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Abstract. When dealing with complex business processes (e.g., in the contextafkéow
implementation or the configuration of some process-aware informag&irrg), it is impor-
tant but sometimes difficult to determine whether a process containsriamg.eCancellation
and OR-joins are important features that are common in many businessspes. The pres-
ence of cancellation and OR-joins makes it difficult to perform verificafidrerefore, existing
approaches and tools are typically restricted to process models withtdhufesatures. In this
paper, we explore verification techniques for processes with cancellatio OR-joins. We
present these techniques in the context of workflow language YAWLpttoaides direct sup-
port for these features. We have extended the graphical editor oL ¥Altf diagnostic features
based in the results presented in this paper. The approach relies bnatssand can easily be
adapted to support other languages allowing for cancellations and O&-join
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1 Introduction

Verification of workflows is an important and necessary aspgprocess modelling. Verification is
concerned with determiningn advancewhether a workflow exhibits certain desirable behaviours.
Significant organisational resources are needed wherdinting new workflow processes and it is
important that proper consideration is given to the modéhatdesign stage. By performing this
analysis at design time, it is possible to identify potdnpimblems, and if we can identify such
problems, the model can be modified before the workflow isw@beelc This will greatly improve the
reliability of a workflow specification.

There are certain desirable characteristics that we expasty business process to exhibit.
Firstly, it is important to know that a process, when stagrtzth complete. Secondly, it should not
have any other tasks still running for that process when thegss ends. Thirdly, the process should
not contain tasks that will never be executed. These claisiits closely relate to the soundness
property [6]. In this paper, we explore how the introductancancellation and OR-joins can af-
fect these propertie€ancellationis used to capture the interference of one task in the exacuti
of others. If a task is within the cancellation region of dresttask, it may be prevented from being
started or its execution may be terminated. This is quitemmombehaviour that needs to be mod-
elled in workflows. For example, you might want to simply calnather order processing tasks if a
customer’s credit card payment did not go though. Candéetias useful but it makes it difficult to



verify workflows that use this feature. ADR-joinis used in situations when we need to model “wait
and see” behaviour for synchronisation. For example, ahase process could involve the separate
purchase of two different items and the customer can decldgher he/she wants to purchase one
or the other or both. The subsequent payment task is to berpgezfl only once and this requires
synchronisation if the customer has selected both prodifitie customer selects only one product,
no synchronisation is required before payment. Many cori@eworkflow systems and business
process modelling tools support OR-join-like construktswever, they struggle with the semantics
and implementation of the OR-join because synchronisatiag depend on the analysis of future
execution paths. Like cancellation, OR-joins are useftithey make the verification process quite
challenging. For detailed discussion on OR-join semantiesrefer to [4, 7, 14, 15].

The OR-join and cancellation are two of the workflow pattedescribed in [7]. An in-depth
analysis and a comparison of a number of commercially asailevorkflow management systems
had been performed [7] and the findings highlight a need fa»gmessive workflow language that
can support all of these workflow patterns including camtielh and OR-joins. Twenty workflow
patterns were proposed to address control flow requireniersidanguage independent style [7].
The workflow language YAWL provides direct support for all larte of these patterns [6] and
verification will be performed in the context of this langeag

There are established results in the verification of workBpecifications using Petri nets [1, 17].
We explore how these results can be used for workflows withedition and OR-joins. We propose
to use reset nets which are Petri nets with reset arcs [1OFbt]verification purposes, YAWL
specifications are divided into those with OR-joins and ¢heghout OR-joins. This distinction is
necessary as a different verification technique is neededdh case. A YAWL net without OR-
joins can be mapped to a reset net and it is possible to pexerification on the resulting reset net.
However, due to the non-local semantics of OR-joins, it ispwssible to map a YAWL net with
OR-joins to a reset net (without some approximation) ansl fitdt possible to detect the soundness
property for a YAWL net with OR-joins using verification tedhoes available for reset nets. We
therefore propose an alternative verification techniquegu¥AWL formal semantics as defined
in [6, 19]. The verification techniques presented here aresferable to any other workflow langauge
that is expressive enough to support cancellation regind<2dR-joins.

The remainder of this paper is organised as follows. Se@idiscusses correctness notions in
the context of YAWL. Section 3 provides the formal foundatfon our approach, by introducing
reset nets and RWF-nets. Section 4 and 5 present the corésresthe paper. First, we focus on
YAWL nets without OR-joins. Then, we provide results for YAWIets with OR-joins. Section 6
describes the implementation of our approach in the YAWLaed&ection 7 discusses related work
and concludes the paper.

2 Correctness in YAWL

2.1 Yet Another Workflow Language (YAWL)

A YAWL specification is made up of tasks, conditions and a flolatien between tasks and con-
ditions. YAWL uses the terms tasks and conditions to avoidusian with Petri net terminology

(transitions and places). The overview of YAWL can be foung6h Figure 1 shows some of the
YAWL constructs used in this paper and we will explain thes&WAconcepts using the example
process shown in Figure 2. This process model describedifisgy/tle” of a student who is required
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Fig. 1. Symbols in YAWL

to take an exam and in parallel may already book a flight to ghadidays after passing the exam.
In this “holiday scenario”, a student decides to reward leilfiserself by going on holidays if he/she
passes the exam and cancel the plans if he/she fails the @kenfirst task of the process lisiti-
ate planswhich is directly connected to the start (input) conditidhe AND-split behaviour of the
Initiate planstask indicates that the two taskake exanandBook flightcan be done concurrently
afterInitiate planstask is completed. When a token is present in conditihrthe Book flighttask

is enabled. Similarly, taskake exanis enabled when there is a tokendh After taking the exam,
the student waits for the exam results (pass or fail). Thisddelled as an XOR-split. If the student
passes the exam (a tokend#) and the fights have been booked (a token in ¢3), the studdint wi
go on holidays Take holiday. If the student fails the exam (a tokendh), he/she resits the exam
and also needs to stop holiday planning. This is modelledcaseellation region linked to theesit
examtask and includes the condition, ¢3 and the tasilBook flight If the holiday plans have been
made, the student might also need to contact the travel ageintancel the flight<Qancel flighj.
This extra taslCancel flightis modelled as an alternative route after Resit exantask. Regardless
of whetherTake holiday Resit exanor Cancel flightcompletes, thé&inalise planstask will be en-
abled afterwards (XOR-join behaviour). The process witl emenFinalise plansis completed and
atoken is placed in the output (end) condition.
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Fig. 2. Holiday scenario

It is possible to create a reachability graph of this model ae can observe that the holiday
scenario as modelled in Figure 2 is sound. Figure 3 descalsdightly modified version that has
neither the weak soundness nor the soundness propertye ateetwo differences:3 is not in the
cancellation region oResit examand Cancel flightis now an AND-join task. Consider the case
where the student has failed the exam and has to resit the, ef@nbooking the flights. The way
this process is now modelled, it is possible for te8ialise Plango be executed, without performing
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task Cancel Flightfirst. Hence, the following occurrence sequence is poss$ible’ ¢1 + ¢2 =
cl+ ¢35 3+ 55 3+ crr — 3+ o. Atoken is left in condition:3 when a token is put into
the output conditiom which signals the end of the process. Therefore, the mods dot satisfy the
proper completion criterion. This example highlights havbtte differences in modelling business
processes can adversely affect the correctness of a YAWIiftsadion.

A YAWL specification is formally defined as a nested collectmnExtended Workflow Nets
(EWF-nets) [6]. A YAWL specification supports hierarchy andamposite task is unfolded into
another EWF-net. We refer the reader to [6] for formal defamis. In an EWF-net, it is possi-
ble for two tasks to have a direct connection (cf. see t&#sit Exanand Finalise Plansin Fig-
ure 2). We define the corresponding explicit EWF-net (E2WH-foetan EWF-net by adding con-
ditions between tasks with direct connections [19]. An E2Wét-can be represented by the tu-
ple (C,i,0,T, F, split, join, rem, nofi) whereC' is a set of conditions]" is a set of tasksi, o are
unigue input and output conditionB) is the flow relationsplit and;join specifies the split and join
behaviours of each taskem specifies the cancellation region for a task aldl specifies the multi-
plicity of each task. For simplicity, we propose synonyms®W._ net and an e YAWL-net (explicit
YAWL net) for an EWF-net and an E2WF-net respectively. We asshare that all YAWL nets
considered in this paper are first transformed into eYAWLsnet

Let N be an eYAWL-net and an element ofV, we usesx andxe to denote the set of inputs and
outputs of a node. If the net involved cannot be understomd the context, we explicitly include it
in the notation and we writéz andz«. A marking is denoted by/ and, just as with ordinary Petri
nets, it can be interpreted as a vector, function, and netiflg is anm-vector, wheren is the total
number of conditions. L&t be all possible conditions and : C' — N, whereC C C. M (c) returns
the number of tokens in a conditierif ¢ € dom (M) and zero otherwise. We use notations such as
MM, M+ M,andM=M".M < M'"iff VeeeM(c) < M'(¢). M + M’ and M -~ M’ are
multisets such that.cc: (M + M')(c) = M(c) + M'(c) and(M =M')(c) = M(c)=~M'(c)?. We
represent a multiset by simple enumerating the elemengs,2a+3b+c is the multiset containing
two a’s, three b’s and one c. If X is a set over Y, it could alsarterpreted as a bag which assigns
to each element a weight of 1.

1 I stands fornitiate plans B for Book flight E for Take examR for Resit examF' for Finalise plansand
crr for the implicit condition between the two tasl®esit exanandFinalise plans
2 For any natural numbets b: a—=b is defined as max — b, 0).



2.2 Structural properties

We now present four structural properties of an eYAWL-setindnesaveak soundnesgreducible
cancellation regionsandimmutable OR-joins.

An eYAWL-net is sound if and only if it satisfies the followinlree criteria: option to complete,
proper completion and no dead tasks. The soundness prageaty e YAWL-net (Definition 1) is
closely related to the soundness property of an RWF-net (Defirl8). The only difference is the
type of model being considered (RWF-net vs eYAWL-net).

Definition 1 (Soundness)Let N be an eYAWL-net antl/;, M, be the initial and end markingsv
is sound iff:

1. option to complete: for every marking reachable fromi/;, there exists an occurrence se-
guence leading fromd/ to M, and

2. proper completion: the marking/, is the only marking reachable from/; with at least one
token in conditiorv, and

3. no dead transitions: for every tagke T, there is a marking\/ reachable from}/; such that
M][t).

To detect the soundness property, all reachable markirgg tocbe generated and it is not pos-
sible to generate reachable markings for a YAWL specificatith infinite state space. Therefore,
we propose a weaker property caliwdak soundnegbat describes minimal requirements for the
soundness property and that can be used for a YAWL specificadity an infinite state space. Def-
inition 19 is closely related to Definition 2. The only diféerce is the type of model considered
(RWF-net vs eYAWL-net). The concept of reachability is definsthg YAWL semantics as in [6,
19].

Definition 2 (Weak soundness)Let N be an eYAWL-net antl/;, M, be the initial and end mark-
ings. N satisfies the weak soundness property iff:

1. weak option to completéZ, is coverable from\/;, and

2. proper completion: there is no markind coverable from\/; such thatAf > M, and

3. for every task € T, no dead transitions: there is a marking coverable fromM/; such that
M]t).

The concept of weak soundness and soundness are discuskdiimsing a number of exam-
ples. In these examples, we identify a task by it name wheronéusion can occur. Also from this
point onwards, whenever the term net is left unqualifiedfénseto a e YAWL-net.

Figure 4 describes a net with an OR-split task A and an AND-jeisk D. LetM; and M,
the initial and end markings. First, let us see whether thissatisfies theveak option to complete
criterion for the weak soundness property. As A is an OR:-gmiik, it is possible to enable B or C
or both after firing A. The following occurrence sequencedsgible:i = ¢l 4+ ¢2 = ¢l +¢3 5
3 + c4 > o. Therefore,M, is reachable from\/; and hence), is also coverable from/;.
Thus, this net satisfies theeak option to completeriterion. The option to complete criterion for
the soundness property states that from all reachable ngarkiomM/;, M, should be reachable.
Due to the OR-split behaviour of A, there are three possisdeinable markings after firing A,
c2 andcl + 2. It has been noted thal + ¢2 can reachM,. As for the two reachable markings
the following occurrence sequences are possiblé: ¢c1 5 ¢4 andi = ¢2 2 ¢3. It can be seen
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Fig. 4. A YAWL net with an OR-split task A and an AND-join task D

that these two sequences cannot re&thdue to the AND-join behaviour of D and the model will
deadlock. As these are reachable markings ffdinthat cannot reacid/,, it does not satisfy the
option to complete criterion for the soundness property.

By following the same principle, we can test whether it $egtssthe proper completion and the
dead transitions criteria. It is not possible to reach a markarger tharo and therefore, the net
satisfies the proper completion criterion. Also, all tagksB, C and D can be enabled at some
reachable markings and therefore, no dead transitionariorit is also satisfied. Finally, we can
conclude that the net iseak soundut notsoundas it does not satisfy option to complete criterion
for thesoundnesproperty.

Next, we present a net with cancellation in Figure 5 that dm¢satisfy neither theveak sound-
ness propertyior thesoundness propertyn this net, A is an AND-split task, D is an AND-join task
and the cancellation region for task C includ@sc3 and B. Now, consider a possible occurrence
sequencei = ¢l 4+ 2 = ¢l + ¢3 = c4. Note that when C fires at the marking + ¢3, a token
has been removed fron$ and the marking4 is reached. From the marking, it is not possible to
enable D (AND-join) and the net is in deadlock. A&, is not coverable from\/;, the net does not
satisfy the weak option to complete criterion and hence, fitaitweak soundlf the net is not weak
sound, then it is also n@bund

Note that with a slight modification to the cancellation megin Figure 5, it is possible to create
a net that satisfies the weak soundness property. Let us asswrthat the cancellation region only
containsc2 and B and not3. Using the same occurrence sequence as before, it is nowblgoss
to havei 5 ¢l +¢2 5 ¢l +¢3 5 ¢34 ¢4 > o. In this case, the net satisfies tiveak option
to completecriterion asM,, is coverable fromV/; and is thereforaveak soundHowever, it is still
not soundas the following occurrence sequence is possiblé: ¢1 + ¢2 5 ¢4 where a token is
removed from:2 after firing C atcl + ¢2. Marking ¢4 is a reachable marking frod/; and frome4,
M, cannot be reached. Therefore, tion to completeriterion for thesoundness propertsannot
be fulfilled.

These examples illustrate that it is not easy to detect fiatgaroblems without performing the
full state space analysis and they motivate us to developnalysis technique for detecting the
correctness of YAWL specifications. In addition to the wealirginess property and the soundness
property for YAWL nets, two additional properties for netdtwtancellation regions and OR-joins
are proposedrreducible cancellation regionandimmutable OR-joinsThese properties are propose
to decide whether a net contains any unnecessary OR-jothsaartellation regions.

Reducible elements in the cancellation region of a taslemptt elements that can never be active
and therefore, can never be cancelled by the task. For gestanFigure 6, condition3 is modelled
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Fig. 5. A YAWL net with cancellation

to be in the cancellation region of taéKl". However, after executing task, a decision is made to
either execute task or CT but not both as A is an XOR-split. Therefore, it is never plolgsto
mark conditionc3 while taskC'T' is executing. In the above example, the term “executing Hesen
used loosely. According to the YAWL semantics in [6], a task ba in one of the three task states
mi_e;, exeg, and mic,. These states represent the intermediate states for egaekecuting and
completing a YAWL task. For our purpose, we consider a tasletexecuting if there is a token in
any one of these three states. We denote this set of placasdek: asQ” = {mi_e;, exeg, mi_c; }.

Definition 3 (Reducible cancellation element)Let N be an eYAWL-netV has a reducible can-
cellation element;, iff there is a task € T such thatr € rem(t) and

— if z € C, a marking wheret is executing andc is marked is not coverable from/;, i.e.,
VpegeImenpan) (M 2 p+ ),

— if x € T, amarking where bothandx are executing is not coverable frah;, i.e.,vpng Vee@r "Imen(m;) (M >
p+q).

O

Fig. 6. A YAWL net with a (reducible) conditior3 in the cancellation region af'T’

% There is one other state for a YAWL task, mi, which is used for multiple instances.



Definition 4 (Irreducible cancellation regions). Let N be an eYAWL-netlV satisfies the irre-
ducible cancellation regions property iff for al € ran rem, x is not a reducible cancellation
element.

An OR-join task is said to be convertible, when it could betdretepresented as either an XOR-
join or an AND-join task. Such tasks arise in two circumstmdi) when it is never possible to
reach a marking which marks more than one input conditiontheftask and (ii) when all input
conditions of the task are marked in all markings that ersatiie OR-join task. The objective is
to detect unnecessary OR-join tasks at design time as thdonahsemantics of OR-join requires
expensive runtime analysis. This can be detected by loakiimgarkings in the reachability set that
enable an OR-join task. In Figure 7, OR-join taBkis only enabled when all input conditions are
marked (due to an AND-split task) and thereforeD should be modelled as an AND-join instead
of an OR-join.

Definition 5 (Convertible OR-join). Let N be an eYAWL-net andbe an OR-join task inV. OR-
join taskt can be modelled as

— an XOR-join if only one condition imt is ever marked in the enabling markings fi.e.,
Varenpn) (M[t) = Jlpea(M(p) > 0)),

— an AND-join if for all conditions inet are always marked in the enabling markingstpf.e.,
Vmreni) (M[t) = Ypeet(M(p) > 0)).

¥ A o
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Fig. 7. A YAWL net with a (convertible) OR-join tasko

Definition 6 (Immutable OR-joins). Let N be an eYAWL-netV satisfies the immutable OR-joins
property iff for allt € T', join(t) = OR implies thatt is not a convertible OR-join.

3 Formal Foundation

While inspired by Petri nets [16], YAWL should not be seen asxaresion of these. YAWL con-
structs such as the OR-join, cancellation and multipleaimsés are not directly supported by Petri
nets. The cancellation feature of YAWL is theoretically elysrelated to reset nets. The reset arcs
are used to underpin temfunction that models the cancellation feature of YAWL. Ourifieation
approach involves translation of YAWL specifications in terofireset nets. This translation is made



possible by abstracting from multiple instances and haéraim YAWL [19]. This approach allows
us to leverage existing results and techniques in the arBatdfnets and reset nets in particular [8—
13]. In this section, we present the definitions associatéuneset nets.

3.1 Resetnets

A reset net is a Petri net with special reset arcs, that can tie tokens in selected places [10, 11].
Reset arcs do not change the requirements of enabling atiwartsut when a transition fires, they
will removeall tokens from the specified places.

Definition 7 (Reset net).A Petri net is a tuple P, T, F') where P is a set of places] is a set of
transitions,PNT = g andF' C (P x T) U (T x P). Areset netis a tupléP, T, F, R) where
(P,T,F)is aPetrinetand? € T - P(P) provides the reset places for a subset of transitions.

In the remainder of the paper, when we use the expredsjety), it denotes 1 ifz,y) € F and 0

if (x,y) ¢ F. We write F* for the transitive closure of the flow relatidn and £* for the reflexive
transitive closure of'. The notatiorM (N) is used to represent possible markings of a reseivnet
Let N = (P, T, F, R) be a reset net, thell (N) = P — N. A transition isenabledwhen there are
enough tokens in its input places. Note that reset arcs dohaotge the requirements of enabling a
transition.

Definition 8 (Enabling rule). Let N be areset net, € T, andM € M(N). Transitiont is enabled
at M, denoted ad\/[t), if and only ifvp € ot : M (p) > 1.

The concept of firing a transitionin a netN is formally defined in Definition 9 and denoted
asM 3 M. If there can be no confusion regarding the net, we will abiate the expression to
M 5 M’ and if the transition is not relevant we wrild — M.

Definition 9 (Forward firing). Let N = (P, T, F, R) be areset net, € T and M, M’ € M(N).

M % M & M[t)A
M(p) = { M) = Flp.t) + F(t,p) 1t peP\R({)
It is possible to fire a sequence of transitions from a giverking in a reset net resulting in a

new marking using the forward firing rule defined above. Thiguence of transitions is represented
as an occurrence sequence.

Definition 10 (Occurrence sequencelet N = (P, T, F, R) be areset net and/, M, ..., M,, €

M(N). If M SoM 22 M, are firing occurrences thea = tt,...t,, iS an occurrence
sequence leading frod/ to M,, and we writeM = M,.

We now define the concepts of reachability and coverabifitmarkings from a given marking
in a reset net. A marking/’ is reachable from another markidg in a reset net, if there is an
occurrence sequence leading framto M.

Definition 11 (Reachability). Let N = (P, T, F, R) be a reset net and/, M’ € M(N). M’ is
reachable in N from\/, denoted)M = M, if there exists an occurrence sequenrcsuch that
M 2 M.



Definition 12 (Coverability). Let N = (P, T, F, R) be a reset net andf;, My € M(N). M is
coverable fromM/; in N, if there exists a reachable markidg’ from M; such thath’ > M.

Next, we present two notationprojection andfiltering to allow operations on selected places of
a marking in a reset net. The notatidi[ P'] restrictsM to a set of place$”, i.e., a projection.
For places not inP’, the number of tokens is zero. Léf; = pl + p2 + p3 and P’ = {pl, p2}.
M;[P’] = pl1+p2+0p3 and donfM, [P']) = {pl,p2, p3}. Let My = pl +2p2, Ms[P’] > M;[P’']

is true as the comparison betwekhand M’ is restricted to the set of placesiti and M, has more
tokens inp2.

Definition 13 (Projection).Let N = (P, T, F, R) be aresetnetM € M(N) andP’ C P. M[P’]
returns a projection such that dqi/[P’]) = domM) and

M(p) if peP
/ J—
M[P](p){o if pgp/.

The notationV/ | P’ is used to alter a marking based on a set of pldtetet M = pl + p2 + p3
and P’ = {pl,p2}. M| P' = pl 4+ p2 and domiM | P’) = {pl,p2}. If P' = {pl,p2,p3, pd},
MIP’ = pl + p2 + p3 + O0p4 and doniM | P’) = {pl,p2, p3, p4}.

Definition 14 (Filtering [). LetN = (P, T, F, R) be aresetnet)/ € M(N) andP C P'. M [P’
returns a function such that dq@/ [P’) = P’ and

, M(p) if € PPndom M)
pr(p)z{o P if zeP’\don(M).

We conclude this section with the notion Backward firingthat is used to generate coverable
markings for a reset net by firing transitions backwards.

Definition 15 (Backward firing). Let(P, T, F, R) be aresetnetand/, M’ € M(N). M’ --»t M
iff it is possible to fire a transitiom backwards starting frond/ and resulting in}/’.

M~ M < M[R(t)] < t o [R(H)]A

o [ QIp)~F(t.p) + F(p.t) i pe P\R()
Wi = { gy TR e R

For places that are not reset places, the number of tokefs' its determined by the number of
tokens inM for p. If a place is an output place 6fand not a reset place, one token is removed from
M(p)if M(p) > 0. If a place is an input place ofand not a reset place, one token is addet{/{p).

For any reset placg, M(p) < F(t,p) because it is emptied when firing and thB(, p) tokens
are added. We do not requild (p) = F(t,p) because the aim is coverability and not reachability.
M’ i.e., the marking before (forward) firing shouldat leastcontain theminimalnumber of tokens
required for enabling and resulting in a marking of at leaf. Therefore, onlyF'(p, t) tokens are
assumed to be present in a reset place

3.2 Reset WorkFlow Nets (RWF-nets)

In this subsection, we propose a subclass of reset netsl ;dild--nets and define soundness and
weak soundness properties for these nets. An RWF-net satiséeollowing restrictions. There is
a unique begin place and a unique end place and also evenymtuzgraph is on a directed path
from the begin place to the end place.

10



Definition 16 (RWF-net). Let N = (P, T, F, R) be a reset net. The né{ is an RWF-net iff the
following three conditions hold:

1. there exists exactly orie= P such thatei = &, and
2. there exists exactly onec P such thabe = &, and
3. foralln e PUT; (i,n) € F*and(n,o0) € F™*.

In an RWF-net, there is an input placeand an output place and we now define an initial
marking M; and an end marking/, as follows:

Definition 17 (Initial marking and End marking). LetN = (P, T, F, R) be an RWF-net anél o
be the input and output places of the net. The initial markifly is denoted ad/; and it represents
a marking where there is a token in the input placge., M; = 7). Similarly, the end marking of
N is denoted asV/, and it represents a marking where that is a toke in the outpateo (i.e.,
M, = o).

We now define two structural properties for an RWF-mendnesandweak soundnesdhe
soundnessdefinition for an RWF-net is based on the soundness definitan {6] for WF-nets. An
RWF-net is sound if and only if it satisfies three critel@ation to completeproper completiorand
no dead transitions

Definition 18 (Soundness)Let N = (P, T, F, R) be an RWF-net and/;, M, be the initial and
end markingsN is sound iff:

1. option to complete: for every marking reachable fromi/;, there exists an occurrence se-
guence leading from/ to M,, i.e., forallM € N[M;) : M, € N[M), and

2. proper completion: the marking/, is the only marking reachable from/; with at least one
token in place, i.e, forall M € N[M;) : M > M, = M = M,, and

3. no dead transitions: for every transitiane 7', there is a markingy/ reachable from\/; such
that M[t), i.e, for allt € T there exists ad/ € N[M;) such thath/[t).

Note that reachability is not decidable for arbitrary resets [11] and hence, its applicabil-
ity is limited to reset nets with finite state space. As thenslmess property definition relies on
reachability results, the soundness property is only @dxd@for an RWF-net with a finite state
space. Fortunately, coverability is decidable for a reseusing the backward firing rule of Defini-
tion 15 [10-13]. We thus propose a weaker property calledk soundnesshich can be decided
using coverability results. The weak soundness definittorah RWF-net relaxes the first criterion
and reformulates the second and third criteria using ctwi@yeresults. For the weak option to com-
plete criterion, it only checks whether it is possible to @othe final marking\/, from M; (i.e.
is there at least a path that leads frdm to M,). It does not check whether all paths lead to the
final marking and hence, it will not detect partial deadlocKserefore, if an RWF-net satisfies the
soundness property, it also satisfies the weak soundngssrpyrdout not vice versa.

Definition 19 (Weak soundness)Let N = (P, T, F, R) be an RWF-net and/;, M, be the initial
and end markingsV satisfies the weak soundness property iff:

1. weak option to completdZ, is coverable from\/;, and

2. proper completion: there is no markid coverable from\/; such thatAf > M, and

3. no dead transitions: for every transitiane 7', there is a markingy/ coverable from}/; such
that M [t).
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4 Verifying YAWL nets without OR-joins

In this section, we focus our attention on verification téghas for YAWL nets without OR-joins.
We propose to transform an eYAWL-net (without OR-joins) intoRWF-net to exploit the analysis
techniques available for reset nets [19]. This is achiewefirst abstracting from multiple instances
and hierarchy in YAWL and then applying functisrnsE2WRo transform an eYAWL-net into an
RWEF-net. Formal definition airansE2WHs given in [19]. The transformation returns an RWF-net
where input and output conditioriso € C' map to unique begin and end plades € P in the
corresponding RWF-net and where every node in the gtaph 7", F”) is on a directed path from
itoo.

Lemmal. LetN = (C,i,0,T, F, split, join, rem, nofi) be an eYAWL-net without OR-joins! =
transE2WRN) = (P, T’, F’, R) is an RWF-net.

Definition 20 (transE2WF).Let N = (C,i,0,T, F, split, join, rem, nofi) be an eYAWL-net with-
out OR-joins. The function transE2WN) returns N’ = (P, T", F’, R) such that

P =CU{pt € T} is asetof places,

T = Tetart U Teng SUch that

Tstart = {ts|t € T A join(t) = AND}

U{t|t € T A join(t) = XOR A p € et},
Tend :{tE|t eT A Split(f) = AND}
U{th|t € T A split(t) = XOR A p € te}
U{t%|t € T A split(t)= OR AN z Cte Ax # I},

F' ={(p,ts)|t € T A join(t) = AND A p € ot}

U{(ts,p:)lt € T A join(t) = AND}

W{(pt,te)lt € T A split(t) = AND}

U{(tg,p)|t €T A split(t) = AND A p € te}

U (p, )|t € T A join(t) = XOR A p € ot}

U{(te,p)|t € T A join(t) = XOR A p € ot}

U{(ps, t2)|t € T A split(t) = XOR A p € te}

U{(th,p)[t € T A split(t) = XOR N p € te}

W{(pe, tE)It € T A split(t) = OR AN x Cte Nz # &}

UL, p)lt €T A split(t)=OR ANpex ANz Cte Nz # I},

R ={(tg,{pv|t' € rem(t)NT} U (rem(t)NC))|t € T A split(t) = AND}
U{(t%, {pv|t' e rem(t) N T} U (rem(t) N C))|t € T A split(t) = XOR
ADpE te}

U{(t%, {pv|t' € rem(t)NT} U (rem(t) NC))|t € T A split(t) = OR
ANz Cte ANx # O}

U{(tg,2)|t € T\ dom rem A split(t) = AND}

U{(th, @)|t € T \ dom rem A split(t) = XOR A p € te}

U{(t%, )|t € T\ domrem A split(t) = ORN z Cte ANz # &}
U{(t, @)|t € Tstart}-

A transformation function transE2WF converts a net withoRtf0ins into the corresponding RWF-
net. FunctionR stores all transitions and its associated reset places.tdskan an eYAWL-net is
now split into a number ofs andt g transitions depending on the split and join behaviour, agba

12



is introduced for each tagkio represent an internal place betweerandtz. The flow relationF”
is also modified so that the newly introduced placeBirand transitiond” are properly connected.
Figure 9 shows the RWF-net corresponding to the YAWL net in gl Placeg ando represent

YAWL | RWF YAWL

[ o Hapr@{ul e Rw

®
® ® [ Pt
Dy o 30T, oY Ty
| ] g
{@?@f»«%
| >;

Fig. 9. Holiday scenario - RWF-net (note: double-headed reset arcsd?pn3 andp s to transitionsk?, , and
Rgnd

unigue input and output places. We use the following abbt®ris for the taskdnitiate plans- |,
Take exam E, Book flight- B, Resit exam R, Cancel flight- C, Finalise plans- F. Each task in
the eYAWL-net has been transformed into the correspondeng ahd end transitions. For instance,
tasklinitiate plansis now represented ds;,,+ andl., 4 with the internal place;. The cancellation
region associated with tHeesit exantask is represented by double-headed reset arcs from ttespla

2, 3 andpp (the internal place foBook fligh) to the end transitions dResit exantask, %, , and
RC

end"

Coverability results from reset nets are used to decidesttesirable properties for a YAWL
specificationweak soundnessoundnessandirreducible cancellation regiondn this section, as
we are considering only nets without OR-joins, the fourtbgarty,immutable OR-joinias been
omitted from discussion.

We have formulated the three criteria of the weak soundnegeepty for an RWF-net using the
notion of coverability. As coverability is decidable for aset net using backwards firing rule as
discussed in [19], the three criteria of the weak soundnegsepty are decidable. THeoverable
procedure described in [19] is used to determine whether r&ingpis coverable from the initial
marking in a reset net. We exploit these results to proposggamithmic approach for deciding the
weak soundness property of an e YAWL-net without OR-joins.
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The weak option to complete criterion is concerned with Wwhetin eYAWL-net can complete
(i.e., reach the end condition from the initial marking).eféfore, we need to detect whether a
marking that marks the end place (or bigger) can be reachth@ icorresponding RWF-net.

Observation 1 Given an eYAWL-net without OR-joins, the weak option to ést@pan be decided
by testing whetheb,, is coverable fromV/; in the corresponding RWF-net.

An eYAWL-net is considered to have finished its processingmihe unique end conditior) of

the net is marked. Hence, if it is possible to marogether with any other condition in the net, the
net does not satisfy the proper completion criterion. Uslimegcoverable procedure, we test whether
it is possible to marlk with any another place in the corresponding RWF-net.

Observation 2 Given an eYAWL-net without OR-joins, proper completiontzadecided by testing
whethero + p is not coverable fromd/; in the corresponding RWF-net for alle P.

Atask in an eYAWL-net is a dead task, if it is not fireable at asgahable markings from the initial
marking. We can test the presence of a dead taskan eYAWL-net by determining whether its
internal placep, is coverable from the initial marking in the correspondingyiRnet.

Observation 3 Given an eYAWL-net without OR-joins, no dead tasks criteci&n be decided by
testing whethep; is coverable from\/; in the corresponding RWF-net for alle T'.

As it is possible to decide these three criteria for weak doess using coverability results for an
eYAWL-net without OR-joins, the weak soundness propertyeisidable.

Theorem 1. Given an eYAWL-net without OR-joins, weak soundness idataei
Proof: Follows from observations 1, 2 and 3.

Similarly, we use the notion of coverability as defined oretetets to determine whether an
eYAWL-net without OR-joins satisfies the irreducible catef@bn regions property. A condition
should not be in a cancellation region of a task, if that ciodlinever contains tokens when the task
attempts to cancel it. To determine this, we test whether kingathat marks the internal place of
the task as well as the condition is coverable from the imtiarking in the corresponding RWF-net.

Observation 4 Given an eYAWL-net without OR-joins, whether a conditicreducible in a can-
cellation region oft can be decided by testing whethe# p, is coverable from\/; in the corre-
sponding RWF-net.

Similarly, a tasktx should not be in a cancellation region of another tasktasktx is never active
when task attempts to cancel it. To determine this, we test whetherr&ingthat marks the internal
places of both tasks is coverable from the initial markinthie corresponding RWF-net.

Observation 5 Given an eYAWL-net without OR-joins, whether a tasis reducible in a cancella-
tion region oft can be decided by testing whethey, + p, is coverable from\/; in the corresponding
RWEF-net.

Theorem 2. Given an eYAWL-net without OR-joins, whether there is aatudiel element (a condi-
tion or a task) in a cancellation region of a task is decidable
Proof: Follows from observations 4 and 5.
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For an eYAWL-net without OR-joins and a finite state spaces fidssible to decide the soundness
property by generating a reachability graph for the comasing RWF-net. Figure 10 shows the
reachability graph for the reset net in Figure 9. It is easgde whether an RWF-net satisfies the
soundness property by testing the three criteria. If theesponding RWF-net is sound, then the net
without OR-joins is also sound.

c2+c4 —~ pg+c4 —, c3+c4 — py — CyF

C2+pe
+c2
f\ c2sesl P
i p—cl+c2 ps+Cc5 Pe+PrR—3*CRF—__, PFr—O
Ps+Pe /
c1 +PB

R c1+¢3 —pe+c3 —+c3+c5— C3+Pr—Crc—> Pc—>CcF

Fig. 10.Reachability graph for the RWF-net in Figure 9

Observation 6 Given an eYAWL-net without OR-joins and a finite reachahgiaph, soundness is
decidable.

5 YAWL nets with OR-joins

Section 4 shows how a YAWL net without OR-joins can be tramsfmt and analysed using the
corresponding RWF-net. In this section, we focus our atbendin YAWL nets with OR-joins. Due
to the non-local semantics of an OR-join, a net with OR-jaiasnot be mapped directly into a
reset net. Even though nets with OR-joins are difficult torgeeformally, it is important to be able
to decide the correctness of those models. Therefore, mhjgitant to explore which properties
can be detected for YAWL nets with OR-joins. To do this, all @is in a net are first translated
into XOR-joins. This idea is based on the optimistic apphofar treatment of OR-joins as defined
in [19]. After replacing all OR-joins with XOR-joins, it isaw possible to transform the net into an
RWF-net using the transformation rule.

Even though an XOR-join translation cannot capture the tes@mantics of an OR-join, it pro-
vides some insights into the three criteria for the weak doass property. We show here that there
is a direct relationship between the sets of reachable mgskjgenerated by an eYAWL-net with
OR-joins and a corresponding eYAWL-net with XOR-joins andtth reachable marking after fir-
ing an XOR-join task is larger than or equal to the reachalaeking after firing the corresponding
OR-join task.

Figure 11 illustrates the comparative markings for these iats. LetV % be an eYAWL-net
with an OR-join taskt ©%, andN X% the corresponding e YAWL-net with the XOR-join tagk %,
Let M = M;XOF be the reachable markings whef& andt*“” are enabled. Whett’” fires at
M PR, a token is removed from all marked conditions in its presetamarkingd/ %% is reached.
WhentX©F fires atM X", a token is removed from one of the marked conditions in serand
a markingM;}9" is reached. Hence, the marking reached after firing the X@R¢askt X" is
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larger than or equal to the marking reached after firing thej@Rtask: “* (i.e., MX9% > MOR).
As a marking with more tokens can enable at least the sansticans as a marking with less tokens,
if MO is areachable marking iV ©%, M XOF is also reachable iV X©% whereM XOF > MOE,
Therefore, we conclude that i¥ % has the weak option to complete tharX“% will have the
weak option to complete. Similarly, ¥ ©% has no dead transitions theé¥°” will have no dead
transitions. IfN ©% does not have proper completion th&i % will not have proper completion.

OR OorR NOR {OR OR OR
Mi-eeeeeens M ——— » Mj1 ceeeeeeeeee M,

f f OR _ XOR ? XOR _ . OR f XOR, \ OR
: : M] = Mj : Mi+1 ?Mi+1 : Mo z Mo
\/ \/ \

XOR ¢XOR

MR e MR N t OR . ... XOR

i ] j+1 MO

Fig. 11. Comparative markings between an eYAWL-net with an OR-join and theesponding eYAWL-net
with an XOR-join

Observation 7 Given an eYAWL-net with OR-joins, if it satisfies weak optiilocomplete then the

corresponding eYAWL-net without OR-joins (where OR-janestransformed into XOR-joins) sat-
isfies the weak option to complete.

Note that this observation does not hold in the oppositectior. A counter example is given in
Figure 12. The model has an AND-split task A, an OR-join taskrid an AND-join task E. The
following occurrence sequence is possilile® ¢1 + ¢2 5 2 +¢3 5 ¢3 + ¢4 2 ¢5. OR-join
task D will wait for both tasks B and C to complete, before firsnd the only reachable marking
from D is ¢5. To enable E, there should be a reachable marking c¢5. As it is not possible to
reachc4 + ¢5, the model always deadlocks at E. Hence, the model does tigfysae weak option
to complete criterion. Now, consider the translated verswere task D is treated as an XOR-join
task instead. In this case, the following occurrence sezpiEnpossiblei = ¢l + ¢2 = ¢2 + ¢3 5

3+ cd > cd + b 5 o. Therefore, the translated net has the weak option to campleperty
when the original net with OR-joins does not.

B D@
(P~ A [~(c2)+ c | ~(ca ) E )

Fig. 12. This YAWL net with an OR-join taskD always deadlocks df.
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Observation 8 Given an eYAWL-net with OR-joins, if it has no dead transgithen the corre-
sponding eYAWL-net without OR-joins (where OR-joins aaedformed into XOR-joins) has no
dead transitions.

Observation 9 Given an eYAWL-net with OR-joins, if it does not have propengetion then the
corresponding eYAWL-net without OR-joins (where OR-janegtransformed into XOR-joins) does
not have proper completion.

We now summarise the decidable criteria for a net with ORgaising XOR-join translations.

Observation 10 Given an eYAWL-neV with OR-joins, letN’ be the corresponding eYAWL-net
where all OR-joins ofV have been replaced with XOR-joins aR& be the equivalent RWF-net for
N'’. The following holds:

1. if RN does not satisfy the weak option to complete criterion tNedoes not satisfy the weak
option to complete criterion,

2. if RN has dead transitions theN has dead transitions, and

3. if RN satisfies the proper completion criterion, th&hsatisfies the proper completion criterion.

Note that only limited results are available and soundnesggty is not decidable using this ap-
proach. Therefore, we propose an alternative approachriet with OR-joins that has a finite state
space. We propose to create a reachability graph by takingactount OR-join semantics. Such a
reachability graph can be constructed using enabling aing fiules as defined in [6] together with
the OR-join semantics defined in this thesis. First, we negaleato represent a marking where a task
is in the executing state. By following a similar conceptdigethe function for the reset net map-
ping, we propose to transform an eYAWL-net before generdtingeachability graph. The function
unfoldYNet introduces an internal condition to represent the exegudiate of a task. All tasks in
a YAWL net are split into two tasks (e.g., a tasls split into a start task,s, and an end taskg,
with an internal conditiom,). If a task is within the cancellation region of another tatkinternal
condition is put into the cancellation set instead. The eliation region of a task is associated with
the end task as the cancellation is carried out just befampteting the task. As multiple instance
tasks do not affect the analysis, and hence we abstract frem.t

Definition 21 (unfoldYNet). Let Ny = (Ch,1i, 0,11, F1, splity, join,, remq, nofi;) be an eYAWL-
net, the function unfoldYNgY, ) returns
Ny = (Cs,1,0,Ts, Fy, splity, joing, remsa, nofi,) such that

02201U{pt|t€T1},
T2 = Tetart U Tend such thamsta7>t = {tS | te Tl} and Tend = {tE | te Tl};
Fy ={(c,ts) [ (e;t) € Fi} U{(ts,pe) [t € Th}
U{(pt,tg) |t € T1}U{(tg,c) | (t,¢) € F1},
splita = {(ts, AND) |t € Th' } U {(tE, split,(t)) | t € T1},
joing = {(ts,joini(t)) |t € Ty} U{(tg, XOR) | t € T1},
remg = {(tg, (rem1(t) N C1) U{pet | ct € (rem1(t) NT1)}) |t € T1},
nofiy = .

For nets with a finite state space, we can generate a reathgbélph. From such a graph, it is
possible to decide whether a net with OR-joins has the saswproperty or not.
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Observation 11 (Soundness)Given an eYAWL-néY with OR-joins and a finite reachability graph,
the soundness property &f is decidable by testing whether the soundness propertysHoldthe
corresponding net unfoldYNEY).

Using a finite reachability graph, it is also possible to detiee immutable OR-join property. The
enabling markings for an OR-join task can be observed framdhchability graph of a YAWL-net.

Observation 12 (Immutable OR-joins) Given an eYAWL-ngV with OR-joins and a finite reach-
ability graph, the immutable OR-joins property &fis decidable by testing whether the immutable
OR-joins property holds for the corresponding net unfoldy{N).

Similarly, the following observations can be made regagdire existence of reducible cancellation
regions in a net with OR-joins and a finite reachability grafihdetermine coverability, we use the
reachability set that has been generated using YAWL sensantic

Observation 13 Given an eYAWL-neV with OR-joins and a finite reachability graph, whether a
conditionc is reducible in a cancellation region ofin the netV can be decided by testing whether
¢+ p; is coverable from\/; in the corresponding net unfoldYN&t).

Observation 14 Given an eYAWL-neV with OR-joins and a finite reachability graph, whether a
tasktz is reducible in a cancellation region d@fin the netN can be decided by testing whether
Pt + P IS coverable fromV/; in the corresponding net unfoldY NAf).

Observation 15 (Irreducible cancellation regions) Given an eYAWL-net with OR-joins and a fi-
nite reachability graph, whether there is a reducible eleir(a condition or a task) in a cancellation
region of a task is decidable.

6 \Verification in YAWL

Although the results of this paper have been presented indhtext of YAWL, it is important to
realise that the basic ideas can also be applied to othendges supporting cancellation and OR-
joins. The reason that we selected YAWL is that it is a compaegliage with formal semantics
that is highly expressive. Moreover, the YAWL language ispgrfed by a YAWL editor to create
diagrams and the YAWL engine to enact processes. Both theretitl the engine can be obtained
via www.yawl-system.com.

We have extended the editor to support the verification agpr@resented in this chapter. The
verification function can perform checks for all four stwret propertiesweak soundnessound-
ness irreducible cancellation regionandimmutable OR-joinsIf a YAWL specification contains
multiple nets, diagnosis is given for each net individualiytypical usage scenario is as follows: a
process designer uses the editor to describe a YAWL spedwificdie/she then performs verification
of certain properties, he/she observes the verificatiorsages, and then makes appropriate changes.
There are two types of verification messagearningsandobservationsWarnings are given when
the net violates a certain structural property (e.g., theX& does not satisfy the weak soundness
property). An additional warning message is provided faheeriterion that is violated and it can
be used to pinpoint the problem areas in the net. Obsengtimgiven for each correct criterion.
Figure 13 shows verification messages for the net of Figure 3.
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Problems identified in specification analysis

[Resetletr Analysis Warning: Tokens could be left in the following condition(s) when the net has completed:([[Condition:c3 3]]
[RegetNet Analysis Warning: The net Holiday scenario does not satisfy the weak soundness property.
[ResetNet Analysis Warning: The net Holiday scenaric can deadlock at marking(s):lc{Resit exam 10 Cancel flight_12)l0utputCondition 2+lc3 3
1;Resel:ll’er. Analysis Warning: The net Holiday scenario does not satisfy the soundness property.
[ResetMet Analysis Observation: The net Holiday_scenario has an option to complete.
%Rasetl\‘et Analysis Observation: The net Holiday scenario has no dead tasks.
Analysis Ob on: The net Holiday scenario has an option to complete. The final marking is reachable from the initial marking.
ResetWet Analysis Observation: The net Holiday scenario has no dead tasks.
ResetWet Analysis Observation: The net Holiday scenario satisfies the irreducible cancellation regions property.
|Resetlet Analysis Observation: There are no OR-joins in the net Holiday scenario.

Fig. 13. Screenshot of Holiday scenario with errors

Figure 14 displays verification messages for a net with arountied place. As stated before,
the reachability algorithm can only be used for a specificatiith a finite state space. We do not
have a formal means of detecting whether a net has an infirsite space. A pragmatic approach
is taken and the generation of reachable markings is staftesl program sets a threshold for a
maximum number of markings to consider during the generaifaeachable markings. Note that
the maximum number of markings is currently set to 5000 fefing purposes. The program also
detects whether aout of memornerror has occurred and this is taken as an indication thahtue|
possibly has infinite state space. Figure 15 displays vatifio messages from the weak soundness
property check for the net with an OR-join task D as shown guFé 12. The messages state that
the weak soundness property cannot be decided in this ceggethie coverability results. However,
it is still possible to decide whether the soundness prggeids for the net, as we can construct a
reachability graph for the net using the YAWL semantics.

7 Related Work and Conclusion

This paper focuses on the verification of YAWL specificatiornigand without OR-joins. Petri nets
based techniques have been applied to workflow verificatedarb [1, 2,5, 17]. In [3], the author
describes how structural properties of a workflow net candeel io determine the soundness prop-
erty. In [18], the authors present an alternative approactédciding the relaxed soundness property
using invariants. The approach taken results in an appatiamof the OR-join semantics and trans-
formation of YAWL nets into Petri nets with inhibitor arcs. Wever, the use of inhibitor arcs instead
of reset arcs means that this approach cannot detect prslitecertain YAWL specifications with
cancellation features. For example, this approach cargtettproblems in the erroneous holiday
scenario described in Figure 3. On the other hand, the ajppation of OR-join semantics enables
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\BesetMet hnalysis Warning: Tokens could be left in the following condition(s) when the net has completed: [[AtomicTask:B_LS]][[Condition:cS ...
|ResetNet Analysis Warning: The net Infinite_loop does not satisfy the weak soundness property.

|Resetlet Analysis Warning: java,lang.Exception: Reachable markings »5000. Possible infinite loop in the net Infinite_loop

[Resetlet Analysis Observation: The net Infinite loop has an option to complete.

et _knalysis Observation: The net Infinite loop has no dead tasks,

: The net Infinite loop satisfies the irreducible cancellation regions property.

i There are no OR-joins in che net Infinite loop.

Fig. 14.Screenshot of a YAWL net with an infinite loop

the verification of YAWL nets with OR-joins using invariants.overcomes one of the limitations
in our approach that reachability analysis has to be peddrfar a net with OR-joins to decide the
soundness property.

The use of reset nets in workflow verification is original ahtlds been proposed here to deal
with cancellation and OR-join features of workflows. Our eggeh involves translation of YAWL
specifications in terms of a subclass of reset nets (RWF-antkjhe use of coverability and reach-
ability results from reset nets for verification [9-13]. W&fide four desirable properties for YAWL
specificationsweak soundness propergoundness propertyrreducible cancellation regionand
immutable OR-joinsWe explore how these properties can be detected in YAWL Spatidns. For
YAWL nets without OR-joins, reachability and coverabiligysults on the corresponding RWF-nets
are used to detect the soundness property and the weak ssgnghoperty. A different approach is
needed for YAWL nets with OR-joins. To detect the weak sousdmoperty, the net is first trans-
formed into a corresponding YAWL net with XOR-joins. We theartsform the net into an RWF-net
to determine the weak option to complete, proper completimhno dead transitions criteria. To de-
tect the soundness property of YAWL nets with OR-joins anddistate space, reachability analysis
is performed using YAWL semantics. The main findings in thegoape as follows:

— For YAWL nets without OR-joins, the weak soundness propeantytae irreducible cancellation
regions property are decidable using coverability redaltseset nets.

— For YAWL nets without OR-joins and a finite state space, thendoess property is decidable
using reachability results for reset nets.

— For YAWL nets with OR-joins, only limited results are availalusing coverability results for
reset nets by first replacing OR-joins with XOR-joins.

— For YAWL nets with OR-joins and a finite state space, the soassproperty, the irreducible
cancellation regions property and the immutable OR-jonoperty are decidable using reacha-
bility results from the YAWL semantics.
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Problems identified in specification analysis

Resetinalysis Message: The net titled New Met_l has one or more OR-join tasks and option to complete cannot be decided.
Resethnalysis Message: The net titled New Met_l has one or more OR-Join tasks and whether there are dead tasks cannot be decided.
Resethnalysis Message: The net titled New Net_l has proper completion.

Resetinalysis Message: The net titled New Net 1 has one or more OR-join tasks and weak soundness property camnot be decided.

Fig. 15.Screenshot of a YAWL net with an OR-join task D
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