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Problem Context: Service Behavioural 
Adaptationp
ServiceClient

Interoperability Problems:

- Signature

Interoperability Problems:

- Behavioural
- Service
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- Semantic



Case Study: Airport Services
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Check-in Kiosks



Case Study: Airport Services

D t F ShCheck-in Kiosk Airline Information System
Duty-Free Shop
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Problem Context: Adaptation in Ubicomp 
Environments

Software services not designed to 
interoperate with each other  interoperate with each other. 
Concrete scenarios cannot be envisioned a 
priori.p

Services may join/dissapear. 
Lack of a predefined architectural p
description. 
Property verification at run-time.

Relationships among services are short-
lived.

C t ti l t
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Computational cost.



Approach

Tackle the aforementioned problems by 
providing:providing:

Service interface model to enable the 
derivation of an architectural description derivation of an architectural description 
of the system.
Run-time composition and adaptation Run time composition and adaptation 
engine.

Deadlock-freedom.Deadlock freedom.
User-defined properties.
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Interface Model

Interfaces consist of:

Operation signatures

Protocol Description (Symbolic Transition 
Systems)y )

Correspondences between Operations p p
(Vectors)
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Composition constraints (LTL Formulae)



Symbolic Transition Systems 

An STS is a tuple 
(A,S,I,B,T):

Boarding pass

checkin?(seat)

Boarding pass
is printed by the

kiosk. Client Task Specification
A : Alphabet set of communication 
actions a=(M,D,PL) 

checkin!
(passport,idflight)

search!(string)
S: Set of states

I : Initial state
search?(result)search!string

quit!
buy!(result)

B: Set of stable states

buy?(success)T: Transition function T: S X A  S
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Vectors
Vcheckin
checkin!(pid,fid); checkInPoint.checkIn?(pid,fid)
vcheckinResponse 
checkin?(sid);checkInPoint checkIn!(sid)

checkin?(seat)

Boarding pass
is printed by the

kiosk. Client Task Specification

checkin?(sid);checkInPoint.checkIn!(sid)

checkin!
(passport,idflight)

checkin?(seat)

search!(string) c:checkin!(p,f); k:checkin?(p,f)

flightList:
flightInfo

Airport Information System
search?(result)search!string

quit!
buy!(result)

Service Directory 
(Yellow Pages)

checkedin?
(id,flight)

checkedin!
(result)

flightInfo

buy?(success) VcheckinRequest
checkin?(fid,pid); checkInPoint.checkIn!(pid,fid)
vcheckinResponse 
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p
checkin!(sid);checkInPoint.checkIn?(sid)



Composition Constraints

Specification of user-
defined safety and defined safety and 
liveness properties.
Expressed in LTL-X:

Start

Finite trace 
semantics.
Atomic propositions 

Request 
Check-in

Shop Catalog 
SearchAtomic propositions 

correspond to 
vector executions. Receive 

Product InfoGet Seat Info
Example: 
G(vcheckin!F(vcheckin))

Product Info
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Buy Product



Run-time Engine

Acts as an “interpreter” of the composition.
C iti  ifi ti  t ti ll  Composition specification automatically 
derived at run-time.

RUN-TIME 
ADAPTATIONADAPTATION 

ENGINE
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Composition Process Overview
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Case study - Sample execution trace
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Enforcing user-defined composition 
constraints

Run potential execution traces through automata 
generated for the formulae:generated for the formulae:

Fp
Build the automaton for Fp.
At least one trace to a global stable state 
must satisfy the property.

G   !F!  Gp = !F!p 
Build the automaton for F!p.
At least one trace to a global stable state At least one trace to a global stable state 
must not violate the property.
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Enforcing user-defined composition 
constraints

Constraint: G(vcheckin!Fvcheckin)
A t t F!( !F )Automaton: F!(vcheckin!Fvcheckin)

F!(vinsta!Fvinsta)

insta

insta

insta
Try another
Path!

C

insta

Accept!
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Accept!



Enforcing user-defined composition 
constraints

Constraint: Fvbuy

A t t F
insta

Automaton: Fvbuy
Fvinsth

instb

instcinsta insth
Not Accepted!C

instdinstb
Try another
Path!

insth

insth

instdinstc instc inste

insth

Accept!
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Conclusions

Formal model and runtime execution for unanticipated 
behavioural adaption of services in ubiquitous computing 
environmentsenvironments.

Enforces user-defined constraints on the composition.

Engine prototype integrated in ITACA (Demo at ICSE! –
Thursday).

Future Work
Exception handling mechanism (services may dissapear at an 
unstable state).

Centralized Engine imposes sequential processing.

Implementation on JINI Services using AOP.

Behavioural Self-Adaptation of Services in Ubiquitous Computing Environments 18

Implementation on JINI Services using AOP.



Thank you!Thank you!
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