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Keys, Money and Mobile Phone* 

  *Most essen8al objects to be carried around in everyday life 

  Why considered essen8al? 

  Adopted behavioral paPerns? 

  Consequences? 

source: J. Chipchase et al., “Mobile Essentials: Field Study and Concepting”, Nokia Research Center, Tokyo, 2005 
http://www.janchipchase.com (“future perfect”) 
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Next User Genera8ons 

  Increasing penetra8on of mobile phones  
amongst children 

  To them, mobile phones become commodi8es  
used for day‐to‐day communica8on 

  Star8ng age? 

  Driving forces and correlated factors? 

source: NTT DOCOMO Mobile Society Research Institute (MSRI) & GSMA, “Children’s Use of Mobile Phones – An international comparison”, Tokyo, 2009 
http://www.moba-ken.jp/english 
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Evolu8on of the mobile phone 

Evolu8on of the mobile service 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Service Personaliza8on 

Evolu8on of the mobile phone 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Infrastructure User Guidance 

Life Assistance 

Behavior Assistance 

Context Awareness 
Seman8c Pla^orm Support 

Smart NFC‐based Services 

User‐centric Services 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Service Provisioning 

Context Representa8on & Reasoning 

Life Logging 

Evolu8on of the mobile service 

Task Management 

Data mining & Profiling 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Imagine your phone knows… 

Colleague 
Family 

Friend 

where 
you are 

the weather 
at your 
place 

your 
habits and 
favorites 

interes8ng  
things in  
vicinity 

whom 
you are with 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Context connects people 

Same favorite holiday destination,  
hobbies or habits 

Waiting for same bus,  
being with same friend 

Family learns about your work 
Colleagues learn about your life 

…what intertwines lives… 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…and tells you smartly! 

Marauder’s Map 
Weasley Clock 

  Ohen, contextual data is most useful when abstracted 

  Context is perceived best at a qualita8ve level 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IYOUIT 

  A mobile community service 
  Prototype applica8on to  

pioneer a digital lifestyle 

  Connected to emerging 
Web 2.0 services 

  Your digital life recorder 
  Facilita8ng context awareness  

on standard phones 

  Integra8on of key  
Seman8c Web technologies 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IYOUIT Community*   

  60+ visited countries 

  50+ phone models used 

  1.150+ users 

  10.000+ visited ci8es 

  1.500.000+ loca8on  
measurements 

  Developer connec8on ac8ve 

*Since public release in June 2008  hPp://www.iyouit.eu 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Use Cases 

Real time 
context 
sharing 

Life 
blogging and 
widgets 

Automatic 
photo & video  

tagging 
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Photo Tagging & Sharing 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Photo Tagging & Sharing 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IYOUIT Service Universe 

C

M

Y

CM

MY

CY

CMY

K

iyouit_poster_quer_A1.pdf   13.10.2008   17:52:35 Uhr
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Service Personaliza8on 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Context Management Framework 

A flexible component framework for IYOUIT 
and other mobile services  
  Distributed service  

infrastructure 

  Heterogeneous  
data sources 

  Open API 
  Qualita8ve context  

abstrac8ons 

  Embedded seman8c  
mappings 

  Access control & Privacy 
…

Identity 
Manager 

Privacy  
Manager 

Relation 
Manager 

Ontology 
Manager 

Context 
Broker 

Context 
Harvester 

Context 
Correlator 

Location 
Provider 

Weather 
Provider 

Photo 
Provider 

Map 
Provider 

… 

Component Framework 
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Data Aggrega8on 

  E.g., Place recogni8on 
  Posi8oning via GPS and cellular informa8on 

  Data mining to determine places of frequent stay 

  Seman8c ontology mapping  

Place 

Business 

Office 

Fair 

Cell clustering  Ontology mapping  Personal places 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Data Aggrega8on 

  For instance, Place recogni8on 
  Posi8oning via GPS and cellular informa8on 

  Data mining to determine places of frequent stay 

  Seman8c ontology mapping  

Place 

Business 

Office 

Fair 

Cell clustering  Ontology mapping  Personal places 

Context Representation 

<contextElement>
  <contextProviderAdvertisement id="1092"/>
  <entity id="1079" name="MaKoMo"/>
  <observer id="1083" name="Basti"/>
  <param name="weather" time="2008-01-20T14:37">
    <param name="temp" ontRef="#very_warm">
      <param name="tmin" value="3" accuracy="90"/>
      <param name="tmax" value="9" accuracy="90"/>
    </param>
    <param name="location" id="4468”>
      <param name="city" value="Munich"/>
      <param name="country" value="Germany"/>
    </param>
  </param>
</contextElement> 
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Context Ontologies & Reasoning 

  Context Ontologies 
  Representa8on of high‐level qualita8ve context 
  Decidable fragments of OWL 

  Contextual Reasoning 
  DL‐reasoners (Pellet, FaCT++,RacerPro) 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Recognizing Events 

D
e

m
o

 

Kim (CTO) 

Basti (Colleague) 

DOCOMO 

(Office) 
Casa 

(Home) 
Casa 

(Home) 
DOCOMO 

(Office) 

Fürstenfeldbruck Munich Fürstenfeldbruck 

drive 

w
a

lk
 

drive 

w
a

lk
 

Rain Partly Sunny 

Very warm 

T
W

 

Night Day Night T
W

 

Office hours 

Fra (Wife) Fra (Wife) 

Imp. 
Meeting 

Remarkable Working Day 

Sample Event 
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Recognizing Simple Events 

Event
 Specifications 

Simple Events 

D(x) 

P(x) 

N(x) 

P(x) 

Recognizer 

W(x) 

Context Streams 

Pre-processing 
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Preprocessing 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Preprocessing 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Preprocessing 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“Driving Home‐Work” 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Example of Simple Events 
Analyzing 102 records delivered

6 Place Events:
[06:56-08:13, Home, Space.owl#Home]
[08:14-08:15, Way to S-Bahn, Space.owl#Travel_point]
[08:32-18:35, DOCOMO Euro-Labs, Space.owl#Office]
[19:04-19:05, Eichenau, Space.owl#Railway_station]
[19:06-19:09, Way to S-Bahn, Space.owl#Travel_point]
[19:12-00:00, Home, Space.owl#Home]

4 Walking Events:
[07:26-07:56, walking, 1008 steps]
[08:32-08:35, strolling, 64 steps]
[18:26-18:34, walking, 277 steps]
[19:06-19:18, walking, 443 steps]

2 Driving Events:
[08:13-08:30, driving 18.9km distance, 66.2km/h]
[18:35-19:06, driving 15.5km distance, 29.2km/h]

3 Nearby Events:
[08:27-18:53, nearby 1089]
[08:32-17:49, nearby 1126]
[09:05-18:35, nearby 1086]

nstep 

xy
z 

Recognizer 
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Recognizing Complex Events 

Complex Events Simple Events 

Ontology Models 

Reasoner 
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Event Modeling 

at home home2office

SimpleEvent
  • var : CtxtVar

ComplexEvent
  • subs : Event*

ChangeEvent
  minimal

ConstEvent
  max. & homo.

Event
  • start : State
  • end : State

working day

D
e
m

o
 

Kim (CTO) 

Basti (Colleague) 

DOCOMO 

(Office) 
Casa 

(Home) 
Casa 

(Home) 
DOCOMO 

(Office) 

Fürstenfeldbruck Munich Fürstenfeldbruck 

drive 

w
a
lk

 

drive 

w
a
lk

 

Rain Partly Sunny 

Very warm 

T
W

 

Night Day Night T
W

 

Office hours 

Fra (Wife) Fra (Wife) 

Imp. 
Meeting 

Remarkable Working Day 
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Recognizing Complex Events 

  Case study engineered together with Racer Systems 

  Allen rela8ons as define NRQL queries [CONTEXT’07] 
  Explicit next‐rela8on between states 
  Bad performance due to recompila8ons and unfolding: 1.8 ARPS* 

  Allen rela8ons materialized via rules (large Aboxes!) 
  CD atom “<“: 66 ARPS 

  Data substrate “<“: 170 ARPS 

  Via impera8ve MINILisp: 600 ARPS 

 1

 10

 100

 1000

 10000

 10  15  20  25  30  35  40  45  50  55
S

e
c
o

n
d

s

Intervals

Allen 1

Allen 1

Allen 2

Allen 3

Allen 4

*50 Simple Events; ARP = Allen rela8ons per second 

Allen’s 
Interval Algebra
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Data Mining & Profiling 

  Data Mining 
  Iden8fica8on of significant context correla8ons 
  Analysis of contextual evolu8on over 8me 

  Associa8on rules to capture strong  
associa8ons between context streams 

  User profiling 
  Aggregated & deduced context  

to build dynamic profiles 

  Matchmaking with the “familiar stranger” 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Profile Browser 

  Rule visualiza8on 

  Sta8s8cal data and 
trend computa8on 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Privacy Management 

  Access control for 
personal data 

  Group direc8ves based 
on social rela8onships 

  Buddy‐specific 
defini8ons overwrite 
group direc8ves 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Social Networking & Privacy 

  Privacy policy ac8va8on through ontology‐based reasoning 
  Context‐sensi8ve social networking 

Reasoner 
Interface 

Inference  
Engines 

Ontologies Database 

Approved 

Inference 

relations 

results 

Racer 

DoSoR 

... 

Social 
Ontology CRF 

Query 
Interface 

Inferred 

Requested 

Approved 
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OWLlink 

  Extensible Protocol for accessing OWL reasoning services 

  Successor to DIG2.0 [“DIG for OWL 2”, OWLED’08] 

  Extension mechanism (incl. axiom retrac8on) 

  Joined work with Ulm University 

  First implementa8on in RacerPro 

  Supported by DOCOMO and highly an8cipated for 

  Pla^orm independence and extensibility, e.g.  Axiom Retrac8on 

www.owllink.org 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Summary of Applied Seman8c Technology 

  OWL‐based ontologies and Seman8c Middleware 
  Decidable fragments of OWL 

  DL‐reasoners (Pellet, FaCT++, RacerPro) 
  Interfacing (OWLAPI, OWLlink [OWLED’08]) 

  Extensions and framework aspects 
  Performance evalua8ons [SSWS’06, ESWC’09*] 

  Event recogni8on [CONTEXT’07] 
  Qualified social networking [ESWC’07] 

  Situa8onal reasoning [KER’08] 

*Talk on Wednesday: “Who the heck is the father of Bob?” 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Service Personaliza8on 

Evolu8on of the mobile phone 

Lifestyle Infrastructure User Guidance 

Life Assistance 

Behavior Assistance 

Context Awareness 
Seman8c Pla^orm Support 

Smart NFC‐based Services 

User‐centric Services 

Resources‐driven Service Provisioning 

Context Representa8on & Reasoning 

Life Logging 

Evolu8on of the mobile service 

Task Management 

Data mining & Profiling 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Service Personaliza8on 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of 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mobile phone 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Infrastructure 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Guidance 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Services 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Service 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Representa8on & 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Logging 

Evolu8on of the mobile service 

Task Management 

Data mining & Profiling 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10 am ‐ Train Sta<on 
 Receive a map from  

Smart‐Poster 

1 pm ‐ Cafe  
Retrieve informa8on  

from sales tag 

2 pm ‐ Cafe 
Pay with e‐money 

12 pm ‐ Office  
Receive by e‐mail 

CAFÉ  

Barcelona 

Today’s  
Special 

7 pm‐ Home  
Exchange coupons 

source: NTT DOCOMO, Frontier Service Dept. 

NTT DOCOMO’s  
Customer‐oriented 
Service Model 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NFC Mobile Services in JP [Osaifu‐Keitai™]  
Subscribers 
(million) 

Service started 
(Jul‐2004) 

Over 10mil  
Subscribers 
(Jan‐2006) 

Over 32 mil 
Subscribers 
(End‐2008) 

Over 20mil 
Subscribers 
(Mar‐2007) 

End 2008 
833,000 Stores 

Stores 
(‘000) 

source: NTT DOCOMO, Frontier Service Dept. 



42 Copyright © 2009 DOCOMO Communica8ons Laboratories Europe GmbH  

Mobile Adventure 

42 

Worldwide NFC Mobile Business & Pilots 

Malaysia （Kuala Lumpur） 
MayBank 
MAXIS 

TRIAL, Country （City） 
Service Provider (Service) 
Mobile Network Operator 

Korea （Seoul） 
Shinhan Bank 

KTF 

Taiwan （Taipei） 
Taishin Bank 

FET 

Turkey （Istanbul） 
Garanti Bank 
TURKCELL 

Norway （Oslo） 
DnB NOR 

Telenor 

Philippines （Manila） 
MasterCard 

SMART 

France （Paris） 
BNP 
SFR 

Australia （Melbourne） 
NAB 

Telstra 

Singapore 
（Singapore）NETS 

Singtel 

Canada （Toronto） 
RBC  

Rogers Wireless 

USA （Atlanta） 
Chase 

Cingular 

Switzerland （Bern） 
Selecta 

Swisscom 

EXISTING. Country  
Mobile Network Operator 

Japan 
Multiple service providers 
NTT DOCOMO, Softbank, 

au 

Korea 
Multiple service 

providers 
KTF、SKT 

source: NTT DOCOMO, Frontier Service Dept. 
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Smart NFC‐based Services 

  Building on the commercial success of NFC  

  Mul8‐tagged to move beyond “Touch‐and‐Go” 
  Augmen8ng objects with many NFC tags 

  UI = mobile phone & tags 

  Overcome limited I/O capabili8es of mobile devices 

Touch Order (McDonalds)  Octopus (PitTouch)  Pupil Posters (VTT) InfoTags (City of Oulu) 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PERCI (Pervasive Service Interac8on) 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PERCI Implementa8on 
Interac8on protocol of the service 
described using WS descrip8on 
languages (WSDL, OWL‐S) 

Concrete UI generated on the fly 
on the mobile pla^orm 

Web service descrip8ons with an 
Abstract User UI specifying the 
user tasks  

Renders abstract UI 

UI management:  
render‐once, use‐many 

Abstract from specific 
tagging technology 

Service grounding 
and IO 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Managing Service Interac8on 
  WS technology provides 

declara8ve descrip8on of 
services 

  WSDL 
  Opera8ons performed by the 

service: required/generated IO 
  Message format, network 

protocol and service port 

  OWL‐S 
  Execu8on order and mapping to 

service seman8cs 

  OWL‐S extension: abstract UI to 
specify the user ac8ons 

  Close rela8on between the abstract 
UI and OWL‐S process model 

  I/O of atomic processes to be 
passed to abstract UI  

Process 
Model 

Service 
Grounding 

Service Descrip8on 

WSDL 

Abstract UI Model 
Widget to use to input data for a 
service, or output service results  

HTML  J2ME 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Seman8c Interoperability 

  Collect & Drop 
  Data across smart posters: usage history for posters and tags 
  Intelligent mapping of tags across posters & applica8ons  

  Proac8ve Service Discovery 
  Dynamic binding of mul8ple services to tags / objects  
  Recommenda8on of addi8onal services 

Both services  
discovered 

Movie Ticke8ng 
Service 

Movie Ra8ng 
Service 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NFC‐based Interac8on  
with different Displays 
  NFC‐based services deployed on generic tag infrastructure 

  Similar services on different dynamic displays and sta8c posters 

  Same look, feel and ease of use 

  Maximized usability, op8mized development and deployment 

  NFC Forum Global Compe88on ’08 (Winner Research Track) &  
Mobile World Congress ’09 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Service Personaliza8on 

Evolu8on of the mobile phone 

Lifestyle Infrastructure User Guidance 

Life Assistance 

Behavior Assistance 

Context Awareness 
Seman8c Pla^orm Support 

Smart NFC‐based Services 

User‐centric Services 

Resources‐driven Service Provisioning 

Context Representa8on & Reasoning 

Life Logging 

Evolu8on of the mobile service 

Task Management 

Data mining & Profiling 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Service Personaliza8on 

Evolu8on of the mobile phone 

Lifestyle Infrastructure User Guidance 

Life Assistance 

Behavior Assistance 

Context Awareness 
Seman8c Pla^orm Support 

Smart NFC‐based Services 

User‐centric Services 

Resources‐driven Service Provisioning 

Context Representa8on & Reasoning 

Life Logging 

Evolu8on of the mobile service 

Task Management 

Data mining & Profiling 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Cross‐Industry Services [NFC Mul8 Service]  

source: NFC Forum 
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The Service Heterogeneity Problem 
  Service heterogeneity 

  Many different services addressing very different needs 

  Data heterogeneity 
  Each service provider represents informa8on in a proprietary ways 
  Virtually no standards (and very difficult to make them) 

  Providers heterogeneity 
  Different organiza8ons hold key pieces of informa8on 

  It is (almost) an open market, anybody can enter 

  Protocol heterogeneity 
  Many different protocols are used to provide the services 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User‐Centric Service Composi8on 

time 

  Implicit workflow of services which is driven by (and tailored to) the 
ac8vi8es of the user 

  The mobile phone helps the user to fit all ac8vi8es together and to 
manage consequences when something goes wrong 

Movie Ra8ng 
Service 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User‐Centric Service Composi8on 

  To open up the full advantage of the ever growing number of 
available services to the mobile user 

  Challenges: 
  User has to be in control: iden8fy the right concepts 

(interac8on means) for interac8ng with the services 

  Service heterogeneity: Iden8fy the right concepts (seman8c 
annota8ons) for describing the services 

  Core idea: 
  Interac8on means and seman8c annota8ons are both based on 

a small set of “core resources” (most prominent context) 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Core Resources 
  User centricity requires the organiza8on 

of services and applica8ons around “the 
life of the user” 

  Services are organized along 
four core assets of the user 
  Time represen8ng the temporal 

rela8on of user ac8vi8es 
  Loca<on represen8ng the spa8al 

rela8on 
  Social represen8ng other par8es 

involved in those ac8vi8es 
  Money represen8ng costs of ac8vi8es 

  Well know applica8ons (calendars, 
maps, contact lists, e‐wallets) are used 
to expose services to the user 

Social Network  Contact Lists 
TelCo Services 

Loca8on 

Time 
Calendar  
Applica8on 

Maps / POIs  

E‐Wallet 
Payment Services 

Money 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Using the Resource‐driven approach 
Data domains  
and services 

Composi8on 
and execu8on 
requirements 

User environment 
and context 

Resource conflict detec8on
 and resolu8on 

Alignment and integra8on of  
real‐world objects and services 

Con8nuous monitoring and
 synchroniza8on of resources 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YourWay! 

  “Have services your way!” 
  User‐centric composi8on &  

personaliza8on of mobile services  

  Seamless integra8on of real‐world  
Web services 

  Grounding in user context & resources 

Early prototype (Android‐based): 
•  Travel & scheduling support 
•  Personal and business tasks 
•  Support of transac8ons & re‐scheduling 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Service Personaliza8on 

Evolu8on of the mobile phone 

Lifestyle Infrastructure User Guidance 

Life Assistance 

Behavior Assistance 

Context Awareness 
Seman8c Pla^orm Support 

Smart NFC‐based Services 

User‐centric Services 

Resources‐driven Service Provisioning 

Context Representa8on & Reasoning 

Life Logging 

Evolu8on of the mobile service 

Task Management 

Data mining & Profiling 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Summary & Conclusion 

  “Keys, Money  and Mobile Phone” 

  Evolu8on of the mobile phone and  
the mobile service 

  Seman8c Technologies as key enablers 
  Context Awareness & Life Logging 
  Context representa8on & reasoning 
  Seman8c pla^orm support 

  Lifestyle infrastructure & smart NFC 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