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Abstract. Interorganizational workflows represent a technique that offers com-
panies a solution for managing business processes that involve more than one
organization. In this paper, an interorganizational workflow will be modelled
using a special class of nested Petri negspurce constrained interorganiza-
tional workflow netsThis approach will allow the specification of the partici-
pating workflows and of the communication structure between them, permitting
a clear distinction between these components. In our model, the resources from
one workflow can be represented explicitly and shared with other component
workflows.

1 Introduction

A workflow is the automation of a business process that takes place inside one organi-
zation. A workflow is structured into several perspectives, among which we mention:
the process perspectivespecifies which tasks need to be executed and in what order;
the resource perspectivespecifies the resources in the organization and the existing
roles (resource classes based on organizational or functional aspects). Due to the rise
of virtual organizations, electronic commerce and international companies, many ex-
istent business processes involve more than one organization. These workflows , dis-
tributed over a number of different organizations, are referred totasrganizational
workflows There have been developed several specification languages for interorgani-
zational workflows, based on XML and Web services: WSFL, BPELAWS, XLANG,
WSCL, etc ([8]). These languages lack formal semantics and analytical power (they
cannot be used to study behavioural properties of interorganizational workflows). In
order to solve these problems, several formalisms have been proposed for specifying
interorganizational workflows: Communicating Finite Automata ([6]), Category the-
ory ([7]), Process algebra and Petri nets. Petri nets represent a well-known formal
method, successfully used as a modelling technique for workflows (see [1, 2]), due to
their graphical representation, their formal semantics and expressiveness. Also, there
are many analysis techniques and tools used for investigating the properties of Petri
nets. Petri nets have also been used for modelling interorganizational workflows: in [3],
IOWF-nets are defined for modelling loosely coupled interorganizational workflows.
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[15] describes a XML-based language, called XRL, for thegjpation of interorgani-
zational workflows. XRL semantic is expressed in terms ofifpets. The approach in
[5] uses Documentary Petri Nets, a variant of high-levetiPetts, to model and enact
trade procedures. The P2P approach from [4], based on Rettiuses inheritance to
align local workflows. A common problem in these approachdké mixture between
the different components of the interorganizational wankflwhich makes the model
difficult to understand and analyze. Also, the interopditgthetween the constituent
workflows either is not represented explicitly in the model,it lacks clarity. These
approaches do not take into consideration the resourcelv@win the execution of the
local workflows.

This paper presents a new approach on the modelling of ng@nizational work-
flows, based on nested Petri nets. Nested Petri nets ([E0Petri nets in which tokens
may be Petri nets (object-nets). The paper deals with lgasmipled interorganiza-
tional workflows: there are local workflow processes which can behave independently,
but need to interact at certain points in order to accompliglobal business goal. The
interaction is made through asynchronous or synchronoosrzmication.Resource
constrained interorganizational workflow nets (RIWF-het® introduced as a special
case of nested Petri nets, in which the process and the cesperspective of the local
workflows, as well as the communication mechanisms betwi#redocal workflows
are modelled as distinct object-nets. Our model permitshiaging of certain resources
from one organization with other participating workflow$ig approach offers a clear
distinction between all the local workflows and the commatian structure, ensuring
a modular view over the interorganizational workflow. The@antroduces a notion of
behavioural correctness for RIWF-neseundnessand proves this property is decid-
able.

In what follows we will give the basic terminology and notaticoncerning work-
flow nets. We assume the reader is familiar with the Petrieretinology and notation.
In [1] workflow nets (WF-netgre introduced for modelling the process perspective: a
WF-net specifies the procedure that handles a single caskfl@winstance) at a time.
A WF-net is a Petri net with two special places: a source placand a sink place,
o. In a WF-net there should not be conditions and tasks thatod@entribute to the
processing of the case. The two conditions are expressetafigras follows:

A Petri net PN=(P,T,F) is a WF-net iff: (1) PN has a source @aand a sink place
0 such thate; = () andoe = (. (2) If we add a new transition* to PN such that
ot* = {0} andt*e = {i}, then the resulted Petri net is strongly connected.

A marking of a WF-net is a multisetz : P — IN (whereIN denotes the set of
natural numbers). We write. = 1'p; +2'p, for a markingm with m(p1) = 1, m(p2) =
2 andm(p) = 0,Vp € P — {p1,p2}. The markingl’i represents the initial marking of
the net and it is denoted by The markingl’o, represents the end of the procedure that
handles the case (.and the final marking of the net, denoted.by

The rest of the paper is organized as follows: Section 2 ptesa introductory
example of a RIWF-net, Section 3 introduces RIWF-nets,iSedt defines and studies
the soundness property for RIWF-nets and Section 5 pregent®ncluding remarks.
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2 An Introductory Example

In what follows we will present an introductory example ofiaterorganizational work-
flow, modelled by a resource constrained interorganizatiomrkflow net (a RIWF-
net). Our interorganizational workflow consists of two lelyscoupled workflows. In
the resource perspective of the first workflow, there are typed of resourceslerks
andeconomistswhich will execute some of the tasks of the workflow. In ortteen-
sure the flexibility of the system, resources will be assitgiéferent roles, according to
their capabilities (a resource can play different rolesfément moments of time). The
possible roles the resources can takesaeretaryandmanager The tasks of the work-
flow will be executed by appropriate roles (and not direciyresources). This way
of using resources is calladle-based allocationThe specification for the resource
perspective consists in the set of resource typ&s)( the set of rolesRO) and a func-
tion, res, which describes, for each role, the set of resource tymscdn be mapped
onto that role. In our example, secretaryrole can be performed by a clerk, while a
managerrole can be performed by an economist. Resources can bataitbdynam-
ically to certain roles. The specification for the resoureespective in our example
is < RT, RO, res >, whereRT = {clerks,economisjs RO = {secretary, managér
res(secretary)#clerks}, res(manager)feconomists. The resource perspective is de-
scribed by the object-ndt N, (a Petri net, calledesource nétin Fig.1. Every element
from RT and RO is described by a place iRN;. The transitiongssignsecretaryand
assignmanagerallow the system to assign resources to certain roles, ditgpto the
functionres. The dual transitionggleasesecretaryand releasemanagerare used to
release the resources from roles. In the process perspgaescribed by the extended
WF-netW F} in Fig.1), taskt; needs a rolsecretaryfor its execution, while; needs
arolemanagerfor its execution ¢ is a special transition which empties the plage

The specification for the resource perspective of the seamnkiflow is < RT, RO,
res >: RT = {work-rs}, RO = {administrator, supervisdr, res(administrator)=
{workers, res(supervisor)¥workers. In the process perspective, taskneeds an
administratorrole for its execution, while task needs aupervisorole.

In the interorganizational workflow, the workflow proceseeed to interact at cer-
tain points, according to a certain communication striectihere are two ways of in-
teraction: asynchronous communication and synchronausemication. In our case,
in order to describe the asynchronous communication, weelefipartial order on
tasks:AC = {(t1,t4)} (i.e. taskt; in WF] must fire beforet, in WE}). Taskts
in WF] and taskts in W F; must fire synchronously (there is a synchronous com-
munication between the two workflows, through these traors). We define the set
of synchronous communication elemen$s> = {{ts,¢s}}. The RIWF-net used for
modelling this interorganizational workflow is a nestedrPeét which consists of a
system netSN and of five object- netsSN is a Petri net with expressions on arcs,
whose places can contain atomic tokens or net-tokens (ehgs). Thus, in the ini-
tial marking of the net, there is an atomic token in pldcand all the object-nets re-
side in placep: (WFY,i1), (RN1,71¢),710 = Uclerks + 1'economists, (W Fy, i3),
(RN3,raq), 29 = 2'workers, (C,0). Some of the transitions of the RIWF-net are
labelled using a partial function]. The transitions fromAC will be assigned asyn-
chronous communication labeld(t,) = [1, A(t4) = l». The transitions fronsC' will
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Fig. 1. A resource constrained interorganizational workflow netsrinitial marking.

be assigned the same synchronous communication [Abgly = A(ts) = I3. We also
haveA(t)) = ein WF], A(ty) = ein WF} andA(end) = e in SN. The object-net
C describes the asynchronous communication between thevockflows. C' is ob-

tained fromAC as follows: the set of places iz = {pac., }, Wwhereac; = (t1,t4). The

transitions {¢) correspond to the transitions involved in asynchronoansrmanication:
To = {t1e,ta.}. Sinceac; = (t1,t4) € AC then we will add the arc§ ., pa.,) and

(Pacy, tac). We haveA(ty,) = A(t1) = 13 andA(ts,) = A(ty) = lo.

In nested Petri nets, there are several firing rules ([10{)ualabelled transition
from an object-net can fire if the transition is enabled indbgect-net (this is an object-
autonomous step). Also, if several labelled transitiont) the same label, from some
object-nets are enabled in those object-nets, then thayidfice synchronously. The
simultaneous firing of these transitions is called an haialbbsynchronization step. A
labelled transition enabled ifiN should fire simultaneously with the transitions from
the object-nets which have a complementary label (this isréical synchronization
step). In our example, the transitiend from SN should fire simultaneously with the
transitions labelled witla in the object-nets.

In our examplet; in W FY, use_secretary in RN; andt;, in C should fire at the

same time, because they have the same laheBut usesecretaryis not enabled in
RN, (i.e. there does not existseecretaryrole available yet), so, although is enabled
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in W FY, it cannot fire yet. Transition, is enabled in(W Fy,i3). t4 can only fire at
the same time with,, in C, butt,. is not enabled irC', because; . (andt;) has not
fired yet. This behaviour is consistent with the restricsispecified inAC" ¢4 will fire
after the firing oft;. The unlabelled transitioassignsecretaryis enabled inRN;. The
firing of this transition represents an object-autonomaees ;1 R/W F' and produces a
token in placesecretary. In the resulting marking, the horizontal synchronizastep
(;t1, use_secretary,t1.) can fire and it produces a new markingy such that placé
contains an atomic token and plgeeontains the object-nets with their corresponding
new markings{W F{, m1;) (with m1, = 1'p;), (WF;,i2), (C,mer) (with me; =
1pac,)y (RN1,711) (r11 = 1economists + 1'secretary + 1'Ry), (RN2,r25). One
can notice that; in W F{, tg in W F}, anduse_manager in RN; have the same label,
so they can only fire at the same time. Thtysandtg fire synchronously, as specified
by SC andtjs fires only if there is ananagermrole available for its executiorg does
not need a role for its execution (there does not exist aitrandabelled withlz in
RN3). The vertical synchronization stdpnd; t/,t5) can only fire ift] is enabled in

W F| andt}, is enabled id¥V F}. The firing of this step removes the atomic token from
I, the object-nets frorp and adds an atomic token to plade

3 Definition of Resource Constrained Interorganizational
Workflow Nets

In this section we first present a Petri net model for the resoperspective of a work-
flow, following the approach we used in [13]. A task that netmlbe executed for a
specific case is called a work item. Each work item should bfapaed by a resource
suited for its execution. In order to facilitate the bettbo@ation of resources to work
items, resources are grouped into roles. Thus, insteadsifrasg work items directly
to resources, work items will be assigned to certain roléds Pattern of represent-
ing and using resources is called "role-based allocatifh’1(1, 14]). Arole is a group
of resources with similar characteristics. We considetr ¢lagh resource has a general
type. A resource can have more roles (at different momerttse) and each role can
be performed by several resources of different types ([9]).

In our model, for each role one must specify the set of resotypes that can
be mapped onto that role. Based on these rules (which aréispeat design time),
the system will be able to allocate dynamically resourceth& appropriate roles.
Thus, a specification for the resource perspective corigigte following elements:
a set of resource basic typeRT = {Types, ..., Type,}. For each typ&ype;,i €
{1,2,...,n} there is a numben; of resources of that type; a set of rolg3Q =
{Roley, Roles, ..., Role,,}; for each roler € RO, res(r) represents the resource
types which can be assigned to the roles(r) C RT).

Aresource neRN = (Prn,Trn, Frn) can be defined as follows:

-Ppy = PRTUPROLEUP/ wherePrr = RT, Prorg = RO andP’ = {Rki|R0le¢ S
RO, Typey, € res(Role;)}.

- Try = {assigng;, release;;|Role; € RO, Typey, € res(Role;)}.

- Frn = {(Typer, assigny;), (assigny;, Role;), (assigny;, Rii), (R, release;r),
(Role;, release;y), (release;, Typer)|Role; € RO, Typey, € res(Role;)}.
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In the resource nefr corresponds to the set of resource typesBnd, g corre-
sponds to the set of roles. For each rélele; and for each resource tyfype;, €
res(Role;) the following elements are added to the net : a pl&gg, a transition
assignk; Which moves a resource froffiype;, to role Role;; a transitionrelease;y,
which releases the resources of tyPepe, assigned taRole;, when they are not
needed any longer.

In what follows we will define a model, based on nested Pets,Her loosely cou-
pled interorganizational workflows. We will assume thereratocal workflows which
behave independently, but need to interact at certain @aaecording to a communi-
cation structure. There are two types of communicatiomelssonous communication
(corresponding to the exchange of messages) and synclsonoununication.

We define, firstextended workflow netan extension of the WF-nets, which will be
used for modelling the local workflows from the interorgatianal workflow.

Definition 1. Let WF = (P,T,F) be a WF-net. The extended WF-netisF’ =
(P, T',F"), whereT" =T U {t'} andF' = F U {(o,t')}.

Resource constrained interorganizational workflow netéffRnets) are defined as
a special class of nested Petri nets.

Definition 2. Aresource constrained interorganizational workflow naMRlis a nested
Petri net: RIWF = (Var, Lab, AC, SC, (C,0), WF, RN, SN, A, Role) such that:

1. Varis a set of variables.

2. Lab = Labsc U Labgc U Labges U {e, €} is a set of labels.

3. WF ={(WF]|,i1),...,(WF/,i,) } is a set of extended WF-nets.

4. RN = {(RN1,719)s - .- (RN, mmo)} is the set of resource nets.

5. AC is the asynchronous communication relatioh® C T° x T°, whereT° =
Ukeqt,...n3 Tk, Ty is the set of transitions frof/ I If (t,t") € AC,t € T;,t' €
T}, theni # j.

6. SC is the set of synchronous communication elemessC P(7°) and:Vx,y €
SC:xznNy=0.1ft € T;,t' € T}, t,t' € z,x € SC, theni # j.

7. C = (Pe,Tc, Fe) is the communication object:

— Po = {paclac € AC}.

- Te ={t|3{,t) € AC V (t,t') € AC}.

- Fo=A{(p,t) € Pe xT°p=(t',t) € ACYU{(t,p) € T° x Pclp = (t,t') €
AC}

8. SN = (N, W, M) is the system net of RIWF, such that:

- N = (Pn,Tn, Fn) is a high level Petri netPy = {I,p,0}, Ty = {end},
Fn = {(I,end), (p,end), (end, O)}.
- Wisthe arc labelling functiontV (1, end) = 1, W(p, end) = (x1,22, . . ., Tntm+1),
W(end,O) = 1.
- My is the initial marking of the netd/y(I) = 1,
Mo(p) = (WF,i1),...,(WE} in),(RN1,710); - - . (RN, Tmo), (C,0)) and
My(0) = 0.
9. Ais a partial labelling function such that:
- Vo € SC\Vt,t' € x, A(t) = A(t') = 1,1 € Labgc.



35

— if t € T° such that(t,t') € AC or (¢',t) € AC, then there exists. € T¢ :
At.) = A(t) = 1,1 € Labac.

— A(t)) =€, Vie{l,...n} andA(end) = e.

-V, t' e Ty(i € {1,...,n}) : A(t) # A(t').

10. Roleis a partial function which assigns to a labelled transitio((¢) € Labges)
fromWF; € WF (t # t') a role from a resource neRN; € RN such that:
if A(t) = [ and Role(t) = Roley, then there exists a transitiotf in RN; with
A(t*) = land(t*, Roley), (Roleg, t*) € Frn;.

In a RIWF-net there are extended WF-nets modelling the local workflowsresource
nets and a communication objec€t, The set of all the object-nets is denoted®y;.
Var is the set of variables in the net, which will take as value bject-net in a certain
marking. Lab is a set of labels: the labels ibab ¢ are used for asynchronous com-
munication elements, the labels frababsc are used for synchronous communication
elements and the labels frofubg.s are used for labelling tasks in resource nets. The
three sets are not necessary disjoiif! represents the asynchronous communication
relation: if (¢,¢') € AC, thent must execute beforé. SC is the set of synchronous
communication elements: if € SC, then, all the transitions from have to execute at
the same timeC is an object-net which describes the asynchronous comrmatimidoe-
tween the local workflows: ific = (¢,¢') € AC, then there is a corresponding plage

in P, two transitiong,., t. € T¢ and two arcst., pac), (Pac, t.) € Fo. SN is a Petri
net in which the tokens are either atomic tokens (withoug¢irstructure) or net-tokens.
W is a function that assigns to each ardiyV an expression (a tuple of variables or the
constantl). A is a partial function which labels transitions froRYW F'. If z € SC,
then all the transitions from have the same labéle Labgsc. For every transition
involved in an asynchronous communication element, theeagtiansitiort. in C such
that: A(t) = A(t.) = 1,1 € Labac. Role is a partial function which specifies the roles
needed for executing certain tasks. Some tasks do not nkssdfoo their execution. In
our model, a task from a workflow can be executed by a role Igihgrto a different
workflow. Also, as the number of resource nets may differ ftbennumber of workflow
nets, different workflows can share the same resource peigpe

We denote byA,.; the net tokens of the RIWF-ne#l,,.; = {(EN,m)/ m is
a marking of EN, EN € Obj}. Then, a marking of a RIWF-net is a function such
that: M (I) € IN, M(O) € IN andM (p) € A"} We write M as a vectoM =
(M(I), M (p), M(0)).

A binding(of transitionend) is a functionb : Var — A,.¢;. If expr is an expression,
expr(b) denotes the evaluation efpr in bindingb.

Transitionendfrom the system net NV of a RIWF-net is enabled in a marking
w.r.t. a bindingp if and only if: Vq € eend : W (q, end)(b) = M(q).

There are several types of steps, defining the behavioursiéddetri nets (see
[10]). In the case of RIWF-nets, we only focus on vertical dymonization, object-
autonomous steps and horizontal synchronization.

There is only one vertical synchronization step in our cddeansitionendis en-
abled in a marking// w.r.t. a bindingb and every transitio#, (A(¢;) = €) is enabled
in the object-neb(x;) = (WF],m;),¥i € {1,...,n}, then the simultaneous firing of
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endandt}, ..., is a vertical synchronization step. The firing of the veit&ganchro-
nization stef(end; ¢}, . .., t.) in markingM produces the marking/’ = (0,0, 1).

An object - autonomous step, in our case, represents thg fifiran unlabelled
transition in an object-net from the plage

A horizontal synchronization step represents the simattas firing of the tran-
sitions with the same labels from object-nets: Lidétbe a marking ofRIW F' and

a = (a1,Q,...,amint+1) the tuple of net-tokens from. Assumety, . . . ¢, is the set
of all the transitions with the same labkekt e, A(t1) = A(te) = ... = A(ts) =
I, such that: every transitioty (j € {1,...,s}) is enabled in a net-token,, =

(ENj,mj) ({kl, . ]ﬂs} C {].7 ooomtn+ ].}, ENJ S Obj ) andmj[tj>m;- (by

means of classical Petri nets). The synchronous firing; of. . | ¢, is called a hori-
zontal synchronization step. The resulting marking,, is obtained fromM by re-
placing the tuplex from placep with the tuple(a}, o, ..., af, 4, 41), Wherea) =

(ENj,m}),Vje{l,...,s}anda; = a;, Vi € {1,...,m+n+ 1} \ {k1,... ks}. We
write: M[;ty,...,ts)M’.

4 The Soundness Property for Resource Constrained
Interorganizational Workflow Nets

In this section we will introduce a notion of soundness foMREnets.

A notion of soundness was defined for WF-nets, expressingnthienal conditions
a correct workflow should satisfy ([1]): a workflow must alvgdye able to complete a
case (Vm)((i[*)m) = (m[x)0))), any case must terminate corredtiyn)((i[x)m) A
m > o) = (m = o)), and every task should contribute to at least one possible
execution of the workflowvt € T')(Im, m’) (i[*)m[t)m').

It was proven (see [1]) that the soundness property is deledar WF-nets.

An extended workflow nelil’ I is sound if its underlying nét/ F, is sound.

In an interorganizational workflow, although the local witolys are sound, we can
have synchronization errors and interlockings. We will miefa notion of soundness
for interorganizational workflows. The final state for a RIWEt is a marking/;, in
which there is only one atomic token in pla®e My = (0,0,1). A RIWF-net is sound
if: (1) every extended WF-néV F! (i € {1,...,n})is sound and (2) for any reachable
marking of the IWF-net, there is a firing sequence that leads/§. We can define
formally the notion of soundness for a RIWF-net as follows:

Definition 3. A RIWF-net is sound if and only if;

1. (WFY,i;)is a sound extended workflow nef, € {1,...,n}.
2. (VM)((Mol#) M) = (M[x)My)).

The second condition from the definition basically statestie interorganizational
workflow is sound if the termination condition still holdsrfevery WF-net, when the
firing of tasks is restricted by the communication structumd the resources involved.

In order to decide whether the soundness property definetidable, we introduce
a partial order on the markings of the RIWF - net (see [10]):
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Definition 4. Let RIW F be a RIWF-net); and M, markings ofRIW F. M, < M,
if and only if M1 (I) < Ms(I), M1(O) < M>(O) and there is an embedding, :
Mi(p) — Mas(p), such that foree = (o, ..., antm+1) € Mi(p) and for J,(a) =
o = (af,...a) mi1) We have fori € {1,...,n+ m + 1} eithera; = o] or
a; = (EN,m) ando} = (EN,m’) (EN € Obj) and for all the placeg of EN:
m(q) < m'(q).

Let RIW F be a RIWF-net and/ and M’ two markings ofRIW F. The marking
M coversM’ (w.r.t. the partial ordering) if M’ < M.

Given a set of marking® = {q1,¢2,...,¢,} and an initial markingV/, the in-
evitability problemis to decide whether all computations starting fréheventually
visit a marking not covering (w.r.t. the partial orderigg one of the markings frorg.
It was proven in [10] that the inevitability problem is deafile for nested Petri nets.

Theorem 1. Let RIW F be a RIWF-net and/ € [My). There is a firing sequence
M )My if and only if there is a firing sequendé [«) M’ and M’ does not cover (W.r.t.
=) the marking(1, 0, 0).

Proof: (=) AssumeM [x)M; in RIWF. Since My does not cover the marking
(1,0,0), we can consideb!’ = Mjy.

(«<=) We assume there exists a firing sequence from markihtp a markingM’
which does not cover the markirig, 0, 0). If M’ does not covefl, 0, 0), thenM’(I) =

0. M’ is reachable from\/, (becauseVly[+)M[x)M'). M'(I) = 0 if and only if the
vertical synchronization steg = (end|b]; t},...,t,) fires in RIW F. The firing of
this step always leads to the markindy (so, M’ = My). This implies there is a firing
sequence such thaf [«) M.

Theorem 2. The soundness problem is decidable for RIWF - nets.

Proof: Let RIW F be a RIWF-netRIW F is sound if and only if: (1)V F/ are sound,
Vi € {1,...,n} and (2) for any reachable markingRIW F, M € [My), there exists
a firing sequencéd/ [x) M’ such thatV/’ does not cover (w.r.tz) the marking(1, 0, 0).
The soundness of the extended WF-nets is decidable (betteussundness for WF-net
is decidable) and condition (2) is equivalent to the inéviitey problem, if we consider
the marking) and the set of marking@ = {(1,0,0)}.

5 Conclusions

The approach we propose in this paper has several advantegesan have a modu-
lar view on the interorganizational workflow; steps in RIWets can easily express
the synchronous and the asynchronous communication; Rig#+epresent a flexi-
ble model for interorganizational workflows, because anypgonent can be modified
easily, with minimal changes to the other components. Aamotif soundness was in-
troduced for RIWF-nets and we proved this property is dda@la-uture work aims

at defining a specification language based on XML, which Wit be translated into
RIWF-nets, in order to check the soundness and other balravioroperties of the in-

terorganizational workflow. We intend to develop a tool lohge this language and on
RIWF-nets, for executing interorganizational workflowse Will also study the case in
which every local workflow processes batches of casesddstEone case in isolation.
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