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Abstract. Petri hypernets, a novel framework for modeling mobile agents
based on nets-within-nets paradigm is presented. Hypernets employ a
local and finitary character of interactions between agents, and provide
means for a modular and hierarchical description. They are capable of
modelling mobile agents tfrahat can dynamically change their hierarchy,
and can communicate with each other and with the outside world by
exchanging messages, i.e., other mobile agents.

1 Introduction

The idea of mobility has already attracted a lot of interest in the computing sci-
ence community. Many existing formalisms devised to cope with specific ap-
plication areas have been enriched by ‘mobility-related’ features. Here, exam-
ples range from extensions of Milner’s CCS, like mobile processes in π-calculus,
cf. [10], or ‘programming-level’ notations such as UNITY or specification for-
malisms like UML (see e.g., [1]). Efforts to capture the essence of mobility also
resulted a new, dedicated frameworks like the calculus of mobile ambients [6],
Join calculus [7] or mobile Petri nets [2].

Here, yet another model called Petri hypernets is introduced. Petri nets,
cf. [11], are well-known as a general and intuitive framework in which con-
current, asynchronous and distributed systems can be modeled. Our plan is to
retain these strengths in an extension based on the principle that mobile agents
should be modeled as Petri nets, and that other mobile agents should be able
to manipulate them.

In contrast, e.g., mobile nets aim to capture the essence of mobility by al-
lowing names of places of a Petri net to be sent as tokens. This requires the
mechanisms of fresh variable creation and variable binding to be used in the
formalism. We consider this as a departure from one of the fundamental con-
cepts underlying Petri nets philosophy, namely that the interaction between
places and transitions should be local and finitary. This sets our model apart
from the formalisms like π-calculus, Join calculus, mobile nets, etc.

We intend to model mobile agents as nets and allow that nets are ma-
nipulated by other nets. Within a Petri net framework this can be realized
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by assuming that some nets are ‘tokens’ for other nets. This nets-within-nets
paradigm was proposed by Valk and is being developed by his students and
followers cf. [12–14, 8, 9]. Petri hypernets can be seen as yet another forking of
the nets-within-nets paradigm. Each hypernet is a collection of mobile agents,
called open nets, together with an assignment of mobile agents as tokens to
places of other mobile agents, called hypermarking.

Petri hypernets support a modular and hierarchical description of reality.

There is a natural hierarchy of agents that corresponds to the assumption
that any mobile agent should be higher in the hierarchy than any of the tokens
it manipulates.

Modularity is imposed on mobile objects by assumption that each open
net is a synchronous composition of modules, each one responsible for manip-
ulation of mobile objects traveling along a fixed channel.

Co-operation between modules, each associated to a different channel within
an open net, is enforced by hand-shake synchronization of their transitions.
Namely, if the same transition t occurs in several different modules of an
open net N , then in order to fire t in N all these modules must be ready
to participate. It is well-known that every elementary net can be obtained as
such a synchronization of state machines [4]. A state machine is a Petri net such
that every transition has exactly one precondition and exactly one postcondi-
tion, and with only one token in exactly one place initially marked. Thus, all
reachable markings are one-token markings. As a result the state machines are
purely sequential, i.e., two transitions can never fire concurrently in a reachable
marking. Something similar holds for 1-safe Petri nets. Namely, given such a
net N one can construct a net N ′ with the same behavior as the synchro-
nization of state machines, see [3]. These observations encourage us to restrict
attention only to modules which have, essentially, the structure of sequential
machines. Only the assumption that there is at most one token in exactly one
place is dropped.

The features of hypernets discussed above could be found in the existing
ramifications of the nets-within-nets paradigm. There are, however, several
important novelties as well.

First, we assume that a mobile agent does not make any assumptions about
the structure of other mobile agents. Following Valk’s original idea, also in our
model an open net is allowed to synchronize the firing of its transition t with
the firing of the transitions with the same name present in its tokens, if needed.
Namely, each module in an open net has facilities to communicate locally, with
a module of its kind in an adjacent open net. The nets adjacent to the given open
net are those immediately below and above it in the hierarchy. However, unlike
in Valk’s proposal, in hypernets such an inter-level synchronization is achieved
solely by means of exchanging messages. This readiness to communicate with
its parent net and its token nets, explains the terminology ‘open nets’ used to
refer to mobile agents in our formalization.



Second, messages are also just mobile agents. This assumption implies that
in Petri hypernets mobile agents can migrate between the levels of the hierar-
chy. Thus, the hierarchy itself may change.

Third, Valk gives two different semantics for his object nets. Consider, for
instance, a transition with one input and two output places in the top level
net. Then one has the problem explaning what is the outcome of firing this
transition when a token net enters the input place. Valk considers two versions
of the semantics, both based on the assumption that the transition does not, in
fact, move the real token net, but references to it. Our decision to use sequen-
tial machines as moduls solves this problem. In particular, firing a transition
preserves the identity of agents. We can think that a transition manipulates
token nets as values, that it moves them, not their references, from the input
place to the output place. The choice of sequential machines also entails that
no agent is created, and no agent is destroyed. Thus, the hypernet has a finite
state space, even if the agents it comprises are truly mobile, and can change
their cooperation potential dynamically.

Finally, it is worth stressing that in case of hypernets the decompositions
play an important structuring rôle. We see a hypernet as a hierarchical struc-
ture of open nets, each of them decomposed into a collection of sequential
modules. From this perspective, firing of a transition t of the hypernet should
be seen as a complex transaction, which involves firing transitions t which
occur in the modules of all the open nets involved.

The reason for writing the paper is to present the simple ideas, together
with their slightly less simple formalization. The main result states that the for-
malization is well-founded. Namely, firing a transaction preserves the forest-
like hierarchy of open nets within a hypernet.

2 Petri Hypernets — a gentle introduction

2.1 Example: air travels

To introduce the model and illustrate the features of Petri hypernets let us
recall a simple air travel case study considered e.g., in [1]. The case study
requires the modeler to cope with mobile agents of at least 3 different kinds:
airports, planes and travelers. The task is to describe the most basic aspects of
the air travel involving possible collections of mobile agents of these kinds.

2.2 Kinds and Modules in the Airport

An agent of each kind exhibits dynamic behavior which may involve manipu-
lation of objects of other kinds. For instance, while at an airport, travelers and
planes are under the rules set forth by the airport.

One of the assumptions underlying the definition of hypernets is that
agents cannot directly manipulate other agents of their kind. In fact, the sepa-
ration of agents into kinds is one of the basic features of the model. Most of the



time kinds will be called channels to stress the communication aspect played
by them within hypernets.

An airport perspective of the activities involved in handling of airplanes
is presented on Fig. 1. This is a purely sequential view. The planes land at a
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Fig. 1. Airport — plane manipulation module

gate. While at the gate they can deplane the travelers, one after another. Action
refuel then takes planes to the refueling place. Then, to gate moves planes to
another gate where the plane may accept new travelers, and finally take-off.

The graphical description of the plane handling activities in Fig. 1 is essen-
tially standard. The exception concerns the precondition of land and postcondi-
tion of take-off transitions. Here, the open world assumption comes into play.
The airport is expecting that the planes are landing in co-operation with some
higher-level traffic control authority. Similarly, the airport authority should be
able to safely assume that upon take-off somebody above the hierarchy ladder
will take care of the plane with its passengers.

The dashed half circles which provide the input for land and the output
for take-off on Fig. 1 are intended to capture the above intuition. Drawing
half of a place is meant to indicate that co-operation with higher level is
required to successfully conclude the operation, here land and take-off. The
dashes highlight the virtual character of the half-places. Namely, they are a
means of synchronization of transitions between adjacent levels rather than
real places that can store tokens. This evident link with the concept of zero-
places proposed by Bruni and Montanari, see [5], remains to be investigated.

Fig. 1 describes the π-module of an airport agent only. We use the prefix π
to indicate that the tokens manipulated within the module are ‘planes’. A τ -
module for manipulating travelers at the airport is defined in Fig. 2. Recall that
the π-module presented on Fig. 1 describes co-operation with the higher level
only. Thus, the hypothetical higher level air traffic control agent should contain
a π-module which can deliver the planes to airports for landing, and handle
the planes in the air upon their take-off. This mechanism for co-operation with
lower level agents is present in the τ -module on Fig. 2.



deplane board
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Fig. 2. Airport — traveler handling module

Intuitively, the travelers appear in the airport as a result of a plane landing.
The essence of the deplane action is to move the passengers from the plane
to the airport which then takes care of them. On Fig. 2 this is formalized by
the dashed half circle precondition of the deplane transition and marking it
with π. The postcondition of the board transition is treated similarly.

Notice that the virtual places used for co-operation with lower level mobile
agents bear the name of the channel. This is needed to determine the proper
place which is supposed to provide/receive the manipulated mobile agent.
Due to the tree-like hierarchy assumption such annotations were not necessary
on Fig. 1 — simply, there is at most one agent above.

2.3 Airport — an Open Net

By synchronizing the π-module with the τ -module we obtain a net represen-
tation of an airport, see Fig. 3. The net is well-formed in the sense that the

to_gate

deplane

refuelland

board

take−off

π

π:

πτ :

Fig. 3. Airport — traveler and plane manipulation modules

references to other modules are consistent with respect to their structure. For
instance, the transaction board in the τ -module assumes that the π-module also
has the board transition. Thus, the passanger provided for boarding is guar-
anteed to have a plane ready for accepting it at the postcondition of board in



the π-module, which is a local place. Such well-formed synchronized modules
are called open nets. The terminology intends to highlight the communication
capabilities of the agents.

In our simplified view of the airport travelers appear at the airport either
as a result of a plane landing, or they are already there in the initial mark-
ing. However, one could easily refine the model. For instance, adding a new
module to the airport could amount to adding a new means of transportation
of the passangers. Clearly, τ -module should be redefined to take care of the
new ways of handling travelers. In principle, though, π-module could be left
unchanged, unless some ways of direct interaction between the two means of
transportation need to be introduced. This seems to indicate that the modular
structure of mobile agents may increase re-usability of components.

2.4 Plane

A very simple model of a plane is presented on Fig. 4. It consists of just one
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Fig. 4. An airplane.

module, a τ -module to handle travelers. The passengers may board the plane
as a result of co-operation with a higher level agent and, after being served
they may deplane, again in co-operation with the higher level mobile agent.

2.5 Petri Hypernet

An open net is, essentially, a synchronous product of sequential nets, whose
transitions are capable also of sending and receiving tokens to and from other
open nets. In fact, the tokens themselves are also open nets.

Accordingly, a Petri hypernet is a set of open nets N plus a hypermarking:

m : N ⇀
⋃

N∈N
PN

which describes the distribution of the elements of N as token nets in places
of other open nets in N . The assumption that m is a partial function captures
the idea that each open net has at most one level up net. To ensure that the



net N ′ such that m(N) ∈ PN ′ is indeed ‘higher’ we require that the hierarchy,
i.e., the transitive closure of this ‘one level up’ relation, is irreflexive. If it is,
we call the hypermarking well-founded.

Fig. 5 presents an open Petri hypernet which consists of one top level net,
the airport, one plane and two (unspecified) traveler nets.
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Fig. 5. An open Petri hypernet.

The hypernet is called open, since the top level net has a transition ready
to receive and another ready to send tokens to a higher level.

Clearly, the hierarchy described by the hypermarking is well-founded.

2.6 Transactions — Firing a Transition in a Petri Hypernet

In the hypermarking presented on Fig. 5 one traveler can board the plane.
Result of firing this transition is described on Fig. 6.

The ’traveler 2’ net is sent through a ’virtual channel’ connecting the airport
and the airplane open nets. As we already mentioned, tokens while traveling



along virtual channels cannot be observed. Hence, the middle picture on Fig. 6
does not really describe a valid hypernet and serves as an intuitive explanation
of the firing process only.

As the result of boarding the traveler net involved disappears from the
horizon of the airport net, and is moved to the plane net postcondition of
board . Thus, the hierarchy changes.

This single action involves board transitions on two different levels: two
instances of board in the airport net, and one instance of board in the plane
net. Boarding also involves manipulation of two token nets: the plane and a
traveler. From this perspective firing looks like a complex transaction which
involves synchronization of activities on many different levels in the hypernet.

This transactional view of transition firing provides insight into preserva-
tion of the well-foundedness of hypermarkings. The point to notice is this. The
transaction involves making connections between complementary and well-
connected virtual places. In our example there are two such places: the virtual
output of board in the τ -module of the airport net, and the virtual input of
board in the τ -module of the plane net. Gluing such connections together es-
tablishes temporary channels connecting proper places. This follows from the
assumption that the modules have the structure of state machines. Thus, each
transition has exactly one precondition and exactly one postcondition, either
virtual or proper. It is also important to notice that these channels involve
modules of the same kind, τ in our example.

The following section of the paper provides a formalization of the ideas
informally introduced above.

3 Petri Hypernets — a formalization

Petri hypernets which we are about to define consist of individual nets, called
open nets. A hypermarking is just a way of saying which open net is used as
a token in another open net.

In the formalism presented the open nets will neither be created nor de-
stroyed. Cloning of nets, which we consider as a particular form of creation,
is also disallowed. To enforce this policy we define the open nets as syn-
chronous products of single channel components, each having a structure of a
state machine.

3.1 Channels and Components — Formalization of Kinds and Modules

Let Σ, ∆ range over finite sets of channels, taken from some fixed countable
vocabulary of channel names. We let α, β, etc., range over channel names.

Definition 1. An α-component C is a triple C = 〈P, T, F 〉, where

– P is a finite set of local places of C,
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Fig. 6. Firing of a boarding transaction.



– T is a finite set of transitions of C,
– F is a finite flow relation,

F ⊆ (P ∪ { ? } ∪ { ?β | β 6= α })× T ∪ T × (P ∪ { ! } ∪ { !β | β 6= α })

such that for every t ∈ T there exists a unique p ∈ P ∪ { ? } ∪ { ?β | β 6= α }, and a
unique q ∈ P ∪ { ! } ∪ { !β | β 6= α } such that

F (p, t) and F (t, q) (1)

An α-component C is of sort Σ, notation C:Σ, if α ∈ Σ, and β ∈ Σ whenever
either F (?β, t) or F (t, !β) hold. Clearly, C:Σ and Σ ⊆ ∆ implies C:∆.

Condition (1) states that each α-component is in fact a usual state machine, the
set of places of which is divided into three disjoint parts. The first, with local
places, is mentioned explicitly in the definition. The other two are virtual inputs
and virtual outputs, contained in { ? } ∪ { ?β | β 6= α } and { ! } ∪ { !β | β 6= α },
respectively. In accord with the intuitions put forward in the previous section,
input ? and output ! refer to communication with the implicit upper level net.
Inputs of the form ?β and outputs !β indicate communications with the lower
level nets.

The unique places p and q, local or otherwise, such that F (p, t) and F (t, q)
holds are called the precondition and postcondition of t in C.

3.2 Open Nets — Formalization of Mobile Agents

Suppose that for each α ∈ Σ an α-component of sort Σ is given. Under suitable
conditions concerning the inter-component communication, such a collection
of components synchronized together forms an open Petri net — the counter-
part of a mobile agent in our formalization.

Definition 2. An open net N is a pair N = 〈Σ, {Nα }α∈Σ 〉, such that

1. Nα =̂ 〈Pα, Tα, Fα 〉 is an α-component of sort Σ, for every α ∈ Σ
2. Fα(?β, t) implies (∃p ∈ P β).F β(p, t), for every α, β ∈ Σ, t ∈ TN

3. Fα(t, !β) implies (∃q ∈ P β).F β(t, q), for every α, β ∈ Σ, t ∈ TN

4. α 6= β implies Pα ∩ P β = ∅

where TN denotes the set
⋃

α∈Σ Tα.

An open net N consists of sequential components Nα, for α ∈ Σ. Co-
operation of the components within N is enforced by taking the (partial) syn-
chronous product. That is, one glues the components on identical transitions
while keeping their state spaces apart. The latter is ensured by Def. 2.4.

A sequential component formalizes the notion of module which copes with
specific activities associated with its channel. From this perspective the syn-
chronous product of the components of an open net is a means to force co-
operation of different modules, cf Fig. 3. Additionally, and this is specific to



our proposal, the synchronization facilitates the communication between the
open net and its tokens, cf. Fig. 6.

Thus, flow Fα(?β, t) in the α-component of N signals that the net, while
executing t, intends to exchange communication with its token net traveling
along channel β. Specifically, it means that transition t in the component Nα

wants to read what the token net enabling t in Nβ ‘sends up’ on channel α.
Note that, by Def. 2.1, N has a β-component. Def. 2.2 states that in such a case
the precondition of t in the component Nβ has to be a local place from P β .
This, as discussed later, ensures the local character of firing a transition.

In terms of our running example, consider Nτ and Nπ to be the sequential
components of the airport net responsible for managing travelers and planes
respectively, see Fig. 3. Then, Def. 2.2 ensures that disembarkment of passen-
gers from a plane requires the presence of the local place in Nτ , which we
could think of as an ‘arrival gate’.

Similarly, Fα(t, !β) means that while performing t, the component Nα will
send its token one level down, as a token of the token net traveling along
channel β. Def. 2.3 ensures that in this case the postcondition of t in Nβ is
also a proper place. In our example this situation is demonstrated by the board
transition and the ‘departure gate’ in the π-component of the airport.

Note also that the above discussion relies on the assumption that the se-
quential components are indeed state machines, i.e., that each occurrence of
transition t has exactly one input, and one output place.

3.3 Hypernets

Let N = 〈Σ, {Nα }α∈Σ 〉 be an open net. In the sequel the notation PN =⋃
α∈Σ Pα and TN =

⋃
α∈Σ Tα is used to denote the collection of all local

places and all transitions of N , respectively.

Definition 3. A Petri hypernet H is a pair H = 〈N ,m 〉, where

– N is a finite set of open nets.
– m : N ⇀

⋃
N∈N PN is a partial function called the hypermarking.

such that the following conditions hold.

1. N 6= N ′ implies PN ∩ PN ′ = ∅, for N,N ′ ∈ N .
2. The partial m-depth function dm : N ⇀ N inductively defined by

dm(N) =̂
{

0 if m(N) is undefined
dm(N ′) + 1 if m(N) ∈ PN ′

is total.

Def. 3.1 captures the idea that different mobile agents cannot share any local
places. Similarly, sequential modules of an open net have disjoint local spaces.

If the value m(N) is defined, then, by Def. 3.1, there exists a unique N ′ ∈ N
such that m(N) is a local place of N ′. In this case N is a token or token net of
N ′. Thus, the clause in Def. 3.2 indeed defines dm as a partial function.



The condition of Def. 3.2 really states that the hypermarking of a Petri
hypernet is well-founded in the sense that its depth function stratifies N into a
finite, forest-like hierarchy. A token net N in H is a top-level net iff dm(N) = 0
iff m(N) is undefined.

In the sequel usual conventions apply, e.g., PH stands for
⋃

N∈N PN , etc.
We write m(N) for N ′ such that m(N) ∈ PN ′ , and χm(N) for the unique
channel α such that m(N) is a place of the α-component of N ′. In the sequel
the use m(N) always implies that m(N) is defined.

3.4 Consortia

In Petri hypernets firing a transition may involve nets at several levels in the
current hierarchy. Moreover, as an effect of firing the transition the hierarchy
itself may change. All this makes the situation more complex than usual. Yet,
the central paradigm underlying Petri net theory is retained — transition firing
has local and finitary character.

We have already argued that with the explicit decomposition of a Petri
hypernet into open nets, and these in turn into components, it is appropriate to
view the global firing of a transition t as a result of a complex transaction which
involves these mobile agents and all their modules in which an occurrence of
t takes part in reshuffling of tokens involved in the transition.

To start with we consider consortia. The idea behind the notion is to take
account of all open nets involved in a transition. This involvement may take
two forms: the net is being moved around, or it is involved in moving other
tokens around. In fact, some token nets may well play both rôles at the same
time, as demonstrated by the plane agent in our running example, see Fig.6.

Let H = 〈N ,m 〉 be a hypernet. Consider t ∈ TH , and a non-empty family
T of open nets containing t, i.e., N ∈ T implies t ∈ TN . For T ′ ⊆ T let us
define Inp t(T ′) = { p ∈ PH | ∃N ∈ T ′.FN (p, t) } and call it the set of t-input-
places of T ′. We use the notation Inpα

t (T ′) when we restrict attention to places
in α-components of the nets from T ′ only. If T ′ is a singleton {N} we simply
write Inp t(N) instead of Inp t({N}). The set Out t(T ) of t-output-places for T is
defined analogously.

A t-consortium selects the set of open nets T involved in performing the
transition, as well as an input token from every input place of the transition
t in any net belonging to T . This choice is modeled by the function ξ in the
definition below.

The definition of a t-consortium lists five structural conditions which have to
be satisfied by the nets from the set T and the function ξ. First, it is required
that the choice of token nets given by ξ agrees with the hypermarking of
H , i.e., for any t-input-place in T only a token assigned to this place in the
hypermarking can be selected by ξ. The remaining four conditions describe
the relationship between a (component of a) token net and its parent net, which
make the inter-level exchange of tokens possible. Conditions 2 and 3 describe
the situation from the token net point of view, while 4 and 5 take the other
perspective into account.



Definition 4. A pair 〈 T , ξ 〉, where ξ : Inp t(T ) → N , is a t-consortium in H
provided the following conditions hold for N ∈ T .

1. FN (p, t) implies m(ξ(p)) = p, for p ∈ Inp t(T ).
2. Fα

N (?, t) implies m(N) ∈ T ∧ Fα
m(N)(t, !α) ∧ ξ(Inpα

t (m(N))) = N

where α = χm(N).
3. Fα

N (t, !) implies m(N) ∈ T ∧ Fα
m(N)(?α, t) ∧ ξ(Inpα

t (m(N))) = N

where α = χm(N).
4. Fα

N (?β, t) implies ξ(Inpβ
t(N)) ∈ T ∧ Fα

ξ(Inpβ
t(N))

(t, !).

5. Fα
N (t, !β) implies ξ(Inpβ

t(N)) ∈ T ∧ Fα
ξ(Inpβ

t(N))
(?, t).

An important observation concerning the notion of consortium is that we do
not require T to contain all open nets which contain t among their transitions.
It is easy to develop an example in which there are two disjoint t-consortia
present in the hypernet. Then, clearly, their union is also a t-consortium.

From the condition 1 it follows that the function ξ is injective.
Condition 2 states that if the α-component of N expects a token from the

upper level, then the upper level net m(N) exists and belongs to T . More-
over, the α-component of m(N) must be ready to send something down to its
(unique) α-channel such that N is the input token for t in m(N)α chosen by ξ.
Channel α is the channel through which N travels in the upper level net, i.e.,
α = χm(N).

In terms of the airport example, an instance of this condition would say
that in any board-consortium if the plane net is ready to accept a passenger,
then the airport net must be ready to provide one, and for this to happen
the plane has to be at the departure gate (which is a board-input-place of the
plane-manipulation component of the airport).

Condition 3. is similar, but refers to the ability of sending a token up.
Above, the unique upper channel from both conditions 2. and 3. is slightly

ambiguously denoted α. It is hoped that the precise meaning can always be
deduced from the context.

Condition 4. states, that if the α-component of N expects a token to be
provided by the token net selected by ξ in the β-precondition of t, then the
token net selected for this precondition by ξ is in T , and has an α-component in
which t is ready to send something up. For example, in any deplane-consortium
if the airport is ready to accept a passenger from a plane, the plane must be
at the deplane-input-place (i.e., an arrival gate) and has to be ready to send the
passenger up to the passenger handling τ -component of the airport.

As we know, transitions in T may also involve virtual inputs/outputs. The
set containing both input-places and virtual inputs defined as

PreCon t(T ) = { 〈 p,Nα 〉 | N ∈ T ∧ α ∈ ΣN ∧ Fα
N (p, t) }

will be called the set of t-preconditions in T . The set of t-postconditions in T is
defined in an analogous way and denoted by PostCon t(T ).

Again, when restricting attention to transitions occurring in α-components
of the nets from T only, we shall write PreConα

t (T ) and PostConα
t (T ).



3.5 Transactions, or firing a t-consortium

Let H = 〈N ,m 〉 be a hypernet, t ∈ TH , and T be a t-consortium in H .
As we know, the occurrences of t in the open nets from T may have virtual
inputs/outputs as their preconditions/postconditions. Informally speaking, in
the process of firing the consortium the virtual places along channels are glued
together and become invisible. Token nets are being moved from the input
places they occupy (via ξ) to the corresponding output places. Both input places
and output places are ‘proper’, i.e., local places from PH .

To describe the effect of firing the transition t in H let us first recursively
define a family of partial functions:

– srcα
t : PreConα

t (T ) ∪ PostConα
t (T ) ⇀ Inpα

t (T )
– trgα

t : PreConα
t (T ) ∪ PostConα

t (T ) ⇀ Outαt (T )

for all α in the alphabet of T (i.e. α ∈
⋃
{ΣN | N ∈ T }).

For an arbitrary t-precondition/t-postcondition in T the functions srcα
t and

trgα
t assign the ‘source input-place’ and the ‘target output-place’ for the particular

occurrence of t respectively (both are elements of PH ).

srcα
t (〈 p,Nα 〉) =̂


p p ∈ Pα

N ∧ Fα
N (p, t)

srcα
t (〈 p′, Nα 〉) Fα

N (t, p) ∧ Fα
N (p′, t) ∧ p 6= p′

srcα
t (〈 !α, m(N)α 〉) p = “?”

srcα
t (〈 !, ξ(q)α 〉) p = “?β”

where q = Inpβ
t(N)

trgα
t (〈 p,Nα 〉) =̂


p p ∈ Pα

N ∧ Fα
N (t, p)

trgα
t (〈 p′, Nα 〉) Fα

N (p, t) ∧ Fα
N (t, p′) ∧ p 6= p′

trgα
t (〈 ?α, m(N)α 〉) p = “!”

trgα
t (〈 ?, ξ(q)α 〉) p = “!β”

where q = srcβ
t (〈Outβt(N), Nβ 〉

Let us briefly comment on the above definition. The first two clauses in the
definition of srcα

t and the definition of trgα
t are self-explanatory. The third

clause in both cases refers to m(N)α i.e., the α-component of the ‘parent net’
of N (wrt. to the hypermarking m). Such a parent net exists by conditions 2
and 3 of the Definition 4 respectively.

The third clause of the definition of srcα
t simply says that to find the source

input-place of an occurrence of t which reads something ‘from above’ we have
to look for the source input-place of t in the corresponding component of
the parent net. The third clause of the definition of trgα

t has an analogous
interpretation.

Up to this point definitions of srcα
t and trgα

t were symmetric. The last
clauses brake this symmetry for obvious reasons. In the case of srcα

t the situ-
ation is simple. We have to search for a matching !-virtual place in the token



provided to t in the α-component of N . This token is in the unique local place
q such that F β

N (q, t) holds, i.e., q = Inpβ
t(N).

A symmetric argument in case of trgα
t would lead to a local place r =

Outβt(N) which is a postcondition of t, so ξ cannot be directly applied to it. To
cope with this we have to first compute the local place which is going to end
up in r, and only then apply ξ to it.

The following result is crucial to guarantee correctness of our last defini-
tion.

Lemma 1. Let H = 〈N ,m 〉 be a hypernet, t ∈ TH , and T be a t-consortium in H .

1. srcα
t 〈 p, Nα 〉 is defined for any local p ∈ Outαt (T ).

2. trgα
t 〈 p, Nα 〉 is defined for any local p ∈ Inpα

t (T ).

Note that the definition of srcα
t and trgα

t does not directly refer to srcβ
t /trgβ

t

for β 6= α. Intuitively it stresses the fact that the flow of tokens within a hyper-
net takes place ‘along channels’, i.e., a token can move from an α-component
of one open net to a β-component of another open net within H only if β and
α are equal (of course other conditions have to be satisfied as well).

Definition 5. The result of firing a consortium 〈 T , ξ 〉 in a hypernet 〈N ,m 〉 is a
hypernet 〈N ,m′ 〉 such that:

m′(N) =
{

trgα
t (〈m(N),m(N)α 〉) N ∈ ξ[Inpα

t (T )], m(N) ∈ m(N)α

m(N) otherwise

i.e., the new hypermarking m′ is obtained from the original one by moving all the
input tokens designated by ξ to their target output-places given by the appropriate
instance of the function trgt.

Finally, let us formulate the main result. We state it without proof which is
quite involved and therefore omitted due to space limitations.

Proposition 1. Definition 5 is correct. In particular, the new assignment of open nets
as tokens which result from the firing of a t-consortium in a hypernet is a well-founded
hypermarking.

4 Conclusion

Petri hypernets, an extension of elementary Petri nets, have been introduced
as a means to represent systems of interacting mobile agents. Some basic
properties of the model have also been established. The main features of Petri
hypernets are the following.

– Local and finitary character of interactions between mobile agents, retained
from Petri nets.
This allows to reuse the usual notions from Petri net theory. For instance,
two consortia can be fired concurrently, provided their resources are dis-
joint, etc. In fact, this seems to apply to all ramifications of Valk’s nets-
within-nets paradigm.



– Limited expressive power.
Clearly, the state space of a finite closed hypernet is finite. Thus, the model
promises to capture some essential features without resort to powerful
semantical concepts, like free variable generation and binding.

– The channels and the hierarchy as a support for modularization.
Channels and modules allow separation of concerns with regard to agents
of different kinds. The hierarchy helps structure the control flow of mobile
agents.

– Flexibility of the hierarchy structure, and inter-level migration.
The ability of open nets to move up and down in the hierarchy is one
of the main differences between hypernets and the other ramifications of
Valk’s nets-within-nets paradigm.

– Semantics based on the principle of preservation of mobile agents identity.

The comparable alternative approaches to the problem of specifying sys-
tems of mobile agents can be very roughly divided in two classes: the π-
calculus and the calculi inspired by it, or akin to it; the net-based models
following the paradigm of nets-within-nets, proposed by Valk. We have cho-
sen the latter paradigm in order to adhere to the key principles of Petri’s net
theory: locality of states and transitions, and finiteness of the basic model.
This choice sets bounds to the expressive power of the model. In particular,
each finite hypernet has a finite state space if it is closed or no interactions
with the outside world are made.

A more detailed comparison of our proposal with respect to both trends
has been made in the introduction. Let us finish by discussing plans for further
work.

The next step we intend to undertake is to develop sound reasoning tech-
niques for verification of properties of Petri hypernets. This should involve
defining suitable logics to match the behavioral notions of the model. In par-
ticular, the logics have to take the individual character of tokens into account.

Petri hypernets provide a natural model in cases similar to the airport
case study. Here, it is natural to think of places as physical locations and of
tokens as physical objects. However, even in simple generalizations, manipula-
tion of references seems unavoidable. For instance, if passengers were allowed
to carry luggage, then the task of collecting the luggage after landing by its
owner could be realized by references. The luggage should have a reference
to its owner, and the owner could have a reference to its luggage. We plan to
investigate if hypernets could be extended to handle also references to agents.
Perhaps one of Valk’s referential semantics could be adapted here. Within this
context it might also be natural to consider the non-well-founded hierarchies.
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