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Ad t ti & D d bilitAdaptation & Dependability
 Increasingly, software systems must adapt in response to 

o changing user needs 

o system intrusions or faults 

o changing operational environment

o resource variability

 …but still preserving a certain degree of dependability 
characterized as Invariants 

o invariants represent the system properties that should beo invariants represent the system properties that should be 
maintained w.r.t. the adaptation to be performed

o Instead, non-critical properties might be relaxed, hence 
i i th d f fl ibilit f th t d i ft
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increasing the degree of flexibility of the system during or after 
adaptation



F k IdFramework Idea
 Break up a system in parts that can be substituted or changed without hurting the 

invariant propertyinvariant property

Breaking points of 
adaptation

w r t a Composition
Syntax tree

w.r.t. a Composition 
Operator

System component 
or 

 Every node labeled with an assumption to be satisfied by the component in order to

abstract sub-trees

 Every node labeled with an assumption to be satisfied by the component in order to 
maintain the invariant 

 These assumptions can be automatically generated by following a compositional 
approach
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 The framework works at different levels of abstraction spanning from code to 
software architecture



M i ti tiMain motivations
 Ease the task of effectively breaking the system into partsy g y p

 Ease the task of correctly (with respect to the invariant) 
composing a system out of elementary components

 Support adaptability at different levels of system granularity

 Efficiently drive the compositional assumption generation Efficiently drive the compositional assumption generation

 Support reactions to unsuccessful (with respect to the 
invariant) adaptationsinvariant) adaptations
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A G t R i (AGR)Assume-Guarantee Reasoning (AGR)
 By considering a system composed of several components, y g y p p ,

AGR aims at verifying the system through the separate 
verification of the single components

Assumption Guarantee

 Reasoning chain:
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D t th t ith ti d tDecorate the system with assumptions and guarantees
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Decorate the system with assumptions and guarantees

Variable
PartPart
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D t th t ith ti d tDecorate the system with assumptions and guarantees

Variable
Part
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Decorate the system with assumptions and guarantees
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S b t hi h f MSub-tree hierarchy of Mj

 The relationship between the 
A different 

composition 
operator

p
different levels of the tree 
hierarchy is defined by the 
operational semantics of the

·
operational semantics of the    
operator

Frontier 
b t t

Frontier 
b t t
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 .

Mh
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. .
 .

Mp
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between two 
levels of the 
abstract tree

hierarchy

between two 
levels of the 
abstract tree

hierarchy

jM1
j1

M2
j1

M1
jk

M2
jk

j1 jk
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A i l i lA simple programming language p

;

z:=x-y
;

p

p1

p2

z:=x-y

x:=10 if
A: ( x)=0) ( x)≠0)p1.1

y:=x+1 y:=x-1

A: x)≠0A: x)=0
p1.2
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Invariant
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Ad t tiAdaptation

A: false
G: (z)=1A: false

(( ) 0) ) 3)) ) 0

A: (x)= (y)+1
G: (z)=1

G: (z)=1A: false
G: (x)= (y)+1

A: false

..or, P1.1 
should change

P1.3 cannot be used, 

if
A: (( x)≠0) x)=3)) x)=0
G: (x)= (y)+1

A: ( x)≠0) x)=3)A: x)=0

G: (( x)≠0) x)=3)) x)=0

1.3

i.e., the adaptation 
cannot be performed

( )≠ ) ) )
G: (x)= (y)+1

)
G: (x)= (y)+1
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What are the possible P1.1s that guarantee the invariant?
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M i di i t b id d hMain dimensions to be considered when 
dealing with AGR

 Composition operator: the composition operator should be 
carefully selected and must be associative

 A ti ti it bl ti ti Assumptions generation: a suitable assumption generation 
technique should be defined

 System and property decomposition: the property definition System and property decomposition: the property definition 
should be decomposable w.r.t. the AGR

o What’s about deadlock?

 Languages selection: to support automated assumption 
generation a semantic relationship between the language 
used to write the system and the language used to specify
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used to write the system and the language used to specify 
the properties must exist



F t kFuture work
 Fully formalize the framework in order to give a proof of its y g p

soundness and provide a basis for its automation

 Experiment it on case studies that belong to different 
application domains and that specify adaptation at different 
levels of system granularity

 ’ Last but not least….rebuild L’Aquila:
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Thank you for the attention!

Questions?


