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Abstract: This paper presents a method for theRelaxed Soundnessverification of interorganizational workflow pro-
cesses. The method considers Interorganizational WorkFlow net models and is based on the analysis of Linear
Logic proof trees. To verify theRelaxed Soundnesscriterion, a Linear Logic proof tree is built for each differ-
ent scenario of anunfoldedInterorganizational WorkFlow net. These proof trees are then analysed considering
two conditions: the first verifies if the analysed scenario can finish properly, without spare tokens and the sec-
ond verifies if every activity concerning the global process was covered by at least one possible scenario. The
Interorganizational WorkFlow net is then considered as relaxed sound if the scenarios satisfy these conditions.

1 INTRODUCTION

Workflow processes that involve several business pro-
cesses belonging to different organizations and which
need to coordinate their actions in order to reach a
common goal are known as interorganizational work-
flow processes (Captarencu, 2012).

According to (van der Aalst, 1998b), an interorga-
nizational workflow is essentially a set of loosely cou-
pled workflow processes where, typically, there ex-
ist local workflow processes that are involved in one
global workflow process. These local workflow pro-
cesses need to communicate for the correct execution
of those cases treated by the global workflow manage-
ment system.

According to (Lim et al., 2012), interorganiza-
tional workflow systems play a fundamental role in
business partnerships and forming an alliance with
appropriate business partners is a common strategy
for enterprises to remain competitive by offering a
wider range of products and services to its clients.

Many studies have already considered the qual-
itative analysis of interorganizational workflow pro-
cesses. In (van der Aalst, 1998b; Yamaguchi et al.,
2007; Sun and Du, 2008; Soares Passos and Julia,
2013) for example, the proposed approaches are re-
lated to classical Soundness verification, a qualitative
property of Interorganizational WorkFlow nets. The
Soundness correctness criterion considers the interor-
ganizational workflow process as a whole, i.e if it

does not satisfy Soundness, it needs to be redesigned
to satisfy Soundness and guarantee that the model is
deadlock-free, for example. In (van der Aalst, 1998b;
Yamaguchi et al., 2007) and (Sun and Du, 2008), the
proposed approaches for classical Soundness verifi-
cation of interorganizational workflow processes are
based on the construction and analysis of reachability
graphs. In (Soares Passos and Julia, 2013), a Lin-
ear Logic based approach is presented for classical
Soundness verification in the context of interorgani-
zational workflow processes. The approach presented
in (Soares Passos and Julia, 2013) is based on the con-
struction and analysis of Linear Logic proof trees. It
is important to highlight that these studies are con-
cerned with the classical Soundness verification for
interorganizational workflow processes and the Re-
laxed Soundness verification for interorganizational
workflow processes is not taken into account.

The ideal scenario is the one in which the interor-
ganizational processes are sound, once that Sound-
ness ensures important criteria, such as absence of
deadlock and proper termination. However, according
to (Fahland et al., 2011), the checking of 735 indus-
trial business process models from financial services,
telecommunications, and other domains has shown
that only 46% of the process models were sound. So,
as an interorganizational workflow is essentially a set
of local workflow processes involved in one global
workflow process (van der Aalst, 1998b), and a large
percentage of these local workflow processes are un-
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sound (Fahland et al., 2011), the global workflow pro-
cess that is based on unsound local workflow pro-
cesses will also be unsound according to the Sound-
ness definition proposed by (van der Aalst, 1998b).
In this context, a wide variety of interorganizational
workflow processes may be unsound and may lead the
services of the business organization to deadlock sit-
uations. Furthermore, workflow processes are impor-
tant assets for the organizations that are not always
willing to redesign or adjust their processes to fully
fit the specific need of a specific partner, specially as
different business partners may have different needs.

In the context of single workflow processes, i.e.
workflow processes that are not interorganizational,
(Dehnert and Rittgen, 2001) proposed to relax the
Soundness criterion. The new defined criterion is the
Relaxed Soundness criterion. The idea behind Re-
laxed Soundness is that the system’s behavior is cor-
rect if there exist sufficient executions which termi-
nate properly (Dehnert and Rittgen, 2001). So, the
notion of Relaxed Soundness ensures that there is at
least one run that enables each task of the workflow
process model which can be carried from the initial
state forward to the final state. In (Siegeris and Zim-
mermann, 2006), various workflow model composi-
tion proposals are summarized and the authors inves-
tigate the ability of these composition mechanisms
to preserve the Relaxed Soundness criterion. How-
ever, to preserve Relaxed Soundness, the workflow
processes that are used in the composition have to sat-
isfy the Relaxed Soundness criterion too. So, if this
is not the case, these workflow processes have to be
redesigned first to satisfy the Relaxed Soundness cri-
terion before they can be used in a composition.

Considering that a wide variety of interorganiza-
tional workflow processes may be unsound and that
the idea behind the Relaxed Soundness is that the sys-
tem’s behavior is correct if there exist sufficient ex-
ecutions which terminate properly, it is of great in-
terest to verify Relaxed Soundness in the context of
interorganizational workflow processes. In these cir-
cumstances, i.e. in the cases in which the interorga-
nizational workflow processes are unsound, the Re-
laxed Soundness criterion ensures that the main busi-
ness relationship between the involved organizations
can be provided safely, with no obligation to the re-
designing of the involved processes in order that they
satisfy the Soundness criterion. So, the approach pre-
sented in this paper considers the Relaxed Soundness
verification for an interorganizational workflow pro-
cess, where the set of local workflow processes are
not necessarily Relaxed Sound and the global work-
flow process is or may be unsound.

Therefore, this paper presents a method for Re-

laxed Soundness verification for interorganizational
workflow processes modelled by Interorganizational
WorkFlow nets (IOWF-nets) (van der Aalst, 1998b).
Thus, the organizations involved in the interorgani-
zational workflow process will be able to verify if
their main business services can finish properly, con-
sidering the global process, avoiding deadlock situa-
tions whenever they occur, without redesigning their
local or global workflow processes. This method is
based on the analysis of Linear Logic proof trees built
considering each scenario of theunfoldedIOWF-net
(van der Aalst, 1998b).

This paper is structured as follows. In section 2
the definition of the Interorganizational WorkFlow
nets is provided. In section 3, an overview of Linear
Logic is given. The method for Relaxed Soundness
verification for Interorganizational WorkFlow nets is
presented in section 4. Finally, the last section con-
cludes this work with a short summary, an assessment
of the presented approach and an outlook on future
work proposals.

2 INTERORGANIZATIONAL
WORKFLOW NETS

In this section, the concepts related to Interorgani-
zational WorkFlow nets (IOWF-nets) are presented.
These concepts are necessary to better comprehend
the approach presented in section 4.

To define IOWF-nets, it is necessary first to intro-
duce the definition of WorkFlow nets. According to
(van der Aalst, 1998a), a Petri net (Murata, 1989) that
models a workflow process is called a WorkFlow net
(WF-net). A WF-net satisfies the following properties
(van der Aalst, 1998a): it has only one source place
namedi and only one sink place namedo, that are
special places such that the placei has only outgoing
arcs and the placeo has only incoming arcs; a token
in i represents a case that needs to be handled and a
token ino represents a case that has been handled; ev-
ery taskt (transition) and conditionp (place) should
be on a path from placei to placeo.

Following, the formal definition of WF-nets is
presented.

Definition 1 (WorkFlow-net). A Petri net PN=
{P,T,F}, where P is a finite set of places, T is a fi-
nite set of transitions (P∩T = /0) and F⊆ (P×T)∪
(T ×P) is a set of arcs (flow relation), is a WF-net if,
and only if (van der Aalst, 1998a):

1. PN has two special places: i and o. Place i is
a source place:•i = /0. Place o is a sink place:
o•= /0.
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2. Every node is on a path from i to o.

An Interorganizational WorkFlow net (IOWF-net)
is a Petri net that models an interorganizational work-
flow process and can be seen as a global workflow
process that hasn business partners involved in it, ac-
cording to (van der Aalst, 1998b). Each partner has
its own local workflow process. So, an interorgani-
zational workflow is composed of at least two local
workflow processes. Thus, an IOWF-net is composed
of at least two Local WorkFlow nets (LWF-nets). In
(van der Aalst, 1998b), a global workflow process
consists of a set of local workflow processes plus an
interactive structure composed of asynchronous and
synchronous communication mechanisms. Accord-
ing to (van der Aalst, 1998b), synchronous commu-
nication corresponds to the melting (fusion) of some
transitions and the asynchronous communication cor-
responds to the exchange of messages between local
workflow processes. In this paper, the synchronous
case will not be considered, since we consider that
each organization controls its own process so that
there is no melting of transitions. Therefore, only
asynchronous communication protocols will be repre-
sented. Following this, the IOWF-net definition pro-
posed by Aalst in (van der Aalst, 1998b) is specially
adapted to the asynchronous case.

Definition 2 (IOWF-net). An Interorganizational
WorkFlow net (IOWF-net) is a tuple IOWF− net=
{PN1,PN2, ...,PNn,PAC,AC}, where:

1. n∈N is the number of LWF-nets;

2. for each k∈ {1, ...,n}, PNk is a WF-net with a
source place ik and a sink place ok;

3. for all k, l ∈ {1, ...,n}, if k 6= l, then (Pk ∪Tk)∩
(Pl ∪Tl ) = /0;

4. T∗ =
⋃

k∈{1,...,n}Tk, P∗ =
⋃

k∈{1,...,n}Pk and F∗ =⋃
k∈{1,...,n}Fk (relations between the elements of

the LWF-nets);

5. PAC is the set of asynchronous communication el-
ements (communication places);

6. AC⊆ PAC×P(T∗)× P(T∗) represents the asyn-
chronous communication relations1.

Each asynchronous communication element cor-
responds to a place name inPAC and the asynchronous
communication relationAC specifies a set of input
transitions and a set of output transitions for each
asynchronous communication element (van der Aalst,
1998b).

To clarify the concepts defined above, the interor-
ganizational workflow process presented in (van der

1
P(T∗) is the set of all non-empty subsets ofT∗

Aalst, 1998b) is contemplated. Such a process mod-
els a process that precedes the presentation of a pa-
per at a conference and its description can be found
in (van der Aalst, 1998b). The highlighted IOWF-
net area in Figure 1 shows the IOWF-net that mod-
els that process. This IOWF-net has two LWF-nets:
Author and PC (Program Committee). Each of these
has only one source and one sink place. In the LWF-
net Author, the source place isstart f low author
and the sink place isend f low author. In the LWF-
net PC, the source and sink place arestart f low PC
and end f low PC, respectively. The placesdra f t,
ack dra f t, re ject, accept, too late, f inal version
andack f inal are examples of asynchronous commu-
nication places.

In (van der Aalst, 1998b), the Unfolded Interor-
ganizational WorkFlow net is defined. Theunfolding
of an IOWF-net is a WF-net. In theunfoldednet, i.e.
theU(IOWF-net), all the LWF-nets are included into
a single workflow process considering a start transi-
tion ti and a termination transitionto. A global source
placei and a global sink placeo have to be added in
order to respect the basic structure of a simple WF-
net, and the asynchronous communication elements
are mapped into ordinary places according to (van der
Aalst, 1998b). Figure 1 shows anU(IOWF-net).

In (Dehnert and Rittgen, 2001), the authors pro-
posed to relax the Soundness criterion, a well-known
criterion defined by (van der Aalst, 1998a), to a new
criterion named Relaxed Soundness. They argue that
this criterion is closer to the intuition of the mod-
eller. According to (Dehnert and Rittgen, 2001), Re-
laxed Soundness is intended to represent a more prag-
matic view on correctness which is weaker (in a for-
mal sense) than the Soundness criterion. To (Dehn-
ert and Rittgen, 2001), Relaxed Soundness means
that there exist sufficient executions that terminate
properly (i.e. without spare tokens). In this context
sufficient means, according to (Dehnert and Rittgen,
2001), each transition of the process is covered at
least once when considering the set of sound firing
sequences.

The definition of Relaxed Soundness, proposed by
(Dehnert and Rittgen, 2001), is the following.

Definition 3 (Relaxed Soundness). A process speci-
fied by a WF-net PN = (P, T, F) is relaxed sound if
and only if every transition is in a firing sequence that
starts in state i and ends in state o.

Formally:
∀t ∈ T : ∃M,M′ : (i

∗
−→ M

t
−→ M′ ∗

−→ o), where M
and M′ are markings.

The Relaxed Soundness criterion was then defined
in the context of WF-nets only and the IOWF-nets
were not formally taken into account. However, this
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Figure 1: An unfolded IOWF-net.

criterion is also important in the context of IOWF-
nets, specially in the cases where the Soundness cri-
terion is not satisfied. Therefore, as theunfoldingof
an IOWF-net, theU(IOWF-net), has the same struc-
ture of a WF-net, as shown in (van der Aalst, 1998b),
we can verify the Relaxed Soundness criterion for the
IOWF-nets, considering the analysis of itsunfolded
net.

3 LINEAR LOGIC

In this section, an overview of Linear Logic is pre-
sented. The concepts presented here are necessary for
a better comprehension of the method presented in the
next section.

The first proposals for Linear Logic were made
in (Girard, 1987). In Linear Logic, propositions are
considered as resources, i.e. atoms, which are con-
sumed and produced at each state change (Riviere
et al., 2001). Linear Logic introduces new connec-
tives. In this paper just two Linear Logic connectives
will be used:

• The timesconnective, denoted by⊗, that repre-

sents simultaneous availability of resources. For
instance,A⊗B represents the simultaneous avail-
ability of resourcesA andB.

• Thelinear impliesconnective, denoted by⊸, that
represents a state change. For instance,A ⊸ B
denotes that by consuming A, B is produced (it is
important to note that after the production of B, A
will not be available).

The translation of a Petri net into formulas of Lin-
ear Logic, presented in (Riviere et al., 2001), is the
following. A marking M is a monomial in⊗ and
is represented byM = A1 ⊗A2 ⊗ . . .⊗Ak whereAi
are place names. For instance, the initial marking on
theU(IOWF-net) in Figure 1 is simplyi because of
the token in placei. A transition is an expression of
the formM1 ⊸ M2 whereM1 andM2 are markings.
For example, transitionevaluateof the LWF-net PC
in Figure 1 is notedevaluate= p2⊸ p3.

A sequentM, tk ⊢ M′ represents a scenario where
M and M′ are respectively the initial and final
markings, andtk is a list of non-ordered transi-
tions. For instance, considering theU(IOWF-net)
shown in Figure 1, the sequenti, ti , senddra f t,
receivedra f t, sendack dra f t, receiveack dra f t,
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evaluate, sendre ject, receivere ject, to ⊢ o repre-
sents one possible scenario of thisU(IOWF-net),
where i is the initial marking, ti , senddra f t,
receivedra f t, sendack dra f t, receiveack dra f t,
evaluate, sendre ject, receivere ject, to is a list of
non-ordered transitions ando is the final marking. A
sequent can be proven by applying the rules of the se-
quent calculus. It was proven in (Girault et al., 1997)
that a proof of the sequent calculus is equivalent to the
corresponding reachability problem in a Petri net.

In this paper, only some rules of Linear Logic will
be considered. These rules will be used to build the
proof trees. In this context,F, G, andH are formulas
andΓ and∆ are considered blocks of formulas. The
following rules will be those used in the present paper
(Riviere et al., 2001):

• The⊸L rule,
Γ ⊢ F ∆,G⊢ H
Γ,∆,F ⊸ G⊢ H

⊸L, expresses a

transition firing and generates two sequents such
that the right-hand sequent represents the subse-
quent which remains to be proven and the left-
hand sequent represents the tokens consumed by
this particular firing. For example, consider-
ing the transitionti = i ⊸ start f low author⊗
start f low pcof theU(IOWF-net) shown in Fig-
ure 1, when this transition is fired, two sequents
are generated:i ⊢ i represents the token con-
sumed by this firing andstart f low author⊗
start f low pc the remaining subsequent to be
proven.

• The ⊗L rule,
Γ,F,G⊢ H
Γ,F ⊗G⊢ H

⊗L, transforms a

marking in an atoms list. For example, the
subsequentstart f low author⊗ start f low pc
generated by the firing of transitionti =
i ⊸ start f low author⊗ start f low pc of the
U(IOWF-net) shown in Figure 1 will use the
rule ⊗L to be transformed into a list of atoms
start f low author,start f low pc.

• The⊗R rule,
Γ ⊢ F ∆ ⊢ G
∆,Γ ⊢ F ⊗G

⊗R, transforms a se-

quent such asA,B ⊢ A⊗B, into two identity se-
quentsA ⊢ A andB ⊢ B. For example, consider-
ing the firing of the transitionreceiveaccept=
a2⊗accept⊸ a3 of theU(IOWF-net) shown in
Figure 1, the sequent that represents the tokens
consumed by this firing,a2,accept⊢ a2⊗accept,
also needs to be proven, using the⊗R rule, i.e.
a2⊢ a2 accept⊢ accept
a2,accept⊢ a2⊗accept

⊗R.

In the approach presented in this paper, a Linear
Logic proof tree is read from the bottom up. The
proof stops when the atom that represents the place
o is produced, i.e. the identity sequento ⊢ o appears

in the proof tree, when there is not any rule that can
be applied, or when all the leaves of the proof tree are
identity sequents.

4 RELAXED SOUNDNESS
VERIFICATION FOR IOWF-nets

To verify Relaxed Soundness for the IOWF-nets, it is
necessary to build and prove linear sequents of Lin-
ear Logic. This approach considers the analysis of
theunfoldedIOWF-net,U(IOWF-net), which has the
same structure of a WF-net. So, it is then necessary
to built and prove linear sequents of Linear Logic that
represent theU(IOWF-net).

Initially, the U(IOWF-net) has to be represented
through the use of Linear Logic formulas. The
U(IOWF-net) can be represented by more than one
linear sequent, each linear sequent representing a pos-
sible scenario of theU(IOWF-net).

A scenario in the context ofU(IOWF-nets), corre-
sponds to a well defined route mapped into the cor-
respondingU(IOWF-net). If theU(IOWF-net) has
more than one route (places with two or more out-
put arcs), it is necessary then to build a different lin-
ear sequent for each existing scenario (Soares Passos
and Julia, 2013). For example, for theU(IOWF-net)
shown in Figure 1, there exist five different scenar-
ios: the first scenario,Sc1, where tasksendreject
will be executed (firing of transitionsendreject);
the second scenario,Sc2, where taskstoo late and
receivenotification1 will be executed (firing of
transitions too late and receivenotification1); the
third scenario,Sc3, where taskstoo late and re-
ceivenotification2 will be carried out (firing of tran-
sitionstoo late andreceivenotification2); the fourth
scenario,Sc4, where taskssendfinal versionandre-
ceivefinal versionwill be carried out (firing of transi-
tion sendfinal versionandreceivefinal version) and
the fifth scenario,Sc5, where taskstoo late and
sendfinal versionwill be executed (firing of transi-
tionstoo lateandsendfinal version).

In this approach, each one of these scenar-
ios is then represented by a specific linear se-
quent that considers the initial and final markings
of the U(IOWF-net) and a non-ordered list of tran-
sitions involved in it. Each linear sequent has
only one atom which represents the initial mark-
ing of the U(IOWF-net). For example, the sce-
nario Sc1 is represented by: i, ti , senddra f t,
receivedra f t, sendack dra f t, receiveack dra f t,
evaluate, sendre ject, receivere ject, t o⊢ o.

After the definition of the linear sequents that rep-
resent the different scenarios of theU(IOWF-net), the
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linear sequents need to be proven through the build-
ing of Linear Logic proof trees. After the construc-
tion of these proof trees, each scenario of the anal-
ysedU(IOWF-net) must be analysed respecting the
following steps:

1. For each proof tree that represents a scenario:

(a) If just one atomo, that corresponds to an atom
in the sink place of theU(IOWF-net), was pro-
duced in the proof tree (this is represented in the
proof tree by the identity sequento ⊢ o), then
the analysed scenario was finished properly.

(b) If there is not any available atom to be con-
sumed on the proof tree, i.e. all places are
empty, then the execution terminates without
spare tokens.

2. Considering the proof trees for scenarios
Sc1,Sc2, ...,Sci of the analysedU(IOWF-net)
that satisfy step 1, each transitiont ∈ T needs to
appear in, at least, one of these proof trees. This
proves that all transitions were fired at least once
and that every activity of the global process was
covered by at least one possible scenario.

If the conditions 1 and 2 are satisfied, the analysed
U(IOWF-net) isRelaxed Sound.

To illustrate the proposed approach, the IOWF-
net shown in Figure 1 is considered. To prove Re-
laxed Soundness for this IOWF-net, the correspond-
ing U(IOWF-net) is considered. It is necessary to
prove five linear sequents, each one representing one
of the following scenarios:Sc1, Sc2, Sc3, Sc4 andSc5.

The transitions of theU(IOWF-net) shown in
Figure 1 are represented by the following formulas of
Linear Logic:
ti = i ⊸ start f low author⊗ start f low PC,
t1 = senddra f t = start f low author⊸ a1⊗dra f t,
t2 = receiveack dra f t = a1⊗ack dra f t ⊸ a2,
t3 = receiveaccept= a2⊗accept⊸ c3,
t4 = receivere ject = a2 ⊗ re ject ⊸

end f low author,
t5 = prepare f inal version= a3⊸ a4,
t6 = receivenoti f ication 1 = a3 ⊗ too late ⊸

end f low author,
t7 = send f inal version= a4⊸ a5⊗ f inal version,
t8 = receivenoti f ication 2 = a4 ⊗ too late ⊸

end f low author,
t9 = receiveack f inal = a5 ⊗ ack f inal ⊸

end f low author,
t10 = receivedra f t = start f low PC⊗dra f t ⊸ p1,
t11 = sendack dra f t = p1⊸ ack dra f t⊗ p2,
t12 = evaluate= p2⊸ p3,
t13 = sendre ject= p3⊸ re ject⊗end f low PC,
t14 = sendaccept= p3⊸ accept⊗ p4,
t15 = too late= p4⊸ too late⊗end f low PC,

t16 = receive f inal version= f inal version⊗ p4⊸

p5,
t17 = sendack f inal = p5 ⊸ ack f inal ⊗
end f low PC,
to = end f low author⊗end f low PC⊸ o.

For readability, the atoms of the linear sequents
and proof trees will be represented just by the initial
letters of their complete name. For example,dra f t,
too late and f inal versionwill be represented byd,
tl and f v, respectively. A set of transitionsti , t j , tk and
tl may be also represented asti, j ,k,l .

By considering theU(IOWF-net) shown in Fig-
ure 1, five different scenarios, and consequently linear
sequents, are defined:

Sc1 = i, ti , t1, t2, t4, t10, t11, t12, t13, to ⊢ o,
Sc2 = i, ti , t1, t2, t3, t6, t10, t11, t12, t14, t15, to ⊢ o,
Sc3 = i, ti , t1, t2, t3, t5, t8, t10, t11, t12, t14, t15, to ⊢ o,
Sc4 = i, ti , t1, t2, t3, t5, t7, t9, t10, t11, t12, t14, t16,17,o ⊢ o,
Sc5 = i, ti , t1, t2, t3, t5, t7, t9, t10, t11, t12, t14, t15, to ⊢ o.

Following are the proof trees for each one of these
scenarios. The proof tree for scenarioSc1 is as fol-
lows:

e f a⊢e f a e f p⊢e f p
e f a,e f p⊢e f a⊗e f p ⊗R

o⊢o
⊸L

a2⊢a2 r⊢r
a2,r⊢a2⊗r ⊗R

e f p,e f a,e f a⊗e f p⊸o⊢o
⊸L

a1⊢a1 ad⊢ad
a1,ad⊢a1⊗ad ⊗R

r,e f p,a2,a2⊗r⊸e f a,to⊢o
⊸L

a1,ad,r,e f p,a1⊗ad⊸a2,t4,o⊢o ⊗L

p3⊢p3 a1,ad,r⊗e f p,t2,4,o⊢o
⊸L

p2⊢p2 a1,ad,p3,p3⊸r⊗e f p,t2,4,o⊢o
⊸L

a1,ad,p2,p2⊸p3,t2,4,13,o⊢o ⊗L

p1⊢p1 a1,ad⊗p2,t2,4,12,13,o⊢o
⊸L

s f p⊢s f p d⊢d
s f p,d⊢s f p⊗d ⊗R

a1,p1,p1⊸ad⊗p2,t2,4,12,13,o⊢o
⊸L

s f p,a1,d,s f p⊗d⊸p1,t2,4,11,12,13,o⊢o ⊗L

s f a⊢s f a s f p,a1⊗d,t2,4,10,11,12,13,o⊢o
⊸L

s f a,s f p,s f a⊸a1⊗d,t2,t4,t10,t11,t12,t13,to⊢o ⊗L

i⊢i s f a⊗s f p,t1,t2,t4,t10,t11,t12,t13,to⊢o
⊸L

i,ti ,t1,t2,t4,t10,t11,t12,t13,to⊢o

For space reasons, just the first and the last linear
sequent are shown in the next proof trees. So, the
proof tree for scenarioSc2 is as follows:

o⊢o
⊸L

...

i,ti ,t1,t2,t3,t6,t10,t11,t12,t14,t15,to⊢o

The proof tree for scenarioSc3 is as follows:
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o⊢o
⊸L

...

i,ti ,t1,t2,t3,t5,t8,t10,t11,t12,t14,t15,to⊢o

The proof tree for scenarioSc4 is the following
one.

o⊢o
⊸L

...

i,ti ,t1,t2,t3,t5,t7,t9,t10,t11,t12,t14,t16,17,o⊢o

And finally the proof tree for scenarioSc5 is as
follows:

tl ,e f p,a5, f v,t9,to⊢o ⊗L

...

i,ti ,t1,t2,t3,t5,t7,t9,t10,t11,t12,t14,t15,to⊢o

The next step is to analyse the proof trees pro-
duced. By considering the proof trees for scenarios
Sc1, Sc2, Sc3, Sc4 andSc5, it is necessary to verify
the condition 1 for each scenarioSci and the condi-
tion 2 for the scenarios that satisfy condition 1. It is
easy to note that the last sequent in the proof trees for
scenariosSc1, Sc2, Sc3 andSc4 is o ⊢ o. So, condi-
tions 1a and 1b are satisfied, i.e. just one atomo was
produced in these proof trees and as the last sequent
is an identity sequent, there is not any available atom
for consumption, i.e. the execution for these scenar-
ios finishes without spare tokens. The last sequent
for scenarioSc5 is tl ,e f p,a5, f v, t9, to ⊢ o, as no atom
o was produced by this scenario, the condition 1a is
not verified for this scenario. This sequent also con-
tains available atoms for consumption, as the atoms
tl , e f p, a5 and f v. Consequently, it does not satisfy
the condition 1b. Therefore, for the second part of the
verification (step 2), scenariosSc1, Sc2, Sc3 andSc4
will be considered. Each transitiont ∈ T appears in
at least one of these scenarios. So, the condition 2 is
also satisfied and the IOWF-net shown in Figure 1 is
relaxed sound. The scenariosSc1, Sc2, Sc3 andSc4
are the ones that terminate properly. The scenarioSc5
is the one where the process deadlocks.

According to (van der Aalst, 1998b), the classi-
cal Soundness verification for IOWF-nets is based on
the proof of liveness and boundedness for(n+ 1)
WF-nets using standard techniques. According to
(Dehnert and Rittgen, 2001), there exist no structural
properties such as liveness and boundedness from
which the Relaxed Soundness property can be de-
rived. As presented in (Dehnert and Rittgen, 2001),

Relaxed Soundness can be proven only by enumer-
ation of sufficient sound firing sequences. For this
purpose, classical approaches based on reachability
graphs have to find sound firing sequences for ev-
ery transition (Dehnert and Rittgen, 2001). In par-
ticular, for classical Soundness verification of interor-
ganizational workflow processes as the one presented
in (van der Aalst, 1998b), if the analysed model is
not sound, it is then necessary to re-analyse and re-
explore the whole model to verify if it satisfies the
Relaxed Soundness criterion.

The Linear Logic based approach presented in
(Soares Passos and Julia, 2013) verifies classical
Soundness for IOWF-nets considering the construc-
tion and analysis of the Linear Logic proof trees that
represent each scenario of the Local WorkFlow nets
and each scenario of the correspondingU(IOWF-
net). The approach presented here to verify Relaxed
Soundness considers the construction and analysis of
the proof trees that represent each scenario of the
U(IOWF-net), i.e. the building and analysis of a sub-
set of the scenarios considered in the classical Sound-
ness verification. So, when an approach based on Lin-
ear Logic to verify the Soundness criterion for IOWF-
nets, as the one presented in (Soares Passos and Julia,
2013) is considered, if the analysed IOWF-net is un-
sound, a subset of the proof trees built to prove Sound-
ness for the IOWF-net can be reused in the context
of this approach, performing only the analysis steps
of the proof trees that represent each scenario of the
U(IOWF-net) to decide whether the analysed IOWF-
net is relaxed sound. It is important to highlight that
the approach presented in this paper relaxes the con-
ditions of verification presented in (Soares Passos and
Julia, 2013), as well as Relaxed Soundness relaxes
the Soundness correctness criterion. And, although
the reuse of Linear Logic proof trees is achieved, the
verification methods are distinct.

5 CONCLUSIONS

This paper presented an approach for theRe-
laxed Soundnessverification of interorganizational
workflow processes modelled by Interorganizational
WorkFlow nets (IOWF-nets). The approach was
based on the construction and analysis of proof trees
of Linear Logic that represent scenarios of the anal-
ysedunfoldedIOWF-net. To verify Relaxed Sound-
ness for an IOWF-net, it is necessary in particular to
encounter all sound scenarios that allow the process
to reach the final state of the global business process
and to verify that every activity associated with the
transition of theU(IOWF-net) appears at least once
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in one of the encountered scenarios.
The advantages of such an approach are diverse.

Initially, we extended the Relaxed Soundness crite-
rion to the context of the interorganizational work-
flow processes to guarantee that the main business re-
lationship between the involved organizations can be
provided safely, with no obligation of redesigning the
involved individual processes to satisfy the Relaxed
Soundness criterion before the composition, for ex-
ample.

The fact of working with Linear Logic permits
one to prove the Relaxed Soundness criterion consid-
ering the proper structure of the IOWF-net, without
considering the corresponding automata (reachability
graph). Furthermore, when an approach based on Lin-
ear Logic to verify the Soundness criterion for IOWF-
nets, as the one presented in (Soares Passos and Julia,
2013) is considered, if the analysed IOWF-net is un-
sound, a subset of the proof trees built to prove Sound-
ness for the IOWF-net can be reused in the context
of this approach. Thus, performing only the analysis
steps in the proof trees that represent each scenario
of theU(IOWF-net) to decide whether the analysed
IOWF-net is relaxed sound.

As a future work proposal, it will be interesting
to implement a kind of real time supervisory control
able to follow the valid scenarios encountered during
the execution of the workflow management system,
avoiding in particular deadlock situations that may ex-
ist in the relaxed sound model, as is the case of sce-
narioSc5 of theU(IOWF-net) shown in Figure 1. It is
important since the Relaxed Soundness criterion does
not ensure that the process is deadlock-free.
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