Context Management and
Self-Adaptivity for Situation-Aware
Smart Software Systems

nvillega@cs.uvic.ca



mailto:nvillega@cs.uvic.ca

Self-Adaptivity in Software Systems
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Self-Adaptive Systems

* A self-adaptive system continuously adjusts its
behaviour at run-time in response to its
perception of its environment and its own
state in the form of fully or semiautomatic
self-adaptation.

H. Giese, Y. Brun, J. Serugendo, C. Gacek, H. Kienle, H. Miller, M. Pezze,
M. Shaw.: Engineering Self-Adaptive Systems Through Feedback Loops,
LNCS 5527, Springer, 2009.
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Situation-Aware Software Systems

e Situation-awareness: the perception and
comprehension of elements in the
environment within a volume of time and
space.

 Also called context-awareness

M. R. Endsley. Toward a Theory of Situation Awareness in Dynamic
Systems. Human Factors, 37(1):32-64, 1995.
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Situation-Aware Software Systems

e Systems that understand themselves and their
execution environment to deliver
functionalities accordingly.



Situation-Aware Self-Adaptive
Software Systems

* Situation-awareness vs.
self-adaptation
— Differences?

— How do they
complement each
other?
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How do situation-awareness and
self-adaptation cooperate each other?




Situation-Aware Self-Adaptive
Software Systems: Applications
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SITUATION-AWARE SMART ONLINE
SHOPPING



How to exploit situation-awareness
and self-adaptivity in online shopping?

H
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User-centric Situation-aware Smart
Shopping Applications
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User-centric Applications:
Degree of Situation-Awareness
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Context-Awareness in E-Commerce Today
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Context Information

* Any information that describes:

— The state of entities that may affect the system
operation or its interaction with the user

— The relationship among these entities

* Must be representable at runtime

* Must be manipulable at runtime to manage its
life cycle

Villegas and Miiller: Managing Dynamic Context to Optimize Smart
Interactions and Services, pages 289-318. Springer, 2010.
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Dynamic Context

Context is any information useful to characterize the
state of entities that can affect the behavior of the
system and/or its interaction with the user.

|

Your Social Your location Your agenda Your shopping
Network preferences

]

Relevant context information
evolves over timel

Villegas and Miiller: Managing Dynamic Context to Optimize Smart
Interactions and Services, pages 289-318. Springer, 2010.
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Dynamic Context Management

* The monitoring

Planning infrastructure must be a
self-adaptive system to
- manage dynamic
context

/

Monitoring requirements
evolve over time due to
changing situations

21






SmarterContext.
o

User’s Client

RataiIEApps

Villegas, Miller, et al.: A Dynamic Context Management Infrastructure for Supporting
User-driven Web Integration in the Personal Web. CASCON 2011. ACM
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Dynamic Context Representation: Linked Data
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Dynamic Context Reasoning:
Semantic Web and Linked Data

http://en.wikipedia.org/wiki/Tim Berners-Lee

e Tim Bernes-Lee
— The inventor of the Web

* Highly recommended
inspiring readings

T. Berners-Lee. Linked Data.
http://www.w3.org/Designlissues/ LinkedData.html, 2006.

T. Berners-Lee, W. Hall, J. A. Hendler, K. O'Hara, N. Shadbolt,
and D. J.Weitzner. A Framework forWeb Science.
Foundations and Trends in Web Science, 1(1):1-130, 2006.
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Semantic Web

* Enables systems to smartly search, combine,
and process web data based on the meaning
that these data have to humans

P. Hitzler, M. Krotzsch, and S. Rudolph. Foundations of Semantic
Web Technologies, volume 33 of Textbooks in Computing. Chapman
& Hall/CRC, 1st edition, 2009
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Dynamic Context Representation
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Dynamic Context Representation
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<xdf:RDF
xmlns:dcterms="http://purl.org/dc/terms/"
xmlns:rdf="http://www.w3.0org/1993/02/22-rdf-syntax-ns$"
xmlns:gc="http://smartercontext.org/vocabularies/ge/vl/gc.owld"
xmlns:pwc="http://smartercontext.org/vocabularies/pwc/vl/pwc.owl§"™
xmlns:xad="http://wwv.w3.0rg/2001/XMLSchema}"
xmlns: "hrep://www.w3.0rg/2000/01/rdf-schema$”
xmlns:shopping="http://smartercontext.org/vocabularies/shopping/vl/shopping.owl"
xmlns:dc="http://purl.org/dc/elements/1.1/"
xmlns:owl="http://wwv.w3.0xg/2002/07/owls"

="http://wiw.w3.org/2001/veard-rdf/3. 04" >

http://smartercontext.org/vocabularies/rdf/anna.rdf$fpreferredPaymentMechod">

xmlns:vear

<rdf:Description rdf:about
<rdf:type rdf:rescurce="http://smartercontext.org/vocabularies/shopping/vl/shopping.owl#PaymentMethod"/>
<shopping:verificationNumber rdf:datatype="http://www.w3.org/2001/¥MLSchemastring”>401</shopping: verificationNumbers>
<shopping:paymentMethodType rdf:datatype="http://www.w3.0rg/2001/XML5chema#string">VISA</shopping:paymentMethodType>
<shopping:nameCnCard rdf:datatype="http://www.w3.org/2001/XMLSchematstring”>Anna U</shopping:nameOnCard>
<shopping:expirationYear rdf:datatype="http://www.w3.0rg/2001/XMLSchematint">13</shopping:expirationYear>

<shopping:expirationMonth rdf:datatype ttp://www.w3.0rg/2001/XMLSchema$#int">08</shopping:expirationMonth>
<shopping:cardiumber rdfidatatype="http://www.w3.org/2001/XMLSchena$string">413200209774812</ shopping: cardiunber>
<shopping:billinghddress rdf:datatype="http://www.w3.0rg/2001/XMLSchematstring”>8200 Warden Av</shopping:billinghddress>
</rdf:Description>
<rdf:Description rdf:about ttp://smartercontext.org/vocabularies/rdf/anna.rdf#anna">
<pwc:preferredlocation rdf:resourc ttp://smartercontext.org/vocabularies/rdf/anna.rdf$¥preferredlocation"/>
<shopping:preferredPaymentMethod rdf:resource="http://smartercontext.org/vocabularies/rdf/anna.rdf$preferredPaymentMethod"/>
<gc:locatedIn rdf:resource="http://smartercontext.org/vocabularies/rdf/geo.rdf$5eaccle"/>
<pwe:preferredlanguage rdf:datatype="http://www.w3.0rg/2001/XMLSchena$string">Englishe/pwe preferredlanguage>
<pwc:hasGender rdf:datatype="http://www.w3.org/2001/XMLSchema$string">FEMALE</pwc:hasGender>
<pwc:lastName rdf:datatype="http://www.w3.0rg/2001/XMLS5chema#string">Unbach</pwc:lastName>
http://www.w3.0rg/2001/XMLSchema$string™>Anna</pwc:givenName>
htep: //www.w3.0rg/2001/XML5chema#string”>annaémail . com</pwc: emailAccounts>

<pwe:givenName rdf:datatype
<pwc:emailAccount rdf:datatype
<rdf:type rdf:rescurce="http://smartercontext.org/vocabularies/pwc/vl/pwc.owléUser"/>

</rdf:Description>

<rdf:Description xdf:ahuut:"htcp://smaxtercuncaxt.urg/vucabularies/rdt/gau.rdf#Seattle"ﬁ
<gc:geolocationClassification rdf:datatype="http://www.w3.org/2001/XML5chema$string">City</gc:geolocationClassification>

</rdf:Description>

<rdf:Description rdf:about="http://smartercontext.org/vocabularies/rdf/anna.rdffpreferredlocation”>
<gc:locatedIn rdf:resource="http://smartercontext.org/vocabularies/rdf/geo.rdf#5=attle"/>
<gc:zipCode rdf:datatype="http://www.wS.org/2001/XMLSchemastring">LEG1CT</gc:
<gc:longitude rdf:datatype="http://www.w3.0rg/2001/¥XML5chema$string™>-76.5160</gc: longitude>
<gc:latitude rdf:datatype="http://www.w3.0rg/2001/XMLSchema#string">3.4470</gc:latitude>
<gc:address rdf:datatype="http://www.w3.org/2001/XML5chema$string">8200 Warden Av</gc:address>
<gc:geclocationClassification rdf:datatype="http://www.w3.org/2001/XMLSchema$string”>Place</gc:geolocationClassification>
<rdf:type rdf:resource="http://smartercontext.org/vocabularies/gc/v1l/gc.owl§GeoLocation™/>

</rdf:Description>

</rdf:RDEF>

ipCode>
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Context Integration and Reasoning
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Context Integration and Reasoning

anne.rdf

hostedBy
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locatedin
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Context Integration and Reasoning

isNearTo

hasintegrated

hostedBy
locatedin

Hilton
Markham

anne.rdf

A partial integration of two
RDF-SmarterContext models
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Context Integration and Reasoning

isNearTo

hostedBy
locatedin

Hilton
Markham

Applying SmarterContext

anne.rdf

inference rules

[nearTo: (?a pwc:locatedIn ?b) (?b pwc:isNearTo ?c) -> (?a pwc:isNearTo ?c)]
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How to empower users to manage
their personal context in e-shopping?
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Problem: Users With No Control Over
Personal Data
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Optimizing Your Web Experience
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Optimizing Your Web Experience
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Optimizing Your Web Experience

Web interactions within the boundaries
of individual web sites

o Wemen «‘ SportsWear L
Women o )
Shopping Web (@& _ _ | shopping Wb =
Site 1 . & Ite G, ¥*

User-centric
integration is

incomplete!



Optimizing Your Web Experience
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Optimizing Your Web Experience
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Optimizing Your Web Experience
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Empowering users: The Personal
Context Sphere

L

Personal Context Sphere Front End Ugar's Client Retallers' Apps

Direct Context
Manage ment

Context gat hering Context gathering

/ — . - _;_II 0 .- 4.- _._.L "
1 ! & _._ = F)
and disposal directly o and provisoning through
from the user instinctive web
interactions
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TOWARDS A NEW E-COMMERCE
BUSINESS MODEL



The Actors
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The Infrastructure

= @3 SmarterContext.
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Situation-Awareness and
Self-Adaptation for Software Evolution
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YouTube source: eBay Black Friday Birds Eye view 47



THANK YOU!



