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Abstract

Web service interactions lie in the core of Service Ori-
ented Architecture. Due to the inherent autonomy, hetero-
geneity and continuous evolution of Web services, medi-
ators are often needed to support service interactions to
overcome possible mismatches existing among Web service
based business processes. This paper introduces a space
based process mediator which considers both control-flow
and data-flow, presents possible mismatch patterns, and
discusses how they can be automatically mediated. Our
process mediator can address not only all mismatch pat-
terns prescribed by existing process mediators, but also new
mismatch patterns related to data-flow. In addition, our
process mediator provides a uniform mechanism to perform
runtime mediation without the need of a design-time work,
and greatly facilitates Web service interactions.

1. Introduction

A main promise of Web service architecture' is to en-
able and support seamless service interactions, which can
be described as a flow of messages [11], of diverse busi-
ness processes (BPs) encapsulated as Web services [24].
Standards, such as SOAP?, WSDL?, and BPEL*, make ser-
vice interactions easier. However, because of the inherent
autonomy, heterogeneity and continuous evolution of Web
services, messages are often different in format and gran-
ularity, and BPs are often diverse in activity sequence and
their message format. In such a context, it is difficult, if not
impossible, to find two BPs that are completely compati-
ble [4], and their interactions are often carried out with the
help of data and/or process mediators [10] called mediated
service interactions [26].

In recent years, much research has been conducted for

Uhttp://www.w3.org/TR/ws-arch/.

Zhttp://www.w3.0rg/TR/2000/NOTE-SOAP-20000508/.

3http://www.w3.org/TR/wsdl.

“http://docs.oasis-open.org/wsbpel/2.0/wsbpel-v2.0.pdf. BPEL is now
the de facto standard to model Web service based business processes.

process mediation, e.g. [2] [3] [5][7] [8] [12] [13] [18] [19]
[21] [25] [27]. However, they mainly focus on control-flow
but largely ignore data-flow. This ignorance suggests that
they are limited to identify and resolve mismatches related
to data-flow, but simply regard these kinds of mismatches as
unresolvable [10]. In addition, most work needs a design-
time mediation, i.e. specific adapters are developed for spe-
cific mismatch patterns [3] [7] respectively. They lack a
uniform mechanism to possibly resolve all kinds of resolv-
able mismatches [10] for execution purposes.

In this paper, we propose a space based process mediator
which considers both control-flow and data-flow. We firstly
introduce the architecture of our process mediator, present
mechanism and possible mismatch patterns, and then dis-
cuss how these mismatch patterns can be automatically me-
diated in the space based process mediation architecture.

Our approach does not deal with the heterogeneity at a
data level since it is out of the focus of this paper and also
much research has been conducted at this aspect [17].

To the best of our knowledge, our work is the first study
of process mediation which considers both control-flow and
data-flow, and can support not only all mismatch patterns
prescribed by existing process mediation approaches [3]
[7], but also new mismatch patterns related to data-flow.
In addition, our work provides a uniform mechanism to
deal with all resolvable mismatches at runtime, and thus a
design-time mediation is not needed.

A Motivating Example

Fig. 1-a and 1-b illustrate two BPEL processes for a Toy
Shop (TS) and a Toy Requestor (TR) services which would
like to interact to achieve a goal: buying toys. A definition
for our business process model is presented in Section 2.

TS may apply a discount on the “Price” depending on
the customer profile. That is why it requests “Cust. Info.”
before sending the corresponding “Price”. On the contrary,
due to the privacy concern, 7R prefers to provide “Cust.
Info.” only if he/she is convinced by the “Price” and is
committed to buy. This example shows an interaction mis-
match where TS is requesting “Cust. Info.” before sending
the “Price” while TR is expecting the “Price” before decid-
ing upon continuing and sending “Cust. Info.” or not.
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Figure 1. BPEL business processes for a toy
shop (a) and a toy requestor (b)

TS and TR are incompatible according to current ap-
proaches for compatibility analysis, e.g. [4] [15], because
there is no a sequence of messages that can lead them from
their Start nodes to one of their final nodes. In addition, the
mismatch between T and 7R is regarded as unresolvable
according to current approaches for process mediation [3]
[7] and thus no interaction is assumed as possible.

To address this problem, this paper proposes a space
based process mediator which is able to resolve such kind of
mismatches. Shortcomings of current approaches for pro-
cess mediation follow from their equivalence between se-
quencing constraints and control dependency relations. In-
deed, as shown in [23], different kinds of dependency rela-
tions may exist between BPEL process activities which are
obfuscated by a BPEL process description. Current process
mediation approaches consider each sequencing constraint
within a BPEL process as a control dependency which is not
always the case. For instance, the sequencing constraint be-
tween “Rec. Cust. Info.” and “Rep. Normal Price” is due to
a data dependency rather than to a control dependency. [16]
discussed how data dependency relations can be explicitly
extracted from BPEL processes.

To overcome current limitations, our approach considers
data dependencies in addition to control dependencies to go
around interaction mismatches considered unresolvable so
far. Back to our example, “Cust. Info.” is used to decide if
a discount price applies or not. However, a “Normal Price”
always applies by default. On the contrary, “Cust. Info.”
is mandatory for “Delivery”. Knowing such information, a
process mediator can send a mock-up “Cust. Info.” mes-
sage to TS which will then execute the following activity
and provide “Normal Price”. The process mediator will up-
date “Cust. Info.” for TS, in order to achieve “Inv. Deliv-
ery”, whenever “Cust. Info.” is provided by TR.

This paper is structured as follows. Section 2 presents

a definition of our business process model and introduces
control and data dependencies, which are used in our pro-
cess mediator. Section 3 presents our space based process
mediator including architecture and mechanism. In addi-
tion, using our motivating example, we explain how mis-
matches are resolved at runtime. Section 4 presents mis-
match patterns and discusses how they fit with the architec-
ture. Section 5, 6 and 7 present the prototype, discuss the
related work, and draw a conclusion respectively.

2 Business Process, Control and Data Depen-
dencies

2.1 Business Process

Below we give a definition for a BP where messages and
guard functions are the first-class citizens.

Definition 1 (Business Process). A business process p
is a tuple p: (MSG, ACT, CNT, GRD, ARC), where MSG
={msg} is a finite set of messages, ACT={act} is a fi-
nite set of activities which send or receive these messages,
CNT={Start, Failure, End, While, Switch, Flow} are con-
trol elements, GRD={grd} is a finite set of guard functions
related to these control elements, and ARC={arc} is a finite
set of arcs, which connect activities and control elements to
specify sequencing constraints [23] among activities.

Both activities and control elements are the nodes in a
business process. An activity sends or receives a message,
a message contains a data, and a business process is mod-
eled as a structured workflow [14]. We define the func-
tion data(act) that retrieves the data related to the message
which is used by the activity act.

An activity has a semantic description that defines its
precondition, effect, input and output. In fact, an activity
has two kinds of purposes. Firstly, it can consume and pro-
duce messages. The message consumption and production
are described by the input and the output of the activity.
Secondly, the execution of an activity can produce a change
on the state of the process instance. This state transition is
described by the precondition and effect of the activity [1].

A node has four possible states during its life cycle
namely Initial, Enabled, Completed and Failed. Initially
when an instance is created all its nodes are in the state Ini-
tial. A node becomes Enabled if its precondition is satisfied
and its input is available. It moves to the state Completed
once completes successfully. Otherwise, (that means when
it fails) it moves to the state Failed. It is possible that a
node change its state from Completed to Enabled if it is in
a While block.

We define the concept local configuration of a running
instance at a certain time as the set of states of its nodes
instances at that time. This concept allows capturing the
state of a process instance at a certain time.
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Definition 2 (Local Configuration). Let p a business
process. The local configuration, Ic, of an instance of p at a
given time ¢ is lc = {state; | state; is the state of the node
(instance) 7 at t}.

When instantiated a process instance has an initial local
configuration where all its nodes are in the state “Initial”.
A process instance reaches a final local configuration when
one of its final nodes (“Failure” or “End’) reaches the state
“Completed”.

2.2 Control and Data Dependencies

As discussed in [23], different kinds of dependencies,
such as control, data, service and cooperation dependen-
cies, exist between activities of a business process. These
dependencies are often obfuscated by a business process
model that defines all possible activities execution sequenc-
ing. A sequencing constraint in a process model may re-
sult from one or several kinds of dependencies [23]. In our
approach, we consider two kinds of dependencies namely
control® and data dependencies.

Data dependencies are related to the data required and
produced by the activities. An activity B is data dependent
on an activity A if A produces some data required by B.

Control dependencies are rather related to the precon-
ditions and effects of the activities. An activity B is con-
trol dependent on an activity A if the completeness of A
(marked by its effect) is a necessary condition for the exe-
cution of B (guarded by its precondition).

For instance, “Inv. Delivery” is control dependent on
“Rec. Payment” and data dependent on “Rec. Cust. Info.”
(see Fig. 2).

[23] claims that the different kinds of dependencies be-
tween activities can be extracted from design documents.
[16] presents an approach to extract data dependencies from
BPEL process models. In our approach we extract data
and control dependencies from the semantic description (in

5Note that the control dependency we are considering is different from
the one defined in [23]

terms of precondition, effect, input and output) of the pro-
cess activities.

Hence, we distinguish control and data dependency
graphs of a business process that specify a finite set of asym-
metric, irreflexive and transitive relations among activities.
Fig. 2 illustrates the control and data dependency graphs of
TS. We define the function depCN(actl, act2) that checks if
actl is control dependent on acz2 or not.

We record data dependencies as mandatory or optional.
B is optional data dependent on A if the data required by
B from A is optional for B and B can be executed without
it. For instance “Rep. Normal Price” is optional data de-
pendent on “Rec. Cust. Info”. However “Inv. Delivery” is
mandatory data dependent on “Rec. Cust. Info”. If there is
a data dependency path between A and B where there is one
optional data dependency among this path then B is consid-
ered optional data dependent on A. We define the function
depDT(actl, act2) that returns M (for Mandatary) if act2 is
mandatory data dependent on actl, O (for Optional) if act2
is optional data dependent on actl, or N (for None) if act2
is not data dependent on act!.

3 Space Based Process Mediator

We firstly present the architecture of our space based pro-
cess mediator, and introduce utility functions that are used
by the process mediator. Then we present mediation mech-
anisms to explain how our process mediator works. Finally,
using an interaction between 7S and TR as discussed in the
motivating example, we show how mismatches are resolved
by our process mediator at runtime.

3.1 Architecture Overview

To support service interactions in the dynamic and het-
erogenous environment, we propose a space based process
mediator (SPM). SPM does not deal with compatibility
analysis which is out of the scope of this paper. It rather en-
sures successful interactions among a set of (fully or at least
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Figure 3. Space based process mediatior architecture

partially) compatible BPs [4] [26]. In particular, it provides
mechanisms to automatically mediate potential mismatches
among them.

Fig. 3 depicts the overall architecture of our SPM. Each
BP has a local space which saves its incoming and outgoing
messages. BPs do not communicate with each other in a di-
rect manner. When a BP deposits a to-be-sent message into
its local space, an event is generated and the Mediation En-
gine is notified. Based on the current configuration of the
interaction, and using a set of communication and media-
tion rules, the Mediation Engine either dispatches the cor-
responding message or drop it out as explained below. The
Mediation Engine can itself generate a sanity check event
when no messages have been exchanged during a certain
period of time.

The messages and their sequences exchanged so far are
recorded in the conversation repository, which are used for
recovery purposes if the interaction fails, and BP consis-
tency analysis later on.

3.2 Utility Functions

Before detailing how the SPM operates, we need to in-
troduce some utility functions used during BP interaction.
Recall that SPM have knowledge about BP specifications
and local configurations of their running instances that de-
scribe their states during an interaction. Having the process
model of a BP p and the local configuration /c of a running
instance, the SPM can check (1) if this instance is expecting
a given message msg, (2) if it is sending a message, (3) if it
is expecting an acknowledgement for a sent message msg,
or (4) if it is expecting a business data and if this data is
mandatory or optional for the following activities. There-
after, we consider the following functions.

e isInterest(p,lc,msg) is a boolean function that
checks if an instance of p having lc as current state is
expecting msg (see Algorithm 1). Based on the process
model and the current local configuration, this function

compares msg to the messages expected by currently
or eventually Enabled receiving activities.

Algorithm 1: isinterest(p, lc, msg)

Input : - p: the process model,
- lc: the current local configuration of the
running instance,

- msg: the message to check if the running
instance of p is expecting or not.

Output: - frue or false

—

begin
for each receiving activity act € ACT which has a
state “Initial” or “Enabled” do
L if msg = data(act) then

L return true
return false

end

[S]

AN W

e isSendAction(p,lc) is a boolean function that checks
if one of the currently Enabled activities in the running
instance of p (having lc) is sending a message.

o expACK4ReceivedMsg (p, lc) checks if one of the cur-
rently Enabled activities of the running instance of p
(having Ic) is expecting an acknowledgment ACK for
a sent message msg. If yes, msg is returned. Other-
wise, null is returned.

e chkOptionalDataDependent(p, lc) returns a message
expected by the running instance of p which is optional
for one of the immediately following activities. This
function checks for each of its currently Enabled re-
ceiving activities actqpp (line 2) if there is an optional
data dependency between acte, and one of its follow-
ing activities act yo (line 3). An optional data depen-
dency exists between actnp and act s if there is nei-
ther mandatory data dependency nor a control depen-



Algorithm 2: chkOptionalDataDependent(p, Ic)

Algorithm 3: messageConsumption

Input : - p: the process model,

- lc: the current local configuration of the
running instance.
Output: - an optional message or null

1 begin
2 for each receiving activity actep, € ACT
currently “Enabled” do
3 for each activity act o, immediately following
actenp do
4 if depDT(data(acteny), data(act po1)) # M
and depCN(actenp, act o) = N then
5 L return data(actenp)
6 return null
7 end

dency between them (line 4). If an optional depen-
dency exists between actenp and actyo;, the message
expected by actenp is returned (line 5). Otherwise, null
is returned (line 6).

The time complexity of this algorithm is O(m), where
m is the number of the nodes in p, because the algo-
rithm visits all nodes in p once in the worst case.

3.3 Mediation Mechanism

Here we come to explain the mediation mechanisms ap-
plied by the Mediation Engine whenever an event occurs.
There are two kinds of events that the Mediation Engine
needs to deal with: (1) a message is produced by a BP, and
(2) a request for the sanity check, which indicates that no
messages have been exchanged among BPs for a period of
time, which is longer than a given threshold.

Event: a message is produced by a BP. Algorithm 3
shows how the Mediation Engine reacts to the fact that a
BP p;, has generated a message msg. The Mediation En-
gine writes msg into the local space of each BP p; which
is expecting msg (line 2-4). msg is dropped out if no BP
is expecting it (line 5). It is possible that one message is
consumed by multiple BPs. The time complexity of this al-
gorithm is O(n x m), where n is the number of BPs, and
m is the maximum number of nodes in BPs, because the
algorithm visits all nodes in each BP once at most.

Event: a request for the sanity check. A sanity check
event is generated by a timer when no messages have been
exchanged for a certain period of time. Algorithm 4 shows
how the Mediation Engine reacts to such kind of events.
There are four reasons for not exchanging messages for a
certain period of time.

in : - msg: amessage produced by pi
effect: - msg is written into the local spaces of
interested BPs, or is dropped off
1 begin
2 foreach j € {1,...,k—1,k+1,...,n} do
3 if isInterest(p;,lcl,,., msg) = true then
4 L L write msg in the local space of p;

5 drop off msg
6 end

1. The first case holds when the interaction has completed
successfully. An interaction completes successfully if
all involved BPs terminates successfully. The Media-
tion Engine simply counts the number of BPs which
has reached one of its final local configurations (line
2-7) and checks if the result is equal to n (the number
of all involved BP) (line 8-10).

2. The second case corresponds to a healthy situation
where some BPs are waiting for messages, while some
others are still working internally (line 12) and then
will generate new messages (line 11-14).

3. The third case corresponds to a blockage where all
non-completed BPs are expecting messages. We dis-
tinguish between two kinds of messages that a BP may
expect: an acknowledgment (ACK) for a sent message
or a business data message. Note that the Mediation
Engine has knowledge about the acknowledgment and
the business data structure that BPs may exchange.

(a) For each BP which expects an acknowledgment
for a sent message (line 17), the Mediation En-
gine will write the relevant acknowledgment (line
19), which is generated by the Message Genera-
tor (line 18), into the local space of p (line 16-20).

(b) For each BP which expects a business data (line
22), the Mediation Engine will write a mock-
up message, which is generated by the Message
Generator (line 23), into the local space of p (line
24) if such data is neither control dependent nor
mandatory data dependent to the following activ-
ities (line 21-25). However, this mock-up mes-
sage will be updated by Mediation Engine once a
concrete message is produced by the partner.

4. The fourth case corresponds to the failure of the inter-
action whenever an unresolvable mismatch is encoun-
tered (line 26), i.e. the mismatch cannot be resolved
using our process mediator. The Mediation Engine is



Algorithm 4: sanityCheck

in : - request: a sanity checking request

effect: - a Completion, Heathy, or failure message for
the Mediation Engine (ME), or an ACK, mockUp
message for business processes

1 begin
2 cnt «— 0
3 foreach j € {1,...,n} do
4 if icl,,,. is not a final local configuration then
5 | break;
6 else
7 L cnt «— cnt + 1
if cnt = n then
inform ME the completion of this mediated
service interaction
10 exit the procedure
1 foreach j € {1,...,n} do
12 if isSend Action(pj,lcl,,) = true then
13 send a Heathy message to ME, which
suggests that the interaction is in-progress
and still healthy
14 exit the procedure
15 isResolved «— false
16 foreachj € {1,...,n} do
17 if (msg «— expACK4ReceivedMsg(p;,
lé2,,.) # null then
18 ask MG to generate an acknowledgment,
ackMsg, for msg
19 write ackMsg into the local space of p;
20 isResolved «— true

21 foreach j € {1,...,n} do

22 if (msg «— chkControlDataDependent(p;,
Iél,,,.) # null then

23 ask MG to generate an mockUpMsg
message for msg

24 write mockUpMsg into the local space of
pj

25 isResolved «— true

26 if isResolved = false then

27 inform ME the failure of this mediated service

L interaction
28 end

notified by a failure message, which will inform all
BPs of this failure situation (line 27).

The time complexity of this algorithm is O(n x m),
where n is the number of BPs involved in a given interac-

tion, and m is the maximum number of nodes in these BPs,
because the algorithm needs to visit all nodes in each BP
once in the worst case.

3.4 A Mediated Service Interaction Ex-
ample between 7S5 and TR

To illustrate how our SPM works, Fig. 4 depicts an inter-
action between 7S and TR as discussed in the motivating ex-
ample. For simplicity, the nodes which do not contribute to
this interaction are not presented, and only the messages re-
lated to Enabled activities are presented in “Received”’ and
“Consumed” columns, which represent a part of messages
saved in the local spaces. “Received” means that messages
have been received but have not been “Consumed”.

e Step 1. TR produces a message: “Toy Items”, which
is forwarded by the Mediation Engine to TS’s local
space using the algorithm messageConsumption be-
cause islnterest(TS, lcT3., “Toy Items”) = true.

cur?

e Step 2. TS consumes “Toy Items” from its local space.

e Step 3. TS is expecting “Cust. Info.” for possibly
applying a discount on the price, and TR is expecting
to consume “Price”.

Since no messages are exchanged later on, an Event:
a request for the sanity check is triggered by the timer
and the algorithm sanityCheck is executed. According
to the data and control dependency graphs (see Fig.
2) there is only an optional data dependency between
“Rec. Cust. Info.” and the “Rep. Normal Price”. That
is why a mock-up “Cust. Info.” message is generated
and sent to the local space of 7.

o Step 4. TS consumes this “Mock-up Cust. Info” from
its local space.

e Step 5. TS produces a message: “Normal Price”,
which is saved into the local space of TR.

e Step 6. TR consumes “Normal Price” from its local
space.

e Step 7. TR produces two messages: “Payment” and
“Cust. Info.”, which are saved into the local space of
TS like Step 1.

e Step 8. The process mediator notices that a concrete
“Cust. Info.” is available, and thus the process medi-
ator replaces “Mock-up Cust. Info.” by this concrete
“Cust. Info.” in TS’s local space.

e Step 9. TS consumes “Payment” from its local space.

e Step 10. TS produces a message: “Delivery”, which is
saved into the local space of TR.



Messages exchanged for this mediated service interaction
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Figure 4. A successful mediated service interaction between 7S and TR

e Step 11. TR consumes “Delivery” from its local space.

e Completed. Since no messages are exchanged later on,
the algorithm sanityCheck is triggered by an Event: a
request for the sanity check, which gets known that
both 7S and 7R are in one of their final local config-
urations. This means that this mediated service inter-
action is successfully completed. Hence 7'S and 7R are
notified by the Mediation Engine with a Completion
message.

4 Mismatch Patterns and Potential Solutions

This section presents a set of process mismatch patterns
and shows how they can be resolved by our SPM. As ex-
pressed above, our SPM focuses on process mediation and
does not deal with data mediation. However, it can easily
be extended to resolve two kinds of data mismatch patterns
Message Split Mismatch and Message Merge Mismatch [27]
prescribed by [3] [7]. Our SPM can support not only all
process mismatch patterns prescribed by [3] [7] which are
related to control-flow, but also new process mismatch pat-
terns related to data-flow.

Extra Message Mismatch. This kind of mismatches oc-
curs when a BP produces a message msg which is not re-
quired by the other BPs, i.e. isinterest(otherBP, lc ., msg)
= false. According to Algorithm 3, msg is dropped out im-
mediately and silently. As discussed in [3] [7], this kind is
always resolvable.

Missing Message Mismatch. This kind of mismatches
occurs when an activity act in a BP is expecting to con-

sume a message msg which is not produced by another BP.
According to SPM mechanisms, this kind of mismatches is
resolvable in the following two cases:

The first case is that msg is an ACK for a sent message
and thus the Message Generator can generate such an ACK.

The second case holds when one of the following activi-
ties of act is neither control dependent nor mandatorily data
dependent on msg. This is the case for instance of “Cust.
Info.” in Fig. 1-a which is optional for determining the
price since a “Normal Price” is always applied by default.
Thus a mock-up message is generated by the Message Gen-
erator and is sent to act.

Apart from these two cases, this kind of mismatches
is considered unresolvable because the Message Generator
has no knowledge, and also cannot delegate any BP, to gen-
erate any concrete message.

[3] [7] can partially resolve this kind of mismatches by
generating an ACK for a sent message. However, because
they do not consider data dependencies, they regard the
missing of a business data as unresolvable.

Message Order Mismatch: All Sending or All Receiv-
ing. Fig. 5-a illustrates this kind of mismatches. It occurs
when a BP is producing a set of messages according to a
given order while other BPs expect to consume them in a
different order. This mismatch may also occur, as depicted
by Fig. 5-b, when a Flow block produces a set of mes-
sages concurrently, but other BPs consume them following
a given sequence. A mismatch may happen if the “actual”
message sending order by the Flow block does not match
the receiving order prescribed by the sequence.

The time decoupling between message production and
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File Process Mediator

. Message from TR to T5: Toy Items ~
. TS consume message: Toy Ikems

Receiving. This kind of mismatches is depicted by Fig. 5- - TR consume message: Normal Price

. Message from TR to T3, Cuskomer Information
c. It occurs when all BPs produce and then consume their . Mediator replaced mock-up message in subSpace of T5: Custarner Infarmation

9, Message from TR to TS: Payment

respective messages. Like the previous mismatch and as 10, TS cansume message: Payment

: : : : 11, M From TS to TR: Deli
dlSCl.lSSGd in [3] [7], the time Qecoupllng of me.ssage pro- i T;iiangsirggn;essage: Delig’f;‘*’l
duction and message consumption enables to easily resolve Finished 5
this mismatch. Digital Enterprise Research Instituke, Mational University of Ireland, Galway

Message Order Mismatch: Firstly Receiving and Then

Sending. Fig. 5-d depicts this kind of mismatches. It occurs Figure 7. A successful mediated Web service
when each BP is expecting a message that will be gener- interaction between 75 and 7R

ated by another BP (itself expecting first a message before
generating the corresponding message). Current methods
[3] [7], which take into account only control dependencies,
consider this kind of mismatch as unresolvable.

However, like the Missing Message Pattern, this kind of

6 Related Work

mismatches is resolvable if (1) one or many BPs are ex- We discuss the related work from the following two as-
pecting ACK for sent messages, or (2) one or many BPs are pects: process mediation and service interaction.
expecting messages which are not mandatory for the fol- Shttp://www.jgraph.com/jgraphpad.html.

lowing activities. In such cases, the Message Generator Thttp://www.gupro.de/GXL/index.html.



Process mediation. There are two kinds of process me-
diation initiatives: syntactic methods enabling the inter-
actions of BPs which are modeled by different workflow
protocols or languages, such as EDIFACT®, RosettaNet’,
XPDL!9, ebXML!'"! or BPEL etc, and semantic methods
which focus on process sequence mismatches [10] although
BPs are modeled using the same language. Our SPM is ac-
tually a semantic method for process mediation.

Syntactic process mediation. A description driven adap-
tation was proposed in [21] where: (1) common domain-
specific and protocol-independent communication acts are
identified, (2) abstract protocols describe the sequencing of
communication acts, (3) concrete protocols elaborate inter-
action behaviors required by the client to initiate and per-
ceive communication acts, and thus (4) service providers
can be substituted by each other albeit they are modeled us-
ing different protocols. In [8], the authors proposed a medi-
ation architecture, which includes Mediation Interface, Me-
diation Service and Mediation Repository, for service inter-
actions of BPs modeled by different workflow languages.

Semantic process mediation. In [3] [18], Benatallah et al
presented an adapter-based approach to semi-automatically
resolve business protocol mismatches. Mismatch patterns
were used to formalize the mismatches and thus, poten-
tially, to provide a uniform mechanism to address these mis-
matches. In addition, they proposed to identify actual mis-
matches semi-automatically (may need the help of service
providers). WSMX!'? proposed five basic mismatch pat-
terns for process mediation [7], integrated process media-
tion as a component of WSMX, and specified the interaction
mode with other components [12]. Furthermore, mismatch
patterns were classified into five classes, and thus, poten-
tially, these mismatches could be resolved in a uniform way
[27]. However, they need a design-time mediation by de-
veloping specific adapters to resolve specific mismatch pat-
terns respectively, and these mismatch patterns are related
to control-flow (actually sequencing constraints) only. They
claim to support Message Order Mismatch. This is a wrong
claim because Message Order Mismatch is actually partial-
resolvable as discussed in Section 4. In addition, they do
not, although potentially can, provide a uniform mechanism
to resolve all kinds of mismatches at runtime.

In [19], the authors proposed to automatically mediate
two OWL-S process models [1], and the process media-
tion was supposed to find an appropriate mapping for the
possible execution paths between the provider and the re-
questor. However, the authors focused on the structural dif-
ference between process models and can only resolve some

Shttp://repository.edifice.org/migs/index.htm.
9http://www.rosettanet.org/cms/sites/RosettaNet/Standards/index.html.
10http://www.wfmc.org/standards/xpdl.htm.

http://www.ebxml.org/.

Phttp://www.wsmx.org/.

of the mismatch patterns described by [3] [7]. A similar
approach was proposed in [5], where the authors proposed
to automatically generate BPEL adapters to solve behav-
ioral mismatches. BPEL processes are firstly translated into
YAWL!? workflows, and an adapter, which is also a YAWL
workflow, is generated based on Service Execution Trees,
thereafter the lock analysis is applied to check whether the
adapter is a full or partial adapter.

A Virtual Provider (VP), or a mediator, was proposed
in [2] which is defined as a high-level behavioral interface
based on ASM!™. In fact, VP can be categorized as a both
syntactic and semantic method. A process mediator, which
acts as an integration model for supporting process equiv-
alence, was proposed in [25] to check if BPs are flatly bi-
similar, and to facilitate BP integration and collaboration.
A requester-based mediation framework was presented in
[13] which proposed to improve the flexibility and relia-
bility of Web service interactions. The Invocation Engine
works like a proxy in the middle to solve element and chore-
ography mismatches. In [9], using deletion and resolution,
the authors proposed a mediator based approach to resolve
the incompatibility among behavioral part of Web service
interfaces and thus to facilitate service interactions.

To summarize, current methods mainly focus on control-
flow but largely ignore data-flow. This ignorance suggests
that they are limited to deal with the issues raised by our
motivating example.

Service interaction. In [20], the authors proposed a
Public-to-Private approach for inter-organizational work-
flow interoperations based on inheritance. This is a top-
down approach and may not fit with Web service domain.
In [22], a bottom-up approach was presented to establish
a consistent, multi-lateral collaboration in a decentralized
way. However, due to privacy and security concerns, it may
not fit with Web service domain. A view-based approach
[6] was proposed to support dynamic inter-organizational
workflow cooperation including three steps: advertisement,
interconnection, and cooperation. In [25], the authors pro-
posed to support process integration for extended enterprise,
i.e. integration of intra- and inter-enterprise. However, cur-
rent approaches mainly focus on control-flow, and aim to
support direct service interactions only in which no mis-
matches are allowed. They are limited to support mediated
service interactions.

7 Conclusion and Future Work

We have identified that process mediation is critical for
Web service interactions. However, current process media-
tors are limited because they mainly focus on control-flow

Bhttp://www.yawl-system.com/.
Yhttp://www.eecs.umich.edu/gasm/.



but largely ignore data-flow. They improperly regard mis-
matches, which actually can be resolved with the help of
data dependencies, as unresolvable. In addition, they often
need a design-time mediation, i.e. specific adapters are de-
veloped to resolve specific mismatch patterns respectively.
To address these problems, we have introduced a space
based process mediator which (1) considers both control-
flow and data-flow, (2) can settle not only all mismatch pat-
terns prescribed by existing process mediation approaches,
but also new mismatch patterns related to data-flow, and (3)
can resolve all mismatches in a uniform mechanism at run-
time, and does not need a design-time work.

Our process mediator presented in this paper is one im-
portant component of our broader MEDI tool, partially im-
plemented, which aims to support mediated service interac-
tions. Our future work includes (1) compatibility and simi-
larity analysis, (2) conversation set generation supported by
BPs, and (3) to make our MEDI tool as a platform to support
mediated service interactions.
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