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Abstract. Interorganizational workflows represent a special type of workflows
that involve more than one organization. In this paper, an interorganizational
workflow will be modelled using a special class of nested Petri nets, dynamic
interorganizational workflow nets (DIWF-nets). DIWF-nets can model interor-
ganizational workflows in which some of the local workflows can be removed,
during the execution of the workflow, due to exceptional situations. Our approach
permits a clear distinction between the component workflows and the communi-
cation structure. The paper defines a notion of behavioural correctness (sound-
ness) and proves this property is decidable for DIWF-nets.

1 Introduction

A workflow is an operational description of a business process that takes place inside
one organization. Due to the rise of virtual organizations, electronic commerce and
international companies, many existent business processes involve more than one or-
ganization. These workflows are referred to asinterorganizational workflows. There
have been developed several specification languages for interorganizational workflows,
based on XML and Web services: WSFL, BPEL, BPEL4Chor, XLANG, WSCDL, etc
[6]. These languages lack formal semantics and analytical power. In order to solve
these problems, several formalisms have been proposed for specifying interorganiza-
tional workflows: Communicating Finite Automata, Category theory, Process algebra
and Petri nets. Petri nets represent a well-known formal method, successfully used as
a modelling technique for workflows see [1], due to their graphical representation,
their formal semantics and expressiveness. Petri nets have also been used for modelling
interorganizational workflows [2, 4, 3, 8, 5]. In the existing approaches, there is not a
clear distinction between the component workflows and the communication structure,
which makes the models difficult to understand and work with. Also, the structure of the
interorganizational workflow is considered to be static (i.e. the number of component
workflows involved is fixed), but this does not always happen in real situations.

This paper presents a new approach on the modelling of interorganizational work-
flows, based on nested Petri nets. Nested Petri nets [10] are a special class of the
Petri net model, in which tokens may be Petri nets (object-nets). The paper deals with
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loosely coupled interorganizational workflows: the component workflows behave in-
dependently, but need to interact in order to accomplish a global business goal. The
interaction is made through asynchronous or synchronous communication.Dynamic in-
terorganizational workflow nets (DIWF-nets)are introduced as a special case of nested
Petri nets, in which every local workflow is modelled as a distinct object-net. For the
modelling of a local workflow we useextended workflow nets, a version of the workflow
nets introduced in [1]. The communication mechanisms between the local workflows
are also described using an object-net. Thus, our approach offers a modular view over
the components of an interorganizational workflow. In our model the structure of the in-
terorganizational workflow can change during its execution, as the local workflows can
be dynamically removed at certain points. The paper introduces a notion of behavioural
correctness for DIWF-nets,soundness, and proves this property is decidable.

In what follows we will give the basic terminology and notation concerning work-
flow nets, a Petri net formalism which has been used for the modelling of workflows
[1]. We assume the reader is familiar with the Petri net terminology and notation details
can be found in [12].

A workflow net (WF-net) is a Petri net with two special places:a source place,i,
and a sink place,o. In a WF-net, all places and transitions should be on a path from i to
o. The two conditions are expressed formally as follows:

A Petri net PN=(P,T,F) is a WF-net iff: (1) PN has a source place i and a sink place
o such that•i = ∅ and o• = ∅. (2) If we add a new transitiont∗ to PN such that
•t∗ = {o} andt∗

•

= {i}, then the resulted Petri net is strongly connected.
A marking of a WF-net is a multisetm : P → IN (whereIN denotes the set of

natural numbers). We writem = 1′p1+2′p2 for a markingm with m(p1) = 1, m(p2) =
2 andm(p) = 0, ∀p ∈ P − {p1, p2}. The marking1′i represents the initial marking of
the net, and it is also denoted byi. The marking1′o, represents the end of the workflow
process (and the final marking of the net, denoted byo).

The rest of the paper is organized as follows: Section 2 presents an introductory
example of a DIWF-net, Section 3 introduces DIWF-nets, Section 4 defines and studies
the soundness property for DIWF-nets, Section 5 presents some of the related work and
Section 6 presents the concluding remarks.

2 Dynamic Interorganizational Workflow Nets: An Introducto ry
Example

In this section we present an example of a DIWF-net, modelling an interorganizational
workflow which consists of two workflows. The workflows are modelled by two ex-
tended workflow nets,WF ′

1 andWF ′

2 (see Fig. 1(a)). These nets are WF-nets, extended
with special transitions:exit in WF ′

1
terminates abnormally the workflow execution.t′

1

andt′2 empty the sink places of the two WF-nets.
The two workflows interact as follows: taskt1 in WF ′

1
must fire beforet4 in WF ′

2

(i.e. there is an asynchronous communication between the two workflows) and taskt2
in WF ′

1
andt5 in WF ′

2
must fire synchronously (i.e. there is a synchronous communi-

cation between the local workflows, through these transitions).
The asynchronous communication is described using a partial order on tasks:AC =
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Fig. 1. An example of a DIWF-net: (a) in its initial marking and (b) ina final marking.

{(t1, t4)}. The synchronous communication is specified using the set ofsynchronous
communication elements:SC = {{t2, t5}}. The DIWF-net is a nested Petri net which
consists of a system net,SN and of three object-nets,WF ′

1, WF ′

2 andC. The ini-
tial marking of the DIWF-net is depicted in Fig.1(a). The object-netC describes the
asynchronous communication between the local workflows. The set of places isPC =
{pac1

}, whereac1 = (t1, t4). The transitions inTC correspond to the transitions in-
volved inAC: TC = {t1c, t4c}. The initial marking ofC is 0.Some of the transitions
of the DIWF-net are labelled (using a partial function,Λ). The transitions involved
in AC and their corresponding transitions fromC will be assigned the same labels:
Λ(t1) = Λ(t1c) = l1 andΛ(t4) = Λ(t4c) = l2. The transitions which appear inSC

will be assigned the same label:Λ(t2) = Λ(t5) = l3. We write a marking of a DIWF-net
as a vectorM = (M(I), M(p), M(q), M(O)).In DIWF-nets, there are several firing
rules: an unlabelled transition from an object-net can fire if the transition is enabled in
the object-net (an object-autonomous step). Also, if all the transitions with the same
label, from object-nets residing in the same place ofSN , are enabled in those object-
nets, then they should fire synchronously (a horizontal synchronization step). Finally, a
labelled transition enabled inSN should fire simultaneously with the transitions from
the object-nets ”involved” in this firing, which have a complementary label (this is a
vertical synchronization step).

In the example in Fig. 1(a),t1 is enabled in(WF ′

1
, i1) andt4 andt5 are enabled

in (WF ′

2, i2). But t4 should fire at the same time witht4c in the object-netC. Since
t4c is not enabled in(C, 0), t4 cannot fire yet. Thus,t1 always fires beforet4, as
specified byAC. Also, t5 should fire at the same time witht2 from WF ′

1
. Sincet1

is enabled in(WF ′

1, i1) and t1c is enabled in(C, 0), then the horizontal synchro-
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nization step denoted by(; t1, t1c) is enabled in markingM0. The resulting mark-
ing is denoted as a tuple:M1 = (2, {(WF ′

1
, m11), (WF ′

2
, i2), (C, mc1)}, 0, 0). If

we bind the variabley to the net-token(WF ′

1, m11) from p, the transitionremove

from SN is enabled inM1 with this binding (i.e. the firing of this transition can re-
move the net-token(WF ′

1
, m11) from placep). remove from SN should fire syn-

chronously withexit from WF ′

1 (which is labelled bye). The simultaneous firing
of exit and remove is a vertical synchronization step, denoted by(remove; exit).
If this step fires, then the first workflow is removed. The resulted marking isM2 =
(1, {(WF2, i2), (C, mc1)}, {(WF ′

1, m1′1)}, 0), and all the transitions inWF ′

1 in q are
labelled byl. If we consider the firing of the sequence of steps(t4, t4c), (t6), it results
the markingM4 = (1, {(WF ′

2, o2), (C, 0)}, {(WF ′

1, m1′1)}, 0). The vertical synchro-
nization step(terminate; t′2) is enabled inM4 (if we bind x to (WF ′

2, o2)). The re-
sulting marking isM5 = (0, {(C, 0)}, {(WF ′

1
, m1′

1
)}, 1) (Fig. 1(b)). The transitions in

WF ′

1 are all re-labelled with a labell, which prevents them from firing.

3 Definition of Dynamic Interorganizational Workflow Nets

In what follows, we will assume there aren local workflows which behave indepen-
dently, but need to interact at certain points using asynchronous communication (which
corresponds to the exchange of messages) and synchronous communication (which
forces the local workflows to execute specific tasks at the same time). We will con-
sider the situation in which a local workflow can interrupt its normal execution at a
certain point, due to the occurrence of an error. At this point, the workflow will be
removed from the interorganizational workflow. We will assume that at least one work-
flow, whose executions is critical, cannot interrupt abnormally its execution.

In order to model a workflow which can terminate abnormally its execution, we de-
fineextended workflow nets(extended WF-nets), an extension of the WF-nets defined in
[1]. These Petri nets are WF-nets which can be extended with two transitions: one of the
transitions empties the sink place of the workflow, while theother transition interrupts
the normal execution of the workflow (this transition is optional).

Definition 1. Let WF = (P, T, F ) be a WF-net. The extended WF-net isWF ′ =
(P, T ′, F ′), where:
- T ′ = T ∪ {t′} ∪ Te, Te ⊆ {exit} such that, ifexit∈ T ′ then•exit6= ∅.
- F ′ = F ∪ {(o, t′)} ∪ Fe, whereFe ⊆ P × {exit} (Fe = ∅, if exit6∈ T ′)

WF is called the underlying net ofWF ′.
Dynamic interorganizational workflow nets (DIWF-nets) aredefined as nested nets with
a particular structure, extended with two sets (AC andSC), used for describing the
communication between the local workflows, and a special labelling system. We also
use a special expression,L(y, l), for labelling an arc ofSN .

Definition 2. A dynamic interorganizational workflow net DIWF is a nested Petri net:
DIWF = (V ar, Lab, (WF ′

1
, i1), . . . , (WF ′

n, in), AC, SC, (C, 0), SN, Λ) such that:

1. V ar = {x, y} is a set of variables.
2. Lab = LabAC ∪ LabSC ∪ {e, e, f, f} is a set of labels.
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3. (WF ′
1, i1), . . . , (WF ′

n, in) are extended WF-nets, with the corresponding initial markings
i1, i2, . . . , in.

4. AC is the asynchronous communication relation:AC ⊆ T ◦×T ◦, whereT ◦ = ∪k∈{1,...,n}Tk,
Tk is the set of transitions from the underlying WF-net ofWF ′

k. If (t, t′) ∈ AC, t ∈ Ti, t
′ ∈

Tj , theni 6= j.
5. SC is the set of synchronous communication elements:SC ⊆ P (T ◦) and:

- ∀u, v ∈ SC : u ∩ v = ∅.
- if t ∈ Ti, t

′ ∈ Tj , t, t
′ ∈ u, u ∈ SC, theni 6= j.

6. C = (PC , TC , FC) is the communication object:
- PC = {pac|ac ∈ AC}.
- TC = {tc|∃t ∈ T ◦ : (t′, t) ∈ AC ∨ (t, t′) ∈ AC}.
- FC = {(pac, t) ∈ PC × T ◦|ac = (t′, t) ∈ AC} ∪ {(t, pac) ∈ T ◦ × PC |ac = (t, t′) ∈
AC}

7. SN = (N, W, M0) is the system net of DIWF, such that:
- N = (PN , TN , FN ) is a high level Petri net:PN = {I, p, q, O}, whereO is a place
such thatO• = ∅ and I is a place such that•I = ∅; TN = {terminate, remove};
FN = {(I, terminate), (p, terminate),
(terminate,O), (p, remove), (remove, q), (I, remove)}.
- W is the arc labelling function:W ((p, terminate)) = x, W ((p, remove)) = y,
W ((remove, q)) = L(y, l) andW (a) = 1 for the rest of the arcs.
- M0 is the initial marking of the net:M0(I) = n, M0(p) = {(WF ′

1, i1), . . . ,
(WF ′

n, in), (C, 0)}, M0(q) = 0 andM0(O) = 0
. - Λ is a partial labelling function such that:
- ∀u ∈ SC,∀t, t′ ∈ u, Λ(t) = Λ(t′) = l, l ∈ LabSC .
- if t ∈ T ◦ such that(t, t′) ∈ AC or (t′, t) ∈ AC, then there existstc ∈ TC : Λ(tc) =
Λ(t) = l, l ∈ LabAC .
- Λ(t′i) = f,∀i ∈ {1, . . . n} andΛ(terminate) = f .
- Λ(remove) = e and, ifexiti ∈ T ′

i , thenΛ(exiti) = e (i ∈ {1, . . . n}).
- ∀t, t′ ∈ Ti(i ∈ {1, . . . , n}) : Λ(t) 6= Λ(t′).

In a DIWF-net there aren object-nets (extended WF-nets) representing the local work-
flows. We denote byt′i the transition which empties the output placeoi in an extended
WF-netWFi. V ar is the set of variables in the net. Variablesx andy will take as
value an object-net in a certain marking.Lab is a set of labels: the labels inLabAC are
used for the elements ofAC and the labels fromLabSC are used for the elements of
SC. LabAC andLabSC are not necessary disjoint. The labelf is used for labelling the
transitiont′i from WF ′

i , ∀i ∈ {1, . . . , n}. AC represents the asynchronous communi-
cation relation: if(t, t′) ∈ AC, then, the transitiont must execute before the transition
t′. SC represents the set of synchronous communication elements:if u ∈ SC, then,
all the transitions fromu have to execute at the same time.C is an object-net which
describes the asynchronous communication: ifac = (t, t′) ∈ AC, then there is a corre-
sponding placepac in PC . For every transitiont ∈ T ◦ involved in an element ofAC,
there is a transitiontc ∈ TC . Also, if ac = (t, t′) ∈ AC, then there exist two arcs
(tc, pac), (pac, t

′

c) ∈ FC . In DIWF-nets, the expressions on arcs can be either variables
(x or y), the constant1 or the functionL(y, l). Λ is a partial function which labels tran-
sitions of the DIWF-net. Ifu ∈ SC, then all the transitions fromu have the same label
l ∈ LabSC. For every transitiont involved in an asynchronous communication element,
there is a transitiontc in the object-netC andΛ(t) = Λ(tc) = l, l ∈ LabAC .

We denote byAnet the net tokens of the DIWF-net:Anet = {(EN, m) / m is
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a marking ofEN , EN ∈ {WF ′

1, . . . , WF ′

n, C}}. L is a function such thatL :
Anet × Labv → Anet, which relabels all the transitions of(EN, m) ∈ Anet with
l ∈ Labv.
A markingM of a DIWF-net is a function such that:M(I) ∈ IN, M(O) ∈ IN and
M(p), M(q) ⊆ Anet. We writeM as a vectorM = (M(I), M(p), M(q), M(O)).

If t ∈ TSN , we denote byV ar(t) the set of variables which appear in the expres-
sions from the arcs adjacent tot. A binding (of a transitiont ∈ TSN ) is a function
b : V ar(t) → Anet. We have thatb(L(y, l)) = L(b(y), l).

In a DIWF-net, a transitiont from SN is enabled in a markingM w.r.t. a binding
b iff: (1) W (p, t)(b) ⊆ M(p) (whereW (p, t)(b) is the arc expression of the arc(p, t)
evaluated in bindingb) and (2)1 ≤ M(I).

There are several types of steps, defining the behaviour of nested Petri nets see [10].
In the case of DIWF-nets, there are two vertical synchronization steps:
-If transition terminateis enabled in a markingM w.r.t. a bindingb and the transi-
tion t′i is enabled in the object-netb(x) = (WF ′

i , mi), (WF ′

i , mi) ∈ M(p), then the
simultaneous firing ofterminateandt′i is a vertical synchronization step, denoted by
(terminate[b]; t′i). The firing of(terminate[b]; t′i) removes the object-net(WF ′

i , mi)
from p and an atomic token fromI and adds one atomic token to placeO.
-If transitionremoveis enabled in a markingM w.r.t. a bindingb and the transitionexiti
(Λ(exiti) = e) is enabled in the object-netb(y) = (WF ′

i , mi), (WF ′

i , mi) ∈ M(p),
then the simultaneous firing ofremoveandexiti is a vertical synchronization step. The
firing of (remove[b]; exiti) removes the net-token(WF ′

i , mi) from p and adds the net-
tokenb(L(WF ′

i , mi), l) = (WF ′

i , mi) to the placeq, whereWF ′

i is obtained from
WF ′

i by labelling all the transitions with the labell. We also writeWF ′

i instead of
WF ′

i (WF ′

i only appears in placeq).
The definition of the horizontal synchronization step is different from the one in

[10], allowing the synchronization of arbitrarily many transitions from several object-
nets. This change does not affect the general properties of nested nets:

Let M be a marking ofDIWF and{α1, α2, . . . , αk} the set of net-tokens from
p (k ≤ n + 1). Assumet1, . . . ts ∈ T ◦ is the set of all the transitions with the same
label l 6= e, f , Λ(t1) = Λ(t2) = . . . = Λ(ts) = l, such that: every transitiontj
(j ∈ {1, . . . , s}) is enabled in a net-tokenαkj

= (ENj , mj) ∈ M(p) andmj [tj〉m′

j .
The synchronous firing oft1, . . . , ts is called an horizontal synchronization step. The
resulting marking,M ′, is obtained fromM by replacing the set{α1, α2, . . . , αk} from
placep with {α′

1
, α′

2
, . . . , α′

k}, whereα′

kj
= (ENj , m

′

j), ∀j ∈ {1, . . . , s} andα′

i =

αi, ∀i ∈ {1, . . . , k} \ {k1, . . . ks}. We write:M [; t1, . . . , ts〉M
′.

4 The Soundness Property for Dynamic Interorganizational
Workflow Nets

In this section we will introduce a notion of soundness for DIWF-nets. In order to
prove the decidability of soundness we will use some resultsregarding well-structured
transitions systems [7].
A quasi ordering is any reflexive and transitive relation≤. We let x < y denote
x ≤ y 6≤ x. A partial ordering is an asymmetric quasi-ordering. Awell-quasi-ordering
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is any quasi-ordering≤ (over some setX) such that, for any infinite sequencex0, x1, . . .

in X , there exists indexesi < j such thatxi ≤ xj .
A transition system (TS) is a structureTS = 〈S,→〉 such thatS is a set of states

and→⊆ S × S is a transition relation. Ifs ∈ S, Succ∗(s) = {s′ ∈ S|s
∗

→ s′}.
A well-structured transition systemis a transition systemWSTS = 〈S,→,≤〉 such

that:≤⊆ S × S is a well-quasi-ordering and≤ is (upward) compatible with→, i.e. for
all s1, t1, s2 ∈ S with s1 ≤ t1 ands1 → s2, there exists a sequencet1

∗

→ t2 such that
s2 ≤ t2. WSTS hasstrict compatibilityiff for all s1 < t1 ands1 → s2, there exists a
sequencet1

∗

→ t2 with s2 < t2.
A WSTS is bounded froms if Succ∗(s) is finite. It was proven in [7] that bound-

ness is decidable for WSTS’s with strict compatibility.
A notion of soundness was defined for WF-nets, expressing theminimal conditions

a correct workflow should satisfy [1]: a workflow must always be able to terminate
((∀m)((i[∗〉m) =⇒ (m[∗〉o))), the worklfow must terminate correctly(∀m)((i[∗〉m)∧
m ≥ o) =⇒ (m = o)), and there do not exist dead tasks(∀t ∈ T )(∃m, m′)(i[∗〉m[t〉m′).

It was proven see [1] that the soundness property is decidable for WF-nets.

Definition 3. Let WF ′ be an extended workflow net andWF its underlying WF-net.
WF ′ is sound if: (1)WF is sound and (2) ifexit∈ T ′, then transitionexit is not dead.

In an interorganizationalworkflow, although the local workflows are sound, we can have
synchronization errors and deadlocks. A correct interorganizational workflow should
satisfy the following conditions: every local workflow should be sound; for any reach-
able markingM in DIWF , even if some local workflows have been removed, there is
an execution sequence fromM such that the remaining workflows will still be able to
terminate correctly their execution. We will aslo require that the component workflows
should not be allowed to send an infinite number of messages tothe other workflows
and that theDIWF should be quasi-live (i.e. every step can fire in a certain reachable
marking).

If M is a marking in a DIWF-net, a final marking corresponding toM is a marking
(0, {(C, m)}, M(q), k) (k = |M(p)| − 1, n = M0(I)). In such a marking,k is the
number of workflows which terminated correctly their execution. All the atomic tokens
have been removed fromI (by firing remove andterminate). We denote the set of
final markings corresponding toM by Mf (M). Y will denote the set of steps in a
DIWF-net.[M〉 denotes the set of markings reachable fromM .

We can define formally the notion of soundness for a DIWF-net as follows:

Definition 4. A DIWF-netDIWF is sound if and only if:

1. (WF ′

j , ij) is a sound extended workflow net,∀j ∈ {1, . . . , n}.
2. DIWF is quasi-live:(∀Y ∈ Y) (∃M ∈ [M0〉 : M [Y 〉).
3. For every markingM reachable from the initial markingM0, there exists a firing

sequence leading fromM to a final markingMf :
(∀M)((M0[∗〉M) =⇒ (M [∗〉Mf , Mf ∈ Mf (M)).

4. The communication net is bounded:∀M ∈ [M0〉, (C, m) ∈ M(p), then∃n ∈ N :
m(pac) ≤ n, ∀pac ∈ PC .
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A partial order on the markings of nested Petri nets was defined in [10]. In the case of
DIWF-nets we have thatM1 � M2 if and only if M1(I) ≤ M2(I), M1(O) ≤ M2(O)
and there exists an embeddingJp : M1(s) → M2(s) (s ∈ {p, q}), such that for any
αk ∈ M1(p) (k ≤ n + 1), Jp(αk) = α′

k such that: eitherαk = α′

k or αk = (EN, m)
andα′

k = (EN, m′) (EN ∈ {WF ′

1
, . . . , WF ′

n, C}) andm ≤ m′.
One can notice that in a DIWF-net, for any reachable markingM ∈ [M0〉, it holds:

(1) M0(I) + 1 = |M(q)|+ M(O) + |M(p)| and (2)M(I) + 1 = |M(p)|. Using these
observations, the following lemma can be easily proven (we omit the proof here):

Lemma 1. LetDIWF be a DIWF-net and the extended WF-netsWF ′

j are sound, for
all j ∈ {1, . . . , n}. AssumeM1, M2 ∈ [M0〉 such thatM2 ≻ M1. Then: (1)M1(I) =
M2(I), |M1(q)| = |M2(q)|, M1(O) = M2(O) and (2) for every(WF ′

j , mj) ∈ M1(s),
(WF ′

j , m
′

j) ∈ M2(s) (s ∈ {p, q}) andm′

j ≥ mj . If M2 ∈ [M1〉, thenm′ > m.

A DIWF-net is bounded if[M0〉 is finite. We will prove that, in the case that all the
component WF-nets are sound, boundness is decidable for DIWF-nets.

Theorem 1. Let DIWF be a DIWF-net such that all the component extended WF-
nets are sound. Then,WSTS = 〈[M0〉, [〉,�〉 is a well-structured transition system
with strict compatibility.

Proof. AssumeM1, M2 ∈ [M0〉, M2 ≻ M1. If Y ∈ Y such thatM1[Y 〉M ′

1, we will
prove thatM2[Y 〉M ′

2
andM ′

2
≻ M ′

1
.

If Y is an object-autonomous step, an horizontal synchronization step orY =
(remove; exitj), the proof uses the fact that the order≤ on the markings of an or-
dinary Petri net is strictly monotonic.

If Y = (terminate, t′j) is enabled inM1. tj is enabled in a net-token(WF ′

j , mj) ∈
M1(p). We will show thatmj = m′

j . BecauseM1 ≺ M2, for every(WF ′

i , mi) ∈
M1(r) and (WF ′

i , m
′

i) ∈ M2(r) (r ∈ {p, q}), m′

i ≥ mi. Also, m′ ≥ m. At least
one of these inequalities is strict. We also haveM1(I) = M2(I), |M1(q)| = |M2(q)|,
M1(O) = M2(O). In M2(p), there is a net-token(WF ′

j , m
′

j) such thatm′

j ≥ mj .
Hence,t′j is also enabled in(WF ′

j , m
′

j), and the stepY is enabled inM2. Because
M1, M2 ∈ [M0〉, thenmj , m

′

j are reachable markings inWF ′

j . Becausetj is enabled
in mj and m′

j, thenmj(oj) ≥ 1 and m′

j(oj) ≥ 1. But WF ′

j is sound, hence the
only reachable marking which contains a token in the placeoj is the final marking,
oj . So,mj = m′

j = oj . BecauseM1 ≺ M2, either there exists at least a net token
(WF ′

s, ms) ∈ M1(r) such that(WF ′

s, m
′

s) ∈ M2(r) (r ∈ {p, q}) andm′

s > ms

(with s 6= j), or m > m′. M1[Y 〉M ′

1 andM ′

1 andM1 differ only in the marking of
p andO: M ′

1
(p) = M1(p) \ {(WFj , mj)}, M ′

1
(O) = M1(O) + 1 . M2[Y 〉M ′

2
and

M ′

2
andM2 differ only in the marking ofp andO: M ′

2
(p) = M2(p) \ {(WFj , mj)},

M ′

2(O) = M2(O) + 1. Because there existss 6= j such thatm′

s > ms, or m > m′, it
results thatM ′

2
≻ M ′

1
.

Consequence 1Boundness is decidable for DIWF-nets, if all the component WF-nets
are sound.

Theorem 2. AssumeDIWF is a DIWF-net, such that all the component extended WF-
nets are sound. Then,DIWF is bounded if and only if∃n ∈ N such that∀M ∈ [M0〉,
(C, m) ∈ M(p), ∀pac ∈ PC : m(pac) ≤ n.
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Proof. (⇒) If DIWF is bounded, then the places of any object-net are bounded, in
any reachable marking ofDIWF . (⇐) If we assume thatDIWF is unbounded, using
lemma 1 (2), we can obtain an infinite number of reachable markings for C. Hence,
there is a place ofC with an infinite number of tokens. Contradiction.

Theorem 3. Soundness is decidable for DIWF-nets.

Proof. The condition (1) in the definition of soundness is decidable, because soundness
is decidable for extended WF-nets and the number of extendedWF-nets is finite. Con-
dition (2) is decidable, because the coverability problem is decidable in nested Petri nets
[9] and the quasi-liveness is equivalent to the coverability problem. If we assume that
all the extended WF-nets are sound, the boundness problem isdecidable. IfDIWF is
unbounded, it results that the last condition in the definition of soundness does not hold
and thus the DIWF-net is not sound. IfDIWF is bounded, the last condition in the def-
inition of soundness holds. It also results that[M0〉 is finite and the reachability problem
is decidable. Thus, the third condition in the definition of soundness is also decidable:
given a reachable markingM , we can decide whether a markingMf ∈ Mf(M) is
reachable fromM (Mf is a finite set ifDIWF is bounded).

5 Related Work

BPEL4Chor is a choreography language based on BPEL which allows the specification
of interorganizational workflows. [8] proposes a translation from BPEL4Chor to Open
Workflow Nets, in order to allow the verification of BPEL4Chor. This approach does not
take into consideration the situation in which the component workflows are dynamically
removed. In IOWF-nets defined in [2], the component workflowsare all represented
into the same ”flat” Petri net and the structure of the interorganizational workflow is
fixed. [3] proposes a method of designing correct interorganizational workflows in a
top-down way: first a contract is used to specify the way the workflows interact. Then
the private component workflows are build such that each workflow accords with the
contract and the overall interorganizational workflow terminates properly. A similar ap-
proach is used in [4], where a shared public workflow-net is used for the specification
of the communication structure. A notion of projection inheritance is used for the pri-
vate workflows, instead of the notion of accordance from [3].The approaches in [4,
3] ensure the privacy of the workflows and offer a modular viewover the interorganiza-
tional workflow, but they work with a fixed number of componentworkflows and they
do not offer a model for executing the interorganizational workflow. The approach in
[5] uses nets in nets for modelling workflows and interorganizational workflows focus-
ing on the concept of mobility and on the notion of inheritance. This approach does not
define a notion of behavioural correctness for interorganizational workflows. In [11],
we proposed IWF-nets for modelling interorganizational workflows in a modular way.
In this paper we extended that approach, which only considered a fixed structure of the
interorganizational workflow.
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6 Conclusions

In this paper we introduced a new approach on the modelling ofinterorganizational
workflows, based on nested Petri nets. Our approach offers a modular view on the in-
terorganizational workflow, because the local workflows andthe communication struc-
ture are distinct elements in DIWF-nets; steps in DIWF- netscan easily express the
synchronous and the asynchronous communication; our approach permits the mod-
elling of a situation which can often occur in practice: somelocal workflows can be
dynamically removed from the interorganizational workflowduring its execution. A
notion of soundness was introduced for DIWF-nets and we proved this property is de-
cidable for DIWF-nets. Future work aims to extend DIWF-netsin order to allow the
dynamic creation of workflows and also to define and study the soundness property for
this extension.
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