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INTRODUCTION

Why?:

• No shared understanding of the concept of system

• Need for  checking soundness and clarifying concepts

• Need for a clear understanding of system specifications 
entities and related “proof obligations” for sound system 
design

Toward a formal theory of systems
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Systems as Phenomena or Vision?

System phenomena? System phenomena? 

•A matter of size?
•A matter of complexity?
•An intrinsic property?
•…

On being a system On being a system 

•To be considered as a system
•To be seen as a system
•To be represented as a System 

“System” is the denotation of a vision, a 
way of thinking!

A System theory is basically a a theory of 
modeling 

We thinking relies on models
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About Systems 

A system always exists within an environment that 
set up the operational contexts to which it will 
have to adapt.

A system always exists within an environment that 
set up the operational contexts to which it will 
have to adapt.

operationaloperational

FunctionalFunctional

ConstructionalConstructional

In these operational contexts, some interacting 
external systems have needs that it will have to 
contribute to either by:

•Doing, or
•Being

something

In these operational contexts, some interacting 
external systems have needs that it will have to 
contribute to either by:

•Doing, or
•Being

something

There are thus two ways for System adaptation
•Functional 
•Constructional

There are thus two ways for System adaptation
•Functional 
•Constructional

What the System Does Shall be Consistent with 
what it is.

What the System Does Shall be Consistent with 
what it is.
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A system vision

Control 
context

(scenarios)

Control 
context

(scenarios)

Resources
(Architecture)
Resources

(Architecture)

Functions
(dependencies)

Functions
(dependencies)

Tasks
(operation)

Tasks
(operation)

Devices
(Organisation)

Devices
(Organisation)

Management
context

(scenarios)

Management
context

(scenarios)

Operation 
Modes

(scenarios)

Operation 
Modes

(scenarios)

Configurations
(scenarios)

Configurations
(scenarios)

Strategic
Context

(scenarios)

Strategic
Context

(scenarios)

A set of services provided to its usersAn operation i.e.:
Tasks executed according to a given program

A set of constituents 
arranged according to 
an architecture

An organisation of resources into 
devices allocated to tasks

Several possible architectures 
and organisations

Contexts of operation that 
impact service provision and/or 
constituent  performances

Contexts of operation that 
impact the process and/or the 
organisation

Contexts of operation that impact the 
strategy of modes and/or configurations 

changing

Several ways of providing a service
and several ways of operation

Action
(Rules)

Re-action
(Tactic)

Pro-action
(strategy)

operationaloperational

FunctionalFunctional

ConstructionalConstructional
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Time perspectives and Logical operators

AdaptationOperationFunction

Functions
(dependencies)

Functions
(dependencies)

Resources
(Architecture)
Resources

(Architecture)

Tasks
(operation)

Tasks
(operation)

Devices
(Organisation)

Devices
(Organisation)

Control
Contexts

(Scenarios)

Control
Contexts

(Scenarios)

Management
Contexts

(Scenarios)

Management
Contexts

(Scenarios)

Operation 
Modes

(scenarios)

Operation 
Modes

(scenarios)

Configurations
(scenarios)

Configurations
(scenarios)

Strategic
Context

(Scenarios)

Strategic
Context

(Scenarios)

There are basically three:
•Time semantics
•Type of operators

There are basically three:
•Time semantics
•Type of operators

All the functions
(AND operator)

Several but at least one
(Product operator)

Some but at most one
(Sum operator)

Timeless Synchronous Event-driven
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Looking for canonical forms

?

?

?

Looking for three canonical forms of 
statement (e.g. specifications) in the 
system vision.

Looking for three canonical forms of 
statement (e.g. specifications) in the 
system vision.

All the functions
(AND operator)

Several but at least one
(Product operator)

Some but at most one
(Exclusive Sum 

operator)

Timeless

Synchronous

Event-driven
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A graphical language

•Under the constraints the process 
provides its outputs from its inputs
such that the expectations been 
satisfied.

•Under the constraints the process 
provides its outputs from its inputs
such that the expectations been 
satisfied.

processorprocessor

Constraints

Expectations

Inputs

Outputs
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{ }
{ }

:

: .

p pred pred

p q p q

→

= = ∧

[ ] :
: [ ].

p pred pred
p q p q

→

= = ⇒

Contract Clauses

•Conditions

•Event

{ }
{ }

False Abort
True Skip

=

=

{ } { }
{ }

1 2 1
1 2

1 2 1 2

; ; ;
; 10 ;

; ; ;
S False S S Abort

S x S
S True S S S

⇔≥ ⇒  ⇔

[ ]
[ ]
False Magic

True Skip

=

=

[ ] [ ]
[ ]

1 2 1
1 2

1 2 1 2

; ;
; 10 ;

; ; ;
S False S S

S x S
S True S S S
 ⇔≥ ⇒  ⇔

Predicate transformers
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Specification Canonical forms

ρ  :={R} | [R]
x :X

y :Y

C := {p}

A :={q}

ρ  :={R} | [R]
x :X

y :Y

C := [p]

A :={q}

ρ  :={R} | [R]
x :X

y :Y

C := [p]

A := [q]

Invariant Synchronous Event-driven
{ } { }qSp ;; [ ] { }qSp ;; [ ] [ ]qSp ;;

{ } AbortSFalse =;

{ } AbortFalseS =;

[ ] SSSkipSTrue == ;;

[ ] MagicSMagicSFalse == ;;{ } SSSkipSTrue == ;;
{ } AbortFalseS =;

[ ]
[ ]
[ ] SMagicSFalseS

MagicSFalse
SSTrue

==
=
=

;;
;

;
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specifications
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Function / Sub-function

ρ  :={R} | [R]
x :X

y :Y

C := {p}

A :={q}

ρ  :={R} | [R]
x :X

y :Y

{p’}

{q’}

Pre-condition weakening

Post condition strengthening

Pre-->pre’

Post’-->post

•A refinement is a function that establish the 
same requirements under most unfavourable 
conditions 

•A refinement is a function that establish the 
same requirements under most unfavourable 
conditions 

•A refinement is a function that establish the 
stronger requirements under the same 
conditions 

•A refinement is a function that establish the 
stronger requirements under the same 
conditions 
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Function Abstraction

ρ  :={R} | [R]
x :X

y :Y

C := {p}

A :={q}

ρ  :={R} | [R]
x :X

y :Y

{p’}

{q’}

ρ  :={R} | [R]
x :X

y :Y

{ 'p p∧ }

{ 'q q∧  }
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Function Composition rule

R'1

C'1

A'1

R'm

C'm

A'm

R1

C1

A1

Rn

Cn

An

Functional specification composition

Jjii CA II ⇒ •All the preconditions must be established by 
at least “someone “

•All the preconditions must be established by 
at least “someone “
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Mode and Sub-Mode

Output condition weakening

ρ  :={R} | [R]
x :X

y :Y

C := [p]

A := [q]

ρ  :={R} | [R]
x :X

y :Y

 [p’]

 [q’]

Input conditions strengthening

P’-->P

•To be inside a sub-mode implies to be inside 
the mode

•To be inside a sub-mode implies to be inside 
the mode

q-->q’

•To get outside the mode implies to get 
outside its sub-mode

•To get outside the mode implies to get 
outside its sub-mode
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Mode abstraction

ρ :={R} | [R]
x :X

y‘ :Y’

[p]

[q]

ρ :={R} | [R]
x‘ :X’

y :Y

[p’]

[q’]

ρ  :={R} | [R]
x :X

y :Y

[ '']p p+

 [q’+q]

[q’]

[p’’]

•abstraction of 
scenario

•abstraction of 
scenario
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Mode Composition rules 

R'1

C'1

A'1

R'm

C'm

A'm

R1

C1

A1

Rn

Cn

An

,

i i j j

i j
i j
i j

A C
C C

≠

⇒ 


∩ 


U U

I
At least one, 

at most one mode: i i j jA C+ ⇒ + I.e one & only one mode
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Tasks and Sub-Task

ρ  :={R} | [R]
x :X

y :Y

[p]

{q}

ρ  :={R} | [R]
x :X

y :Y

 [p’]

{q’}

Triggering strengthening

•the sub-task triggering implies the task triggering •the sub-task triggering implies the task triggering 

P’-->P

Post condition strengthening

Post’-->post

•A refinement is a task that establish the 
stronger requirements under the same 
conditions 

•A refinement is a task that establish the 
stronger requirements under the same 
conditions 
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Tasks abstraction

ρ :={R} | [R]
x :X

y‘ :Y’

[p]

{q}

ρ :={R} | [R]
x‘ :X’

y :Y

[p’’]

{q’}

[p’]

ρ  :={R} | [R]
x :X

y :Y

[ '']p p×

{ ''}q q×

•abstraction of task schedule•abstraction of task schedule

{q’’}
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Task composition rule

R'1

C'1

A'1

R'm

C'm

A'm

R1

C1

A1

Rn

Cn

An

jii CA UI ⇒

jjii CA UU ⇒

Jjii CA II ⇒

At least one task

No untriggerable task

i i jA C× ⇒×
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Function versus Mode of operation

F

External

Nominal

Internal

{P}

{Q}

x y

Nominal:P Q
External:¬P Q\/ ¬Q

Internal:P ¬Q

[¬P \/¬Q] [¬Q]

[¬P]

[P]
[P]

[Q]
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RAM analysis using Probabilistic reasoning

ρext

ρnom

ρint

¬Π \/¬Θ ¬Θ

¬Π

Π

Π

Θ

F

{P}

{Q}

x y

If  ¬Π and ¬Θ are respectively the probability of 
occurrence of
event ¬P and ¬Q then ρnom is the availability of 
function F in its nominal mode
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CONCLUSIONS

• System theory is basically a modeling theory
• A formal semantic of the system vision is reachable
• System Engineering guaranteed by proof is theoretically 

possible
• Actually investigating GAME Semantic applied to 

System/Environment concurrent interaction (existence of 
a winning strategy)
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