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Abstract execution sequences of the composed service. In case the
cross-organizational workflow is deadlock-free it is cdRrsi
Service Oriented Architectures facilitate loosely codple ered to be consistedt While several approaches exist for
composed services, which are established in a decentral-centralized consistency checking in this paper a decentral
ized way. One challenge for such composed services is tdzed consistency checking is proposed and its equivalence
guarantee consistency, i.e., deadlock-freeness. Thigrpap to consistency of the corresponding cross-organizational
presents a decentralized approach to consistency checkingworkflow is shown.
which utilizes only bilateral views of the composed service  This paper focus on acyclic workflows without consid-
based on a synchronous communication model. ering parameter constraints. These assumptions are reason
able since (i) business processes are designed to terminate
thus unlimited cyclic workflows are impractical and cycles
1 Introduction can be unfolded resulting in acyclic workflows, and (ii)
business processes do not reveal mission critical informa-
tion usually contained in constraints like the highest gric
a party is willing to pay, thus parameter constraints are les
applicable. However, an outlook on extending the presented

Service Oriented Architectures (SOA) are based on
services, which are independently maintained by service

p.rowde'&s, W|thoqt ? ﬁesngzll_zed cqordmauon c.’f thesr(]a sgr approach to workflows with parameter constraints is pre-
:/r:ces. S est§ent|? OF SDAIS Sir\t/rgci cotmpf[)s:ctlon, thatls, sented in Section 6 and a complete description of the ap-
€ combination of services such that output of one Service .- is available in [10].

is used as input for another service to provide more complex The paper starts with an example (Section 2) and an in-

funé:non_allty. ii £ simol tatel . ._troduction of the used formal model (Section 3). Next, the
ervice composition of Simple or SIaleless SEIVICES IS oo yyqjized and decentralized consistency definitiongare

quite easy because services are used as a method call a duced (Section 4) and the correctness of the proposed ap-

calling a service does not influence other services. In case Ebroach is shown (Section 5). Finally, related work (Section
service itself is a state dependent service, that is, iatigrn 7) and conclusions (Section 8) are p,resented
maintains a state, the service composition gets more com- '

plicated, because these states may influence other services )

as a side effect and therefore have to be considered duringz  Scenario

the service composition. Since these side effects are not

visible to all parties no centralized coordinator of the-ser The example used throughout this paper is a simple pro-
vice composition can check consistency of the composedcurement workflow within a virtual enterprise comprising a
service, that is, the guarantee that the execution of the com buyer, an accounting and a |Ogistics department_ The pub||c
posed service does not run into a deadlock. As a conseworkflows of the involved service providers further called
quence a decentralized consistency checking of composegarties are depicted in Figure 1 represented in a kind of a
services is required. Finite State Automaton (FSA)[6] notatidh In this nota-

In this paper such a decentralized consistency checkingtion states are represented as circles, transitions epres
based on supported execution sequences provided by thénessage exchanges denoted as arcs where an arc is labeled
services is presented. In particular, state dependeritssrv
are considered as public workflows, which are abstracted 1A consistency definition including parameter constraintsoistained

. - : in [10]
from the private, internal workflows of the corresponding 2In this paper annotated FSA notation is used to represeraediaws,

S_erVice- The Comb_inat_ion of the public WprkflOWS speci- although other models like Workflow Nets (WF-Net) [1] or stéizxts [5]
fies the cross-organizational workflow, that is, the sumgggbrt  could also have been used.




by the sender, the recipient, and the message name of thé&utomata (FSA) [6] by supporting different types of tran-

exchange. The termination state of an FSA is representedsitions affecting consistency checking only.

by a final state denoted by a circle with a thick line.
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Figure 1. Public Workflow Models

The process is started by buygisending eB#A#order
message to accounting with the parameters item num-
berit, price p, and amount. AccountingA informs lo-
gisticsL via a A#L#delivermessage to deliver the ordered
goods without forwarding the price paramepef the order.
The receivind- confirms the order with b#A#deliverconf
message providing an additional tracking numberpa-
rameter). A forwards the delivery details of the order
(A#B#deliverymessage) t®. Afterwards,B can either ter-
minate the procesB¢L#terminatemessage) or ask for
the status of the delivery by sendin@®#&L#getstatusmes-
sage containing a tracking number paraméteanswered
by alL#B#statusmessage with an additional status parame-
ter st While B must have received th&#B#deliverymes-
sage before tracking parcels allows parcel tracking at
any time after receiving an authentication message f#fom
(A#L#authmessage).

3 Formal Model

As stated in the introduction, service composition of

In particu-
lar, mandatory and optional transitions are distinguished
mandatory transitions are those whatktransitions must
be supported by a trading partner, while optional trans#tio
could be supported by a trading partner. Classical Finite
State Automata (FSA) are extended by annotating states
with logical formulas based on transition labels: manda-
tory transitions are represented as conjunctions refigctin
that each transition must be supported, while optionaktran
sitions are given as disjunctions.

The annotations are standard Boolean formulas, which
are defined similar as in [3]:

Definition 1 (definition of formulas)

The syntax of the supported logical formulas is given as fol-
lows: (i) the constantsrue and false are formulas, (ii) the
variablesv € ¥ are formulas, wher& is a set of messages
that is transition labels (iii) if¢ is a formula, so is-¢, (iv)

if » and are formulas, so ig Ay and¢ V .

The set of all formulas is denoted &5 Based on these
formulas, annotated Finite State Automata (aFSA) can be
defined.

Definition 2 (aFSA)

AnaFSAA := (Q, X, A, qo, F, QA), whereQ is a finite set
of states Y. is a finite set of messages denotegér#msg

with senders € P sending messagesg to recipientr €

P, with P being the set of all parties) : Q@ x ¥ x @

represents labeled transitiongy a start state withg, €

Q, F C Q a set of final states, an@A : Q x E is a
finite relation of states and logical terms within the &&of

propositional logic terms.

Graphically, states are represented as circles, while tran
sitions are depicted as arcs connecting states labeled with
sender, recipient and message information. The extended
annotations of states are given within a square connected to
the corresponding state. Optional annotations are usually
not depicted since they are considered to be default. Exam-
ples of aFSAs are depicted in Figure 1.

Public workflows represent interactions with several

state dependent services can be restated as combining pulrading partners. Thus, to check bilateral consistenci wit
lic workflows and deciding consistency, i.e., deadlock- gz single trading partner it is necessary to abstract from the
freeness. Combining workflows result in a so called cross- pub“c workflow the relevant part representing the interac-
organizational workflow and different formal models have tion with this particu|ar partner_ In particu|ar' all megea,
been proposed. These models can be classified in acwhich are unrelated to the abstracting party’s public work-
cordance to the underlying communication model: asyn- flow, are relabeled by an empty wotd

chronous communication like e.g. supported by [1, 7], or

synchronous communication like e.g. supported by [13]. In _ )
An aFSAA’ = (Q, X, A, qo, F, QA" ) with A’ = 7,(A4) is

the following the focus is on synchronous communication ) )
since the same order of sent and received messages is gua®! abstraction of an aFSA = (Q, %, A, qo, F, @A) with

anteed, which simplifies the problem. regard to a partyp, where
The used workflow model is called annotated Finite State sHr4tms
Automata (aFSA) [13], which extends classical Finite State "P\5#"77159) = ¢,

Definition 3 (abstraction)

if (s=p)V(r=p)

otherwise



with ' = {r,(a) | a € £}, A" = {(g,7(a),¢) |

B#L#terminate A

(q; Ck,q/) c A}! QA/ = {(qup(e)) | (q7 6) S QA} W|th € - j:tuz(m) B tget stanetn) B#L#terminate A
7p(e) being a classical string replacement in a logical ex- L O e e
pression. sy orsmnin S [S—
L#(B‘:vslsatl)us L#B#status(tn, st)
The resulting aFSAs of applying the logistics abstrac- B S

tion (Ti0gistics) ON the buyer public workflow and the buyer
abstraction,.,.-) On the logistics public workflow are de-
picted in Figure 2(a). €

Next, intersection and emptiness operations are defined, e &
being the basis for the used notion of consistency. In partic """
ular, intersection is based on the cross product of tramsiti (in.0)
and states, while the corresponding annotations are com-
bined by conjunctions respectively. Due to the introductio
of silent transitiong in the abstraction the definition of in-
tersection must copy thetransitions of each aFSA to the
intersection automaton.
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Figure 2. aFSA Intersection Examples: (@)
Buyer and Logistic (b) Alternative Buyer and
Logistics

Definition 4 (intersection)
The intersection A; N Ay of two aFSA with

Ai = (Qi %0, A qio, F,QA;) (i € {1,2}) iIs an 5 3 state on this i i
i iy 2, Sy Gi0, My o ) path evaluategtae. In particular, a vari-
aFSAA = (Q, %, A, o, F, QA) based on the usual cross- able becomesrue, if there is a transition labeled equally

proijuct constructf)n W) = Q1 x Q2, X = X1 N Xy, to the variable from the current state to another state where
g0 = (q10,920), F = Fy x F», and ; : )
the annotation evaluates teue. Finally the automaton is

A= {((qi1,q21), s#r#msg, (q12, q22)) | non-empty, if the annotation of the start stateérige.
(qu1, s#r#msg, q12) € A1 A (qa1, s#r#msg, g22) € A2} For the above example the intersection automaton de-
U{((q11,9), €, (q12,9)) | (q11,€,q12) € A1 A g € Qa} picted in Figure 2(a) is non-empty since there exist a path
U{((g: g21). €, (4, 422)) | ¢ € Q1 A (ga1, €, g22) € Az} to a final state for both variables in the conjunction. Thus,

((q1,q2),e1 Aes) if(q,er) € QA;, thelogistics and buyer abstracted workflows are consistent
(g2, €2) € QA2

((q1,92) €1) if(q,e1) € QA1, 4  Multi-lateral Collaboration Consistency
q2 € Q2,
— / /
QA= U A (g2, ¢') € ZAQ A multi-lateral collaboration can be checked for consis-
g e, | (aa)e) if(az2; 2) € @42, yancy from a global point of view knowing all public work-
72 € Q2 @ € Qu, flows involved which are forming a cross-organizational

Ae'.(q1,¢') € QAL yorkflow. However the aim is to do the checking in a decen-
0 otherurise tralized way while providing the same decision. Thus, we
To illustrate the intersection definition, the logistics Start with introducing consistency of cross-organizaiion
and buyer abstracted workflows (as introduced above) areVorkflows and a decentralized consistency definition. In
reused and the minimized intersection automaton is de-S€ction 5 it is shown that the two consistency definitions
picted in Figure 2(a). Based on the intersection automaton,&"€ equivalent.
it can be checked whether the accepted language is empty
or not. Again emptiness test is based on standard automatod-1 ~ Cross-organizational Consistency
emptiness test, where the automaton is checked whether it
contains a single path to a final state. Regarding aFSAs this Consistency of a cross-organizational workflow can be
emptiness test has to be extended by requiring that all transpecified as the non-empty intersection of the public work-
sitions of a conjunction associated to a single state by anflows forming the cross-organizational workflow. A mes-
annotation are available in the automaton and a final statesage sequence accepted by an intersection automaton must
can be reached following each of these transitions, wherebe contained in each public workflow. However, a public
the labels represent the variables in the logical term. workflow contains only messages, where the party provid-
As a consequence, two automata are consistent, if theiring the public workflow is either sender or recipient. As a
intersection is non-empty; i.e., there is atleastone pathf ~ consequence, the public workflows have to be extended by
the start state to a final state, where each formula annotateanessages for which the local party is neither sender nor re-




cipient to get a non-empty intersection, where the addifion thatis,¥; = {s#r#msg € Xy | s = p; Vr = p;}.
messages might occur in arbitrary order. The cross-organizational workflow is consistent if it is non

The regular expression representing an arbitrary order ofempty, that isL(Axr) # 0.
messageX,, contained in a cross-organizational workflow
Ay without the set of messags, contained in the public With regard to the example described in Section 2 based
WorkﬂowAk is Spec|f|ed b)(E]LI\Ek) which Corresponds on the publIC workflows depicted in Figure 1 the minimized
to an automaton with a single start state being also a finalCross-organizational workflow as depicted in Figure 3 is
state having one transition per message ¥, \ X from non-empty, thus it is consistent.
the start state to the start state. In the following, the regu
lar expression notatiof®,; \ Xj)* is used to specify the
equivalent automaton.

To combine the additional messages with the public
workflow, the automaton theoretic shuffle product operation
is used. In particular, the shuffle product of two message
sequences results in a set of message sequences, where th
order of messages contained in the original two message se-
guences remains unchanged in all constructed message se-
guences, while the interleaving of the message sequences
is in arbitrary order. The formal definition of the shuffle
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Figure 3. Minimized aFSA Representation of
the Cross-organizational Workflow

product is:
Definition 5 (shuffle operation) According to the consistency definition of cross-
The shuffle product := A, & A, of organizational workflows, bilateral consistency can be de-
A = QX A0, Fi,QA;) (i € {1,2}) is  fined quite similarly. In particular, bilateral consistgnc
A = (@Q,%,4,q,F,QA) with @ = Q1 x Q2 checking can be realized by extending a party’s workflow
Y o= X U 3y, qO = quo X @20, F = Fi X Fy, and that of the trading partner, calculating the intersegti
A= @) @, (p,g2)) € (@1 X @2) X T2 x (@1 xQ2) | and checking the result for emptiness. The public work-
(1,0, 42) : Ao} flows are bilaterally consistent, if the intersection auiem
U llpa), 0 (p2,9)) € (@1 X @2) x X1 x (@ux @2) | 44 is non-empty. In the following the intersection automa-

A . .
(p1; i p2) € Aa} ton of two abstracted public workflows is called the corre-

((q1,42), €1 A\ e2) zf(‘h’ )61) Z/?Al/\ sponding bilateral workflow.
q2,¢€2) € 2
04— U ((q1,42),e1) gégl(éil)e’)e gg;{; 4.2 Decentralized Consistency Overview
e, | (@e)e) %‘(?g(,eg)/)e eQSil/\ In Service Oriented Architectures service composition
72 € Q2 0 ot(iilér(il);see 1 does not guarantee that a single party knows all public

workflows, thus, the consistency decision has to be derived
in a decentralized way also. This decision can be derived

Now, the workflow of the cross-organizational workflow ; i
for acyclic workflows by the following three steps [12]:

can be defined as the intersection of the public workflows
extended by all messages, where the local party is neither 1 prgpagation:

sender nor recipient. Bilateral intersection can be used to modify the public
o L workflows by removing irrelevant transitions. Thus,
Definition 6 (cross-organizational workflow) the relevant transitions are constraints for the trading
Let Ao,...,A,—1 be a set of aFSA representing pub- partner therefore we call this step constraint propa-
lic workflows respectively, then the workflady, of the gation. This step has to be repeated until a fixpoint
cross-organizational workflowl/ is defined asdy, := has been reached, that is, no further constraints can be

No<jen A& (Xm \ E;)* where& is the shuffle product;
is the Kleene Operator known from regular expressions, and
Ypmoi= U0§j<n ¥; with 3; being the alphabet of automa- 2. Decentralized Consistency Checking:

propagated.

ton A; provided by party; and; is complete. Complete- Each party checks consistency of its bilateral and pub-
ness means that all messages of the cross-organizational  lic workflows, i.e. does the emptiness test. If they
workflow are contained, which are sent or received by a are all consistent, then the party considers the cross-
party being involved in messages used by automatpn organizational workflow to be consistent until any



other party falsifies this decision by considering it to
be inconsistent.

. Consensus Making:
A protocol is required to decentrally check whether all
parties consider their public workflows to be consis-
tent, and to inform all parties about the final consensus.

The iterative application of constraint propagation re-
sults finally in a fixed point defined as:

Definition 8 (fixed point)

Let Aj; be a cross-organizational workflowt,, with re-
spect toAy, ..., A,_1 public workflows, where each; is
an aFSA. Thenl,, is fixed point, if and only if

One possible approach for this is to determine a leaderv0 < k < n. A, = U(A)

election algorithm. The coordinator starts a minimal
spanning tree algorithm setting up a hierarchical struc-
ture of the parties. Based on this structure a classical
2-Phase-Commit protocol can be used to collect inter-
mediate results of the partners, deriving a decision and
informing all parties on the result. This step is not fur-
ther elaborated in this paper.

Step 1 is required because the bilateral workflow hides
all constraints that are not immediately seen by the two par-
ties involved. The bilateral workflow for buyer and logistic
(Figure 2(a)) is consistent, because the intersectionns no
empty. Further, the intersection of the logistics with an al
ternative buyer as depicted in Figure 2(b) is also condisten

L#B#status( tn, st)

B#L#get_status(tn)
A#L#deliver (it, a)

B#L#terminate

B#L#terminate

L#A#deliver_conf(it, a, tn)

Figure 4. Minimized Logistics Department
Propagated Occurrence Graph Constraints

With regard to the example, the logistics public work-

however, the consistency is based on the usage of the 10gist|g\ contains the transition labeleti L#auth() which is

tics execution sequence requiring tA&lL#authmessage.

not supported by the accounting workflow. Thus, the mes-

Since this message is never send by the accounting, the bigage sequence starting with this transition is removed from

lateral workflow is consistent although the corresponding
cross-organizational is inconsistent.

Therefore, the propagation of constraints is required to
derive correct consistency decisions. In the following the
propagation of constraints is formally introduced.

4.3 Propagation of Constraints

Propagation of constraints means that irrelevant transi-

the logistics workflow by applying constraint propagation.
The resulting propagated logistics workflow is depicted in
Figure 4. After this constraint propagation the fixed point
has already been reached. This constraint propagation does
not affect the remaining public workflows, thus they are al-
ready fixed point. Since the fixed point workflows of the
three parties are locally consistent, the cross-organizat
workflow is also consistent.

tions are removed from public workflows. In particular, 5§ Correctness of the Approach
propagation of constraints is based on the intersection of

the extended public workflows of trading partners of a local
partyp and a final removal of all messages, which are unre-
lated to the party’s public workflow using the abstraction
operationr, (see Definition 3). Thus, the propagation of
constraints can be defined as follows:

Definition 7 (constraint propagation)

Let Aj; be a cross-organizational workflow with re-
spect toAy, ..., A,_1, where each4; is an aFSA. Fur-
ther, let party p having the public workflowA; and
{Aip(0)7"'7Aip(mp)} = {AJ | 0<j<nA Zj N Ep ;é
(0} be the set of party's trading partner workflows. The
propagated constraints ofl; result in an acyclic aFSA
Aj = W(Ag) with A} = Tp(ﬂogj<mp A, ()& (Em, \
¥i,(;))*) wWhere& is the shuffle product is the Kleene
Operator known from regular expressions, the abstrac-
tion7,, andX s, = Uy<jcim, Zi, (j) With ;) being the

alphabet of automatod; ;.

The correctness of the cross-organizational workflow
consistency with the decentralized consistency decision i
shown next. Based on the fact that the fixed points of the
constraint propagation can always be reached and a refor-
mulation of the decentralized consistency decision the cor
rectness follows.

5.1 Constraint Propagation Convergence

The correctness proof is based on the fact that the public
workflows are fixed point with regard to constraint propaga-
tion. Thus, it has to be shown that a fixed point can always
been reached.

Lemma 1 For all A,; being a cross-organizational work-
flow with respect tdy, . . ., A,,_1 public workflows, where
eachA; is an aFSA with4,; being a fixed point, then all;
always reach a fixed poiM0 < k < n. Ay = W(Ag)



Proof: Propagation of constraints is based on the inter- and the requirement of € L(A},) every public workflow
section of extended automata of a public workflow and the A; with 0 < j < n accepts a message sequengewhich
trading partners corresponding public workflows. Since in- shares the same order of messages exchanged betiyeen
tersection of an automaton with other automata guaranteesindA;, that is,
that the original one subsumes the intersection automaton,
the propagation operatiofi is monotonic, thus, the con- V0 < j <n.dwj € L(4;) mi(wj) =75(w)  (2)

straint propagation converges. N If this condition is not fulfilled, then the intersection in

equation 1 would be empty and, thuswould not be con-
tained inL(A)) as stated in the requirement. As a conse-
guence, such a message sequerjcexists for every public
workflow A; in the cross-organizational workflow.

Each message used inhas a sender and a recipient,
where partyk is either but not both of them. As a con-
sequence, the set of messages used in message sequences
Tr(w;) and Ty (w;) are disjoint, wher® < j < i < n,i #

k,j # k. Based on the construction of (see equation 3)
using the shuffle product of the disjoint message sequences
o o Tw)

Lemma 2 LetA,, be acr(_)ss-organlzatlonal W_orkflow with W e L(&0§j<n,j¢k7j (w)> (3)
respect tado, . . ., A,,—1 with A; being the public workflow

of party j and A; being fixed point. Then for evedy< k < and the fact that; (w) equalsr(w;) by equation 2 it fol-

n and for every message sequencaccepted byd;, the lows that

message sequence can be represented as the shuffle product W' e L(&0§j<n,j7ék7'k (wj)) 4)

of the projections;(w) with0 < j < nandj # k, that is, , , . S .
prol 1) =g = i wj is contained inL(A’), which is constructed in the

shs n..w © L(Ak?'w © L(&OSK"’]#T] @) same way asl, and which is equal td,(4,) due to the
Proof: Sincew contains messages, which are exchangedfixed point assumption. Thus(A;) is recursively given

betweenA,, and another partyl;, the messages used by yja the intersection calculation. Sineg € L(A;) the in-

different j in 7;(w) are disjoint. As a consequenae,is  tersection of4; with the remaining parties as specified in

in the language created by the combination of these MeS-gquation 1 accept the message sequenakue to the fixed

sages, where a potential order per trading partner is alread point assumption, otherwise; would not be contained in

considered, that is; € L(&o<j<n, k7 (W))- 0 L(4;). As a consequence, the intersection of the extended
While the above lemma is quite straightforward, the fol- w; cannot be empty, thus,

lowing has to show that each word which can be created by

the shuffle product implies that the word is contained in the I ﬂ wi&(Sar\ Ej)*) (5)

> w = Tk<
public workflow. 0<j<n,j#k

5.2 Alternative Consistency Definition

Next, it has to be shown that the fixed point public work-
flows are equivalent to the corresponding party’s projectio
of the cross-organizational workflow. To show this equiv-
alence, the two implications forming the equivalence are
separated by the following two lemmas. Based on this re-
formulation of the problem by means of locally available in-
formation the correctness of decentralized consistenny ca
be shown.

Lemma 3 LetA,; be a cross-organizational workflow with
respect toAy, ..., A,—1 with A; being the public work-
flow of partyj and A; being fixed point. Then for every
0 < k < n and for every message sequencaccepted by
Al = 1,(Am), all message sequences, which can be
constructed by the shuffle product of the projections) Theorem 1 Let A,; be a cross-organizational workflow
with0 < j <nandj # k are contained in.(A4;). Thatis,  with respect t0Ay,..., A, ; with A; being the public
, workflow of partyj and A; being fixed point with4d; =
VO<k<n VwelL(4dy) 7;(Aar). Then the public i/vorkflow resulting from t?]e pro-
V' € L(&0§j<w‘¢k7j (@) w" € L(A})  jection of the cross-organizational workflow is equivalent

the one constructed by the intersection of the public work-
flow with the shuffle product of the local party’s projection
of the remaining public workflows, that is,

which by equation 1 means that € L(A},), while w’ has
been constructed by the shuffle product (see equatidn 3).

Based on the previous lemmas, the initial aim of this sec-
tion can be formally stated as a theorem:

Proof: Be aware that) is equivalent tad, due to the
fixed point definition (see Definition 8). Further, due to
the definition of A}, being the projectionr;, of the cross-

organizational workflow (see Definition 6), that is, T ( No<jen Ai&(Em\2;5)" ) = ApN&o<j<n.jzeTr(4;)
li= Tk( ﬂ A& (S \ Zj)*) (1) Proof: Two automata are equivalent if the corresponding
0<j<n languages are equivalent. Thus, every message sequence is



accepted by the right hand side if and only if the message5.3 Decentralized Consistency
sequence is also accepted by the left hand side.

The implication from left to right can easily be shown, Finally, the decentralization aspect of deciding consis-
sincew € L(Ag) with using Lemma 2 and accord- tency is addressed. In Definition 6 consistency of a cross-
ing to the argumentation in the proof of Lemma 3 (see organizational workflow has been defined as the non-empty
equation 27,(A4;) = 7;(Ag)) it follows that w € intersection of the public workflows extended by all mes-
L<&O<j<”,#m(Aj)>_ As a consequence of € L(Ay), sages that the party is not directly involved in. Due to this

\ . / . definition, it has to be shown that emptiness of fixed point
w Is also contained in the language resulting fretp N . : . . . .
public workflows is equivalent to emptiness/inconsistency
&o<j<n j2uTh(A;):

The implication from right to left can be shown us- of the cross-organizational workflow.
ing Lemma 3. Sincev is contained in the intersec- Theorem 2 Let A,; be a cross-organizational workflow
tion language ofA); and &o<j<n,j2k7k(A;), w is con-  with respect to the public workflows, . .., A, _; with A;
tained in either language. As a consequence, it has beemeing the public workflow of party and A; being fixed
shown thatw € L(Ay) (see Lemma 3) implies that € point with A; = 7;(Axr). Ay is consistent, if and only if
L(7e(Mo<jen Ai&(Ear \ $5)7)) U all public workflowsA; with 0 < j < n are non-empty.

The current definition of the fixed point calculation re-
quires a public workflowA,, to recognize all messages of
the trading partners to be able to extend its public workflow

before doing the intersection calculation (see also Defini- T _ X .

tion 7). This seems inappropriate since the decentragizati the cross-organizational \{vorkflow is deflngd as the.lnters.ec

requires to stick to local knowledge. As a consequence, antion of the exte_nded public workﬂqws the |nter§ectlon Wlth

equivalent representation of this propagation rule isomtr an empty public workflow results in an ,emPty Intersection

duced. languagel.(Aj). Thus, the cross-organizational workflow
A/ is inconsistent.

VO < j < nL(Aj) # 0 — L(Aym) # 0: Based
on Lemma 4, Theorem 1 and the fixed point4f, each
Aj; is equivalent to the projectiom;(Ays) of the cross-
organizational workflow. Since all workflows are non-
empty, the cross-organizational workfloty, is also non-

Proof: Both directions of the equivalence have to be
shown:
30 < j < n.L(4;) = 0 — L(Aym) = 0: Since

Lemma 4 Let A, be a cross-organizational workflow with
respect tady, . .., A,—1 with A; being the public workflow
of party j and A; being fixed point withd; = 7;(Ax/).
The trading partner's workflows of a party are the sub-
set of all public workflows, where the corresponding al-

; . mpty. O
r;hé{tjftj :1 ave zt Izaas,)t}:ifn{%lle Tlgsia?e <|nncoAmr;1c;2, thaF Thus, it has been shown that based on the proposed prop-
’ ’ik07"‘7 ik"nk T j =

k A 5, N5, # 0). The following equivalence holds: agation the centralized and the decentralized consistency

definitions are equivalent.
&o<j<n,jzkTh(Af) = &o<i<my 126Tr(Ai 1)) 9

Proof: Due to Lemma 3 all public workflowsA; 6 Parameter Constraints
are non-empty in casel,; is non-empty. Based on
&o<j<n,j2kTk(A;) two cases have to be distinguished: In In this paper we do not discuss the effect of constraints
the first caseA; represents a public workflow of a trading on message parameters, since these parameters are less ap-
partner, that isy; N3, # 0 which maps to a workflow con-  plicable due to their potential of revealing mission cétic

tained in the subsetd;, (o), - - - Ai, (my) } With j = dx(1). information. However, there exist an approach described in
Thus, the automaton is represented at either side of thg10] handling also parameter constraints which can not be
equivalence. presented in this paper due to the lack of space. The un-

In the second casel; represents a public workflow of a  derlying idea is to represent parameter constraints simila
party being not a trading partner, thatis,NX; = (0. Thus, to the introduction of guard functions in Colored Petri Nets

Aj is not contained in the subsét;, (o), - -, Aj, (my) }- Thus, the aFSA definition is extended by guard functions to
Therefore, the workflowd; appears only on the left hand represent parameter constraints. The guard function & use
side of the equivalence. However, dueXo N X, = 0 to introduce additional constraints on the enabling of-tran

the abstraction (A;) of the public workflowA; results in sitions, thus, guard functions are annotated to transtion
an empty message sequence. Thus, the projection does noather than to states as done by the annotations represent-
contribute any message to the construction of the workflow ing mandatory and optional transitions. Based on guarded

by the shuffle product and therefore can be neglected] aFSA the introduced operations and the construction of
Based on this lemma and Theorem 1 it follows that the cross-organizational workflows can be extended coming to
fixed point public workflowsA ; are equivalent ta; (Axz). the same conclusion.



Further, based on using parameter constraint propagaapproach and main parts of the implementation has been
tion the preconditions for the presented approach can beshown already. Future work focus on indexing of the bilat-
weakened. Currently a precondition is specified that a eral consistency checking.
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