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Abstract— Process aware Information Systems (PalS) have an
ever-increasing importance in Enterprise Information Systems
for supporting both their intra and inter-organizational
processes. However PalS still have important issues to address,
including flexibility of inter-organizational (i.e., collaborative)
processes before their definitive acceptance and their use in
companies. This paper addresses this issue advocating (i) the
modelling of collaborative processes as BPMN collaboration, (ii)
the use of the version notion to deal with collaborative process
flexibility and to make process instance migration easier, and (iii)
the introduction of 6 new adaptation patterns which are high-
level operations for collaborative process schema update.

Keywords—  Collaborative Processes;
Version; Adaptation Pattern

Flexibility; BPMN;

1. INTRODUCTION

Process flexibility is an important issue that Process aware
Information Systems (PalS) have to address before their
definitive acceptance and use in companies [1]. Indeed the
strong competition in which companies are involved often
lead them to adapt their processes to face new operational,
organizational, or customer requirements, new regulation
laws, or to benefit from new collaboration opportunities. This
challenge is all the more important as the economic
environment in which companies operate is more and more
dynamic, open and competitive, and requires flexibility
capabilities [2]. Thus the economic success of companies is
closely related to their ability to implement changes happening
in their environment and to adapt their processes accordingly.

Flexibility has been deeply investigated, mainly in the
context of intra-organizational (or internal) processes. Several
taxonomies to characterize process flexibility have been
proposed in literature. The more suitable one which will serve
as a support for related work analysis is given in [3]. This
taxonomy differentiates between two times for process
flexibility: flexibility at design-time, which refers to
foreseeable changes which can be taken into account in
modelled process schemas, and flexibility at run time, which
refers to unforeseeable changes occurring during process
execution. In addition, this taxonomy identifies four needs of
flexibility [3]:
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Variability, for representing a process differently,
depending on the context. Each process schema is
represented as a variant: variants share the same core
process whereas the activity execution differs from
variant to variant [4-5]. Note that parameters causing
process variability are mostly known a priori.

e  Adaptation, for handling occasional situations or
exceptions which have not been necessarily foreseen
in the process schema [6-7].

e  Evolution, for handling changes in processes, which
require occasional or permanent modifications in their
schemas [8—12].

e Looseness, for handling knowledge intensive
processes whose schemas are not known a priori and
which correspond to non-repeatable, unpredictable,
and emergent processes. Such processes require loose
specifications [13—14].

However, process flexibility is still an open issue in the
context of inter-organizational processes, i.e. Collaborative
Processes (CPs). In CPs, flexibility may be related to the
availability of involved processes or to the collaboration
schema. Research efforts about CP flexibility mainly address
process availability in the context of dynamic inter-
organizational processes. Dynamic inter-organizational
processes refer to processes where the different partners
involved are not necessarily known at design-time, or can
evolve at run-time (e.g., they become unavailable or their
quality of service decreases significantly, etc.) [15]. The
provided solutions support finding new partners offering
requested services, along with negotiation, contracting and
service execution (e.g., [14]). On the other hand, flexibility of
schema collaboration has rather been neglected and the
following research question has to be addressed: how to
change collaborations according to process partner schema
changes and which operations can be performed for
collaboration schema changes?

This paper deals with this research question, adopting the
following approach: (i) BPMN, which is known as the
standard notation for process modelling, will serve for
collaborative  process modelling within collaboration
diagrams, (ii) the version notion, which has been recognized



as a powerful mechanism for process flexibility in intra-
organizational context [10—14], will be used to model versions
of collaborations, and (iii) specific adaptation patterns will be
introduced to define high-level primitives for collaborative
process schema creation and update.

More precisely, the paper contributions are: (i) BPMN4VC
(BPMN for Versioning Collaborations), an extension of
BPMN meta-model for modelling versions of collaborative
processes within BPMN collaboration diagrams, (ii) a set of
basic  operations for collaborative process version
management, along with a state chart defining when these
operations are available, and (iii) a set of 6 adaptation patterns,
which are high-level primitives making collaborative process
creation and update easier to perform. The intertwining of
both versioning operations and adaptation patterns is also an
interesting contribution to address the flexibility of
collaborative processes.

The remainder of the paper is organized as follows.
Section 2 gives an overview of related works, considering
process flexibility both in an intra-organizational and in an
inter-organizational context. It also positions this paper with
our previous contributions. Section 3 presents BPMV4VC, the
provided BPMN extension for modelling and handling
versions of collaborations. This section also introduces the
provided operations for collaborative process version
management, along with the state chart defining when these
operations are available. Section 4 presents the provided
collaborative process adaptation patterns; it also illustrates
how to intertwine the performing of both versioning
operations and collaborative process adaptation patterns.
Finally Section 5 concludes the paper, summarizing our
contributions and giving some directions for future work.

II. RELATED WORKS

Process flexibility has been highly investigated in the
context of intra-organizational processes since the end of the
1990s. In addition to the typologies proposed to feature
process flexibility and to evaluate the ability of PalS and
process models to support process flexibility (e.g., [3]),
different contributions have been made to deal with this issue,
and they follow several approaches: activity-driven approach
[4-13, 16], constraint-driven approach [17-18], data-driven
approach [19-20], case-driven approach (case handling) [21],
and more recently, social-driven approach [22]. In this paper,
we rather focus on activity-driven process flexibility as
activity-oriented models are used in the majority of (service-
oriented) PalS.

Regarding flexibility of activity-driven intra-organizational
processes, we can mention works supporting the modelling of
process variants [4-5, 16, 23—24]. These contributions address
process flexibility and more precisely process variability
(according to the typology of [3]). A variant is an adjustment
at run-time of a base process schema according to the context.
We differentiate between behavioural approaches, which
define the base process schema as a superset of variants and
derive a specific process variant by hiding and blocking
process components of the base process schema, and structural
approaches which derive a process variant by applying a set of

changes to a base process schema [25]. Specific notations and
systems such as C-EPC [4], Provop [5] and vVBPMN [23]
support process variants.

We can also mention works supporting the modelling of
process versions for capturing process changes over time. In
the version-based approach, the significant changes on process
schema results in the definition of new process versions.
Several works, including ADEPT [26], advocate this approach
to deal with process flexibility [8—12, 26]. This is probably the
most comprehensive version-based contribution. These works
are interesting since the notion of version has been recognized
as a key notion to deal with process flexibility and more
precisely, with process variability, process evolution and
process adaptation (when adaptation can be defined a priori,
at design-time) [27]. However, these works have two main
drawbacks. First, they mainly focus on the behavioural
dimension of processes, leaving aside their organizational and
informational dimensions. However, these dimensions have
also to be considered when dealing with process flexibility,
since flexibility may be related to the resources involved
during process execution or to the information being managed
during process execution. Secondly, each of these
contributions introduce specific notations, which are not
standards and are unlikely to be used by process designers
who are in charge of modelling variability of processes.
Therefore, we have introduced BPMN4V (BPMN for
Versions), an extension of BPMN to support intra-
organizational process version modelling, considering both
behavioural (what, how), organizational (who) and
informational (when) dimensions of processes [28]. In [29],
we have extended BPMN4V to model the contextual
dimension of processes in order to capture the situations in
which processes are executed and thus to define why version
of processes are used instead another according to the context.

Further addressing activity-driven intra-organizational
process flexibility, we can mention works in relation to change
patterns [23, 30]. [30] is a fundamental contribution which
introduces a set of 14 adaptation patterns to structurally
change process schemas and a set of 4 change support
features patterns to allow process actors to add information
regarding unspecified parts of process schemas at run-time.
These patterns correspond to high-level primitives making
process schema update easier. Figure 1 gives an overview of
the proposed adaptation patterns of [30]. For instance,
adaptation patterns AP1 and AP2 allow for the insertion (AP1)
and deletion (AP2) of process fragments in a given process
schema. In the same way, moving and replacing fragments is
supported by adaptation patterns AP3 (Move Process
Fragment), AP4 (Replace Process Fragment) and APS5 (Swap
Process Fragment).

AP1: Insert Process Fragment AP8: Embed Process Fragment in Loop

AP9: Parallelize Activities

AP10: Embed Process Fragment in Conditional Branch
AP11: Add Control Dependency

AP12: Remove Control Dependency

AP13: Update Condition

AP14: Copy Process Fragment

AP2: Delete Process Fragment
AP3: Move Process Fragment
AP4: Replace Process Fragment
APS: Swap Process Fragments
AP6: Extract Sub Process

AP7: Inline Sub Process

Fig. 1. Adaptation Patterns for Intra-Organisational Processes [30]



In addition to [30], we can also mention [23], which has
defined variability patterns for variants. More precisely, [23]
proposed to extend BPMN to address variability of processes
using process variants, and defined a set of patterns to easily
derive a specific process variant from a base process schema.

However, these contributions do not address inter-
organizational process flexibility, which is still an open issue.
More precisely, in the context of inter-organizational
processes, i.e. Collaborative Processes (CPs), flexibility may
be related to the availability of involved processes or to the
change of collaboration schemas [31]. Research in CP
flexibility mainly addresses process availability in the context
of dynamic inter-organizational processes. Dynamic inter-
organizational processes refer to CPs where the different
partners involved are not necessarily known at design-time, or
can evolve at run-time (e.g., they become unavailable or their
quality of service decreases significantly, etc.) [14—15, 32-33].
The provided solutions support finding new partners offering
requested services [14, 32-33], along with negotiation [34],
contracting and service execution, in separate or
comprehensive frameworks [35].

Collaboration schema change has been rather neglected
even if we found some contributions in the SOA context [36—
40]. Contributions [36] and [37] mainly consider chained
execution and subcontracting collaborative processes, and they
provide high level patterns for service adaptation (adding,
removing, substituting services). These contributions address
CPs evolution but they do not address CPs variability and
adaption. Contribution [38] recommends an extension of the
WS-BPEL language to deal with exceptions in collaborative
processes. However, the proposed solution is specific since it
depends on a particular execution language and it only deals
with CPs adaptation. Finally, contributions [39] and [40] focus
on the propagation of private process changes towards
processes of the other partners involved in a collaborative
process. More precisely, they provide a set of algorithms to
deal with changes of process schema by adding, deleting,
replacing or updating process fragments, and they do not
consider changes that can affect messages (i.e., information)
exchanged between collaborative process partners. Note also
that change propagation has been investigated in the context of
choreographies [41].

In this work, we address the collaborative process (i.e.,
collaboration) schema change issue introducing both versions
of collaboration and high level adaptation patterns. The
reasons justifying such an approach are the following.

On the one hand, versions are known to be a powerful
mechanism to address process flexibility. First, handling
versions of processes facilitate the migration of instances from
an initial schema to a final one, allowing, if the migration is
not possible, two different instances of the same process to run
according to two different schemas [8—10]. Secondly, the
notion version has been recognized as a key notion to deal
with process flexibility and more precisely, with process
variability, process evolution and process adaptation (when
adaptation can be defined a priori, at design-time) [27].
Therefore the collaborative process flexibility should benefit
from these advantages. On the other hand, providing

adaptation patterns, which are high level primitives to make
collaboration schema wupdate easier, is an interesting
contribution to address the flexibility of collaborative
processes. They should be the support for a comparison of
PalS with respect to collaborative process flexibility support.

Note that this work extends our previous contributions on
BPMN and process versioning ([28-29]). It addresses
collaborative processes schema flexibility issue using versions
and introducing adaptation patterns to make BPMN 2.0
collaboration schema changes easier to perform.

III. BPMN4VC FOR MODELLING AND HANDLING VERSIONS
OF COLLABORATIVE PROCESSES

A collaborative process defines a collaboration between
companies (each one represented by a process) in order to
carry out a common business target. BPMN2.0 introduces
collaboration diagrams for modelling such process schemas,
crossing companies’ boundaries [42]. These diagrams include
an explicit representation of permanent interactions between
the partners involved. These interactions are defined as
message flows, i.e. messages exchanged between partners.

To address the flexibility of collaborative process schemas,
we recommend introducing the notion of version in
collaboration diagrams. Consequently, this section first
introduces the notion of version and then presents BPMN4VC,
an extension of BPMN for modelling and handling versions of
BPMN2.0 collaboration diagrams, considering both static and
dynamic aspects of collaborative process versions.

A. Notion of Version

As illustrated in Fig. 2 below, a version corresponds to one
of the significant states (i.e., values) an entity may have during
its life cycle [43]. In our context, the considered entity is a

C()llab()ratl\/e pI'()CeSS SChel’na.

P
Q CPn.v7

CPn.v2

Q Q CPn.v6

CPnv4  CPnvs

Collaborative
Process

Versions
CPn.vl

CPn.v3

CP1v3 CPl.v4

—» Derivation link

O Version

Fig. 2. Versions to Model Collaborative Process Flexibility

So, it is possible to describe the changes of a collaborative
process schema through its different versions. These versions
are linked by a derivation link; they form a derivation
hierarchy. When created, a collaborative process is described
by only one version. The definition of every new version is
done by derivation from a previous one (except the first level
versions, which are created directly from the process —e.g.,
CPn.vl, CPn.v7): such versions are called derived versions
and they capture the evolution of the corresponding process.
Of course, several versions may be derived from the same
previous one: these are called alternatives; they capture the
variability of the corresponding process and they correspond



to their various variants. The derivation hierarchy looks like a
tree if only one version is created directly from a collaborative
process (e.g., CP1), and it looks like a forest if several
versions are created directly from a collaborative process (e.g.,
CPn).

Thus, using the notion of version, it becomes possible to
model collaborative process flexibility and more precisely,
collaborative process schema variability (through the notion of
alternative or variant), collaborative process schema
adaptation which can be modelled a priori in the schema, and
collaborative process schema evolution [27].

B. Statics Aspects of BPMN4VC: the BPMN4VC Meta-Model

We extended BPMN2.0 to model versions of collaborative
processes providing extensions to BPMN2.0 collaboration
meta-model and as well as defining operations for
collaborative process version management. This section
(IIL.B) focuses on the extensions provided to BPMN2.0 meta-
model while the next one (II1.C) deals with defined operations.

More precisely, BPMN4VC meta-model for collaboration
results from the merging of BPMN2.0 meta-model for
collaboration and a versioning kit introduced to make classes
of BPMN2.0 meta-model versionable, i.e. able to handle
versions. We briefly present these two layers.

1) Versioning kit. The versioning kit we propose is very
simple: it includes only two classes and two relationships as
illustrated in Fig. 3.

A versionable class is a class for which we would like to
handle versions: so, versions are stored in a
Version_of Versionable class while corresponding entities are
stored in a Versionable class. The is version of relationship
links a versionable class to its corresponding versions. The
derived from relationship allows for building version
derivation hierarchies (cf. Fig. 2). This latter relationship is
reflexive and the definition of both relationship sides is the
following: (i) a version (SV) succeeds another one in the
derivation hierarchy, and (ii) a version (PV) precedes another
one in the derivation hierarchy. Regarding properties of a
Version_of Versionable class, we introduce the classical
version properties, i.e. version number, creator name, creation
date and status [43].

derived_from
§V
0.1
Version_of_
Versionable

*

is_version_of

> 1
Versionable

2) Main Concepts of BPMN 2.0 Collaboration. In BPMN2.0,
a collaboration depicts interactions between two or more
processes belonging to business entities [42]. Each one is seen
as a participant that represents a partner entity (e.g., a
company) or a partner role (e.g., a buyer, a seller, or a
manufacturer). A participant is often responsible for the
execution of a process. In a collaboration, only public

Fig. 3. Versioning Kit

processes are provided within fasks, events and the way these
tasks and events are synchronized using sequence flow and
gateways. Within a collaboration, participants are prepared to
send and receive messages within message flows. A message
flow illustrates the flow of messages between two interaction
nodes. An inferaction node is used to provide a single element
as the source (send relationship) or the target (receive
relationship) of a message flow, and therefore of a message.
An interaction node can be a participant, a task or an event.
Fig. 4 below gives the main BPMN2.0 concepts for modelling
collaborations.

Note that within a collaboration, tasks and events are
considered as the “touch point” between participants. Only
those tasks or events that are used to communicate with the
other participants are included. They define the public part of
the process. As a consequence, all other internal (i.e., private)
tasks or events of the process are not shown in a collaboration
diagram [42].

ItemDefinition

itemKind: ItemKind
structureRef: Element

) 8| Collaboration
¥
E 1

MessageFlow

0.1

FlowElementContainer

FlowElement
. Flow
=

* 0.1

Message

1| receive 1 |send Participant

InteractionNode

‘ Partner‘Entity ‘ ‘ Parlnc:Role ‘

FlowNode ‘

‘Recen eTask‘ ‘ ReceiveEvent ‘ I targetRef

ourceRef’

SendTﬂsk SendEwent

s
Gatew ay

Fig. 4. Extract of the BPMN2.0 Collaboration Meta-model

3) Extending BPMN for Versioning Collaborations. We use
the versioning kit introduced before to make some classes of
BPMN2.0 meta-model versionable. Fig. 5 below presents the
BPMN4VC resulting meta-model.

Extension

Version_of_
Collaboration

ExtensionDefinition
H Exlenﬂon])enmllon ess
TxtensionAttribute H ‘F
Definition PartnerEntity Pnnllel‘R(llt

ExlensiollAllrlbutc

- Jﬁ
Vemnn ot kvent | | Venlnn of_Task Version of

Fig. 5. BPMN4VC Meta-model for Modelling Versions of Collaborations

On the one hand, to take collaborative process flexibility
into account, we recommend handling versions for the
following five BPMN 2.0 classes: Collaboration, Message,
Process, Task and Event. In fact, each of these classes
represents key concepts for collaborations and plays a strong
role in the definition of a collaborative process. The idea is to
keep track of changes occurring to components which play a



part in the description of how the collaboration is carried out.

Generally speaking, a new version of an element (e.g.,
collaboration) is defined according to changes occurring to it:
these changes may correspond to the addition of information
(property or relationship) or to the modification or the deletion
of existing ones. More precisely, regarding messages, we
consider that a modification of their property ltemDefinition
results in the creation of a new version of message. For
instance, if Report is a message referring to a paper document
(Itemkind value is physical), and as a result of technical
changes, if it becomes an electronic document (/temkind value
is information) then a new version of Report has to be created.
However we do not necessarily create a new version of
message if there is change in the interaction in which the
message is involved. Indeed an interaction (i.e., a message
flow) being defined as the triplet (message, send node, receive
node), where send and receive nodes are interaction nodes
involved in the message exchange that either correspond to
versions of task or versions of event, changing the interaction
does not necessarily leads to create a new message. For
instance, if a message M is sent from task A to task B, and if a
new task C is defined after an organizational change and the
message is no longer sent from A to B but rather from C to B,
then we do not create a new version of the message M if it
carries out the same information. Thus we manage M.vl as a
message exchanged between A and B, and M.vl and we also
manage M.v1 as a message exchanged between C and B.

Regarding processes, we create new versions when there
are changes to the involved tasks and/or events or in the way
they are linked together using sequence flows and gateways.
In the same way, changes to tasks and events may result in the
creation of new task and event versions. In addition, we create
new versions of tasks or events involved in message exchange,
when there are changes to the exchanged messages.

Finally, regarding collaborations, new versions may result
from changes to participants involved. Thus when we add or
delete a participant, it is necessary to adapt the current
collaborative process to this change: we have to incorporate
the added participant or to possibly replace the deleted one.
New versions of collaborations may also result from changes
to involved processes or exchanged messages. Exchanged
messages have an important impact in collaboration flow.
Thus any change in a sent or a received message affects the
involved tasks or events, and consequently the involved
process. So, when we add (or delete) a message, we have to
add (or to delete) a received and a send activity, which leads to
changing the process schema. In this case, the other processes
involved in the collaboration have in turn to be adapted to this
change to ensure continued collaboration.

On the other hand, BPMN 2.0 meta-model provides
extension  mechanisms  through classes  Extension,
ExtensionDefinition and ExtensionAttributeDefinition, and, as
suggested in [42], each recommended extension has to be
assigned to these classes. Therefore, we recommend adding
the classes VersionExtensionDefinition and VersionExtension
AttributeDefinition to model the specific attributes which
versionable classes include (version number, creator name,
creation date and status). Thus each Version of Versionable

class of BPMN4VC is a sub-class of the abstract class
VersionExtensionDefinition.

C. Dynamic Aspects of BPMN4VC: Collaboration Version
Management

In this section, we first give an overview of the operations
available for collaboration version management within a state
chart, before detailing them.

1) State Chart. In order to handle versions of collaborations
modelled as instances of BPMN4VC meta-model, we propose
a taxonomy of operations which allows to create, derive,
update, validate and delete collaboration versions.

The UML state chart given in Fig. 6 indicates when these
operations are available with respect to the version state. Some
of them are available whatever the state of the version on
which they are performed, while others are available only in
some cases. In the state chart, each operation is described
using the notation Event/Operation whose meaning is “if
Event appears then Operation is triggered”.

First Version Second version: Derived Version

Update_order/ Update_order/
Update Delete_order/ Update Del]e)t:ﬂ;;der/
Create_order/Create Delete /\b
Validate_order/ - %/
Validate Derive_order/ Validate_order/
: Derive Validate

Fig. 6. UML State Chart for Versions

When the create order event appears, the create operation
is carried out to create both a collaboration and its
corresponding first version. The state of the created version is
working (W state). In this state, a version is not yet a final one
and it can be updated using the Update operation. Create and
update operations can be specified using a set of primitives.
These primitives change according to the classes in which they
are defined. However, they share the same general idea that is
to give values to properties and relationships of the considered
classes (cf. I111.C.2).

A working version can be deleted (Delete operation) or
validated (Validate operation). When the Validate operation is
performed, the corresponding version becomes stable (S
state). This state indicates that a version is a final one, on
which no additional updates can be performed. Moreover,
validation of a version may trigger the validation of other
versions as illustrated in II1.C.3.

Finally, a stable version can be deleted or can serve as a
basis for the creation of a new version using the Derive
operation. The created version is a working version. Before
being updated, it has the same value as the derived one.
Moreover, derivation of a version may trigger the derivation
of other versions, which are linked to the derived one (cf.
1I.C.4).

2) Update Operation. Table 1 below gives the definition of
Update operation, indicating the low-level primitives this
operation includes.



For instance, the update of a collaboration includes low-
level primitives supporting the addition (+) or deletion (-) of
participants (i.e., their process) involved in the collaboration
along with their interactions (i.e., message flows between their
processes). In the same way, the update of an interaction
includes low-level primitives supporting the addition or
deletion of messages, and the addition and deletion of message
flows which are triplet gathering a message sent from a send
node to a receive node. Finally, the update of a collaboration
also includes low-level primitives supporting the addition or
deletion of tasks, events, sequence flows and gateways.

Table 1. Primitives of the Update Operation

BPMN4VC Concepts Primitives
Collaboration +/- PaHICIP?.nt/PI'OCGSS
+/- Interaction
. +/- Message

Interaction +/- Message flow
+/- Task

.. +/- Event

Participant/Process +/- Sequence flow

+/- Gateway

In order to make update operation easier to perform, we
recommend a set of 6 adaptation patterns allowing process
designers to modify collaboration schemas more easily by
using high-level primitives (e.g., AddInteraction to add an
interaction into a collaboration) instead of low-level primitives
(e.g., AddNode, AddMessage, AddMessageFlow). These
adaptation patterns will be detailed in section 4.

3) Validate Operation. This operation is performed to make a
working version stable, i.e. when the considered version does
not need additional updates. Validation of a version may
trigger the validation of other versions, which are linked to it.
Fig. 7 illustrates the validation propagation. More precisely,
the black arrows correspond to initial validations while the
grey arrows correspond to propagated validations.

Collaboration

Message

Validate |
Validate

Process

| Validate

Validate

Validate

Fig. 7. Validation Propagation

According to Fig. 7, the validation of a collaboration
version triggers the validation of processes and messages
within this collaboration. In the same way, the validation of a
process version triggers the validation of its versioned
components, ie. versions of its tasks and versions of its
events.

4) Derive Operation. This operation allows the creation of a
new version from an existing stable one. The created version
is a working version. Before being updated, it has the same
value as the derived one. Moreover, derivation of a version
may trigger the derivation of other versions, which are linked
to the derived one. Fig. 8 illustrates this derivation
propagation. Again, the black arrows correspond to initial
derivations, while the grey ones correspond to propagated

derivations.
Derive
Task
|Derive
HDE"VE Message

lDerive

| Derive l
Event

Derive

| Derive

Process

Derive
Collaboration

Fig. 8. Derivation Propagation

This propagation is due to the composition relationships
existing between collaboration, message, process, task and
event. Therefore, the derivation of a task or event triggers the
derivation of its corresponding process. In the same way, the
derivation of a process triggers the derivation of the
corresponding collaboration. In addition the derivation of a
message triggers the derivation of its corresponding events or
tasks (i.e., the events or tasks involved with the message in a
message flow).

IV. ADAPTATION PATTERNS FOR COLLABORATION UPDATE

We introduce 6 adaptation patterns to implement the
update operation previously presented. These patterns focus
on interaction within collaborations. As indicated before, an
interaction is a message flowing from a send node to a receive
node. Therefore, an interaction can be considered as a triplet
(message, send node, receive node).

As illustrated in Fig. 9, the recommended patterns are the
following:  Addlnteraction,  Deletelnteraction, ~ Move
Interaction, Replace Interaction, Swaplnteraction and
Modifylnteraction. They are used to update a version of
collaboration, created directly from scratch (first collaboration
version) or derived from an existing one (derived
collaboration version). Of course, the state of the collaboration
version is working (see Fig. 6). In both cases, the patterns
recommended move the considered collaboration from an
initial schema IS to a final schema FS, adding, deleting,
moving, replacing, swapping or modifying interaction
between the processes involved. This schema update generally
leads to the definition of derived process versions, derived
task versions, derived messages and/or derived event versions.
Thus, version management operations and adaptation patterns
are both used to update a collaboration.

CPAPI1: Add Interaction CPAP4: Replace Interaction
CPAP2: Delete Interaction CPAPS: Swap Interaction
CPAP3: Move Interaction ~ CPAP6: Modify Interaction

Fig. 9. Adaptation Patterns for Collaborative Process



In the following sub-sections, we present the
recommended adaptation patterns. For each one, we consider
the case when a new collaboration derived from an existing
one moves from an initial schema IS to a final one FS.

A. AddlInteraction Pattern

Addlnteraction is a high-level pattern used to add an
interaction, i.e. a message and its send and receive nodes to an
existing collaboration. This pattern includes the following
low-level primitives, briefly introduced in Table 1:

e AddNode (N, P, G, pN, fN, Type). This primitive uses
the AP1 Insert Process Fragment defined in [30] to
add in the process P of the current collaboration the
interaction node N between the flow nodes pN (the
previous node of N) and /N (the following node of N).
The way in which the added node N is coordinated
with the other nodes is indicated by G: it may be
sequence, parallel or conditional. In addition, the type
of added node N is indicated by Type, which can be a
(send or receive) task or event. Note that this primitive
implements the following operations of Table 1: +task
and +event.

e AddMessage(M). This primitive adds the message M
in the current collaboration.

e AddMessageFlow(M, sN, rN). This primitive adds the
message flow (M, sN, rN) into the current
collaboration, where M is a message between sN (the
send node of M) and rN (the receive node of M). Note
that both sN and rN are interaction nodes.

The AddInteraction pattern may be achieved in four
possible cases: (i) Add a message and the corresponding send
and receive nodes, (ii) Add a message between existing send
and receive nodes, (iii) Add a message and the corresponding
send node, and (iv), Add a message and the corresponding
receive node.

1) Case #1: Add a message and the corresponding send and
receive nodes. In this case, the send and receive nodes (i.e.,
tasks or events) of the added message do not exist in the
collaboration. Therefore, the nodes have to be added to the
corresponding processes, and the new message has to be
added into the collaboration. Finally a new message flow
linking the message and the nodes has to be defined.

Depending on the way the nodes are inserted within the
collaborative processes (sequence, parallel or conditional
insert), two options have to be considered. Due to a lack of
space, Fig. 10 illustrates only two of these options, which
allows (i) the insertion of the first version of the send task Ai
and receive task Bi respectively in the second version of
processes A and B and (ii) the definition of the first version of
message M sent from the first version of Ai to the first version
of Bi. The first option corresponds to a sequential insert of
tasks Ai and Bi respectively in processes A and B, while the
second one corresponds to a parallel insert. To address a
conditional insert, we only have to have the gateway and use
the conditional one instead of the parallel one.

For each option of case#1, we provide the corresponding

interaction pattern order along with the corresponding low-
level primitives performed when applying it. For instance, in
possibility #1, we use AddMessage (M) primitive to add the
first version of message M, AddNode (Aiv, A, ‘Sequence’,
Al v, A2n, ‘SendTask’) primitive for a sequential insert of the
first version of the send task Ai in the second version of
process A, AddNode (Biv, B, ‘Sequence’, Blv, B2,
‘ReceiveTask’) primitive for a sequential insert of the first
version of the receive task Bi into the second version of
process B, and finally AddMessageFlow(My, Aiv, Bin)
primitive to define that the first version of message M is sent
from the first version of Ai to the first version of Bi. These
modifications, along with sequence flow modifications are
shown in grey. The modifications which are shown in thick
lines correspond to version management operation
modifications.
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Fig. 10. Case #1 and Case #2 for AddInteraction Pattern

2) Case #2: Add a message between existing send and
receive nodes. In this case, the send and receive nodes of the
added message already exist within the collaboration.
Therefore, a new message has to be added first into the
collaboration and a new message flow linking the added
message and the existing nodes has to be defined subsequently
(cf. Fig. 10).

More precisely, the primitive AddMessage(M1) is used to
add the first version of message M whereas the primitive
AddMessageFlow(M.i, A2.., B2.,) allows for the adding of the
message flow involving the first version of the message M, the
second version of task B2, and the second version of task A2.

3) Case #3: Add a message and the corresponding send
node. In this case, only the send node of the added message
does not exist in the collaboration. Therefore, this node has to
be added first into the corresponding process, and the new



message has to be added into the collaboration subsequently.
Finally a new message flow linking the added message and
nodes has to be defined.

Depending on the way the send node is inserted within a
process (sequence, parallel or conditional insert), three options
have to be considered. Fig. 11 illustrates two of these options,
allowing (i) the insertion of the first version of the send task
Bi in the first version of process B and (ii) the definition of the
first version of the message M sent from the first version of
the task Bi to the second version of task A2. The first option
corresponds to a sequential insert of Bi in process B, while the
second and third options correspond to a parallel insert and a
conditional insert respectively.

For each option of case#3 and case#4, we provide the
corresponding interaction pattern order along with the
corresponding low-level primitives performed when applying
it. For instance, in option #1 of case #3, we use
AddMessage(M) primitive to add the first version of message
M, AddNode (Bivi, By, ‘Sequence’, Blv, B2v, ‘SendTask’)
primitive for a sequential insert of the first version of the send
task Bi into the second version of process B and
AddMessageFlow(M, Bir, A2y:) primitive to define that the
first version of message M is sent from the first
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Fig. 11. Case #3 and Case #4 for AddInteraction Pattern

B. Deletelnteraction Pattern

Deletelnteraction is a high-level pattern used to delete a
message and its interaction nodes in an existing collaboration.
This pattern includes the following low-level primitives,
briefly introduced in Table 1:

e DeleteNode(N, P). This primitive uses the AP2 Delete
Process Fragment defined in [30] to remove the
interaction node N from the process P in the current
collaboration. Note that this primitive implements the
following operations of Table 1: -task and -event.

e DeleteMessage(M). This primitive removes the
message M from the current collaboration.

e DeleteMessageFlow(M, sN, rN). This primitive allows
for the removal of the message flow involving the
message M, and the send and receive interaction nodes
sN and 7N in the current collaboration.

The Deletelnteraction pattern may be achieved in four
possible cases: (i) Delete a message and its corresponding
send and receive nodes, (ii) Delete a message while keeping
its corresponding send and receive nodes, (iii) Delete a
message and its corresponding send node and (iv), Delete a
message and its corresponding receive node.

1) Case #1: Delete a message and its corresponding send
and receive nodes. In this case, the send and receive nodes of
the deleted message are not part of other message flows of in
the collaboration. So this message and its corresponding send
and receive nodes can be deleted. More precisely, as illustrated
in Fig.12, DeleteMessageFlow(Mvi, A2y, B2v) allows for the
deletion of the message flow between A2.vl and B2.v1, while
DeleteNode(A2.vi,  A.r2), DeleteNode(B2.vi, B.rz) and
DeleteMessage(M.vi) allow for the deletion of the message and
the nodes involved in the message flow.

2) Case #2: Delete a message and keep its corresponding
send and receive nodes. In this case, the send and receive
nodes of the deleted message are part of other message flows
in the collaboration. Therefore, these nodes have to be kept in
the collaboration. Consequently, only the message and its
corresponding message flow have to be deleted (cf. Fig.12).

3) Case #3 (resp. case #4): Delete a message and its
corresponding send (resp. receive) node. In this case, the send
(resp.receive) node of the deleted message is not part of other
message flows in the collaboration. So the message and its
corresponding send (resp. receive) node have to be deleted,
along with the corresponding message flow (cf. Fig. 12).

C. Movelnteraction Pattern

Movelnteraction is a high-level pattern used to shift an
interaction from an initial position to a final one. It can be
carried out by the combined use of the AddInteraction and
Deletelnteraction patterns. It can also be defined using the
following low-level primitives: AddNode, DeleteNode,
AddMessageFlow and Delete MessageFlow.
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Fig. 12. Deletelnteraction Pattern

The possible options for moving an interaction from an
initial position to a final one, according to the way the
interaction is moved are: sequence move, parallel move and
conditional move. These options are defined both in terms of
adaptation patterns and low-level primitives. For instance, in
the first option (sequence move), the following low-level
primitives are performed: DeleteMessage Flow(M..,B1.,,A1.)
to delete the interaction between tasks Bl.vl and Al.vl,
DeleteNode(Al.n,A.») and DeleteNode(B1.»,B.») to delete the
first version of tasks Al and B, AddNode(Bl., B.,
‘Sequence’, B3y, B4... ‘SendTask’) and AddNode(Al.., A,
‘Sequence’, A3.vi, A4.v1, ‘ReceiveTask’) to re-insert B1.vl and
Al.vl into their new positions, and AddMessageFlow(M.y,
B1., Al.y) to re-define the interaction involving M.v1 between
Bl.vl and Al.vl. Due to a lack of space, Fig. 13 only
illustrates a sequential move and a parallel move.

D. Replacelnteraction Pattern

Replacelnteraction is a high-level pattern which enables
the replacement of an interaction with another one. Like
Movelnteraction, this pattern can be carried out by the
combined use of Insertinteraction and Deletelnteraction
patterns. In addition, it can also be defined using the following
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Fig. 13. Movelnteraction Pattern

low-level primitives: AddNode, DeleteNode, AddMessage,
DeleteMessage, AddMessageFlow and Delete MessageFlow.

Fig. 14 hereafter gives an example of the replacement of
an interaction within a collaboration. In this example, the
message flow involving M1.vl, A2.vl, and B2.vl has to be
replaced with the one involving M2.vl, Y.vl and X. vl. The
following low-level primitives are performed: (i)
DeleteMessageFlow(Ml1 v,  A2w, B2w) and  Delete
Message(M1I 1) delete the interaction to be replaced along with
the first version of the message M1, (ii) DeleteNode(A2.vi, A.r2)
and DeleteNode(B2vi, Br) delete the first versions of tasks A2
and B2 respectively from the second version of processes A
and B, (iii) AddNode(Yr, B, ‘Sequence’, Blv, B3,
‘ReceiveTask’) and AddNode(X i, Ar, ‘Sequence’, Al v, A3,
‘SendTask’) insert the first version of tasks X and Y into the
second version of processes A and B, (iv) AddMessage(M?2.1)
add the first version of message M2, and finally (v)
AddMessageFlow(M2.v;, Yw, Xwn) define the interaction
involving M2.vl, Y.vl and X.vI.

E. Swaplnteraction Pattern

Swaplnteraction is a high-level pattern which allows
swapping an interaction for another one. This pattern can be
defined using Movelnteraction pattern. It can also be defined
using  AddInteraction and  Deletelnteraction  patterns
previously introduced, or using the following low-level
primitives: AddNode, DeleteNode, AddMessageFlow and
DeleteMessageFlow.

Fig. 14 gives an example of the Swaplnteraction pattern
allowing the exchange of the interaction involving the
message M1.vl sent from B1.vl to Al.vl with the interaction
involving the message M2.v1 sent from B3.v1 to A3.vl. More
precisely, the following low-level primitives are performed: (i)
DeleteMessageFlow(M1 v, Blv, Alw) and DeleteMessage
Flow(M2.vi, B3 v, A3) to delete the message flows from the
collaboration to swap, (ii) DeleteNode(A1.v1, A.vz), DeleteNode
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Fig. 14. Replacelnteraction and Swaplnteraction Patterns

(A3.v1, A.r2), DeleteNode(B1.vi, B.y:), and Delete Node(B3.vi, Br)
to delete the nodes involved in this swapping from the
collaboration, (iii) AddNode(A3.vi, A, ‘Sequence’, null, A2y,
‘ReceiveTask’), AddNode(Alv, Awn, ‘Sequence’, A2, null,
‘ReceiveTask’), AddNode(B3vi, B, ‘Sequence’, null, B2,
‘SendTask’) and AddNode(B1rv, B, ‘Sequence’, B2y, null,
‘SendTask’) to re-insert the deleted nodes into their new
positions, and finally (iv) AddMessageFlow(M2.vi, B3.vi, A3.v1)
and AddMessageFlow(MIv, Blw, Alv) to re-define the
swapped interactions involving M2.vl, B3.vl and A3.vl on
the one hand and M1.vl, B1.vl and Al.v1 on the other hand.

F. Modifylnteraction Pattern

ModlifyInteraction is the last adaptation pattern aiming at
updating an interaction by modifying its message and/or its
interaction nodes. In addition to AddNode and DeleteNode
primitives previously presented, this pattern includes the
following low-level primitives:

e ModifySendNode(M, Ts). This primitive indicates
that the message M is now sent from the interaction
node 7.

e  ModifyReceiveNode(M, Tr).This primitive indicates
that the message M in now received by the interaction
node 7.

e ModifyMessage (M, Id). This primitive indicates that
the definition of M (property ItemDefinition) i
replaced with /d. Id is the new value defining the
structure and the type of information carried out by M.

Fig. 15 illustrates the different cases for ModifyInteraction,
enumerating the possible combinations according to the new
nodes of the interaction: do they already exist or do they have
to be created? Due to lack of space, we detail only case #1 in
the following.

Modifylnteraction Pattern

Case #1 Modify the send node
Case #1.1: Replace the send node with an existing node
Case #1.2: Replacethe send node with a new node

Case2# Modify the receive node

I:: Case #2.2: Replace the receive node with a new node

Case #2.2: Replace the receive node with an existing node

Case3# Modify the send and receive nodes
Case #3.1: Replace the send and receive nodes with existing nodes
Case #3.2: Replace the send and receive nodes with new nodes
Case #3.3: Replace the send node with a new node and the receive node with an existing node
Case #3.4: Replace the send node with an existing node and the receive node with a new node

Case #4 Modify the message

Fig. 15. Cases for ModifyInteraction Pattern

In case #1, the send node of the updated interaction has to
be modified. This case may be carried out according to two
possible sub-cases presented below.

1) Case #1.1: Replace the send node with an existing one. In
this case, the send node of the updated interaction is replaced
with an existing node. Consequently, it has to be deleted if it is
not part of other message flows (option #1). Otherwise, it has
to be kept (option #2). As illustrated in Fig. 16, the folowing
low-level primitives are performed: Modify SendNode(Myi,
Al ) to specify that M.vl is now sent from Al.v2 and
DeleteNode(A2.v1, Ar) to delete the first version of the task A2
into the collaboration.
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Fig. 16. Case #1.1 and Case #1.2 for ModifyInteraction Pattern

2) Case #1.2: Replace the send node with a new one. In this
case, the send node of the updated interaction is replaced with
a new interaction node. Therefore, the new node has first to be
added and the interaction has to be updated subsequently.



Depending on the way the new send node is inserted
(sequence, parallel or conditional insert), three options have to
be considered. Due to lack of space, Fig. 16 illustrates two of
these three options allowing (i) the insertion of the first
version of the send task Ai in the first version of process A
and (ii) the insertion of the corresponding message flow
involving M.vl, Ai.vl and B2.v1. The first option corresponds
to a sequential insert of Ai in A, while the second one
corresponds to a parallel insert. More precisely, if we consider
a sequential insert, the following low-level primitives are
performed: (i) AddNode (Aivi, Aw, ‘Sequence’, Alv, A2w,
‘SendTask’) for a sequential insert of the first version of the
task Ai between Al.vl and A2.vl and (ii) ModifySendNode
(M, Air) for modifying the corresponding message flow and
defining Ai.v1 as the send task of the message M.v1.

V. CONCLUSION AND OUTLOOK

This paper has addressed collaborative process flexibility
issue, which is an important challenge to address in Business
Process Management area. It has presented BPMN4VC, an
extension of BPMN using versions to address this issue along
with a set of 6 adaptation patterns to make the update of
collaborative process easier.

More precisely, the paper contributions are the following.
Firstly, the paper has extended the BPMN2.0 meta-model to
incorporate version modelling capability and to keep track of
task, event, message, process and collaboration flexibility. The
paper has also addressed the dynamic aspects of collaborative
process version management, defining state charts for process
versions and corresponding operations (create, update, delete,
validate and derive operations). Secondly the paper has
introduced the following collaborative process adaptation
patterns: AddInteraction, Deletelnteraction, Move Interaction,
Replace Interaction, SwaplInteraction and ModifyInteraction.
These patterns are high-level primitives used to update
collaborative process schema considering the organizational,
informational and behavioural dimensions of collaborative
processes. They are well-suited for coping with the evolving
nature of collaborative processes. Thirdly, the paper has
illustrated the intertwining of the adaptation patterns and the
versioning operations, taking the state of versions (W:
working, S: stable) into account. We believe these
contributions to be a step forward in addressing the flexibility
of collaborative processes.

Our future work will take three directions. First, we have
to evaluate our contributions. To do so, we will implement the
BPMN4VC-Modeller, a specific tool intended for business
process designers and which supports the modelling of BPMN
collaborative process versions and the implementing of the
dynamic aspects of version management including the
recommended adaptation patterns. This tool will be used for a
qualitative and a quantitative evaluation. More precisely, we
intend to measure the |wusability (ease of use,
understandability), and the efficiency (reduce modelling
efforts) of the BPMN4VC-Modeller to address the
collaborative process flexibility. A workshop at the University
of Sfax in Tunisia will be organized for such an evaluation,
involving graduate and PhD students having knowledge in the
BPM area. We also intend to verify, from collaborative

process practical cases, whether the recommended patterns
cover any changes that may occur.

Secondly, regarding future works in relation to the notion
of version, we will incorporate the notion of context in
BPMN4VC in order to take the explicit definition of
situations, in which collaborative process versions have to be
used, into account, as we did for intra-organizational processes
[29]. In addition, we also have to address the storage of
versions (taking recommended adaptation patterns into
account [44]) and the instance migration issues.

Thirdly, regarding future works in relation to adaptation
patterns many challenges have to be addressed, in addition to
their implementation in the BPMN4VC-Modeller. Among
those identified in [45], we highlight the following ones:

e Formalization of collaborative process adaptation
patterns, to obtain unambiguous pattern definitions
that will allow their implementation in collaborative
process support systems. This formalization will also
help when using recommended adaptation patterns as
a means for evaluating collaborative process change
support in existing PalS.

e Correctness of collaborative process schemas after
using the recommended adaptation patterns: in
particular, we have to check whether the compatibility
and consistency properties of the collaborating
business partners are to be kept [46].

e Use of the collaborative process adaptation patterns to
answer the following question: how does the use of
these adaptation patterns influence the modelling of
collaborative process schemas?
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