
BBC Dynamic Semantic Publishing [DSP]
LDBC 2012

• Jem Rayfield : Lead Technical Architect
• BBC Future Media

Future Media

BBC Dynamic Semantic Publishing [DSP]

Jem Rayfield : Lead Technical Architect

 BBC MMXII



Outline

BBC World Cup 2010
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BBC Sport 2012 + Olympics

BBC News
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BBC Sport 2012 + Olympics



Radio since 1922                     TV Since 1930                    Web since 1994
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Future Mediahttp://bbc.co.uk/worldcup

BBC World 
Cup 2010
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Page Per Player
http://news.bbc.co.uk/sport/football/world_cup_2010/groups_and_teams/team/england/wayne_rooney
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http://news.bbc.co.uk/sport/football/world_cup_2010/groups_and_teams/team/england/wayne_rooney
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Page 
Per
Team
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Page 
Per
Group
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Future Media

ONTOLOGY

TRIPLE STORE

Semantic publishing
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USER EXPERIENCE



Extendable
Domain Driven
Asset
Tagging

Journalism  BBC MMIX



BBC Sport: http://www.bbc.co.uk/ontologies/sport
Open Sport Ontology 
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http://www.bbc.co.uk/ontologies/sport
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Open Ontology/Dataset reuse  
Event | Geonames | Foaf | Etc.

Journalism

Open Ontology/Dataset reuse  
Event | Geonames | Foaf | Etc.

 BBC MMIX



Graffiti: Suggest -> Tag [Player] 

Future Media

> Tag [Player] 
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Graffiti: Suggest -> Tag [Location] (Geonames) 

Future Media

> Tag [Location] (Geonames) 
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World Cup DSP Architecture

Future Media

World Cup DSP Architecture
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API 
Stack 
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Highly Scalable Clustered BigOWLIM

Journalism

Highly Scalable Clustered BigOWLIM
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<http://www.chelseafc.com/>
domain:documentType <http://www.bbc.co.uk/things/do cument- types/homepage> , <http://www.bbc.co.uk/things/docu ment

<http://www.bbc.co.uk/sport/football/teams/chelsea>
domain:documentType <http://www.bbc.co.uk/things/do cument- types/bbc

<http://www.bbc.co.uk/things/2acacd19-6609-1840-9c2 b-b0820c50d281#id>
a       sport:CompetitiveSportingOrganisation ;
domain:canonicalName

"Chelsea"^^<xsd:string> ;
domain:document <http://www.chelseafc.com/> , <http ://www.bbc.co.uk/sport/football/teams/chelsea> ;
domain:externalId <http://dbpedia.org/resource/Chel sea_F.C.> , <urn:sports
domain:name "Chelsea" ;
domain:shortName "Chelsea"^^<xsd:string> ;

GET Accept text/rdf+n3
https://api.live.bbc.co.uk/dsp/sport/football/teams/chelsea

Journalism

domain:shortName "Chelsea"^^<xsd:string> ;
sport:competesIn <http://www.bbc.co.uk/things/5cd46 82a-7643-f445

<http://dbpedia.org/resource/Chelsea_F.C.>
domain:externalIdType

<http://www.bbc.co.uk/things/external-id-types/dbpe dia> .

<urn:sports-stats:137316635>
domain:externalIdType

<http://www.bbc.co.uk/things/external-id-types/bbc- sport- stats> .

<http://www.bbc.co.uk/things/5cd4682a-7643-f445-8b1 f-bcbaf450bc89#id>
domain:canonicalName

"Premier League"^^<xsd:string> ;
domain:externalId <urn:sports-stats:118996114> ;
sport:competitionType

<http://www.bbc.co.uk/things/competition-types/dome stic- league> .

types/homepage> , <http://www.bbc.co.uk/things/docu ment -types/external> .

types/bbc -document> , <http://www.bbc.co.uk/things/document- type s/homepage> .

b0820c50d281#id>

domain:document <http://www.chelseafc.com/> , <http ://www.bbc.co.uk/sport/football/teams/chelsea> ;
domain:externalId <http://dbpedia.org/resource/Chel sea_F.C.> , <urn:sports -stats:137316635> ;

https://api.live.bbc.co.uk/dsp/sport/football/teams/chelsea
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f445-8b1f-bcbaf450bc89#id> .

stats> .

bcbaf450bc89#id>

league> .



PHP->EasyRDF->API
PHP Render layer consumes RDF from REST API via Eas yRDF 
(http://www.aelius.com/njh/easyrdf/)

EasyRDF open PHP library 
(Primary committer Nicholas Humfrey BBC) 

Journalism

protected function getOptions() {
return array(

"config" => array("usecert" => true),
"headers" => array(
"Accept" => "application/rdf+json",
"X-Expect" => "http://www.bbc.co.uk/things/platforms/h iweb"

)
);

$options = $this->getOptions()
$response = $this- >get("https://api.test.bbc.co.uk/dsp/sport/football /teams/chelsea", $options)
$this- >data = new EasyRdf_Graph("http://www.bbc.co.uk", $ response
$teams = $this->data- >allofType("sport:CompetitiveSportingOrganisation”)

>API
PHP Render layer consumes RDF from REST API via Eas yRDF 
(http://www.aelius.com/njh/easyrdf/)

(Primary committer Nicholas Humfrey BBC) 

 BBC MMIX

"config" => array("usecert" => true),

"Accept" => "application/rdf+json",
Expect" => "http://www.bbc.co.uk/things/platforms/h iweb"

>get("https://api.test.bbc.co.uk/dsp/sport/football /teams/chelsea", $options)
>data = new EasyRdf_Graph("http://www.bbc.co.uk", $ response ->getBody());

>allofType("sport:CompetitiveSportingOrganisation”)



• 750+ Dynamic aggregations/pages (Player, Squad, Group, etc..)

• Average unique page requests a day : 2 million + 

• Average OWLIM SPARQL queries a day : 1 million 

World Cup statistics the GOOD

Future Media

• 100s RDF statement updates/inserts per minute with full OWL reasoning 
and associated inference. 

• Multi data center fully resilient, clustered 6 node triple store

• RDF graph model ideally suited to model domain representations such as 
sport

750+ Dynamic aggregations/pages (Player, Squad, Group, etc..)

Average unique page requests a day : 2 million + 

Average OWLIM SPARQL queries a day : 1 million 

World Cup statistics the GOOD
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100s RDF statement updates/inserts per minute with full OWL reasoning 

Multi data center fully resilient, clustered 6 node triple store

RDF graph model ideally suited to model domain representations such as 



• Sports stories and indices static

• Sport content not responsive or personalized

• RDF Store unable to handle thousands of statistic updates a second

World Cup statistics the BAD

Future Media

• RDF Store unable to handle thousands of statistic updates a second

• RDF Store forward-chained closures expensive increase write latency

• RDF graph model and SPARQL not ideally suited to the BBC’s News and 
Sport document publication model

Sport content not responsive or personalized

RDF Store unable to handle thousands of statistic updates a second

World Cup statistics the BAD

 BBC MMXII

RDF Store unable to handle thousands of statistic updates a second

chained closures expensive increase write latency

RDF graph model and SPARQL not ideally suited to the BBC’s News and 



BBC Sport 2012;
Online Refresh

Future Mediahttp://bbc.co.uk/sport

BBC Sport 2012;
Online Refresh

 BBC MMXIIhttp://bbc.co.uk/sport



Sport Refresh 2012
Page per Athlete [10,000+], Page per country [200+], Page per 
Discipline [400-500], Page per venue, Page per team 
� A lot of output…

Almost real time statistics and live event pages

Future Media

Time coded, metadata annotated, on demand video, 58,000 
hours of content

Far too many web pages for far too few journalists

DSP annotation architecture to automate content aggregation

Page per Athlete [10,000+], Page per country [200+], Page per 
500], Page per venue, Page per team 

Almost real time statistics and live event pages

 BBC MMXII

Time coded, metadata annotated, on demand video, 58,000 

Far too many web pages for far too few journalists

DSP annotation architecture to automate content aggregation



Sport Refresh 2012; Red 

Future Media

Sport Refresh 2012; Red -> Bright Yellow
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10000+ Dynamic Aggregations

Future Media

10000+ Dynamic Aggregations
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Lots of Dynamic (Live) sports stats

Future Media

Lots of Dynamic (Live) sports stats
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Olympics - 27 Live Video Steams
Live Stats overlays
Stats -> Ontology driven aggregations

Future Media

27 Live Video Steams

> Ontology driven aggregations
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Dynamic
Schedule

Future Media  BBC MMXII



Augment architecture with a Content Store

1. Atomic content assets stored in 

2. XML content queryable via Xquery

Future Media

3. Content Assets searchable

4. Sports statistics searchable/queryable

5. Ontological SPARQL via BigOWLIM
MarkLogic

Augment architecture with a Content Store

Atomic content assets stored in MarkLogic XML store

Xquery

 BBC MMXII

queryable via XQuery

BigOWLIM, assets Xquery via       



API 
Stack

MarkLogic
BigOWLIM

Future Media

BigOWLIM
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Ontology Aware NLP and Semantic Disambiguation

Generic Analysis

KB Gazetteer

Ex-England
boss Sven-
Goran Eriksson
says a "smear
campaign" has
been aimed at
Roy Hodgson
for omitting Rio
Ferdinand.

? Roy Hodgson: 
coach
? Roy Hodgson: 
hockey player
? ……….

V Roy Hodgson: 
coach

V Rio Ferdinand
- …….

Sven-Goran
Eriksson

Future Media

Disambiguation

Relevance 
Ranking

coach
- Roy Hodgson: 

hockey player
- ……….

- …….
- ……….

Eriksson
…….
……….

1. Eriksson    (78%)
2. Roy Hodgson  (69%)
3. Rio Ferdinand (58%)
4. …

Ontology Aware NLP and Semantic Disambiguation

OWLIM

Generic Analysis
…

KB Gazetteer
…
…
…
…

C
E

S
   A

P
P

Update
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OWLIMDisambiguation
…
…
…

Relevance 
Ranking

C
E

S
   A

P
P

Curate

Retrain & 
Adapt



Plenty of
Caching

Future Media  BBC MMXII



Sport Stats REST API

Future Media  BBC MMXII



Sport Stats REST API
SSL  Accessible API 

GET https:// api.live.bbc.co.uk/sportsdata/statsapi /football/table/

GET https:// api.live.bbc.co.uk/sportsdata/statsapi /football/table/
Accept: application/ json

Future Media

Accept: application/ json

GET https:// api.live.bbc.co.uk/sportsdata/statsapi /football/

GET https:// api.int.bbc.co.uk/sportsdata/statsapi /formula1/year/2012/calendar
Accept: application/ json

etc……etc…..etc….

/football/table/ ais/competition/118996114

/football/table/ ais/competition/118996114

 BBC MMXII

/football/ videprinter

/formula1/year/2012/calendar



Olympics API (Semantic RDF
/tripod2012

/athletes
/{uid}

/countries
/{country}

/countries-iso
/{iso}

/sports
/stories
/{discipline}
/{discipline}/events
/{discipline}/events/stories

Future Media

/{discipline}/events/stories
/{discipline}/events/{event}

/metadata
/disciplines

/onestowatch
/countries/{countryUrlName}
/london2012
/sports/{disciplineUrlName}
/sports/{disciplineUrlName}/events/{eventUrlName}

/podium/events
/{rscCode}

/record/events
/venues   

/{urlName}

(Semantic RDF)

 BBC MMXII

/sports/{disciplineUrlName}/events/{eventUrlName}



@prefix tag: <http:// www.bbc.co.uk /ontologies/tag/> .
@prefix domain: <http://www.bbc.co.uk/ontologies/do main/> .
@prefix sesame: <http://www.openrdf.org/schema/sesa me#> .
@prefix owlim: <http://www.ontotext.com/> .
@prefix oly: <http://www.bbc.co.uk/ontologies/2012o lympics/> .
@prefix par: <http://purl.org/vocab/participation/s chema#> .
@prefix dc: <http://purl.org/dc/elements/1.1/> .

<http://www.bbc.co.uk/things/ 82f5db84-0591-49ee-b6f4-a1d26e9381fb #id> a sport:Person
rdfs:label "Usain Bolt"^^xsd:string , "Bolt Usain-athl etics-jam- 1986
foaf:name "Usain Bolt"^^xsd:string , "Bolt Usain-athle tics-jam- 1986
domain:canonicalName "Bolt Usain-athletics-jam-1986- 08-21"^^ xsd:string
foaf:givenName "Usain"^^xsd:string ;
foaf:familyName "Bolt"^^xsd:string ;
domain:name "Usain Bolt"^^xsd:string ;
oly:dateOfBirth "1986-08-21"^^xsd:date ;
oly:gender "M"^^xsd:string ;
oly:height "195.0"^^xsd:float ;
oly:weight "94.0"^^xsd:float ;
oly:worldOlympicDream "true"^^xsd:boolean ;
sport:discipline <http://www.bbc.co.uk/things/b3a086 df-ab42- 2b44
sport:competesIn <http://www.bbc.co.uk/things/1b499a 08-4f02-4196

Olympics API (RDF)

Future Media

<http://www.bbc.co.uk/things/b3a086df-ab42-2b44-be8 b-76b600bfcdce#id> a sport:SportsDiscipline
domain:name "Athletics"^^xsd:string ;
domain:document <http://www.bbc.co.uk/sport/olympics /2012/sports/athletics> .

<http://www.bbc.co.uk/things/1b499a08-4f02-4196-aa6 c-c43ea353138b#id> a sport:MedalCompetition
domain:name "Men's 100m"^^xsd:string ;
domain:shortName "Men's 100m"^^xsd:string ;
domain:document <http://www.bbc.co.uk/sport/olympics /2012/sports/athletics/events/mens
oly:measurementType <http://www.bbc.co.uk /things/measurement
domain:externalId <urn:ioc2012:ATM001000> .

<http://www.bbc.co.uk/things/903ef380-bdae-4a45-9a8 b-5e5a270a7d6c#id> oly:oneToWatch

<http://news.bbc.co.uk/sport1/hi/athletics/16554814 .stm#asset> tag:tag <http:// www.bbc.co.uk
dc:title "Event Guide: ATHLETICS"^^xsd:string ;
asset:storyType <http://www.bbc.co.uk/things/story- types/profile> ;
domain:document <http://news.bbc.co.uk /sport1/mobile/athletics/16554814.stm> .

<http://www.bbc.co.uk/things/a50dc8ba-947e-4856-8eb 0-1cdbbf208ef7#thing> tag:taggedWithTag

<http://news.bbc.co.uk/sport1/mobile/athletics/1655 4814.stm> domain:platform <http://

sport:Person ;
1986-08-21"^^xsd:string ;
1986-08-21"^^xsd:string ;
xsd:string ;

2b44-be8b-76b600bfcdce#id> ;
4196-aa6c-c43ea353138b#id> .

 BBC MMXII

sport:SportsDiscipline ;

/2012/sports/athletics> .

sport:MedalCompetition ;

/2012/sports/athletics/events/mens -100m> ;
/things/measurement -types/time> ;

oly:oneToWatch <http://www.bbc.co.uk/things/82f5db84-0591-49ee-b6f 4-a1d26e9381fb#id> .

www.bbc.co.uk /things/a50dc8ba-947e-4856-8eb0-1cdbbf208ef7#thing>  ;

types/profile> ;
/sport1/mobile/athletics/16554814.stm> .

tag:taggedWithTag <http://www.bbc.co.uk/things/b3a086df-ab42-2b44-be8 b-76b600bfcdce#id> .

<http:// www.bbc.co.uk/things/platforms/mobile> .



Unique Browser Requests per day
Peaked at just over 8 million UK and 
11 million Globally.

Cumulative Unique browsers
online total 34.6 million 

Olympic numbers

Future Media  BBC MMXII



On the busiest day, the BBC 
delivered 2.8 petabytes, with the 
peak traffic moment occurring when 
Bradley Wiggins won Gold and we 
shifted 700 Gb/s.

106 million requests for BBC 
Olympic video content across 
all online platforms

Olympic numbers

Future Media

all online platforms

Number of people watching individual
Streams �
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Future Media

2012 � http://m.bbc.co.uk/news

online
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http://m.bbc.co.uk/news

online



Dynamic News mobile

Multi device capability

Responsive Web design

Built on a dynamic service API

Future Media

Built on a dynamic service API

New re-usable content model

Dynamic assets + additional ontology models
• Geo/Business/Science/NewsEvent

 BBC MMXII

+ additional ontology models
NewsEvent/Etc…



Responsive Dynamic News mobile (iPad)

Future Media

Responsive Dynamic News mobile (iPad)
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New Content Model (Re

Future Media

New Content Model (Re-usable XML/RDF)

 BBC MMXII



• High Query throughput many millions of SPARQL queries a day

• Continually changing asset instance data

• Periodic changes to domain instance data sport/news knowledge model

Challenges

Future Media

• Periodic changes to domain instance data sport/news knowledge model

• Simple RDFS/OWL inference (forward chain)

• Read / Write ratio 95% / 5%

• No graph store capable of graph of document queries SPARQL+XQUERY with respect to 
BBC performance requirements. (Thus multiple data stores)

High Query throughput many millions of SPARQL queries a day

Periodic changes to domain instance data sport/news knowledge model

 BBC MMXII

Periodic changes to domain instance data sport/news knowledge model

Simple RDFS/OWL inference (forward chain)

No graph store capable of graph of document queries SPARQL+XQUERY with respect to 
BBC performance requirements. (Thus multiple data stores)



• No benchmarks that cover

– Existing Benchmarks query mix not representative of BBC SPARQL (simple)

– Existing Benchmark data set and ingest rates not 

Challenges

Future Media

– Existing Benchmark data set and ingest rates not 

– No usable concurrent Read/Write benchmarks with associated inference (BBC use case).
– Existing benchmarks are normally Bulk load.

– Benchmark numbers very confusing as underlying topology, kit not standardized. 
Vendors create NASA clusters to run tests on comparison difficult.

– No benchmarks with complex cluster topologies (replication). Typical enterprise model

Existing Benchmarks query mix not representative of BBC SPARQL (simple)

Existing Benchmark data set and ingest rates not representative of BBC RDF/model

 BBC MMXII

Existing Benchmark data set and ingest rates not representative of BBC RDF/model

No usable concurrent Read/Write benchmarks with associated inference (BBC use case).
Existing benchmarks are normally Bulk load.

Benchmark numbers very confusing as underlying topology, kit not standardized. 
Vendors create NASA clusters to run tests on comparison difficult.

No benchmarks with complex cluster topologies (replication). Typical enterprise model



• No benchmarks that cover

– Failure/maintenance scenarios
• Cluster node failure
• Backups etc..

Challenges

Future Media

• Backups etc..

 BBC MMXII



• BBC would like Benchmarks which provide transparent visibility of:

– Ingest characteristics
• Materialization; different levels of forward/backward chained inference
• Model complexity; named graphs, simple

Challenges

Future Media

• Model complexity; named graphs, simple
• Data complexity; sparse/rich with non
• Concurrency; small->large concurrent data writers

– Query characteristics
• Query complexity; simple->complex
• Backward chained; deduction
• Concurrency; small-> concurrent query clients
• Size/Form; Result size and multiple representations (content negotiation)

BBC would like Benchmarks which provide transparent visibility of:

Materialization; different levels of forward/backward chained inference
Model complexity; named graphs, simple->complex models

 BBC MMXII

Model complexity; named graphs, simple->complex models
Data complexity; sparse/rich with non-standard indices geospatial etc

>large concurrent data writers

>complex

> concurrent query clients
Size/Form; Result size and multiple representations (content negotiation)



• Datasets; RDF/OWL

• SPARQL; BBC SPARQL / SPARQL Update

• Usage scenario; Concurrency numbers etc.

What can the BBC provide

Future Media

• Usage scenario; Concurrency numbers etc.

• Topology + Enterprise scenarios; cluster, data center, network characteristics, 

SPARQL; BBC SPARQL / SPARQL Update

Usage scenario; Concurrency numbers etc.

 BBC MMXII

Usage scenario; Concurrency numbers etc.

Topology + Enterprise scenarios; cluster, data center, network characteristics, etc



BBC news completely re-engineered to use semantic approach (News Mobile style)
Geo aggregations
News Events
Business
Science/Technology
Etc..

Platform future…..

Future Media

Etc..

Personalization

Open RDF / LOD + public SPARQL endpoint

to use semantic approach (News Mobile style)

 BBC MMXII



jem.rayfield
k

Future Media

jem.rayfield@bbc.co.u
k
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