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Aligning Collaborative Business Processes—An
Organization-Oriented Perspective

Xiaohui Zhao, Chengfei Liu, Yun Yang, and Wasim Sadiq

Abstract—Business collaboration encompasses the coordination
of information flows among organizations as well as the composi-
tion of their business processes toward mutual benefits. While in-
tegrating business processes of different organizations seamlessly,
it brings great challenges to keep participating organizations as
autonomous entities. To address this issue, we propose a new
perspective on modeling collaborative business processes with a
novel concept called relative workflow (RWF). With its visibility-
control mechanism, the RWF model defines what a participating
organization can perceive in collaboration and thereby allows
each organization to customize its own collaboration process and
behaviors. In this paper, we present a formal definition of RWFs
and related algorithms for generating RWFs. A prototype is im-
plemented on the Web service platform for the proof-of-concept
purpose.

Index Terms—Collaborative business process, relative workflow
(RWF), visibility control.

I. INTRODUCTION

HE great surge of business globalization inspires organi-

zations to be more ambitious of process collaboration by
means of coupling their business processes with those of their
trading partners. Undoubtedly, such cross-organizational busi-
ness process integration enables the synergy of organizations,
and therefore, the organizations can stay more competitive in
the global market [1]-[5]. To enable such process collaboration,
research efforts have been put on improving current workflow
technologies for supporting collaborative business processes
[61-[9].

Recently, many approaches like markets of resources [10],
electronic institutions [11], etc., have created a complex envi-
ronment for business collaborations. In such an environment,
workflow technology is widely deployed to model and auto-
mate business functions and collaborations. Traditional interor-
ganizational workflow approaches mainly focus on modeling
workflows from a public view [12], [13]. In this public view, a
third-party designer or the main contractor (focal organization)
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of a virtual enterprise often takes the most responsibilities
of defining an interorganizational business process, such as
designing the collaboration pattern and arranging collaboration
behaviors. These approaches work well with the assumption
that there exists a third-party designer or a main contractor
that can see a certain level of details of all participating orga-
nizations. However, in many practical cases, this assumption
is apparently overoptimistic. For the organizations that partic-
ipated in the same collaborative business process, the relation-
ship between each pair of organizations could be different. As
such, in contrast to what public-view approaches assume, the
visibility between participating organizations is relative rather
than absolute. In another aspect, the predominant view of a
third-party designer or a main contractor may put participating
organizations in a passive position. This violates the fact that
each participating organization acts as an autonomous entity,
which naturally desires to define the business collaboration
toward its own business objectives and benefits. Moreover,
for the applications where partnerships change frequently and
dynamically, the prefixed business collaboration in the public-
view approaches is hardly applicable.

In the aspect of implementation technologies, a service-
oriented architecture is widely adopted in enterprise collabora-
tive environment, and the interfaces of operational components
help hide the implementation details. Yet, such invocation
interfaces are mainly function oriented and, therefore, cannot
convey necessary process information for workflow tracking
and process composition.

Aiming to facilitate organizational autonomy, business pri-
vacy, and collaboration flexibility in the process-oriented envi-
ronment, we propose a new perspective on modeling business
collaborations with a novel concept called relative workflow
(RWF). In the RWF context, a collaborative business process
is represented as a series of RWF processes, each of which
is defined from the perspective of an individual participating
organization. This allows each organization, as an autonomous
entity, to design its own collaboration structure and behaviors.
The public-view workflow design can be distributed into multi-
ple one-party-oriented RWF process design. Different visibility
constraints can then be defined for different organizations to
reflect the fine granularity of visibility control between partici-
pating organizations.

The remainder of this paper is organized as follows. With a
motivating example, in Section II, we analyze the business col-
laboration requirements that are not well supported by current
approaches. Section III presents the formal framework of the
RWF model, and Section IV addresses the procedure and the
related algorithms for generating RWF processes. Section V
justifies the RWF model in terms of information sufficiency
and necessity. Section VI analyzes how to apply the RWF
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Fig. 1. Interorganizational workflow process example (modified from [18]).
framework in different collaboration schemes and highlights
its appealing features for supporting dynamic collaborations.
A Web-service-based prototype implementation is presented in
Section VII. Section VIII discusses about the advantages and
tradeoffs of the RWF approach. Finally, Section IX concludes
this paper and outlines the future work.

II. REQUIREMENT ANALYSIS WITH
MOTIVATING EXAMPLE

Traditional interorganizational workflow design approaches
streamline the participated business processes of different orga-
nizations into a public business process. As discussed earlier,
this procedure has the following problems.

The first problem is the weak autonomy of organizations par-
ticipating in the collaboration. Most interorganizational work-
flow modeling approaches assign a third-party designer or a
main contractor to determine the collaboration choreography
and orchestration of all participating organizations. However,
this modeling scheme places the other minor participating or-
ganizations in a relatively passive position or as a mere member
of the poll queue [14]. Due to this reason, these organizations
behave in the collaboration as passively as a worker does in
a pipeline workshop. Nevertheless, driven by global business
expansion, organizations seek higher process customizability to
adapt to local markets and national regulations. Consequently,
organizations are challenged to strike the appropriate balance
between centralized corporate standards and the autonomy
needed to serve local markets. Furthermore, these facts result in
an organization’s inherent desire for the autonomy in choosing
its own partner organizations, defining collaborative business
processes by itself according to its business objectives, benefits,
etc. Moreover, an appropriate third-party designer or a main
contractor is not always obtainable, particularly in a loosely
coupled collaboration environment.

The second problem is the coarse granularity of openness.
This issue has been identified as early as in the 1980s [15].
Yet, most existing interorganizational-business-process model-

ing approaches compulsorily adopt a common business process,
and all participating organizations share this public business
process to conduct the collaboration. However, this public-
business-process-based collaboration inevitably results in the
discourse of excessive information or the insufficiency of nec-
essary collaboration information [16]. In the former, some
private business information may be unwillingly disclosed to
an organization with a distant partnership. In the latter, busi-
ness processes belonging to involved organizations cannot be
integrated seamlessly. A customizable visibility control over
interorganizational business processes is therefore on urgent de-
mand to balance the information openness and privacy preven-
tion elaborately, as well as to guarantee the maximal autonomy
of participating organizations.

The third problem is the poor flexibility and adaptability of
predetermined collaborative business processes. To adapt to the
turbulent and rapidly changing environment, organizations have
to modify their business processes. Consequently, a collabora-
tive business process may transform in an ad hoc manner, ac-
cording to the market requirements and changing partnerships
[17]. Thus, the support for the reconfigurability of collaborative
business processes is expected with strong demands.

Fig. 1 shows a collaboration scenario among four organiza-
tions. In this scenario, all the participating organizations have
the knowledge of the whole collaboration process, which is
predetermined and defined by a third-party designer or a main
contractor such as the manufacturer. Once the collaborative
business process has been defined, each participating organi-
zation acts passively and loses, more or less, its autonomy. It
will be difficult for an organization to change its collaboration
pattern or behaviors, for instance, to start a new partnership or
to terminate an existing partnership. Moreover, the knowledge
of the whole collaboration process gives no chance to define a
close or distant partnership between participating organizations.
For example, from Fig. 1, we can clearly see that the views
from a retailer and a manufacturer on the collaborative process
are different. While a manufacturer has a close partnership
with all other participating organizations, a retailer, however,
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only has a close partnership with a manufacturer via a proper
source/supply contract. A retailer may not need to know and,
actually, should not know the manufacturer’s partnerships, for
example, the partnership with a supplier. At the same time, a
retailer may need to have some knowledge about a shipper of
the manufacturer, so that the retailer can track the delivery of
goods in transit. In case the manufacturer intends to change
suppliers or shippers, it is also expected to modify the collabo-
rative business process on the fly. Reluctantly, the public-view
approaches act awkwardly to support these requirements.

To address these issues, we believe that business collab-
oration should be decided from the view of each individual
organization. This implies that each organization defines its
collaboration structure and behaviors by following correspond-
ing contracts with proper partner organizations, and it can also
change them later by updating existing contracts or signing
new contracts. In this way, each organization is empowered
with the authority to design its collaboration in a proactive
mode. In addition, the views from different organizations may
be different due to the partnerships and privacy reasons.

The proposed RWF model caters for these issues with an
organization-oriented perspective. The offered support on au-
tonomy, openness, and flexibility by the RWF model empow-
ers organizations with more privacy control, partner selection
freedom, and convenience in collaborations. These features
also benefit the dynamic reconfiguration of the collaboration
network, as only the perceivable changes need to be updated
in the relative perspective, and thereby, the workflow updating
load can be reduced when the network changes.

The research reported in this paper is based on a preliminary
version of our RWF approach [19], with significant improve-
ment and extension on the model justification, lifecycle from
contracting to RWF generation, and the facilitating system
design.

III. RWF PROCESSES

In our context, a collaborative business process consists of
several intraorganizational business processes of participating
organizations together with the interactions between them. We
call these intraorganizational business processes as local work-
flow processes.

Definition 1 (Local Workflow Process): A local workflow
process Ip is defined as a directed graph (7, R), where 1) 7 is
the set of nodes representing the set of tasksand2) R C 7 x T
is the set of arcs representing the execution sequence.

Definition 2 (Organization): An organization g is a partici-
pant in the business collaboration. An organization owns a set
of local workflow processes {Ip',Ip?,...,Ip"}. An individual
local workflow process Ip’ of g is denoted as g.lp’, 1 < i < m,
and m is the number of ¢’s local workflow processes.

In a loosely coupled collaboration environment, each orga-
nization expects to protect the critical or private information of
its business processes from disclosing to other organizations.
According to the two most important behaviors in the context
of collaborative business processes, i.e., workflow tracking and
workflow interaction, we define the following three values for
task visibility as listed in Table I.

Due to the high diversity of business collaborations, these
three values can never cover all visibility scenarios. This paper
aims to provide a fundamental visibility-control mechanism
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TABLE 1
VISIBILITY VALUES

Visibility value Explanation
A task is said invisible to an external organisation,
Invisible if it is hidden from that organisation.
A task is said trackable to an external
Trackable organisation, if that organisation is allowed to

trace the execution status of the task.

A task is said contactable to an external
organisation, if the task is trackable to that
organisation and the task is also allowed to
send/receive messages to/from that organisation
for the purpose of business interaction.

Contactable

with these three values, while this visibility value table is open
for future extension.

Definition 3 (Visibility Constraint): A visibility constraint
ve is defined as a tuple (¢,v), where ¢ denotes a work-
flow task and v € {Invisible, Trackable, Contactable}.
A set of visibility constraints VC defined on a workflow
process [p is represented as a set {(¢,v)|t € Ip.T and v €
{Invisible, Trackable,Contactable}}.

Example 1: Based on Fig. 1, two sets of visibility constraints
are given as follows:

VC; = {(‘Raise Order’, Invisible), (‘Place Order with
Manufacturer’, Contactable), (‘Invoice Customer’,
Contactable), (‘Pay Invoice’, Contactable), (‘Approve
Payment’, Invisible), (‘Print Cheque’, Invisible)}.
VCy = {(‘Collect Order’, Contactable), (‘Order Parts’,
Invisible), (‘Schedule Production‘, Trackable),
(‘Schedule Delivery’, Trackable), (‘Confirm Delivery’,
Contactable), (‘Check Inventory’, Invisible), (‘Make
Goods’, Trackable), (‘Dispatch Goods’, Trackable),
(‘Invoice Retailer’, Contactable)} .

These two sets are defined on the “Product Ordering” and
“Production” processes, respectively.

Definition 4 (Perception): A perception pgé'“’ of an organi-
zation g1 ’s local workflow process [p from another organization
go is defined as tuple (VC, MD, f), where VC, MD, and f are
defined as follows.

1) VC is a set of visibility constraints defined on g .lp.

2) MD C M x {in,out} is a set of the message descrip-
tions that contains the message bodies and their passing
directions. M is the set of message bodies. The passing
direction is defined from the perspective of [p’s host
organization of, i.e., g;.

3) fi MD — gi1.lpgo. T is a bijection from MD to
g1.lpgo. 7, and gi.lpgo is the perceivable workflow
process of g;.lp from gy. Here, a perceivable workflow
process represents the perceivable form of a local work-
flow process for a partner organization. The generation of
g1-Ipgo from gq.Ip will be discussed in the next section.

Example 2: Based on the aforementioned motivating exam-
ple, we give the perception of the retailer’s Product Ordering
process from the manufacturer and the perception of the manu-
facturer’s Production process from the retailer as shown at the
next page.
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Retailer.productOrdering
Manufacturer

= (VCy, {(‘Order of Products’, out),
(‘Confirmation of Delivery Date’, in),
(‘Invoice’, in) } , {(‘Order of Products’, out)
— Place Order with Manufacturer’,
(‘Confirmation of Delivery Date’, in)
— ‘Invoice Customer’, (‘Invoice’, in)

— ‘Pay Invoice’})
Manufacturer.production
Retailer

= (VCa, {(‘Order of Products’, in),
(‘Confirmation of Delivery Date’, out),
(‘Invoice’, out) }, {(‘Order of Products’, in)
— ‘Collect Order’,
(‘Confirmation of Delivery Date’, out)
— ‘Confirm Delivery’,
(‘Invoice’, out) — ‘Invoice Retailer’ })
where VC; and VC, are defined in Example 1.

Definition 5 (RWF Process): An RWF process rp perceiv-
able from an organization gq is defined as a directed graph
(T,R), where 7 and R are defined as follows.

1) 7 is the set of local and perceivable tasks, which is a
union of 7 and 7p.
a) 1, = %go.lpk.'f is the union of the task sets of

go’s local workflow processes. Here, 1 < k < mg and
myo is the number of gy’s involved local workflow
processes.

b) 7p = LZJLJJgi.lng.T is the union of the task sets of

the workflow processes perceivable from gq. Here,
1 <i¢<nand 1 <j <m,;, while n is the number of
go’s partner organizations and m; is the number of g;’s
involved perceivable workflow processes for gg.
2) ‘R is the set of arcs perceivable from gg, which is a union
of the following four parts, where 4, j, and k are the same
as in the definition of 7.
a) Ry = L]_CJgO.lpk.’R is the union of the arc sets of gg’s

local workflow processes.
b) Rp = UUg;.lp} R is the union of the arc sets of the
17 .

workflow processes perceivable from gg.
¢) Lintra 1S the set of intraorganizational messaging
links that connect tasks belonging to different local
workflow processes and is defined on U U(go.Ip*.7 x
i

go.lp? . T), where i # j.

d) Linter is the set of interorganizational messaging
links that connect tasks between a local workflow
process and a perceivable workflow process and is de-
fined on L%JL]JL]_CJ(gO.lpk.Tx gilp? T U gi.lp) . T x

9o-lp*.T).

Fig. 2 shows how the components of the RWF model are
related across organizations. An RWF process consists of local
workflow processes, perceivable workflow processes, and the
messaging links between workflow processes. A perception de-
fines the visibility constraints for the tasks of a local workflow
process. According to a given perception, a perceivable work-
flow process can be derived out from a local workflow process
by composing the invisible tasks to visible ones. The perception
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Fig. 2. RWF model.

also defines the message descriptions including message body
and messaging directions for the involved messaging links. By
matching the compatible message descriptions, two workflow
processes can be connected together.

It is a necessary procedure for an organization gy to de-
fine the perceptions on local workflow processes for its part-
ner organizations, i.e., g1, go, - . ., gn, before generating RWF
processes. In Fig. 2, we only show one partner organization
g1 for illustration. This procedure includes defining visibility
constraints, messaging links, and mapping functions. Once the
perceptions on local workflow processes are defined, an RWF
process can be generated by other two steps: composing tasks
and assembling RWF processes.

The purpose of composing tasks is to hide private tasks of
local workflow processes. We choose to merge invisible tasks
with the contactable or trackable tasks into composed tasks.
According to the perceptions defined from g1, a local workflow
process of g; after this step becomes a perceivable workflow
process for gg.

An organization may assemble RWF processes by linking
its local workflow processes and the perceivable workflow
processes from partner organizations via messaging links. As
shown in Fig. 2, an RWF process of gy consists of gg’s local
workflow processes, the perceivable workflow processes from
g1, and the messaging links obtained by matching the message
descriptions defined in perceptions.

The details are discussed in the following section.

IV. GENERATING RWF PROCESSES
A. Defining Perceptions

The raw information for defining perceptions is from com-
mercial contracts between collaborating organizations [20],
[21]. Griffel et al. [22] have proposed a classical contract model
in the Common Open Service Market for Small-to-medium
sized enterprise (SME) (COSMOS) project, which classifies
a contract into four major parts of Who, What, How, and
Legal Clauses, as shown in Fig. 3. In this paper, we employ
this contract model to help analyze and derive the visibility
constraints for perceptions.

As the core part of this contract model, the How part de-
fines the execution details for the obligations defined in the
What and Legal Clauses parts. The business interactions of
the execution component details how the parties defined in
the Who part should interact with each other to fulfil the
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Fig. 3. Simplified contract model (modified from [23]).

collaboration. At the process level, each business interaction
is supported by one or more workflow tasks of the involved
workflow processes. Between these business interactions, there
may exist dependences, such as status dependences or tracking
requirements, etc., and these dependences may further compli-
cate the correlations between the supporting workflow tasks. In
the contracting process, we call the organization that issues a
contract a host organization and the responding organizations
partner organizations.

Different from a contract, a perception is defined from
the perspective of one organization toward the local
workflow processes of its partner organizations. For
the collaboration between organization ¢y and partner
organizations g¢i,...,¢gn, two sets of such perceptions are
required to represent the collaboration, where PS; is the
set of the perceptions defined on gy’s participated local
workflow processes go.lp1,- .., go.lp™° from gi,...,gn, i.c.,
{pg‘f'll’l, .. ,pgfl"lpmo, . ,pgglf’l . ,pgg‘lpmn }, and PSs
is the set of the perceptions defined on all participated
local workflow processes of g¢i,...,g9, from g, ie.,
{pgé'lpl, . ,pgé'lpl yenn ,pgg'lpl, e ,pgg'lpm" 1.

Thus, each participated workflow process in the contracted
collaboration is assigned with a proper perception. To derive
these perceptions, we need to analyze the business interactions
defined in related contracts by recognizing necessary interor-
ganizational messages and setting up visibility constraints for
workflow tasks, etc. Algorithm 1 details the steps how gp’s
partner organization g; generates a perception p of g1’s local
workflow process Ip for gg, according to the business interac-
tions defined in contract c.

Algorithm 1. Generating perceptions
Input:
c—a contract signed by two organizations gy and ¢,
go—the host organization
g1—the partner organization
Ip—an involved local workflow process of g,
Output:
p—the generated perception of g; from gg
1. pVC =2, pMD =2;p.f =,
2. for each task ¢t € Ip
3. pVC = p.VCU{(t,invisible)};
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4. for each business interaction bi defined in contract ¢

5. foreachtaskt € lp

6. if task ¢ provides necessary functions for b: then

7 if 3(¢, invisible) € p.VC then

8 p.VC=p.VC U{(t, contactable) } \ {(t, invisible)};

9 mdSet = {the message descriptions to be used by ¢
to support bi}

10. for each message md € mdSet
11. p.MD = p.MD U {md};
12. p.f =p.fU{lmdt)};

13. end for

14. end if

15. for each business interaction bidefined in contract ¢

16. for eachtask ¢ € Ip

17. if bi has status dependence with ¢ then

18. if 3(¢, invisible) € p.VC then

19. p.VC=p.VC U {(t, trackable) }\ {(¢, invisible)};

This algorithm first sets all tasks invisible in lines 2-3.
Lines 4—14 set the tasks that are directly involved in business
interactions to be contactable and create the corresponding
message descriptions for these contactable tasks. Lines 15-19
set trackable tasks according to the status dependence between
tasks. The status dependence between business interaction b
and task ¢ denotes that bi relies on the execution status of .

Fig. 4 shows generated message descriptions, represented
by the dashed arrows, for the Product Ordering process and
the Production process mentioned in Section II. To repre-
sent the business interaction between these two processes,
we define perception pro ailer-productOrdering o tho retailer’s
Product Ordering process from the manufacturer and percep-
tion pll;d;r;‘flzafturer'pmdumon of the manufacturer’s Production
process from the retailer, respectively. The visibility constraints
of these two perceptions are already given in Example 1.

B. Composing Tasks

In this step, a local workflow process needs to hide its
invisible tasks by composing them with proper contactable or
trackable tasks and thereby attain the corresponding perceivable
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workflow process. For an invisible task ¢ and a contactable task
t’, the composition conducts by following these rules: 1) ¢ is to
be hidden into t', if ¢’ is after ¢ and ¢’ has an outgoing message,
and 2) t is to be hidden into ¢/, if ¢’ is before ¢ and ¢’ has an
incoming message.

For simplicity of discussion, we only consider composing
one local workflow process Ip of organization go from another
organization g;. We conduct a preprocessing on all split/join
structures of Ip such that, for all those branches consisting
of only invisible tasks, a dummy task is created to delegate
these branches. The algorithm for composing tasks is given as
follows.

Algorithm 2. Task Composition
Input:
Ip—aq1 .Ip, organization ¢g;’s local workflow process Ip
before composition
p—pJL-'7, the perception of g;’s Ip from go
Output:
Ip'—g1.lpgo, the perceivable workflow process
composed from Ip for gg, according to pgé'l”
1.1p" = lp;
2. VT = {all the visible tasks of Ip, defined in p};
3. while (3t, ¢ € (. T =VT))((t,t) € Ip/. R)A
seq(t) A seq(t'))
/I here, seq(t) =(indegree(t) =1 Aoutdegree(t) =1)
4. t°=t+t;
5. W T = TU{ey\ {tt'};
6. W R=DR\{E};
7. replacet, t' in Ip'. R with t°;
8. end while
9.while(3teVT(p'.f~1(t)=(m, in)A\outdegree(t)=1)
NG e(lp . T-VT)(t,t')elp R indegree(t')=1)
10. t°=t+t;
1. VT =VT U{t}\{t}
12 W T=pTu{}\{t ¢
13. W R=pR\{t1t)};
14. replace t, t' in [p'. R with ¢°;
15. end while
16. while((FteVT(p'. f~(t)=(m, out)\indegree(t)=1)
NI e(lp' T-VT))((t', t)elp’. R Aoutdegree(t')=L1))
17. t°=t+1t;
18. VT =Vv7T U{t}\{th
19. W.T=Ip TUu{t}\{t, t}
20. W R=D.R\N{{, 0}
21. replace ¢, t' in lp'.R with ¢°;
22. end while

Lines 3-8 compose each pair of neighboring sequential
invisible tasks into one invisible task. Lines 9-15 downward
compose invisible tasks with incoming interaction tasks, and
lines 16-22 upward compose invisible tasks with outgoing
interaction tasks.

Fig. 5 shows the results of task composition: (a) is the
perceivable Product Ordering process of the retailer from the
manufacturer, and (b) is the perceivable Production process of
the manufacturer from the retailer, where the dashed rectangles
denote invisible tasks.
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Fig. 5. Perceivable workflow processes.

C. Assembling RWF Processes

In this step, related local workflow processes and perceivable
workflow processes are connected together by linking the cor-
responding interaction operations. Algorithm 3 illustrates the
linking procedure and the steps of matching message descrip-
tions. For simplicity of discussion, we only consider matching
one local workflow process [p of partner organization g; from
host organization gg in the given algorithm.

By saying that one message description md; matches another
message description mdy in Algorithm 3, we mean that they
have the same message, and one has passing direction “in”
while the other has “out.” With the set £ of generated mes-
saging links, we can assemble RWF processes

Algorithm 3. Local Workflow Process Matching
Input:
Ip) = go.lpgji—the perceivable workflow process
composed from go’s local workflow process [p.
p= pg?'l”—the perception of gy’s Ip from gy
ps = {pg;'lpl Ve ,pgé'l”ml }—the set of perceptions defined
on g;’s perceivable workflow processes from g
Output:
L—the set of generated messaging links
1.£ = @;
2.foreacht € lp'. T
if Imd(p.f(md) = t) then
mdy = p.f(t);
for each p° € ps
for each md, € p°. MD
if md; matches mds
(mds), md1)};
8. end if

Nownkw

then L=LU{(t,p°.f

Fig. 6(a) and (b) shows the RWF processes from the retailer’s
and the manufacturer’s views, respectively, where the dashed
connecting arrows denote the generated messaging links. This
figure shows that, for the same collaborative business process,
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Fig. 6. RWF processes.

different participating organizations may have different views.
This reflects the relativity characteristic of the model.

When generating RWF processes, a local workflow process
can be a composite process that contains multiple sublocal
workflow processes to cater for the complexity of business
process realizations. Furthermore, an existing RWF process for
an organization can also be treated as a local workflow process
in a larger collaboration with different partners to reflect the
hierarchy of collaborations. Such cases are quite common in
service-outsourcing scenarios.

V. MODEL JUSTIFICATION

In this section, we justify the RWF model from the aspects of
information sufficiency and necessity. From the organization-
oriented perspective, we define the information sufficiency and
necessity for RWFs in terms of their partial views over a
public-view collaborative business process. Theoretically, the
following two properties describe the information necessity and
sufficiency, respectively.

Property I (Necessity): An RWF process contains necessary
information for the host organization to accomplish its respon-
sibilities in the participated business collaboration.

lls

sue and
ign up

Derive():t/ Contract \lien‘ve out

| Perception(sd

Local

‘ Perception(su

Local

Workflow

Process(es) Generate PWf(

Relative
Workflow
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Combine LWf(s) and /Perceivable Perceivable) Combine LWf(s) and
PWIf(s) into RWF | \workflow Disgatch Workflow | PWI(s) into RWf
Process(es) Jp\f(s) tq partners\ Process(es)

Workflow

5) according to Process(es)

Relative
Workflow
Process

N J

Fig. 7. Contracting process for traditional collaboration.

Property 2 (Sufficiency): A collaborative business process
can be sufficiently represented by a finite number of RWF
processes defined for participating organizations.

The detailed proofs for these two properties are given in the
Appendix.

VI. APPLICATION SCENARIOS
A. Traditional Collaboration Scheme

The RWF approach fully supports the traditional collabora-
tion scheme. As shown in Fig. 7, the traditional scheme starts
the collaboration from contracting, where multiple organiza-
tions issue and agree with a contract. From the contract, orga-
nizations will derive the perceptions for their participated local
workflow processes using Algorithm 1. Thereafter, according to
these perceptions, these organizations will create corresponding
perceivable workflow processes as stated in Algorithm 2 and
dispatch the perceivable workflow processes to partner organi-
zations. Upon receiving these perceivable workflow processes,
an organization can connect them with its local workflow
process(es) and create the RWF process for the collaboration
using Algorithm 3.

B. “Browse and Pick”

As discussed in Section V, a collaborative business process
modeled by public-view approaches can be equivalently sub-
stituted by a series of RWF processes. Moreover, our RWF
approach also supports some applications that the public-view
approaches can hardly cope with. One example is transient
supply chains. In nowadays e-business, buyer, supplier, seller,
and distributor organizations can exchange their trading infor-
mation and find trading partners over e-marketplaces or other
information portals. These sorts of collaborations are most
likely to be dynamic and temporary. The partnership is usually
decided by means of price matching, bidding, or auctions, and
it terminates as soon as the trading accomplishes. As discussed
earlier, our RWF approach fits well into such dynamic col-
laboration. Another example is a virtual organization alliance
which consists of multiple SMEs. The SMEs join the virtual
community to share business services from each other. Each
organization in such an open alliance is aware of the advertised
services and also needs to publish its business services to
the community. Such a dual-awareness requirement can be
well supported by the visibility-control-based perceptions. In
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Fig. 8. Contracting process for browse-and-pick collaboration.
addition, the browse-and-pick building mechanism of RWFs
can well serve this kind of alliances.

Different from traditional collaborations, organizations in
this collaboration mode mainly follow an open contracting
mechanism. As shown in Fig. 8, in this contracting mechanism,
the host organization, for example, g, first lists the basic
supply-and-demand requirements in a virtual contract. This
virtual contract is issued for all potential partner organizations
rather than a concrete organization. According to this virtual
contract, g; can derive out the corresponding perception and
even generate the perceivable workflow process(es) for its in-
volved local workflow process(es). These perceivable workflow
processes are then released to public for advertising purpose,
and therefore, they are the same to all potential partner orga-
nizations. Interested organizations, for example, go and others,
may check the supply-and-demand information and the perceiv-
able workflow processes before they decide whether to establish
the collaboration. Once decided, the interested organizations
can negotiate with the host organization and sign up a concrete
contract. The remaining process is the same to the one for the
traditional collaboration.

VII. PROTOTYPE IMPLEMENTATION
A. System Overview

In regard to enterprise system development, Web services
have become a popular implementation platform [24]. To
demonstrate the ideas discussed in this paper, a prototype base
has been implemented on Sun Microsystems’ Java Web Service
Application Programming Interface (API) stack. This newly
rearchitected API stack comprises Java API for XML Web
Services [25], Java Architecture for XML Binding 2.0 [26], and
SOAP with Attachments API for Java 1.3 [27]. This API stack
represents a logical rearchitecture of Web service functionality
in the open-source Java Enterprise Edition-compliant applica-
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Fig. 9. Architecture of the proposed business process management system.

tion server, instead of the original XML Remote Procedure
Call-oriented APIs.

Based on this new API stack, we have developed the business
process management system architecture as shown in Fig. 9.
This business process management system implements our
RWF methodology with the benefits from a Web service’s
inherent advantages for distributed computing. For better inte-
gration and interoperability, Business Process Execution Lan-
guage for Web Services (WS-BPEL) is deployed as the default
business-process-definition language.

Fig. 9 shows two business process management systems
belonging to collaborating organizations. An independent Busi-
ness Process Directory Service stores all the business processes
published by organizations in a perceivable workflow process
database to provide a common directory for all organizations.
Organizations can browse these published business processes
and select appropriate ones to create collaborative business
processes.

The business process management system of each organiza-
tion consists of four administrative components, viz., the Agree-
ment Management Service, the Workflow Modeling Service,
the Workflow Execution Service, and the Workflow Monitor
Service. Each administrative component has a local operation
port and an external operation port, which are accessible to
intraorganizational components and databases and partner orga-
nizations’ components and databases, respectively. In addition,
several databases are deployed for storing workflow processes,
instances, and perceptions. The Web services shown in big
ovals in Fig. 9 work as independent functional components,
which collectively provide business functions under the invo-
cation of Workflow Execution Services and in harmony with the
underlying collaborative business processes.

The whole lifecycle of an RWF process through these four
administrative components goes as follows. First, the Agree-
ment Management Service wraps a local workflow process into
a series of perceivable workflow processes for different part-
ner organizations. Thereafter, the Workflow Modeling Service
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Fig. 10. User interfaces of workflow modeling tool. (a) User interface for local
workflow process modeling. (b) User interface for RWF process modeling.

generates RWF processes with the perceivable workflow
processes from partner organizations. Finally, RWF processes
will be executed by the Workflow Execution Services of the host
organization and the partner organizations. The monitoring over
the execution will be handled by the Workflow Monitor Services
of involved organizations.

B. Prototype Components

1) Agreement Management Service: This component han-
dles the documentation for collaboration preparation. Exactly,
it is responsible for defining perceptions and generating per-
ceivable workflow processes for partner organizations. This
component maintains a list of partner organizations and cre-
ates proper perceptions on local workflow processes for these
partner organizations. With these perceptions, it can wrap local
workflow processes into perceivable workflow processes. Fi-
nally, these perceivable workflow processes will be published
to the Business Process Directory Service.

2) Workflow Modeling Service: This component provides a
specialized graphic modeling tool, as shown in Fig. 10, for users
to define local workflow processes and store the created work-
flow processes in the local workflow process database. This
tool also supports the downloading of perceivable workflow
processes from the Business Process Directory Service to help
users assemble RWF processes.

3) Workflow Execution Service: This component is used to
coordinate and enact the execution of business process in-
stances. This component caters the instance level management
of both local workflow processes and RWF processes.

Fig. 11 shows the inner structure of the Workflow Execution
Service. The workflow manager is in charge of navigating the
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execution of workflow instances in general. It can initiate work-
flow instances via the process instantiation starter, dispatch
intraorganizational and interorganizational interactions to the
process executor and the workflow coordinator for execution,
respectively, and use the worklist generator to assign tasks to
human staff.

As to local workflow processes, this component works as
a traditional workflow engine, responsible for creating work-
flow instances, navigating workflow instance execution, and
controlling their interaction with workflow participants and
applications.

In the context of RWFs, an RWF process contains both the
local part, i.e., the included local workflow processes, and the
foreign part, i.e., the included perceivable workflow processes.
Therefore, the execution of an RWF instance requires the
cooperation of Workflow Execution Services across organiza-
tional boundaries. Here, we use the RWF process shown in
Fig. 6 to demonstrate such cooperation. First, we suppose that
the retailer’s workflow manager is at the time of executing
task “place order with manufacturer.” As this task initiates
an interaction with the manufacturer, the workflow manager
contacts the workflow coordinator with the purchase order as
well as the instance identification (ID) of the contextual RWF
instance. In fact, the instance ID of the contextual RWF instance
corresponds to the instance ID of the product ordering process
included in this RWF process. When notified, the workflow
coordinator first checks the correlation database for preexisting
correlations. As this is the first interaction with the manufac-
turer, there is no preexisting correlation. Thus, the retailer’s
workflow coordinator contacts the manufacturer’s workflow
coordinator with the purchase order. The manufacturer’s work-
flow coordinator redirects the received order to the process
executor via the workflow manager. When the process executor
dispatches this order to a specific production process instance,
the manufacturer’s workflow coordinator creates a new corre-
lation between the production process instance and the product
ordering process instance in its correlation database. Thereafter,
it synchronizes this correlation to the retailer’s correlation data-
base by notifying the retailer’s workflow coordinator. Finally,
the retailer’s workflow manager continues to the next task,
i.e., “invoice customer,” while the manufacturer’s workflow
manager may keep collecting orders or go on to the next task,
i.e., “order parts.” As such, an interorganizational interaction

Authorized licensed use limited to: SWINBURNE UNIV OF TECHNOLOGY. Downloaded on March 21,2010 at 18:37:13 EDT from IEEE Xplore. Restrictions apply.



ZHAO et al.: ALIGNING COLLABORATIVE BUSINESS PROCESSES

is completed by the cooperation of the two organizations’
Workflow Execution Services. Details of recognizing instance
correlations can be found in [28].

4) Workflow Monitor Service: This component handles both
intraorganizational and interorganizational workflow tracking.
The interorganizational workflow tracking starts from an RWF
instance and then extends to the correlated workflow instances.
Therefore, the interorganizational workflow tracking proceeds
by propagating status inquiries through related organizations.
Details of this tracking mechanism can be found in [29].

VII. RELATED WORK AND DISCUSSION

During the last years, various efforts have been devoted to
developing business-to-business applications. In this section,
we are to briefly review some approaches for collaborative
business processes.

The ebXML [30] consortium defined a comprehensive set
of specifications for XML document exchange among trading
partners for the purpose of preserving electronic data inter-
change’s substantial investments in business processes. How-
ever, a business process defined in ebXML mainly concentrated
on the exchange of business documents rather than control
and data flows. The Partner Interface Process [31] blueprints
by RosettaNet specified interactions using Unified Modeling
Language (UML) activity diagrams for the Business Opera-
tional View and UML sequence diagrams for the Functional
Service View in addition to Document Type Definitions for
data exchange. However, RosettaNet was primarily focusing on
electronic markets with long-lasting prespecified relationships
between parties with one party (such as the market maker),
imposing rigid business rules.

Works on workflow/process views were related to ours
[32], [33]. In regard to structural consistency during the
process transformation, Liu and Shen [34] proposed an order-
preserving approach for deriving a structurally consistent
process view from a base process. In their approach, mem-
bership, atomicity, and order preservation rules were used to
regulate the transformation. Recently, Eshuis and Grefen [35]
formalized the operations of task aggregation and process
customization, and they also proposed a series of construction
rules for validating the structural consistency. Our approach
focused more on the perception relations of organizations in
the collaboration. Compared with their work, our approach
emphasized the influences toward process structures resulted
from the visibility restriction and the derivation of perceptions
from business contracts.

To support process privacy and interoperability, many works
targeted at applying workflow/process views in the interorgani-
zational collaboration environment. Van der Aalst and Weske
[36] proposed a “top—down” workflow modeling scheme in
their public-to-private approach. Organizations first agreed on
a public workflow, and thereafter, each organization refined the
part where it was involved in and finally generated its private
workflow. This work reflected a primitive idea of workflow
views. In [37], Schulz and Orlowska focused on the cross-
organizational interactions and proposed to deploy coalition
workflows to compose private workflows and workflow views
together to enable interoperability. Dustdar et al. [38] extracted
an abstract workflow view to describe the choreography of a
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collaboration scenario and compose individual workflows into
a collaborative business process. By deploying workflow views
at the workflow interconnection and cooperation stages, their
approach allowed partial visibility of workflows and resources.
In supplement to these works, our approach further empha-
sized the different perceptions of participating organizations.
As to the best of our knowledge, our RWF research explicitly
investigated the relativity of organizations’ perceptions for the
first time.

Preuner and Schrefl [39] investigated the generation of col-
laborative business processes from the perspective of service
composition. In their approach, services were modeled as com-
plex processes. Their approach distinguished observable and
invocable activities and thereby supported the process tracking
and execution in the collaboration environment. Their work
also discussed the correctness criteria for composition and
automatic composition operations on the basis of behavior
diagrams. In comparison, our RWF framework supported col-
laborations with emphasis on the perception control during the
collaboration lifecycle from contracting to workflow modeling
and execution.

This paper proposed an RWF model, which observed a col-
laborative business process from the perspective of individual
organizations, to support organizational autonomy and privacy
protection. Table II listed the comparisons between our model
and other workflow view approaches in terms of collaborative
business process construction, visibility derivation, task-hiding
techniques, etc.

Our RWF model followed a bottom—up assembling scheme
and, therefore, could build a collaborative business process in a
browse-and-pick mode. In this mode, an individual organization
was allowed to choose partner organizations actively and as-
semble proper “off-the-shelf” perceivable workflow processes
from partner organizations with its own workflow processes
into an RWF process. This collaboration mode brought the
following appealing features.

1) High autonomy in collaborations. The RWF model
treated each organization as an autonomous entity and
empowered it with the full authorization of defining the
collaboration structure and behaviors. With this mech-
anism, organizations were never forced to adapt to the
restrictions or irrationalities from a third-party designer
or a main contractor. Thus, each organization owned high
autonomy in handling its business collaboration.

2) Information protection. The visibility-control mechanism
prevented private information disclosure at both task and
process levels. A participating organization was allowed
to tune the openness granularity of its internal business
processes to different organizations according to different
partnerships. Therefore, this mechanism guaranteed the
organization’s privacy protection, as well as secured the
necessary openness.

3) Flexible collaborations. The browse-and-pick model-
ing mode freed organizations from the process inflex-
ibility caused by the predefined collaborative business
processes. Organizations were allowed to change partner
organizations, modify collaboration behaviors, insert or
remove proper business processes to or from the collab-
orative business process, etc. All of these customizations
could be done in an ad hoc manner.
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TABLE II
COMPARISONS BETWEEN RWF AND OTHER APPROACHES
CBP construction| Visibility derivation Org-oriented Task hiding techniques | Means of supporting cross-org
collaboration
Relative WF bottom-up contract originated |explicitly org-oriented composing tasks via messaging links
P2p top-down not mentioned implicitly public workflow mapping via public workflows
Grefen not mentioned not mentioned implicitly task aggregation / process via CrossFlow platform
customisation
Liu, Shen bottom-up not mentioned Role-oriented compound task not mentioned
Schulz not mentioned not mentioned implicitly task aggregation via coalition workflow
Issam Dustdar | not mentioned not mentioned implicitly public process mapping | via cooperative processes and
public processes
Preuner, Bottom-up not mentioned implicitly Composition and Via composite services
Schrefl abstraction

4) Advanced information-hiding mechanism. The proposed
constraint-based visibility-control mechanism provided
an adjustable information-hiding solution. This visibility-
control mechanism well distinguished the diverse
partnerships and authority levels between collaborating
organizations. Other research works, such as workflow
view [40] and public-to-private [36] approaches,
attempted to support information hiding with partial
workflow views and private processes, respectively.
However, these artifacts only provided a primitive
information-hiding solution. Neither of them took into
account the relations between the process visibility and
the organization partnerships and therefore failed to
reflect the diversity of partnerships or authority levels.

However, the migration to RWF management may bring
some tradeoffs, which can be potential limitations. Some trade-
offs and deducted limitations are summarized as follows, al-
though they may be outweighed by many advantages offered
by our methodology.

1) In the RWF context, different organizations deploy
different collaborative business processes for the same
collaboration. The inconsistency between these collabo-
rative business processes inevitably results in the complex
coordination between participating organizations. In a
practical application environment, this may require ex-
tra functionalities for process storage and coordination.
In the proposed system architecture, special compo-
nents such as the RWF process database, the perceiv-
able workflow database, and the local workflow process
database are designed for business-process-definition
storage. Other components, such as the workflow co-
ordinator and the correlation database of Workflow
Engine Service, are dedicatedly designed for process
coordination.

2) The free assembling mechanism for RWF process gen-
eration relies on a publishing component and a dis-
covery component for accessing perceivable workflow
processes. In the proposed system architecture, the com-
ponent Business Process Directory Service is dedicatedly
designed to fulfil this function.

3) The extraction of visibility constraints from commer-
cial contracts assumes that all contracts conform to the
COSMOS format. This assumption may not stand in
some cases, since many contracts follow different tem-
plates. Therefore, the automatic conversion algorithm is
only applicable in limited situations. Instead, extra human

efforts may be required for interpreting the contracts to
perceptions.

IX. CONCLUSION AND FUTURE WORK

This paper has presented a new approach on aligning collabo-
rative business processes with an RWF model. In this approach,
each organization acts as an autonomous entity with the full
control of choosing its partner organizations and defining its
collaboration structure and behaviors. Instead of defining a
common collaborative business process for all collaboration
participants, each participating organization may define its
RWEF processes from its own perspective. Associated with an
RWEF process, a set of visibility constraints is defined to adjust
the granularity of process visibility. In this paper, both the
formal framework of the RWF model and the architecture of
the facilitating system have been presented. We are to further
this work by establishing a set of rules for verifying and
validating the conformity of RWF processes in terms of process
choreography.

On the other hand, the advantages of the organization-
oriented view methodology are achieved at the cost of some
compromises. Extra attention should be paid to these tradeoffs
in future research to counteract and minimize these limitations.

APPENDIX I
(PROOF OF PROPERTIES)

A. Property I (Necessity)

An RWF process contains necessary information for the host
organization to accomplish its responsibilities in the partici-
pated business collaboration.

Proof: According to the contract model introduced in
Section III, the responsibilities of an organization in the par-
ticipated collaborative business process are defined in the What
and Legal Clause parts of contracts. Furthermore, the How part
describes the execution details for the content defined in What
and Legal Clause using business interactions. These business
interactions are thereafter converted into messaging interactions
between the tasks that are set “contactable” in proper percep-
tions. With the perceptions defined for a specific organization,
this organization can see all the contactable tasks of its partner
organizations. The perceptions also provide necessary interface
specifications, such as the message descriptions combined with
the interfaces. The RWF process generated from these percep-
tions inherits all these pieces of information. Therefore, such an
RWEF process includes the necessary information for the host
organization to fulfil its responsibilities in the collaboration. H
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B. Property 2 (Sufficiency)

A collaborative business process can be sufficiently rep-
resented by a finite number of RWF processes defined for
participating organizations.

Proof: This property emphasizes that a collaborative busi-
ness process in a public view can be covered by a group of
RWF processes, although each of these RWF processes only
represents a partial view over the whole collaboration. To
prove this, we first represent the structure of a public-view
collaborative business process, for example, cbp, as a graph
(N, A), where set \ denotes the set of involved workflow tasks
and set A denotes the set of all links.

In addition, A contains two kinds of links, viz., a set of
intraprocess links, for example, A;p¢,4, and a set of interprocess
links, for example, Ajnter-

Based on the definition of an RWF process in Section III,
each RWF process can also be represented as a graph (7, R),
where 7 =T, U7, and R = R URp U Lintra U Linter-

The tasks of local workflow processes are totally visible to
the host organization, and therefore, all the tasks of a collabora-
tive business process cbp can be obtained from the tasks of local
workflow processes belonging to a group of RWF processes.
This can be formalized as follows:

N C
(Vcbp)IRW F (cpr - wae%WF

rwf.’TL> . (1)

Here, set RW F' denotes a set of RWF processes.

Given that the tasks of local workflow processes are all
available, the intraprocess links between these tasks are also
obtainable from these RWF processes, due to the definition of
intraprocess links, i.e., R, C 7, x 7. Here, we formalize this
finding as the following:

3 r -Alintr g
(Vebp)IRW (cpr tra mfeLIJ%WF

rwf.RL) )

Regarding a specific RWF process, for example, rw f, of or-
ganization g, it includes the set of inter process links connecting
a task of a perceivable workflow process and a task of a local
workflow process. This means that set 7w f. Linter includes the
links that connect the tasks of ¢’s local workflow processes to
the tasks of workflow processes belonging to g’s neighboring
organizations in a public view. As such, a finite number of
RWF processes, at most all the RWF processes of all partic-
ipating organizations, will definitely cover the links between
two workflow processes belonging to different organizations in
a collaborative business process. Therefore, we can formalize
this finding as the following:

A - L .
(Vebp) RW F <cbp Ainter € mfeLIJ?WF rwf Emmr> 3)

Based on (1)-(3), we can finally draw the following
conclusion:

N C .
(Vebp)ARW F (cbp N C mfe%WF rwf TL>
A C L . .
A (cbp AC waE%WF(rwf Linter UTwf RL)>
This shows that Property 2 stands. |
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