower higher

B a house
/
T o livesin hasTip

a cllent
true ,

~—>H a tip

[haBiesestPart TTEaR

featin 215
false - -

m Encode advice rules using an ontology
m Interpret a situation against the rules using a reasoner
m A reasoning-intensive application!
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Samsung Context-Aware Mobile Services

m Use sensors (WiFi, GPS, ...) to identify the context
m E.g., ‘at home’, 'in a shop’, ‘with a friend’ . ..

m Adapt behaviour depending on the context
m 'If with a friend who has birthday, remind to congratulate’

m Declaratively describe contexts and adaptations

m Use a bunch of rules
m E.g., 'If can see home WIifi, then context is “at home™

m Interpret all rules in real-time using reasoning

m Main benefit: declarative, rather than procedural
m Reasoning plays a central role

a Challenges:

s Handle rapid changes in sensor readings
= Limited computational resources
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HCLS Applications

= OBO foundry includes more than 100 biological and
biomedical ontologies

= BioPax “actively building OWL based clinical solutions”
= Represents biological pathways data
= Used in numerous databases, for visualisation, for data analysis

= SNOMED-CT (Clinical Terms) ontology

= used in healthcare systems of more than 25 countries, including
Australia, Canada, Denmark, Spain, Sweden and the UK

= also used by major US providers, e.g., Kaiser Permanente
= ontology provides common vocabulary for recording clinical data
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Accessing (Big) Data

“a collection of data sets so large and complex that it becomes
difficult to process using on-hand database management tools or
traditional data processing applications” (wikipedia)
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Accessing (Big) Data

“a collection of data sets so large and complex that it becomes
difficult to process using on-hand database management tools or
traditional data processing applications” (wikipedia)

Velocity Volume
= pp”
- 9'6 -~

Variety Complexity
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Case Study: SIEMENS Energy Services

= Service centres responsible for remote monitoring
and diagnostics of 1,000s of gas/steam turbines
= Engineers use a variety of data for visualization,
diagnostics and trend detection:
= several TB of time-stamped sensor data
= several GB of event data
= data grows at 30GB per day
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Case Study: SIEMENS Energy Services

= Service centres responsible for remote monitoring
and diagnostics of 1,000s of gas/steam turbines

= Engineers use a variety of data for visualization,
diagnostics and trend detection:

= several TB of time-stamped sensor data
= several GB of event data
= data grows at 30GB per day

Service Requests

= 1,000 requests per center per year
= 80% of time used on data gathering
= Potential saving: €50,000,000/year
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Case Study: SIEMENS Energy Services

= Service centres responsible for remote monitoring
and diagnostics of 1,000s of gas/steam turbines

= Engineers use a variety of data for visualization,
diagnostics and trend detection:

= several TB of time-stamped sensor data
= several GB of event data
= data grows at 30GB per day

Service Requests Diagnostic Functionality

= 1,000 requests per center per year = 2-6 p/m to add new function
= 80% of time used on data gathering - New diagnostics — better

= Potential saving: €50,000,000/year exploitation of data

= Potential saving: incalculable
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Case Study: ,'4 - Staltoil Exploration

= Develop stratigraphic models of unexplored areas
= Geologists & geophysicists use data from
previous operations in nearby locations

= 1,000 TB of relational data

= using diverse schemata

= spread over 1,000s of tables
= and multiple data bases
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Case Study: ,'4 ' Statoil Exploration

= Develop stratigraphic models of unexplored areas
= Geologists & geophysicists use data from
previous operations in nearby locations

= 1,000 TB of relational data

= using diverse schemata

= spread over 1,000s of tables
= and multiple data bases

©@yvind Hagen, Statoil

Data Access

= 900 geologists & geophysicists

= 30-70% of time on data gathering

= 4 day turnaround for new queries

= Potential saving: €70,000,000/year
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Case Study: 4" Statoil Exploration

= Develop stratigraphic models of unexplored areas
= Geologists & geophysicists use data from
previous operations in nearby locations

= 1,000 TB of relational data

= using diverse schemata

= spread over 1,000s of tables
= and multiple data bases

]

Data Access Data Exploitation

= 900 geologists & geophysicists - Better use of experts time

= 30-70% of time on data gathering = Data analysis “most important
= 4 day turnaround for new queries factor” for drilling success

= Potential saving: €70,000,000/year - Potential value: > €10bn/project
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Semantic Web
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What is the Semantic Web?

= According to TBL circa 1998:

[ “... a consistent logical web of data ..." in which

“... information is given well-defined meaning ...”
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What is the Semantic Web?

= According to TBL circa 1998:

“... a consistent logical web of data ...” in which
“... information is given well-defined meaning ...”

= By now has evolved into:

[ “a platform for distributed applications and sharing (linking) data” }
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What is the Semantic Web?

= According to TBL circa 1998:

“... a consistent logical web of data ...” in which
“... information is given well-defined meaning ...”

= By now has evolved into:
“a platform for distributed applications and sharing (linking) data”
= RDF provides uniform syntactic structure for data
= OWL provides machine readable schemas (ontologies)

= SPARQL provides standard query language
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What is the Semantic Web?

= According to TBL circa 1998:

“... a consistent logical web of data ...” in which
“... information is given well-defined meaning ...”

= By now has evolved into:
“a platform for distributed applications and sharing (linking) data”
= RDF provides uniform syntactic structure for data
= OWL provides machine readable schemas (ontologies)

= SPARQL provides standard query language

l.e., a large distributed ontology based information system
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Semantic Web Applications

THE OLYMPIC

BROADCASTER

Modern Pentathlon =~ Men | Women | Athletes Schedule & Results | Medals | Olympic Sports |v| )

Vs A ‘ ,
/ \ Related to this story e
/ | £V 277 g | Svoboda wins gold
e o as GB miss out
11 Aug 2012 MODERN
PENTATHLON
Murray and Spence in medal hunt
12 Aug 2012 MODERN PENTATHLON
Medany struggles with sport & religion
31 May 2012 MODERN PENTATHLON
Featured in this story
Olympics modern pentathlon: & UPM
S th M . .l ' Pentathlon GB
amantna viurray wins siiver @ Pentathion Scotland
By Ollie Williams
1 BBC Sport at Greenwich Park
7
Samantha Murray won modern pentathlon silver for
Great Britain in the final event of the London 2012
Olympic Games. :
SR Y
The 22-year-old world bronze medallist started the run-shoot finale eight '
seconds off the pace, but caught up to finish a superb second. Get Involved: MODERN PENTATHLON
Expert analysis, rules, history, ones to watch, how
Honestly, if Lithuania's Laura Asadauskaite won as GB's Mhairi Spence, the world to get involved and an explanation of just why

vnit have a champion, finished 21st. modern pentathlon is good for you
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Semantic Web Applications

Journalist
CMS CMS
[blogs] [stories)
SPORTS
STATS Asdets

ets

Extract
Metadata
i Asset CONCEPT

e »|  EXTRACTION
[siledight] Metgdata omomx driven
Content Creation ﬁr

Network

REST API
(java)

Metadata

rgf
[ison/n3/xml]

Dynamic
Rendering
[php]

HTMU/RDF Asgets

News Proxy
Static
[apache]

Request Team/Player/Group Page
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Semantic Web Applications

77 skyscanner

X flights |E=hotels | & car hire

o Retumn . One way . Multi-city

From To map
United Kingdom (UK) b=8l Enter a country, city or airport

. Add nearby airports @@ Add nearby airports
Return Cabin Class & Travellers

04/10/2015 05/10/2015 # 1 adult, Economy

Sun, 04 Oct 2015 Mon, 05 Oct 2015 . Prefer directs
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Semantic Web Applications

Google
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Semantic Web Applications

Google

= Explicit KR sometimes needed, e.g., Knowledge Graph
= Less rigorous treatment of semantics
= Not using Semantic Web standards
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Semantic Web Applications

Google

= Explicit KR sometimes needed, e.g., Knowledge Graph
= Less rigorous treatment of semantics
= Not using Semantic Web standards
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