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Context-aware Systems

Behavior

Context

adapt to               drive

Profiled Derived Sensed

Sensor failure,
noise, delays, or
disconnection.

Uncertainty of
input, or use of
crude derivation
mechanism

Infrequent
update

vulnerable to small
changes, and uncertainty
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Situation-aware Systems

Behavior

Situation

Context

A situation is an external
semantic interpretation of
context.

Abstract context, and resolve uncertainty of
context.

Assign behaviors on stable, certain,
and meaningful situations.
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Meeting Scenario

B1: change the mode
of mobile phones

S1: meeting

attendances environment calendar
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Characteristics of Situation

• A situation can be:
- Interpretation of a single piece of context;
- or a composition of contexts or other situations.

•  Generalisation:

- More general situation  →  more basic behaviors;

- More specific situation → more customised behaviors.

Meeting

Group meeting Conference meeting
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Situation Lattice

A situation lattice, L = (S, ≤),
• S: a set of situations;
•≤ : generalisation;

- s ≤ si: si is  more general than s.

s1

s

sm
…

s ≤ s1 s ≤ sm

s1,...,sm are disjoint
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Building a Situation Lattice

Top

smCal snp2 sgp

Schedule in
calendar

group member

attendances >2

≤

smeeting

snoise3

sgp2

sgm

noise level > 3

Bot

group members > 2

meeting

group meeting

ltop = null;

l*gp = (∀ai, a j, ai.group = aj.group);

l*np2 = (numA > 2);

l*gp2 = null;

lgp2 = l*gp ∧ l*np2 ∧ ltop∧ l*gp2
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Identify situations

Top

smCal snp2 sgp

smeeting

snoise3

sgp2

sgm

Bot

Current context:

1. Number of
attendances is 5;

2. All attendances
have the same
group.

X X
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Maintain consistency and Integrity

• Consistency:
• Integrity:

scm sgm

smeeting

compatible compatible

exclusive
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Dealing With Uncertainty

Coarse-grained approach

snp2

sgp2 snp10

sgp

• Incomplete context:

 a specific situation → more general one.

• Conflicting context:

multiple disjoint situations → the most specific of their
common general situation.
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Dealing with Uncertainty

Fine-grained approach
• Uncertainty is quantified as probabilities.
• Assess probabilities in Bayesian Networks.

Bayesian Network:

A B

C

RA directed acyclic graph:

• node => variable;

• arc => causal relation

Root: with a
priori probability

Non-root: with
conditional
probability
distribution (CPD)

parent

child



Using Situation Lattices to Model and Reason about Context 12

Dealing with Uncertainty

Convert a situation lattice to a Bayesian Network:

• A situation ⇒ a node;

• ≤ generalisation ⇒ an arc;

• All the basic situations ⇒ root.
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Dealing with Uncertainty

Assess probabilities:
• Prior probability;
• Conditional

probability.

smeetingsgp2
snoise3

sgm

snp2
sgp

p(snp2) = 0.74

p(sgp) = 0.52

…… … …   …
 0.23 0.87 low true true

 0.01 0.99 high true true

   sgm
 (=false)

  sgm
 (=true)

 snoise3 smeeting sgp2

Attendances > 2
Group member

Group member > 2

Noise level > 3
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Conclusion and Future Work

• Conclusion:
• A novel structure to define and organise situations;

• to improve the efficiency of identifying situations;

• to resolve uncertainty.

• Future work:
•  Implementation: small => large lattice;
•  Scalability and efficiency;
• Optimisation of the BN performance.
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Thanks!
Q & A

Juan Ye
School of Computer Science and Informatics
UCD, Ireland
juan.ye@ucd.ie


