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Abstract. A workflow describes a complex process that takes place inside an
organization. A workflow can be structured into several perspectives. In order to
model both the process and the resouce perspective of workflows, a Petri net
model based on nested Petri nets has been proposed: resource workflow nets
(RWF-nets). Unlike other models, RWF-nets permit a clear distinction between
the perspectives, modelling efficiently their interaction, and ensure the flexibility
of the system. A case (or workflow instance) is the subject of the operations in
the workflow. RWF-nets permit the handling of one case at a time. This paper ex-
tends the definition of RWF-nets in order to allow the handling of multiple cases
at atime, defines a notion of behavioural correctness for RWFaistsyundness,

and proves the decideability of this property for a special class of RWF-nets.

1 Introduction

A workflow is a complex process, consisting of activities organized in order to accom-
plish some goal. A workflow is structured into several perspectives, among which we
mention:the process perspectivespecifies which tasks need to be executed and in
what orderithe resource perspectivespecifies the population in which the workflow

is executed (the resources) and the existing roles (resource classes based on organiza-
tional or functional aspects). A workflow management system (WFMS) is a software
system that supports the modelling and execution of workflows. WFMS's can use dif-
ferent modelling languages for the definition of workflows. A formal method which

has been successfully used for workflow modelling is Petri nets. Most of the current
research has focused on the modelling of the process perspective of workflows. A Petri
net model for workflows, which includes resources, can be found in [3, 4] where special
places are used for representing resources in the process perspective. While no alloca-
tion mechanisms are represented, this approach defines and studies a soundness notion
for workflows. A more detailed view on the resource perspective is offered in papers
like [10, 14], where coloured Petri nets are used in order to model a work distribution
system. The approach in [7] allows the modelling of resources and the handling of sev-
eral cases; In [13], resource-extended stochastic workflow nets allow the performance
analysis of the workflows. None of these approaches study the logical correctness of
the workflows. Thus, the existing approaches either model the resource perspective in a
simplistic manner, or they fail to solve verification problems for workflows. Also, there
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is an unclear mixture of perspectives, which can make worksjpecifications difficult
to understand, analyze and work with. In order to tackledhmeblems, in [11, 12], we
proposed a special class of nested Petri nets - ResourcdlgVoiets (RWF-nets), for
the integrated modelling of the process and of the resowscsppctive of workflows.
Nested Petri nets ([8]) are a special class of the Petri neflel which tokens may
be nets themselves (object-nets). RWF-nets are defined@ecilscase of two-level
nested Petri nets, in which the two perspectives are matlaetwo separate object-
nets: one object-netis a Petri net which models the resqpanmspective and the other is
a Petri net which models the process perspective. The m@egspective is modelled
using extended workflow netan extension of workflow nets, introduced in [1]. The
resource perspective is modelled usiagource netsa Petri net model which describes
the existing resources and roles, the allocation of ressute specific roles (accord-
ing to predefined rules) and the release of resources froes.rdhe two object-nets
synchronize whenever a task from the workflow net uses a fdleeaesource net and
they behave independently otherwise. A RWF-net describesiandling of one case
at a time, where a case is the subject of the operations in ¢hkflaw . A notion of
behavioural correctness was defined and proved decidali®N&-nets.

In workflow management systems several instances of a warkflases) are exe-
cuted simultaneously, hence it is important to verify if 8iaindness criteria are also
met in this situation. In this paper we extend the definitiéfiR@&/F-nets in order to
allow the handling of several cases at a time and we definedtiemof k-soundness
in order to describe the correct behaviour of RWF-nets fisgr¢hiuation. We prove that
in the case the resource net is live, #ieoundness of the RWF-net is equivalent with
the k-soundness of the extended workflow net and thus, decidable.

The remainder of the paper is organized as follows: Sectiorirdduces the def-
inition of resource nets and RWF-nets, Section 3 defines tuties thek-soundness
property for RWF-nets and Section 4 concludes the paper.

2 The Modelling of the Resource Perspective using Petri Nets

2.1 Preliminaries

In what follows we will give the basic terminology and notaticoncerning workflow
nets, a Petri net formalism which has been used for modetiagrocess perspective
of workflows (for details the reader is referred to [1]). Wsw@®se the reader is familiar
with the Petri net terminology and notation. A workflow netWiet) is a Petri net
which has two special places: one source plaamd one sink place, The marking in
which there aré: tokens in the source place represents the beginning of twegsing
for k cases (the initial marking of the net, denoted:l&). The marking in which there
arek tokens in the sink place, represents the end of the proggefsithek cases (and
the final marking of the net, denoted byk). An additional requirement is that every
element of the workflow net should be on a path frota o.

A Petri net PN=(P,T,F) is a WF-net iff: (1) PN has a source @aand a sink place
o such thatei = () andoe = (. (2) If we add a new transition* to PN such that
ot* = {0} andt*e = {i}, then the resulting Petri net is strongly connected.
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A marking of a Petri net (and of a WF-net) is a multiset: P — IN (whereN
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,¥p € P — {p1,p2}. The empty marking is
denoted by.

We will present the Petri net model used for describing tte®uece perspective,
defined in [11,12]. The resource perspective defines thdimxisesources and their
interaction with the process perspective. A task that neete executed for a specific
case is called a work item. Each work item should be perforbyed resource suited
for its execution. In order to facilitate the better allaoatof resources to work items,
resources are grouped into roles. Thus, instead of asgigvonk items directly to re-
sources, work items will be assigned to certain roles. Tlaig (pattern) of representing
and using resources is called "role-based allocation'[64]).

A role, also referred to as a resource class, is a group of resowitesimilar
characteristics. We consider that each resource has aajéyyse. A resource can have
more roles (at different moments in time) and each role capdrtormed by several
resources of different types ([6]).

In our model, for each role one must specify the set of resotyges that can be
mapped onto that role. Based on these rules (which are smkeaifidesign time), the
system will be able to allocate dynamically resources toaghyropriate roles. Thus, a
specification for the resource perspective consists indhefing elements:

- A set of resource basic typeBT = {Types, ..., Type,}. For each typ&ype;,i €
{1,2,...,n} there is a numbet; of resources of that type.

- A set of roles,RO = {Roley, Roles, . .., Role,, }.

- For each role: € RO, res(r) represents the resource types which can be assigned to
the role (es(r) C RT).

Given the elements above, a resourceRdt = (Prn, Tri, Fry) can be defined
as follows:

— Pry = Prr U Prore U P’ where:Prr = RT, ProrLe = RO andP’ = {Rki|ROl6i €
RO, Typey, € res(Role;)}.

— Trn = {assigngi, release;x|Role; € RO, Typey, € res(Role;)} U Trem, Wher€Trem
is a set of transitions which can remove resources.

— Frn = {(Typex, assigny;), (assignk;, Role;), (assignii, Ri:), (Rki, release;),
(Role;, release;r), (release;r, Typer)|Role; € RO, Typer € res(Role;)} U Frem,
WheI'EFRem C Prr X TRem.

In the resource netP’rr corresponds to the set of resource types Brgr corre-
sponds to the set of roles. For each rélele; and for each resource typeype; €
res(Role;) the following elements are added to the net (see Fig. 1):@pta;, which
will be used for the proper release of resources; a transitieign,; which moves a
resource fronT'ypey, to role Role;; a transitionrelease;;, which releases the resources
of type T'ypey, assigned tdRole;, when they are not needed any longer. In the initial
marking of the net, in every placBype;, there will be a number of tokens equal to
the number of resources of that type. The transitions in ¢1d's.,, can model the
situation in which certain resources become permanentlyaitable in the workflow.
One can notice that the Petri net model we propose abstractsthe interaction
with the process perspective. In the Petri net model whitdgirates both perspectives,
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Type_k assign_ki  Role_i
]

exec_task
R_ki

t_rem release_ik

Fig. 1. A resource workflow net in its initial marking.

for every task in the workflow that needs the réiele; for its execution, a new transi-
tion will be added to the resource net (transitiarec_task in Fig. 1).

Let WF = (P, T, F) be a WF-net. Thextended WF-neés WF’ = (P, T', F'),
where:T" =T U{t'} andF’' = F U {(o,t')}.

2.2 Resource Workflow Nets

In what follows we will defineresource workflow netdRWF-nets). We will extend our
approach from [11, 12], in order to allow the handling of saleases simultaneously
in the workflow. RWF-nets will be defined as a special classested Petri nets, in
which there exist only two object-nets, together with a fioitRole Nested Petri nets
are Petri nets which can have as tokens ordinary Petri natgsfed Petri net consists
of a system net (a high level Petri net with expressions og) aed object Petri nets.

Definition 1. A Resource Workflow Net is a two-level nested Petri net tegetith a
functionRole: RWFN = (Var, Lab, WF',i.k),(RN,rmg), SN, A, Role):

1. Var = {z, y} is a set of variables.

2. Lab = Labp, U Lab, is a set of net labels such thatb, = {e,e}.

3. (WF',i.k),(RN,rmg) are object-nets{IWW F” i.k) is an extended WF-net with its
initial marking and(RN, m) is an extended resource net with its initial marking.

4. SN = (N, W, M}) is the system net of RWFN, such that:

- N= (Pn,Tn, Fn) is a high level Petri net such that:

- Py = {I,p,0}, whereO is a place such thabe = () and /

is a place such thail = 0.

-Tn = {end}.

- Fy = {(I,end), (p,end), (end, p), (end, O)}.
- M} is the initial marking of the net, in which there exisatomic tokens in place
1, placep contains the paif(W F’ i.k), (RN, mg)) and placeO is empty.
- W is the arc labelling function¥V (I, end) = 1, W(p,end) = W{(end,p) =
(z,y), W(end,O) = 1.

5. Ais a partial function which assigns to certain transitionsrh the net$V F’, RN,
SN, a label from the seLab, and: A(end) = e, A(t') = &. For any transitiont
in WF’, t £ t', such thatA(t) is defined, there is a transition € Try such that
A(t) = A(tr) € Laby,.

6. Role is a partial function which assigns to every labelled trdiusi ¢ from W F’
(t # t') arole from RN such that: if A(t) = | and Role(t) = Role; then there
existst* in RN with A(t*) = [ and(¢t*, Role;), (Role;, t*) are arcs inRN.
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There are two object-nets in a RWFN-n@7 F’, i.k) is an extended WF-net which
models the process perspective &RdV, rmy ) describes the resource perspectiRéy
is a resource net to which some labelled transitions arecaoiderder to ensure the
interaction with the process perspective. Variahieand y will be assigned certain
values at runtime: the possible values for these varialkethe object-nets (in certain
markings).z has the net typ&/ F’ andy has the net typ&?N. In SN, the placed
and O will hold atomic tokens, whilep will hold a pair of net-tokens. There is only
one constant, for the arcg7, end), (end, O), which is interpreted as an atomic token.
Role is a partial function which assigns to every task (labeltadisition)t in WF, a
role Role; from RN. This function designates the role that can execute this thss
a partial function which labels the transitions of the objeets and of the system-net.
If ¢ is a labelled transition ifWW F’, t # t' andt needs a roleRole; for its execution
(i.e. Role(t) = Role;), then there exists a corresponding transitioiRiN, connected
to Role; with the same label as Also, ¢’ andend have complementary labels.

A workflow is modelled using RWF-nets in the following mannfirst, the pro-
cess perspective is modelled using an extended WF-net. édmeirce perspective is
modelled separately using a resource net. For each taskebds a certain role for its
execution, a new transition is connected with the placeespanding to that role, in the
resource net. The task and the added transition have thelabeie

We denote byA,,.: the set of net-tokens (marked object-nett),; = {(EN,m)|
EN € {WF',RN},mis amarking of EN. A marking of a resource workflow net
can be represented as a vectdr= (M (I), M(p), M (O)), whereM (I), M(O) € N
andM (p) € N4%ec. A bindingb for the transitiorend is a functionb : {z, y} — Apes.

b assigns net-tokens to the variables of the net. Transitigifrom the system net N
of a RWF-net is enabled in a marking w.r.t. a bindingb if I contains at least an
atomic token andV (p, end)(b) = (z,y)(b) = (b(z),b(y)) € M(p).

The steps that can occur in resource workflow nets are thdseddor two-level
nested nets ([8]): The firing of am unlabelled transitionjaktis enabled in the mark-
ing of RN or of WF’, represents an object-autonomous step; A labelled transit
enabled in the marking o’ F’ should fire at the same time with a transition with
the same label enabled in the markingfdN. The simultaneous firing of these two
transitions represents a horizontal synchronization $tefme resulting marking of the
RWF-net, both the marking 8% F and RN will change; Ifend is enabled ir6 N w.r.t.

a bindingb andt’ is enabled i/ F’, the synchronous firing afnd andt’ represents
a vertical synchronization step. The firing of the vertigalchronization step in a cer-
tain bindingd (b(x) = (WF’,m),b(y) = (RN, rm)) removes the pair of net-tokens
((WF',m),(RN,rm)) from placep and then adds back tothe pair of net-tokens :
(WF',m’), (RN, rm)), wherem' is the marking obtained i’ F’ by firing the tran-
sitiont’. An atomic token will be added to placg

The set of all steps in a RWF-net is denoted)hy

The example in Fig. 2 presents a RWF-net modelling a workfldwcivprocesses
admission applications for a college. There are two typagsdurces (assistants and
professors) and two possible roles: secretary (S) and cesiwni member (CM). /S
role can be performed by an assistant andM role can be performed by a profes-
sor. The specification for the resource perspectivRiE:= {assistants ,professgrs
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assign_S

accept

WF’

(xy. (x.y)

SNI o

end

Fig. 2. A resource workflow net in its initial marking.

RO = {S, CM }, res(S¥{assistants res(CM)}{professors. The functionRole de-
scribes which roles must execute the tasks of the workflowitsadlefined as follows:
Role(registerapplication)=S Role(accept)=CMRole(reject)=CMRole(sendanswer)
=S. The markingm for RN is: my = 1’assistants + 1'professors. In the initial
marking of the RWF-net)My (1) = 1, My(p) = (WE”,i.1), (RN, my)). In My, tran-
sition registerapplicationfrom W F’ cannot fire, although it is enabled {f/ F”, i.1):

it can only fire simultaneously with transitieexeclin RN, which is not enabled. As-
sume the object-autonomous stepssign_S) fires first. The new marking of the RWF-
netisM; = (1, (WEF’,i.1),(RN,m1)),0), wherem; = 1'S+1'R; +1'professors.
The step(register_application, execl) is enabled inMy, producing a new marking
(see Fig. 2)My = (1,((WF',m}),(RN,ms)),0), wherem; = 1’p; andmy =
mq. The system remains blocked (no other task in the proceseeisuted) until re-
sources (assistants) are allocated for @ role. TransitionassignCM can fire in-
dependently inRN. The resulting marking i/ = (1, (WF’,m}), (RN, m3)),0),
wherems = 1’S + 1’CM + 1Ry + 1'R;. In M3, the step &cceptexec? can fire
and the resulting marking 87, = (1, (WE’, m}), (RN, my4)),0) wherem}, = 1'ps
andms = mgs. Next, the stepgendanswerexecd can fire producing the marking
Ms = (1,(WF,m}), (RN, ms)),0) wherems = my4 andmj = 1'0. The verti-
cal synchronization stepg = (end;t’) is enabled in markind/s with the bindingb:
b(z) = (WF,mj),b(y) = (RN, ms) and the firing of this step produces the marking
(0, (WF',0),(RN,ms5),1)) which corresponds to the correct processing of the case.

3 The k-Soundness of Resource Workflow Nets

In this section we will introduce a notion éfsoundness for RWF-nets.

A notion of k-soundness was defined for WF-nets, expressing the miniomalic
tions a correct workflow should satisfy ([3, 5]). We consitteat an extended workflow
netW F’ is sound if the underlying WF-net is sound.

A workflow netW F = (P, T, F) is k-sound iff: (1) for every markingn reach-
able from the initial marking.k, there exists a firing sequence leading frotrto the



56

final markingo.k (termination condition)(VYm)((i[x)m) = (m[*)o)); (2) All the
transitions inW F' are quasi-live(vt € T)(3Im, m’) (i.k[x)m[t)m’).
It was proven ([5]) that, iW F is k-sound:(m € [i.k)) Am > 0.k) = (m = o0.k).
The following result can be easily proven:

Lemma 1. Let RWFN be a RWF-net and/ € [M}) a reachable marking. Then
M = (k1,(WF',m),(RN,rm)), k2), wherem is a reachable marking if’ F’ and
rm iS a reachable marking iRV .

Let RW F N be a RWF-net. If the initial marking &/}, the set of final markings for
RWENis: M * = {(0,(WEF’,0),(RN,rm)), k)|rm is a reachable marking of RN

We will consider that a RWF-net is-sound if: (1)W F’ is k-sound, (2) for any
reachable marking of the RWF-nét/ € [MF), there is a firing sequence that leads to
a final marking); (the termination property) and (3) all the steps in the RVéEare
quasi-live.

Definition 2. A RWF-netRW F'N is k-sound if and only if:

1. (WF',i.k)is ak-sound extended workflow net.

2. For every marking/ reachable from the initial marking/%, there exists a firing
sequence leading frod to a final marking)/;:
(YM)(ME[$)M) = (M[x) My, My € Ms5).

3. RWFN is quasi-liveVY € Y, there exists a marking/ € [My) such thatM[Y").

First, we consider the workflow is-sound if the WF-net describing the procesg:-is
sound (abstracting from resources). A final marking of theFRW¢t is reached if the
vertical synchronization step firégimes. This implies that transitiaf can firek times

in W F’, which happens if and only if the final marking of the WF-net e reached.
Thus, condition (2) states that the workflowkisound if the termination condition still
holds in the WF-net, when the firing of tasks is restrictedh®y/resource perspective.

Lemma 2. Let RWFN be a RWF-net such thaV/ F’ is k-sound. The markings in
M ¥ are the only markings reachable fron§ which containk tokens in placeD:
(VM)((Mg[+) M) A M(0) = k) = (M € M;")).

Proof. Let M € [M{) with M(O) = k. Tokens can be added to plaGeonly by the
firing of the vertical synchronization stépnd; ¢'). In order to producé tokens in place
O, this step has to firé times. SinceM[x) M, thenm € [i.k)wr andrm € [rmg)
(Lemma 1). Thus3 ¢ € T"* such thati.k[o)m. t' hask occurrences inr. Since
oe = {t'}, the order in which the transitiotsappears irr is not important. Thus, we
can writee = o/ (t')*, o' € T*. Hence,i.k[o"ym'[(t')*)m. m'(0) = k. SinceW F
is k-sound, the only reachable marking wittokens ino is o.k. If o.k[(¢')*)m, then
m = 0. Also, becaus@/ (1) + M (O) = k andM (O) = k, it results thatM (I) = 0.
Thus,M € M.

Lemma 3. LetRWFN = (Var, Lab, (WF' i.k),(RN,rmg), SN, A, Role) be a RWF-
net such that?V F’ is k-sound and RN, rmy) is live. Then, for every reachable mark-
ingm € [i.k) in WF’, there is a reachable markiny/ € [M}) in RW FN such that
M = (k1,(WF',m),(RN,rm)), k), whererm € [rmy).
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Proof. Letm € [i.k) be areachable marking i £”. Then, there is a sequence of tran-
sitions inNW F’, o € T"*, such that.k[c)m. Let |o| = n. We will prove, by induction
onn, that there exists a sequence of step®IWFN, o' € Y*, such thatM[o') M
andM = (ki, (WEF',m),(RN,rm)), k2), whererm is a reachable marking iRN.

Base If n = 0, thenm = .k. If we considers’ the empty sequence of steps in
RWFEN, thenMko"\ME, M¥ = (k, (WF',i.k),(RN,rmg)),0).

Step Assume the property holds farand we prove it fom + 1: If ©.k[t1...t,)
m/'[t,+1)m, for the sequenceklt; ... t,)m’, there is a sequence of stepshfl F N
suchthatV/¥[Y; ... Ys)M', whereM’ = (kj, (WF',m'), (RN,rm’)), k}) andrm’ €
[rmg).

(1) If t,,+1 is an unlabelled transition i F’: the result follows easily, considering
then the object-autonomous sfEp= (; ¢,+1) in RW F Nfrom the marking)/’.

(2)If t,,41 # t'is a labelled transition iV F’ , then there exists,,,; in RN
such that\(t,41) = A(t),41). If ,,,, is not enabled inm’ in RN, because;,
is live, there existsm” € [rm’) such thatrm/[t} ...t )rm”[t;, )rm. We can as-
sume there are no labelled transitions in this sequencdaietied transitions do not
have any effect on markings so they can be removed from theesegq). We can con-
sider the following stepsYy = (;t),...,Y,, = (;t,,). Thus, M'[Y{ ... Y, \M",
whereM” = (k1, (WEF',m"),(RN,rm")),k5). Y = (tny1;t;,4,) is enabled inM":
MEY, ... Y M'[Y]...Y) M"]Y)M,whereM = (k,, (WEF', m),(RN,rm)), kb)
andrm € [rmg).

(3) If t,o1 = t/, t' is enabled in markingn’ in WF’. We prove that the verti-
cal synchronization step = (end[b]; ') is enabled inM’ with the bindingb(z) =
(WFE',m'), b(y) = (RN, rm’). In order to show that transitiamd is enabled in\/’,
we will prove thatM’(I) > 0. AssumeM’(I) = 0. Then, it results thad/’(O) = k.
From Lemma 2, it results that’ = 0, which contradicts the fact thatis enabled in
WE'. Thus, MFY: ... Y ) (K, (WE",m), (RN,rm’)), kb)[(end[b]; "))

(k1 = 1,(WF',m),(RN,rm’)), k) + 1).

Let (WF' i.k) be ak-sound extended WF-net together with its initial markirtg. |
can be easily proven that all the transition$lifF’ are quasi-live.

Lemma 4. Let RW FN be a RWF-net such th&V F’ is k-sound and RN, rmy) is
live. All the steps iIlRW F' N are quasi-livevY € Y,3M € [M[}) such thatM[Y').

Proof. WF’ is k-sound, so all the transitions I F” are quasi-live(RN, mg) is live
hence, all the transitions iRV are quasi-live. Le¥” be a step ilRIWW F'N. We consider
the following cases:

(1)Y is an object-autonomous step: then= (;¢) andt is an unlabelled transition
fromW F’ or RN. If tis an unlabelled transition fro N: sincet is live in RN, there
is rm € [rmg) such thatrmglt; ... t,)rm[t). We can consider that,...,t,, are
unlabelled inRN. The following object-autonomous steps can fireldi/ FN from
the initial marking:Y; = (;t1),...,Ym = (tm): MEY1... Y, )M, whereM =
(k, (WF',ik),(RN,rm)),0). The stept” = (;¢) is enabled inM, becausem][t) in
RN. If tis an unlabelled transition frof’ £: similar to the previous case.

(2)Y is a horizontal synchronization step: similar to (1).
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(3) If Y is the vertical synchronization step: = (end;t'). ¢’ is quasi-live in
WF', so there isn € [i.k) such thatn[t'). Form € [i.k), there exists\l € [M}),
M = (ky, (WF',m),(RN,rm)), k). Also, M (I) # 0 (otherwise, from Lemma 2,
M € M¢*andm = 0). Now, if we consider the bindingwith b(z) = (W F’,m) and
b(y) = (RN, rm), thenendis enabled in marking/ w.r.t. bindingb andM [end(b); t').

The following theorem shows that in a RWF-net in which theotgse netRN is
live, thek-soundness is equivalent with thesoundness of its workflow net, which is a
decidable property ([3, 4]):

Theorem 1. LetRWFN = (Var, Lab, (WF',i),(RN,rmg), SN, A, Role) be a RWF-
net such that RN, rmy) is a live resource net. The®W F' N is k-sound if and only if
W F"is k-sound.

Proof. (=) If RWFN is k-sound,W F’ is k-sound.

(<) If WF’is k-sound, the first condition in the definition of soundnessR&/F-
net takes place.AlsadRW F'N is quasi-live: becauseRN, rmy) is live andW F” is
k-sound, using Lemma 4, it results thatV ' N is quasi-live.

We will show that the second condition in the definition of R\Wé&ts also takes
place: AssumeVl € [MF), M = (ki, (WEF’,m),(RN,rm)), ks). There exists €
Y such thatMy[r)M. ko is the number of ocurrances of the vertical stepd;t’)
in 7. ky + ko = k. We can writer = 7/(end;t')*2 and My[r') M'[(end;t')k2) M.
M = (k,(WEF',m),(RN,rm)),0) andm = m’' — 0.ke. Using Lemma 1, it results
that there exists a transition sequende W F’ such that.k[o)m’ (o does not contain
the transitiont’). BecausdV I’ is k-sound, there is a transition sequerteuch that
m'[o")o.k. o' does not contain’ ando’ can also fire fromn = m’ — 0.ks (0 does not
have outputtransitions ¥). m[o’) (0.k—o0.k3). Leto’ = t; ... t; andt; # t'. We show
there exists a sequence of steps such Mat= (k, (WF’,m'),(RN,rm)),0)[*)
(k,(WF’ o.k),(RN,rm)),0). LetY = (¢,t*), with X\(¢) = A(¢*). If t* is not en-
abled inrm, since(RN, rmy) is live, there exists a sequence of transitiofis. . . rt,
such thatrm|[rty ... rtg)rm/[t*)rmy. The stepsY; = (rt1),... Y, = (;rty) are
enabled inM’ and M'[Y;...Y,)M"[Y). Thus, for every transitions;, € ¢’ from
W F we can obtain a corresponding sequence of stepg3VInF'N. Finally, we can
obtain a sequence of transitionssuch thatM’[7) (k, (W F”,0.k),(RN,rm*)),0).
No vertical synchronization step firesinandm does not remove tokens from Also,
no transitions remove tokens fromexceptt’. Thus,r can fire fromM and M =
(k1, (WF';m'—o0.ka), (RN,rm)), k2)[m)(k1, (WF', 0.k —o0.k2), (RN,rm*)), k2).
Now, the vertical synchronization step can fire k; times producing the final marking
(0, (WEF',0),(RN,rm)), k).

4 Conclusions

This paper presented a special class of nested Petri nalstauseodel both the re-
source perspective and the process perspective for a warlkdllowing the handling
of k cases at a time. The two perspectives are represented asdeendent object-
nets. The advantage of this approach is that it integratéspgmrspectives but it keeps
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a clear difference between them: unlike other approactaaide Petri nets ([3, 4, 10,
14,7, 13]), resources and roles are not represented in the Batri net as the process.
A notion of k-soundness was introduced in order to study the logicakectmess of
workflows: even if the workflow is 1-sound, whéncases are processed, it is possi-
ble that some cases could not be handled due to insufficisotirees. We proved that
k-soundness is decidable for a special class of RWF-nets.
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