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Michael Köhler and Berndt Farwer Object Nets for Mobility



Object Nets
Elementary Object Systems

Mobile EOS

Reference Semantics
Value Semantics
New: Mobility Semantics

Value Semantics

on:a3()

on:a2()

on:a4()

Building B

Building A

on:a1()

:a1() :a2() :a3() :a4()

:a1() :a2() :a3() :a4()
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References/Values

Reference semantics creates one single namespace.

Reference semantics allows side-effects between different
namespaces.

Value semantics restricts access to one single place.

Value semantics inhibits global access within the same namespace.

=⇒ A generalised semantics is needed: mobility semantics

Mobility semantics “switches” between value and reference
semantics.
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Michael Köhler and Berndt Farwer Object Nets for Mobility



Object Nets
Elementary Object Systems

Mobile EOS

Reference Semantics
Value Semantics
New: Mobility Semantics

Generalised Semantics

on:a3()

on:a2()

on:a4()

Building B

Building A

on:a1()

:a1() :a2() :a3() :a4()
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Michael Köhler and Berndt Farwer Object Nets for Mobility



Object Nets
Elementary Object Systems

Mobile EOS

Reference Semantics
Value Semantics
New: Mobility Semantics

Generalised Semantics

on:a3()

on:a2()

on:a4()

Building B

Building A

on:a1()

:a1() :a2() :a3() :a4()

:a1() :a2() :a3() :a4()
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Example

t

p1

p2 p5

p6p3

p4

Places p with different types:

d(p1) = d(p1) = d(p4) = N1

d(p3) = d(p5) = d(p6) = N2
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Marking of the system net:

µ = p1

+ p1

+ p2

+ p3
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Tokens are net-tokens, which have independent (nested) markings:

µ = (p1,0)
+ (p1, a1 + b1)
+ (p2, a1)
+ (p3, a2 + b2)
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Firing of t selects a subset λ of µ:

λ = · · ·
+ (p1, a1 + b1)
+ (p2, a1)
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The markings of the net-tokens are added.
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Synchronisation θ = (t, 〈t1, t2〉) of t with t1 and t2.
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t
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p2 p5

p6p3
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b1

a1 b1

c2
b2

b2
c2

t2

t1

t2

t1

t1

t2

a1

a1

a2

b2
c2

b1

p4a1
t1

t1
a1

b1
t1

a1
b1

t2
a2

b2
c2

t2
a2

b2
c2

b1

< t1, t2 >

a2

The resulting markings are distributed resulting in ρ.
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t

p1

p2 p5

p6p3
a2

b1

a1 b1

c2
b2

a2

b2
c2

t2

t1

t2

p4a1
t1

< t1, t2 >

Successor marking µ′ = µ − λ + ρ:

µ
(t,〈t1,t2〉)(λ,ρ)
−−−−−−−−−→

OS
µ′

Michael Köhler and Berndt Farwer Object Nets for Mobility
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Definition

An elementary object system has two nesting levels.

Definition

An elementary object system is a tuple OS = (N̂ ,N , d ,Θ, µ0)

1 N̂ is a P/T-net, called the system-net.

2 N = {N1, . . . ,Nn} is a set of P/T-nets, called object-nets.

3 d : P̂ → {•} ∪ N is the typing of the system-net places.

4 Θ ⊆ T defines synchronised transitions (system/object).

5 µ0 ∈ M is the initial marking.

Michael Köhler and Berndt Farwer Object Nets for Mobility
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Enabling Predicate

t

p1

p2 p5

p6p3
a2

b1

a1 b1

c2
b2

b2
c2

t2

t1

t2

t1

t1

t2

a1

a1

a2

b2
c2

b1

p4a1
t1

t1
a1

b1
t1

a1
b1

t2
a2

b2
c2

t2
a2

b2
c2

b1

< t1, t2 >

a2

The enabling predicate φ((τ̂ ,C ), λ, ρ) holds iff:

1 System: Π1(λ) = pre(τ̂)

2 System: Π1(ρ) = post(τ̂)

3 Object: ∀N ∈ N : Π2
N(λ) ≥ pre(C (N))

4 Object:
∀N ∈ N : Π2

N(ρ) = Π2
N(λ) − pre(C (N)) + post(C (N))

Michael Köhler and Berndt Farwer Object Nets for Mobility
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Projection Equivalence

The equivalence ∼= relates nested markings which coincide in their
projections:

α ∼= β ⇐⇒ Π1(α) = Π1(β) ∧
∀N ∈ N : Π2

N(α) = Π2
N(β)

Lemma

The enabling predicate is invariant w.r.t. ∼=:

φ((τ̂ ,C ), λ, ρ) ⇐⇒ ∀λ′, ρ′ : λ′ ∼= λ ∧ ρ′ ∼= ρ =⇒ φ((τ̂ ,C ), λ′, ρ′)

Michael Köhler and Berndt Farwer Object Nets for Mobility



Object Nets
Elementary Object Systems

Mobile EOS

Synchronous Firing
Enabling Predicate
Firing Rule

Firing Rule

Definition

The event (τ̂ ,C ) ∈ T is enabled in mode (λ, ρ) if:

λ ≤ µ ∧ ∃λ′, ρ′ : (λ′ ∼= λ) ∧
(ρ′ ∼= ρ) ∧

φ((τ̂ ,C ), λ′, ρ′)

Successor marking: µ′ := µ − λ + ρ.

Notation: µ
(bτ ,C)(λ,ρ)
−−−−−−→

OS
µ′.

Michael Köhler and Berndt Farwer Object Nets for Mobility
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Synchronisation and autonomous firing

Synchronisation is the general case.

System-autonomous firing: All the object nets fire the idle
event ǫN with pre(ǫN) = post(ǫN) = 0.

Object-autonomous firing: The object net fires in the place p̂

which is expressed by the idle event of the system net: ǫbp

where p̂re(ǫbp) = p̂ost(ǫbp) = p̂.

Michael Köhler and Berndt Farwer Object Nets for Mobility
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Expressiveness

Mobile EOS

For Eos each place is its own name space.

Clusters of places belonging to the same name space.

An equivalence ↔ on the object net’s places P =
⋃

N∈N PN is
called a conversion equivalence.

Definition

A mobile EOS is a pair (OS ,↔) where OS is an Eos and ↔ is a
conversion equivalence on the object nets’ places P =

⋃
N∈N PN .

Michael Köhler and Berndt Farwer Object Nets for Mobility
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Conversion Equivalence

Conversion equivalence for nested markings:

α ↔ β ⇐⇒ Π1(α) = Π1(β) ∧
∀N ∈ N : Π2

N(α) = Π2
N(β) (mod ↔)

Lemma

For all conversions ↔ we have α ∼= β =⇒ α ↔ β.

In particular, for ↔= idP we have α ∼= β ⇐⇒ α ↔ β.

Michael Köhler and Berndt Farwer Object Nets for Mobility



Object Nets
Elementary Object Systems

Mobile EOS

Conversion
Expressiveness

Example

t

p1

p2 p5

p6p3

b1

t1

t1

t2

a1

a1

a2

b2
c2

b1

p4a1
t1

b1

< t1, t2 >
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Example

t
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p2 p5
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a1

a1

a2

b2
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p4a1
t1
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< t1, t2 >
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Example

t

p1

p2 p5

p6p3

b1

t1

t1

t2

a1

a1

a2

b2
c2

b1

p4a1
t1

b1

< t1, t2 >

t1
a1

b1

t2
a2

b2
c2

Synchronisation with t2 is disabled.
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Example

t

p1

p2 p5

p6p3

b1

t1

t1

t2

a1

a1

a2

b2
c2

b1

p4a1
t1

b1

< t1, t2 >

t1
a1

b1

t2
a2

b2
c2

Conversion: a1 ↔ a2
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Example

t

p1

p2 p5

p6p3

b1

t1

t1

t2

a1

a1

a2

b2
c2

b1

p4a1
t1

t2
a2

b2
c2

b1

< t1, t2 >

t1
a1

b1

t2
a2

b2
c2

t1
a1

b1

One token is converted from a1 to a2.
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Example

t

p1

p2 p5

p6p3

b1

t1

t1

t2

a1

a1

a2

b2
c2

b1

p4a1
t1

t1
a1
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Synchronisation is enabled.
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Firing Rule

Definition

(τ̂ ,C ) ∈ T is ↔-enabled in mode (λ, ρ) if:

λ ≤ µ ∧ ∃λ′, ρ′ : (λ′ ↔ λ) ∧
(ρ′ ↔ ρ) ∧

φ((τ̂ ,C ), λ′, ρ′)

The successor marking is defined as µ′ := µ − λ + ρ.

The mobile EOS (OS , idP) behaves like the Eos OS :

Theorem

The transition (τ̂ ,C ) ∈ T is enabled in mode (λ, ρ) for OS iff it is

idP-enabled in mode (λ, ρ) for (OS , idP).
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Theorem

Mobile Eos can simulate Petri nets with inhibitor arcs.

Michael Köhler and Berndt Farwer Object Nets for Mobility



Object Nets
Elementary Object Systems

Mobile EOS

Conversion
Expressiveness

Expressiveness

Theorem

Mobile Eos can simulate Petri nets with inhibitor arcs.

ip

?

t

?ip′

ia s s

ip

?

t

?ip′

ia
ip

?

t

?ip′

(a) Inhibitor net (N,A) (b) Net N (c) Net Nt
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Michael Köhler and Berndt Farwer Object Nets for Mobility



Object Nets
Elementary Object Systems

Mobile EOS

Conversion
Expressiveness

Expressiveness

Theorem

Mobile Eos can simulate Petri nets with inhibitor arcs.

'

&

$

%

j

r

p

?
t 〈t〉

?jp′

ja
�

�
�

�
��

Z
Z

Z
Z

ZZ

'

&

$

%t̂ ′′

m̂p0
t

t̂ ′

〈t〉

mp̂t
?

$

� %6&

-'
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Mobile Eos can simulate Petri nets with inhibitor arcs.

Since boundedness is decidable for Eos and undecidable for
inhibitor nets, we have that mobile Eos are more expressive than
Eos.
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Conclusion

Object Nets

Reference Semantics

Value Semantics

Here: Mobility Semantics

Mobile EOS

Conversion
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