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Abstract. In large organisations multiple stakeholders may modify the
same business process. This paper addresses the problem when stake-
holders perform changes on process views which become inconsistent
with the business process and other views. Related work addressing this
problem is based on execution trace analysis which is performed in a
post-analysis phase and can be complex when dealing with large busi-
ness process models. In this paper we propose a design-based approach
that can efficiently check consistency criteria and propagate changes on-
the-fly from a process view to its reference process and related process
views. The technique is based on consistent specialisation of business
processes and supports the data- and control flow perspective. This tech-
nique reduces the steps performed in the evolution of business processes
by embedding the consistency checks and change propagation into the
change enactment phase of the evolution.

1 Introduction

It is apparent that business processes evolve over time and have to be aligned
with business rules, legislations, and law. Whereas, due to factors such as con-
tinuing change in regulations, policies, business compliances, and user demand
the processes are subject to change. Since the economic success of any businesses
relay on its ability to respond to the changes in its area swiftly, it is important
for business to be able to update their processes in efficient and correct way [1].

Designing and updating process models in large organisations are usually
performed by multiple stakeholders in parallel. Each stakeholder has a particular
view on a process and performs changes independently from other stakeholders
leading to the challenge that views may become out of sync and inconsistent with
its reference process and other views. In this paper we propose a framework that
offers generic methods and techniques for the efficient change propagation from
a stakeholder to reference process and its process views on the process model
level.

Gerth et al. [2] identified three steps for change management in process mod-
els: detection of differences, identification of change conflicts, and resolution of
conflicts. We propose to propagate changes on the fly so stakeholders become
immediately aware of changes made by other stakeholders which affect their
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view. By providing these capabilities, a separate step for conflict identification
and resolution can be kept to a minimum or in optimal cases be eliminated. In
this paper we focus on the mechanism on how to propagate changes on-the-fly
and deal with changes made on the same process fragment at the same time in
future work.

Related work often assumes that two corresponding process models are in
strict refinement relation, whereas such a refinement relation is hardly noticed
in practice [3]. We are applying existing techniques based on those strict process
hierarchies but use this technique to propagate changes efficiently, i.e., we allow
users to perform changes that violate the refinement relations and then propagate
changes so consistency is established again. In particular, we are applying consis-
tent specialisation of business processes to ensure consistency between views and
reference process. By checking simple rules on the structure of process models
and keeping relationships between elements in different processes, we are able to
achieve co-evolution more efficiently.

The main contribution is twofold: In Section [3] we present our framework for
on-the-fly change propagation in process co-evolution on the model level, and in
Section Ml we provide a literature review and comparison criteria of state-of-the-
art work in process (co-)evolution and change management.

The paper is structure as follows: the next section includes a motivating ex-
ample which is used throughout the paper. Afterwards we explain our approach
followed by a comparison of related work. The last section provides an outlook
on future work and conclusion.

2 DMotivating Example

Process models are widely used within organisations while they are mostly large
and complicated. On the other hand dealing with a large and complicated pro-
cess model is not always necessary, as preforming different business tasks need
different parts of a process models to be highlighted. To fulfil this requirement,
several methods to provide process views regarding different aspects of the pro-
cess model have been proposed such as [4H6]. In previous work [7], we proposed
a knowledge based framework to provide different views on a process model
considering the user specified constraints. We have applied our approach on a
real-world business process repository from the product and system engineering
domain which contained software development processes with up to 260 activi-
ties in a single process. In some use cases, a view could be generated that reduced
the complexity by up to 90%.

Different users may change their views over a reference model. To preserve
the consistency between them change in one view needs to be propagated to
the remaining views through the reference model. The co-evolution of process
models refers to the change propagation between models either at the same
or different abstraction hierarchy [8]. These changes may cause inconsistency
in the process model views or the reference model. In this work we deal with
inconsistent models in a model co-evolution scenario.
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Fig. [l indicates our motivating scenario, where every user has their own view
over the reference model. As indicated in the figure users make changes in their
process views. To preserve the consistency between these process models, change
in one view needs to be propagated to the remaining views through the reference
process model.
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Fig. 1. Motivating Scenario

Fig. @ shows an example for co-evolution of a reference process model and
its views in BPMN. The model in the lower left depicts the reference model,
the models in the top show two different views over the reference model. The
grey and pink dashed lines indicate the correspondence relations for the tasks in
process view 1 and view 2 respectively. In this figure the correspondence relations
for gateways, control flows, and identical activities are left implicit. As illustrated
in the figure, the mappings between views and the reference process model are
different. For example tasks Cancel Late and Send Cancellation Confirmation
from the reference model have been mapped to the task Cancel in process view
1 whereas, in process view 2, task Send Cancellation Confirmation has been
removed by mapping it to a control flow in the view.

In the example, a new activity Inform is introduced by a stakeholder in View 2
which is highlighted by a bubble within View 2 in Fig. This change is then
propagated to the reference process by inserting Inform between Cancel Late and
Send Cancellation Confirmation. In a last step, the changes are propagated to
View 1 which consists only of an update of the properties in Cancel because the
region including Cancel Late and Send Cancellation Confirmation is abstracted
in View 1.

Related work mostly deals with schema evolution and migration of process
instances, preserving the data flow consistency. To the best of our knowledge
on-the-fly propagation of changes among different views at different abstraction
levels has not been investigated yet. The following section presents our frame-
work.
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Fig. 2. Change Propagation Example

3 Consistent Co-evolution of Business Process Modelling

A typical software development life-cycle consists of several phases. Koéhler et
al. [9] introduced a cycle for the alignment of business and IT which consists of
model-, develop-, deploy-, monitor- and analyse & adapt phases. We propose a
framework for the consistent co-evolution of business processes in the modelling
phase which consists of three steps: (1) in the process modelling step, a business
process is created that represents the reference process, (2) in the process view
generation step, views are generated from the reference process for stakehold-
ers, and (3) in the change and change propagation step, different stakeholders
perform changes on their views and their changes are propagated on the fly to
reference processes and other views. The first step needs to be performed only
once whereas steps 2 and 3 are usually repeated for each development cycle.
This framework makes use of the model driven engineering, MDE paradigm.
The advantages of MDE include increasing the productivity and compatibility
by simplifying the process of design, and maximising reusability by lifting plat-
form specific code to a platform independent model level. Our approach is set
on the level of models which are the central artifact in MDE. The problem of
consistent software evolution is also addressed by other communities such as se-
mantic web comunity. However, these communities rather target a lower level of
implementation and specific language whereas our approach is on the platform
independent level.

We explain now each step in more detail and provide definitions for the formal
notation and consistency constraints.



On-the-Fly Change Propagation for the Co-evolution of Business Processes 79

3.1 Process Modelling

There exist different languages for modelling business processes. BPMN has be-
come the de-facto standard in recent years and we use this notation to represent
the models. However, a more formal representation is required for specifying the
relationship between reference process and process views, and for the verification
of consistency.

Therefore we use a Petri net representation of the BPMN models, in particular
labelled Petri nets which are helpful to express the consistent specialisation of
processes [10]. Different approaches for mapping between the BPMN and Petri
net notation exist. Since the discussion of such mappings are out of the scope of
this paper we refer the interested users to [I1].

A labelled Petri net is a Petri net that has labels attached to its arcs. As
discussed in [I0] the idea of labelling arcs corresponds to the mechanism by
which different copies of a form are handled by each activity in business processes
guided by paperwork, where different copies of a form have different colours.
Each activity deals with different copies of a form where it can collect the copies
from different input boxes and deliver them to different output boxes. The labels
determine which copies have been used by which activities.

Definition 1 (Labelled Petri Net)

A tuple: (N, F, D, Djn, Dout, Oin, dout, L, 1) is a labelled Petri Net model, where
N is a finite set of nodes partitioned into disjoint sets of activities Ny and states
Ng, F C (Ngx Np)U(Ny x N;) is the flow relation such that (N, F') is a connected
graph, D is a finite set of data variables, Dy, C D and D,y: C D are the sets of
input and output variables of the process, and 0;p : Ny — 2P and 6ouy : Ny — 2P
are functions mapping each activity node to its set of input and output variables,
respectively. We write ng. D, and ng.Doyt for 0in(ne) and dout(nt), respectively.
L is a finite set of labels, and | : F + 2%\ () is a function that assigns a set
of labels to each control flow. Moreover, we write F* to denote the transitive
closure of the control flow relation F'.

Different operations, such as initializing, updating, and verifying, performed
by each activity in a process model, can be divided to read and write operations
from an implementation point of view. In our framework, when an activity x
reads or writes a data object, that data object is considered to be the input or
the output of that activity denoted as x.D;,, and x.D,,; respectively.

The execution semantics of a labelled Petri Net is the same as a Petri Net
where an activity produces a token to its immediate post states and consumes
a token from its immediate pre states. For the reference process model and all
its views, we assume a subset of labelled Petri Net which satisfy the certain
properties:

— Safe: a labelled Petri Net is safe iff there is no execution trace in the model
such that some activities on that trace can be completed while there exist
some post states of those activities on that trace. This is a necessary property
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as unsafe Petri Net contradicts the completeness and intention of a behaviour
diagram.

— Activity reduced: this property is satisfied iff for every activity there is an
execution trace that contains it. This property is necessary as the process
model must not contain an activity which does not have any impacts on the
process model.

— Deadlock: this property ensures that the execution must continue unless
it reaches a final state. This is an important property as it prevents from
blocking execution.

— Label preservation: requires that for every activity the incoming and out-
going arcs contain the same set of labels. In the real world scenario, this
property ensures that once a specific form for a process instance has been
developed, that form is neither overwritten nor are new copies of the form
produced by other activities in the process model.

— Unique label: this property ensures that the label set of the incoming arc(s)
of every joint or split activities be different from its outgoing label set. This
property ensures that every activity can have some copies of a form only one
input box and must deliver them to only one output box.

— Common label distribution: To preserve this property all the immediate
arc(s) of a state must contain the same set of labels. This property ensures
that each box contains the same copies for a form.

FigureBlshows the Petri net representation of the BPMN process model shown
in Fig. @ Data input and -output are indicated above each activity as label in
form of dx where * is an ID indicating which activity consumes data from another
activity. For example, the activity Assign Car in Process View 1 of Figure[3 has
inputs d1-d3 which are produced by activity Issue.

Process View 1 Process View 2
Input data Output data d1,d6 lnpul data Output data d1,d6
d3gs d7 > d3.d4  d7

—WH@ a1

d7,d6 a2

d6,d5  .d7 d6.d5  d7

& Slaam| ) o T —®
“h he
a1.d6 "“1 /| Input/ output data |
hi g4 d7 h2 g;R[)e;ZNation Number

d3 Customer Information

d4 Car Document

d5 Change Request Document
d6 Evaluation Cost

d7 Invoice Specification

d6, d5 d7

d1.d2.d43 a5 s
Cancel Early' Cancel Invoice' ‘——»»

Reference Process Model M'

Fig. 3. Petri Net model for process models m in Fig. Bl for clarity’s sake the control
flow labels are omitted
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To capture the relation of two activities regarding the execution sequence we
base our formalization on the concept of dominance by Cytron et al. [I2]. The
binary dominance defines a relation between process model elements, considering
all possible execution traces:

Definition 2 (Dominance Relation). Let P be a labelled Petri Net model
with nodes N and flow relation F. A non-empty set D = {ny,..,nt} C N
dominates a node n € N, denoted as D <n, if and only if in all execution traces
from the start node to node n, a node in D precedes every execution of n.

Ezample 1. Node Issue in Fig. Bl View 1 dominates all subsequent nodes; and
node set { Empty, AssignCar} dominates node Archive.

Definition 3 (Immediate Pre-Node and Post-Node)

The set of pre-nodes of node n € N is defined as en = {ny € N|(n1,n) € F}.
Likewise the set of the post-nodes of node n € N is defined as
ne ={ny € N|(n,ny) € F}.

Ezample 2. eCancelLate={s2}, and Cancellnvoice’e={s}} in Figure B

After a reference process is modelled in BPMN and its equivalent represen-
tation as a labelled Petri net is generated, process views can be created from
it.

3.2 Creating Process Views

In our previous work, we describe a knowledge-based framework for the pur-
poseful abstraction of process models from constraints [7]. Constraints can be
specified on activity properties and process views are generated automatically
which fulfil the constraints. A constraint is specified according to the interests of
a particular stakeholder, for example, a performance manager may only be in-
terested in observing activities which take longer than a specified threshold. The
framework is based on configuration techniques and can provide multiple views
on different abstraction levels. The correspondences between a process model
and its views are captured by a function while constructing the views. This
allows checking for consistency and change propagation later in the modelling
phase.

In our framework the main functions for abstracting a process model are
AggregateActivities() and RemoveActivity(). By aggregating a group of activities
from the reference model and mapping them to a composite activity in the view,
a n:1 relationship is established.

Ezxample 3. In Figure Bl the activities Cancel late and Send Cancellation Con-
firmation of Reference Process M’ are aggregated to Cancel in Process View 1.

For removing irrelevant activities from a view, the RemoveActivity() function
is applied. There are two possible outcomes: nodes are either removed or replaced
by a silent activity. In the first case, a relationship between the deleted nodes in
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the reference model and an arc representing a control flow in the view is estab-
lished. The second case occurs if removing a node would violate the consistency
between the reference process and its view. In this case, a relationship between
the deleted nodes and a silent activity is established.

Definition 4 (Silent activity)

An empty activity N. C Ny is a silent activity [11)] which has no effect in the
process model but it is required to preserve the syntax of Petri net notation as
well as the model consistency.

Ezxample 4. In Figure [B activity Use is mapped to a silent activity labelled
“Empty” in both views. This is necessary because removing it would make states
s in both views a final state which is inconsistent with the reference process.

We capture the relationship between elements in the reference process and its
views by a total mapping function h() such that:

1. It maps each state, activity, data and control flow of the reference process
model to the elements of the view.

2. Labels of the reference process are mapped to labels in the view. Different
labels in the reference process model can be mapped to a single label in the
view.

3. The initial state of the original model is mapped to the initial state of the
changed model.

Definition 5 (Process View). A labelled Petri Net diagram (for brevity we
excluded the functions from the definition of the labelled Petri Net)

M = (N,F,D,D;p, Dout, L) is defined as a view of another labelled Petri Net
diagram M’ = (N',F', D', D, D! ., L) by the function ha .

h:N'UF'UD,, UD.,UL + NUFUDi, UDgu UL

ec NUF = h(e) e NUF,
ee€ D}, UD, = h(e) € Di, UDoy,

el =hnl')elL,
a' € N,a € Ns,ea=0,0a' =0 = h(d)=a

o~

Ezample 5. FigureBlshows two process views that have been generated from the
reference process M’ where, for example, the sequence {s%, Send Cancellation
Confirmation’, s) } in the reference model is mapped to state s4 in View 2. The
relationship between the reference process and the view for this mapping is
specified as h(s}) = h(Send Cancellation Confirmation’) = h(s}y) = sa.

The process view generation step ensures that a generated view is consistent
with the reference process. In the following section we describe the consistency
criteria between references process and views, and how they can be checked using
simply design rules.
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3.3 Consistency Criteria

The problem of inconsistency between multiple views of a reference model is
well-studied [13]. Consistency criteria help to identify contradictions between
views and their reference process model once different stakeholders change the
views. In our framework we apply consistent specialization of business processes
to ensure the consistency between process views and their respective reference
process model.

Specialisation consists of refinement and extension where refinement refers to
refining an activity into more detail and extension refers to adding new elements
to a process model. A process model P’ is an extension of process model P if
it possesses new features in comparison to P. Likewise, process model P’ is a
refinement of a process model P if the inherited features are considered in more
detail.

Schrefl et al. [10] investigated three criteria for the consistent refinement and
extension of business processes: observation consistency, weak- and strong invo-
cation consistency. Informally, observation consistent specialization guarantees
that if features added at a process are ignored and features refined at a changed
process model are considered unrefined, any instance of that changed process
can be observed as correct from the point of view of the original process.

Weak invocation consistency captures the idea that instances of a changed
process can be used the same way as instances of the original process. An ex-
tended version of this property, strong invocation consistency, guarantees that
one can continue to use instances of a changed process the same way as instances
of a original model, even after activities that have been added in the changed
process model have been executed.

These criteria relate to other methods that investigated consistency between
business processes. Protocol- and projection inheritance introduced by Basten et
al. [14] corresponds to weak invocation consistency and observation consistency
respectively. The advantage of the work by Schrefl et al. is a set of rules that
allow to efficiently check for consistency without the necessity to analyse all
possible traces.

Fig. [ shows the consistency rules by which the consistency of a process model
is assessed. According to Schrefl et al. [10] preserving the extension rules E; to
E3, on the left side of Fig. [ guarantees the observation consistency between the
two models, whereas refinement rules Ry and Ry from Fig. [4] assure observation
and invocation consistency. A process model A’ is the observation consistent
with another model A if, by ignoring the new features of A’, the instances of A’
can be observed seamlessly by A. Two process models are invocation consistent
if all the instances of process model A’ can be invoked by the process model A.

The rules shown in Fig. @ are used to check for consistency of control flows
between reference process and views. As mentioned above, there are two types
of consistency rules, rules for extension and rules for refinement, depicted on the
left and right hand side in Fig. @ Which consistency rule needs to be checked
depends on the applied change. For example if an activity is inserted into or
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Extension Rules: Refinement Rules:

R1. Pre and post-state satisfaction

(al)t € Ny,s € Ny,s € N, t' € N/,s' € N, : h(t') = tA
h(s")=sA(s,t) e FA(S V') F'A(5,t) € F
=35 €S h(s')=5A(s't') € F'

(a2)t € Ni,s € Ns,t' € N;,s" € N, :
h(#'y=tAh(s')y=sN(s,t) EFA(st')EF

El. Partial Inheritance
(o =a,LCL
(hte N[AteNen(s,t)eF
= (s,t) € F' Al(s, 1) CTl(s,t)
(©teN/ALENA(L,s)eF

= (t,8) € F'Al(t,s) CU(L,s) Az € l(s, t) Az € hm(z)
E2. Immediate definition of pre/post-states =3 ENLh(s")=sA(s" ¥) e F' Aa” el'(s",1)
(a) (s,t) EF"Ase N.AtEN, (b))t € Ny,s € N, §€ N, t' € N{,s' € N.:
= (s,t) €F ht'y=tAh(s')y=sn(t,s) eFA(t',s)eF' A8 eEF
(b) (t,s) € F" As € NyAt €N, =3¢ e N :h(s)=5A(,8) € F

= (t,s) € F (b2)t € Ni,s € Not' € Ny, s € N.:
(©) (s,t) e F" As € Ny At € NpA h(t'y=tAh(sy=sn(t,s) EFN(, ) eEF
reLAxel(st)=xellst) Ae € llt,s) Aa € h™Hx)
() (t,5) € F' As € NoAtE NA =3"eN:h(s")=sn (', s")eF na" el'(t,s")
reLAzell(ts)=zecllts) R2. Pre and post-state refinement
E3. No label deviation (@l)s' e NIAt € NfA(s' 1) € F' AR(s") # h(t)

= (h(s"),h(t') e F

(a2)s' e NLAE € NI A (s',t') € F' ANh(s") # h(t')
A’ el(s',t)
= h(z") € l(h(s"), h(t"))

(b)) s" e NoAY e NJA(H,s") € F' Ah(s") # h(t')

(a) (s, t) e F'Ate N[ At & N,
=l'(s,tHyNL =0

(b) (t,s) € FP At e N{ At e Ny
=U({ts)NL=0

(©) (s,t) € F'As € NiAs @ Ny = (h(t'), h(s)) € F

=U(st)NL=0 (02)s" € NLAY € N[ A(t,s') € F' AR(s') # h(t)
(d)(t,s) € F"Ase NLAs &N, ' € l(t, s)

=U(,s)NL=0 = h(z’) € (h(t'),h(s"))

Fig. 4. Rules for checking behaviour consistency of extension (on the left) and refine-
ment (on the right) [10]

deleted from a view, the extension rules are relevant. In the following we discuss
data flow consistency which is checked locally in a view once changes are applied.

Data Flow Consistency Criteria: We discuss three data-flows anomalies in-
vestigated by Reichert et al. [I] which are missing data, unnecessary data, and
lost data.

In the following firstly the rules for identifying the violation of data flow
consistency after propagating all the required changes in a process model are
presented. Secondly, the repair option(s) for each violation are presented.

Missing data refers to the situation where a data object o is read by an activity
x before it has been written. In our framework, the rule to ensure the absence
of missing data in a model, can be expressed formally as:

Vee N;:o€x.Djy, =Y CN;,:Y<dzxz Ao € ﬂyeyy.Dout
This states that for each reader x of o, there must be a dominating set Y where
each member writes o.

Ve € Ny:o€x.Diyy = Jy € Ny: (y,x2) € F* No € y.Dour
If a process model contains missing data, i.e. the above rule gets violated, to
repair the inconsistency, the process modeller has two options:

1. The missing data object is added to a preceding activity,
i.e. AddOutputDataFlow(y, o)

2. The activity causing the missing data inconsistency situation is removed
from the process model, i.e. RemoveActivity(x)
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An unnecessary data situation occurs where a data object o is written by an
activity x, but is not read by any activity (such as y) afterwards in the process
model. Formally the rule is expressed as:

Ve € Ny :o€ x.Doyt = Jy € Nyt (z,y) € F* No € y.Dyy,

In case of violation of the rule, the data object o which causes the incon-
sistency needs to be removed from the output data of the activity x, that is
RemoveOutputDataFlow(x,0). The other option is to map the data object o
to the input data set of a successor activity. However considering this option,
requires change in the internal functionality of that successor activity which
cannot be considered at the model level.

Lost data happens when a data object o is written twice by two consecutive
activities x and y without being read in between. Formally:

Vo,y € Nt 10 € x.Doyt,0 € y.Dip, (x,y) € F* = AZ C N\ {z}:

Z 4y /\ [0 € 2. Doyt N (2, 2) € F¥]
z€Z

A data object o written by x is lost data if any potential reader y of o reachable
from x is dominated by a set of writers Z whose members are reachable from
x. Hence, o written by « is not lost if no such set Z exists. To repair the lost
data flow inconsistency, in case of violation of the mentioned rule, Sadiq et
al. [I5] provided two options for the process modeller in order to resolve the
inconsistency as follows:

1. The modeller selects one activity to write data object o and that data object
is removed from the output data set of the other consecutive activity(ies)
writing that object.

2. The other option is to change the data object o in one of the consecutive
activities.

The consistency of control- and data flow is checked after changes are made to
a process view. In the following we discuss applying changes to views in general
and then how the consistency criteria are used in the change propagation step.

3.4 Performing Changes

Our library of change operators currently contains two types of operators: struc-
tural and entity change operators. For change propagation we address two types
of change operations, adding and deleting activities. As indicated by related
work, a majority of change patterns can be composed out of those operators [16].
An example for entity change operators are also add and remove which are ap-
plicable on the data inputs and outputs of activities. Table [l indicates a list of
operators currently defined in our library.

3.5 Change Propagation

If one of the views changes, the changes need to be propagated to restore consis-
tency between the views and the reference model. However in some cases there
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Examples for Logic
Representation of Operators

Operator Type RemoveActivity(z):

Remove Node/Flow Structural Vx € Ni,e € Ne —

Add Node/Flow  Structural h(z) =eAe.Din < @ANe.Doyt +— @

Remove Data flow Entity AddOutputDataFlow(z,1):

Add Data flow Entity . Doyt <1
RemoveOutputDataFlow(z, 0):
2.Dout < 0

Fig. 5. Change Operators

is an issue, regarding preserving the consistency and privacy of a process view.
On the one hand one can imagine that some changes applied by a stakeholder
are private or sensitive which cannot be shared with other views or added to a
reference model. On the other hand to preserve the consistency, every change in
a process view needs to be propagated to the other views as well as the reference
model regardless of the sensitivity or privacy of those changes. One possible com-
promise is that the private changes in a view can be propagated anonymously
i.e. as an empty task, such that the changes are not visible to other stakeholder
yet the changes have been propagated hence the consistency is preserved. Fig.
illustrates a change propagation scenario where activity Inform needs to be
inserted in Process View 2 after activity Cancel Late. The scenario includes the
following steps:

Apply Changes: A stakeholder applies changes on a view using available op-
erators.

Ezxample 6. As illustrated in Fig. Bl activity Inform is inserted in View 2.

Check Process Properties: A first correctness check includes checking for
local properties: safe, activity-reduced, deadlock-free, and label properties as ex-
plained in Section [B.1] and data inconsistencies. The process properties can be
checked efficiently using techniques such as SESE fragmentation [17]. If proper-
ties or data inconsistencies are violated then the process model must be changed
in a way so they are satisfied and no data flow violation occurs.

Ezxample 7. After activity Inform is inserted, the process view remains safe,
activity-reduced and deadlock-free, and no data flow inconsistencies were intro-
duced.

Check Consistency Rules: In a following step the consistency rules shown in
Fig.@ are checked for observation, weak- and strong invocation consistency. If the
criteria are violated then the stakeholder is informed that the applied changes
will have an impact on reference process and other views. This provides an option
to undo certain changes in case the impacts of the changes were unintentional.

Example 8. In the example Views 2 in Fig. [3 and [ are not consistent after ac-
tivity Inform is inserted because it violates the observation consistency. As the
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post-states of Cancel Late in the two views are different, the post-state satisfac-
tion, rule by in Fig.@is violated. Hence View 2 in Figure[Glis not a behaviour con-
sistent specialisation of View 2 in Fig.[3l The stakeholder receives a warning about
this and proceeds because the change was intentional and has to be propagated.

Propagate Changes to Reference Model: The same change operators that
have been applied on the view are applied on the reference process with the
difference that the arguments of the change operators are mapped according to
the relationship between the elements of the view and the reference process. For
this the h() function is used which relates each element from one process to the
other. Further the relationship between the reference process and the view needs
to be updated in the implementation of the h() function.

Ezample 9. Asillustrated in reference model from Fig.Blactivity Inform is added
to the reference process. The relationship between the reference process and
View 2 is updated with h(sy) = {s¢} and h(Inform’) = {Inform}.

Propagate Changes to Views: First, for each view, its consistency with the
reference model is checked. If the process and the view are consistent and the
changes in the reference process affect a region that is abstracted in the view
then no changes need to be propagated. Otherwise the same change operator
as on the reference process is applied on the view where the arguments of the
operator are translated by using the mapping function h() that maps elements
in the reference process to the view.

Example 10. In Fig. [0l the reference model is not a behaviour consistent re-
finement of View 1. Checking the changed region in the reference model from
Fig. [ and A() function, it is obvious that no change needs to be applied in
the structure of the process View 1. To keep View 1 consistent with the ref-
erence model, only the activity Inform’ and its pre-state si from the reference
model need to be mapped to the activity Cancel from process View 1, that is:
h(sg) = h(Inform’) = {Cancel} between reference process and View 1.

4 Related Work

The following subsections discuss the related work directly addressing change
propagation between process models as well as the approaches which are poten-
tially useful in the co-evolution of process models such as finding corresponding
process model elements. All the mentioned approaches are compliment to one
aspect presented in this paper. The following sub sections discuss the three main
aspects in the change management as, process model alignment, co-evolution and
variability. The results of comparision of related work have been captured in ta-
bles [l and Pl where the first table compares the related work in the first area and
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Fig. 6. Change propagation steps following changes made to Fig.[3 for clarity sake the
control flow labels are omitted

the second table the two former areas. In these tables rows specify the papers
and indicate their support towards the following criteria:

Goal: This column classifies the related work based on their goal.

Data Flow (Consistency): The data flow column indicates whether the re-
lated work considers data flow consistency in a change propagation scenario.
This criteria is important as the robustness of a process model is fundamentally
depended on the correctness of the data flow [I]. The possible values include
supported, not supported, the criterion is not in the scope of the paper, and the
criterion is in the scope of the paper but it has not been discussed.

Bidirectional Change Propagation: This column indicates the support of
the approach for a top down and bottom up change propagation where different
levels of abstraction hierarchy has been considered by the approach. This is
an important aspect since the change cannot be restricted to any particular
abstraction levels.

Support for Process Views: This column indicates the support of the ap-
proach for different process views. This column holds the same possible values
as the previous column.

Consistency Preservation: The column discusses the consistency criteria pro-
posed by the related work in the change propagation scenario. This is an im-
portant criterion as in practice there is no single process model but a group of
process models. In order to preserve the uniformity between such models, the
consistency between them must be evaluated against formal criteria.

Change Operators: This column indicates whether the change propagation
technique is based on change operators or not. Using an operator based approach
has different advantages such as identifying and enabling the traceability of the
changed region.
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Abstraction Hierarchy: This column discusses whether a process model at
different abstraction levels are considered or not in the related work, as in prac-
tice process models are usually at different levels.

4.1 Process Model Alignment

One important aspect in propagating changes from one process model to another,
is finding corresponding elements in the two process models. Finding correspond-
ing elements in two structures means that for each entity in one structure, a cor-
responding entity in the other structure, with the same intended meaning can
be found. To find the correspondences between models at different abstraction
levels, Dijkman et al. [I8] used two methods as lexical matching of element pairs
and graph matching.

Brockmans et al. [I9] proposed a technique for semantic alignment of Petri
Net models at different levels of abstraction by translating the process model
to OWL. For this purpose they consider the syntactic and semantic similarity
between model elements.

Branco et al. [20] deals with management of consistency between models
at different levels of abstraction. They proposed an algorithm which establishes
corresponding nodes between the models belong to different abstraction levels,
based on the type and name of the nodes.

Weidlich et al. [2I] represent a framework for matching process model ele-
ments. The focus is mainly on addressing the problem of computational com-
plexity of an element from one model which corresponds to multiple elements
from another model. Although the approach deals with behavioural consistency
between process models, the focus is on inheritance of single process model. We
extend their approach to a group of related process models.

Table 1. Comparison of Process Model Change Propagation Approaches in Process
Model Alignment

Related Work  Goal Data  Bidirect. Process Consist.Oper. Abstr.
Flow  Propag. View  Pres. Hier.
Dijkman [I8]  Process N/A N/A + N/A N/A +
Alignment
Brockmans [I9] Inter- - N/A N/A N/A N/A +
operability
Branco [20] Matching - N/A + nd. - +
Weidlich [2I]  Compatibility - N/A N/A + N/A -
Liu [22] Create View - N/A + + N/A  +
Eshuis [5] Create View - N/A + + N/A  +
Bobrik [23] Create View - N/A + + N/A  +
Zhao [24] Create View - N/A + + N/A  +

Legend: + supported, — not supported, N/A not applicable, n.d. not discussed.
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Finally, several approaches deal with producing different process views con-
sidering different requirements such as, [5,22H24] while there is no focus on
change propagation between these views. Table [Tl shows the comparison of the
above mentioned approaches.

4.2 Process Co-evolution

Weidlich et al. [3] used behavioural profile for identifying the changed regions
in a model to propagate the changes between other models at different levels
of abstraction. Since any changes in the structure of a process model impacts
the relation of nodes, which is behavioural profile, comparing the behavioural
profile of the source model and the changed model, the changed region can be
identified. In this approach data and properties are not considered. Also the
approach depends on the existence of the execution traces of a process model
while the computation of the behavioural profile is a costly task.

Fdhila et al. [25] proposed a generic approach to propagate changes in collab-
orative process scenario. In this scenario different business partners have their
own private processes by which a public view is provided for other partners. The
proposed approach deals with propagating the changes from a changed view to
others preserving the invocation consistency. In compare to our work, in this
approach if the consistency of a changed view is not preserved with other views,
the change is abandoned. There is no repair plan by which the identified incon-
sistency can be resolved.

Weidmann et al. [26] has proposed a synchronization approach for process
models at different levels of abstraction assuming the model element correspon-
dences exist. The approach focuses on alignment of tasks only and do not consider
gateways or tasks properties including data flows.

Dam et al. [27] proposed an agent oriented framework to fix the inconsis-
tencies resulted from change propagation. For this purpose they have created
a library including the plans for fixing the constraints violation during the run
time. Although the completeness and correctness of generated plans are dis-
cussed and guaranteed, since all the possible repair plan choices are considered,
the approach is not scalable.

Ekanayake et al. [28] presented a semi-automated technique for change prop-
agation across process model versions. To keep the versions synchronised, for
changing a fragment, that fragment is locked until the change is propagated to
all the other versions containing that changed fragment.

Gerth et al. [29] proposed a language independent framework for change man-
agement. The framework uses workflow graphs as an intermediate representation
for the process model, by which the list of differences, dependencies, and con-
flicts are computed. This framework is applicable in the versioning scenarios
where different versions must be refinement of the source model. By merging
different versions to get the source model, the changes in the views are identified
and propagated to the source model. The possibility that change in one version
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may impact other versions is not considered and also the changes are always
propagated from the views to the source model not vice versa.
The process co-evolution approach mentioned above are compared in Table 2l

4.3 Process Model Variability

Configuration is a kind of design activity which has been widely used to manage
process model variability in literature. The aim is to design a process model from
a set of predefined components which can be connected together in a certain way.

Hallerbach et al. [30] introduces Provop framework to tackle with the chal-
lenges in the management of process model variability, such as the challenge
relates to designing a reference model and its predefined adjustments, such that
different variants can be derived by configuring the reference model. The config-
uration is applied on a collection of change operations for control- and dataflow.
The framework can ensure the soundness of process variants belong to a process
family from data flow perspective but not the control flow. Becker et al. [31]
produces different variants by projecting the model elements from a reference
process model.

A comparison of the two approaches mentioned above can be found on the
bottom of Table 2l

Table 2. Comparison of Process Model Change Propagation Approaches

Related Work — Goal Data  Bidirect. Process Consist.Oper. Abstr.
Flow  Propag. View  Pres. Hier.
Process Co-Evolution

Kurniawan [32] Refinement - + - + + +
Preservation

Kister [33] Conflict reso- - + N/A + + +
lution

Weidlich [3] Change - + N/A  + + +
Propagation

Fdhila [25] Compatibility - - + + + +

Weidmann [26] Change - + - + + +
Propagation

Dam [27] Change - + N/A + + -
Propagation

Gerth [29] Change Man- - - - n.d. + +
agement

Our Approach Change + + + + + +
Propagation

Process Model Variability

Hallerbach [30] Process Con- + + N/A + + +
figuration

Ekanayake [28] Change - + N/A nd. nd +
Propagation

Legend: + supported, — not supported, N/A not applicable, n.d. not discussed.
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5 Conclusion

We presented a framework for process co-evolution that applies the notion of
consistent specialisation for on-the-fly change propagation. We showed on an ex-
ample how rules developed for checking consistent refinement and extension of
business processes can be used to propagate changes efficiently and re-establish
consistency among a reference process and its views. So far the framework sup-
ports change propagation on the model level and the rules have been imple-
mented in a process abstraction framework. For the next step in our research
agenda we plan to implement those rules in a collaborative process design en-
vironment and investigate conflicts and resolution of changes that have been
performed on the same process fragment and at the same time.
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