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Abstract. Business process management has become a standard com-
modity to manage and improve business operations in organisations.
Large process model collections emerged. Managing, and maintaining
them has become a major area of research. Business process architec-
tures (BPAs) have been introduced to support this task focusing on
interdependencies between processes. Both the process and BPA layer
are often modeled independently, creating inconsistencies between both
layers. However, a consistent overview on process interdependencies on
BPA level is of high importance, especially in regard to assessing the im-
pact of change when optimising business process collaborations. In this
paper, we propose a formal approach to extract BPAs from process model
collections connecting process layer and BPA layer for assuring consis-
tency between them. Interdependencies between process models will be
reflected in trigger and message flows on BPA level giving a high level
overview of process collaboration as well as allowing its formal verifica-
tion with existing approaches. We will show the extraction of BPAs from
process model collections on a running example modeled in BPMN.

1 Introduction

In the last decade business process management has become prevalent in public
and private organisations for managing, maintaining, and improving business op-
erations. Large process collections emerge that consist of hundreds or thousands
of process models [1]. The large amount of processes requires to provide process
managers with an overview of the process model collection. Business process ar-
chitectures have been introduced to provide an overview on the processes in an
organisation and their interdependencies. In most business process architecture
(BPA) approaches, processes are only listed along organisational, object-based or
function-based aspects so that process and BPA layer are modeled independently,
leading to inconsistencies between both layers.

However, the production of goods or the delivery of services often is the result
of a complex interaction of many processes that each contribute a part to the final
result. Fig. 1 shows a simple example from the public administration that consists
of three processes. An architect applies for a construction permit by submitting
the relevant documents to the building authority. After an initial evaluation of
the documents the building authority involves several experts depending on the
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Fig. 1. Simple Construction Permit Application

complexity of the construction project. After the experts provide their evaluation
of the case, the building authority decides on the application and informs the
architect about it.

To depict such interdependencies between processes on a higher level, we pro-
pose a formal approach to extract BPAs proposed by [2,3] from process model
collections and connect process model layer and BPA layer in a consistent way.
The resulting BPA provides an overview on the underlying complex process inter-
dependencies for evaluating the resources required in regard to process instances,
and the impact of change in regard to process optimisation. It also allows for
initial correctness analysis on BPA level with approaches presented in [2,3].

The remainder of this paper is structured as follows: Section 2 introduces
the formal foundations of process model collections, process models and BPAs.
Section 3 presents process structures that depict the interdependencies between
processes, namely, trigger and message flows, as well as their multiplicity aspects.
Section 4 describes the BPA extraction algorithm from process model collections.
Section 5 embeds our approach into current research, followed by Section 6 that
concludes the paper.

2 Foundations

This section introduces the formal concepts for the extraction of business process
architectures from business process model collections. First, we will introduce
the formal definition of process models and process model collections. Then we
present the formal definition of BPAs that depict the interdependencies of the
process models in the process collection on an abstract level.

A process model describes a business process in an organisation. It consists of
nodes (i.e., events, activities, and gateways), data objects, and sequence flows.
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Definition 1 (Process Model). A process model M is a tuple (N,D, CF ) in
which:
◦ N ⊆ A∪G∪E is the set of nodes being activities A, XOR-gateways G, and
events E

◦ D is a finite non-empty set of data objects.
◦ N and D are disjoint.
◦ CF ⊆ N ×N is the sequence flow between the nodes
◦ •n, n• describe the preset, respectively postset of a node n that contains the
predecessor, respectively successor nodes of n.

In this initial approach we assume and limit our process models to be sequences
(including simple cycles), and structurally and behaviorally sound, i.e., that each
process model has only one start and end node, and that each remaining node
is on a path between those two nodes.

By PM we denote a process model collection. In the following we introduce
the definition of a process model collection and the message flow relations that
depict the interdependencies between processes in a process model collection.

Definition 2 (Process Model Collection). Let M = (M1, ...,Mn) be a set
of process models. The tuple PM = (M, O, F ) is a tuple consisting of a set of
process models describing a process model collection in which
◦ Mi depicts each process model in PM , the process model collection.
◦ Oi ⊆ Ai ∪ Ei is a subset of nodes consisting of only activities and events
which take part in the interaction between two or more processes.

◦ MFi,j ⊆ Oi × Oj , i �= j describes the message flow relation between two
process models where (o1, o2) ∈ MF with o1 ∈ M1 and o2 ∈ M2, i.e., the
nodes belong to two different process models.

◦ F ⊆ CF ∪ MF is the overall set of flows in the process model collection
where CF and MF are disjoint.

Process model collections usually contain hundreds or thousands of process
models that describe the operations of a company [1]. The production of goods
or the delivery of services often is the result of a collaboration between several
processes that are loosely connected through message flows or data interdepen-
dencies. However, not all processes are connected with each other.

Business process architectures describe all processes of an organisation and
their interdependencies on an abstract level giving an overview of the process
interdependencies in a process model collection. A BPA consists of BPA subsets
that all together form the BPA of the process model collection. Each BPA subset
describes a group of processes that, e.g., produce a good or deliver a service
in collaboration. These groups can be found on the first level of a business
process architecture. On a lower level, process models describe the control flow
of processes in a detailed and explicit way.

Each extracted BPA process is understood as a sequence of events, which
are interconnected by message and trigger flows, depicting the process inter-
action. The interaction found on process model level needs to be mapped to
two concepts on BPA level, trigger and message flows. Trigger flows explicitly
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show the instantiation of processes, i.e., that one process instantiates another
process by sending it a trigger flow without that, it could not start. Message
flows depict the interaction between two or more instantiated processes. To be
able to show and analyse the amount of instances required in a business process
collaboration BPAs allow to model multiple instances in various ways by BPA
multiplicties. This term subsumes the sending and receiving of variably many
messages and triggers to and fro multiple process instances of several processes.
In [3] correctness criteria for BPAs with multiplicities were proposed as well as
a transformation into Petri nets for model checking them. In the following we
present the formal definition of BPAs.

Definition 3 (Business Process Architecture, Based on [2,3]). A Busi-
ness Process Architecture is a tuple (E, V, L, I, χ, μ,=), in which:

◦ E is a set of events, partitioned in start events, ES , end events EE , interme-
diate throwing events ET , and intermediate catching events EC .

◦ V is a partition of E representing a set of business processes.
◦ v ∈ V is a sequence of events, v = 〈e1, ..., en〉 such that e1 ∈ ES is a
start event, en ∈ EE an end event, and ei ∈ EC ∪ ET for 1 < i < n are
intermediate events.

◦ L ⊆ (ET ∪ EE)× EC is a message flow relation.
◦ I ⊆ (ET ∪ EE)× ES is a trigger relation.
◦ χ ⊆ {((e, e1), (e, e2)) | (e, e1), (e, e2) ∈ L ∪ I} is a conflict relation indicating
flows that are mutually exclusive.

◦ μ : E → P (N0) denotes the multiplicity set of an event.
◦ =⊆ (ET × EC) ∪ (EC × ET ) is an equivalence relation between events of
the same process, demanding they send resp. receive the same number of
messages. 


The conflict relation χ describes an alternative between two flows from one event
e that exclude each other. E.g., if sending event e has two flows (e, e1), (e, e2) ∈ I
and (e, e1)χ (e, e2), then it sends a trigger flow to either e1 or e2, instantiating
only one of the two processes [3]. The multiplicity set μ contains all valid numbers
of messages or trigger signals an event can send or receive. μ(e) = {1} is called
trivial and is omitted in graphical representation. The preset •e = {e′ ∈ EE ∪
ET | (e′, e) ∈ I ∪ L} of e contains the events with an outgoing relation to e ∈ E.
The set e• = {e′ ∈ ES ∪ EC | (e, e′) ∈ I ∪ L}, called postset of e, consists of the
events with an incoming relation from e ∈ E [2,3].

3 Process Model Elements and Process Structures
Involved in Process Interdependencies

In this section, we present different elements of process models and process struc-
tures that are involved in the interaction between process models showing their
interdependency. We examined process models modeled in different process mod-
eling notations as Event Driven Process Chains (EPCs) or the Business Process
Modeling Notation (BPMN) [4]. An excerpt of the most common structures
observed will be presented and explained in detail.



8 R.-H. Eid-Sabbagh and M. Weske

3.1 Basic Process Elements

EPCs and BPMN are the most prevalent process modeling languages for BPM.
EPCs in general are rather underspecified and lack well defined syntax and
semantics [5]. They consist of only few elements.
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Fig. 2. Selected BPMN and EPC Elements

BPMN has become a de facto stan-
dard for BPM and eases the modeling
of complex business operations with a
variety of elements [6]. Fig. 2 shows
selected BPMN ( Fig. 2(a)) and EPC
( Fig. 2(b)) elements that are used for
modeling interaction or referring to in-
terdependencies between several pro-
cess models.

The interaction between processes
often is depicted by events, e.g. “doc-
ument received”, or by activities, e.g.
“send documents”. More hidden, but
also commonly found, data access de-
picts an interaction between processes
in regard to writing and later reading
of the same data object.

In Fig. 2(a) a small selection of
the various BPMN start, intermedi-
ate, and end events are depicted.
Start and catching intermediate events
can be grouped as receiving events,
that receive a trigger (start event) or
some information (intermediate catch-
ing event) from an external source.
Throwing intermediate events and end
events can be regarded as sending

events, that send information to other processes. In Fig. 2(a) only message and
signal events were depicted as representation of the various sending and receiv-
ing event types of BPMN 2.0. In many cases the sending of information is also
depicted by a task symbol, e.g. labeled with “send documents” and a message
flow that connects to another process. BPMN differs between sequence flow (the
internal control flow) and the message flow that depicts the interaction with
other processes. Fig. 2(a) shows also the message and normal data object.

The EPC elements in Fig. 2(b) are events, functions, and a group of symbols
representing data objects. EPC function elements are the equivalent to BPMN
tasks. Similarly, they can be used to depict external communication by their
label, e.g., when labeled “receive documents”. In EPCs there are several data
object elements that are depicted on the right part of Fig. 2(b), showing the data
objects form, or normal data object among others. In EPCs there is no specific
message flow symbol, hence in many cases the interaction between processes
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Fig. 3. Exemplary Patterns Found in BPMN Process Models

can only be detected by the data objects, events, labels of activities, or the
process interface symbol. The process interface elements can be considered as
special event that instantiates other processes and in this way also expresses an
interdependency between processes.

3.2 Process Interaction Structures

While examining business process models we identified several process structures
that depict business process interdependencies that should be reflected in a BPA.
Fig. 3 shows some exemplary process structures that can be found in BPMN
models but are not restricted to them. In Fig. 3 we see four process models
P1, P2, P3, and P4. Processes P1 and P2 depict different ways of message exchange.
First process P1 sends a message to process P2 via an intermediate throwing
event. Process P2, receiving it via its start event, is instantiated by this message.
The further information exchange between both processes is performed by a
combination of sending and receiving tasks, and sending and receiving events.
In BPMN this exchange is always associated by a message flow, a dotted arc,
that connects the communicating nodes.

Looking at the signal end event of process P1 one can hardly notice from the
process model that it is connected to the start signal events of processes P3 and
P4 by matching labels. Labels of nodes in process models need to be considered
for depicting the interdependency between processes on BPA level. In Fig. 3
process P1 broadcasts a signal and instantiates both processes P3 and P4. We
consider such relations also message flows, although they are hidden in the visual
representation and assume them given for the BPA extraction.

For EPCs this is rather common as they do not have the concept of message
flow between processes. Intermediate sending and receiving events are hard to
identify which can only be done by matching their labels. EPC process interfaces
are used for describing a message flow or instantiating other processes in some
cases. These aspects need to be considered when extracting a BPA from a process
model collection. We regard them as message flow and assume them to be given
when extracting BPAs.

Data objects play an important role and are another source of interdependency
between processes. In BPMN and EPCs the reading and writing of a data object
can be expressed. This needs to be reflected in a given BPA concept. The writing
and reading of a data object can be considered the sending and receiving of
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Fig. 4. Loops and Multiplicity Aspects in Process Models

an information. Generally this is modeled by the sending of a message that in
the end contains the reference to the according data object. Depending on the
occurrence of this operation in the process model this can be mapped to a trigger
or message flow on BPA level.

To result in a complete BPA we need to assign multiplicities to BPA process
events. Fig. 4 shows on the left hand side the sending of several messages through
a multi-instance task by process P1 that instantiates process P2 several times
and the receiving of answer messages from several process instances of P2.

The diagram on the right side shows a similar concept, a simple loop construct
in the BPMN model. Task A of process P1 is executed several times instantiating
multiple instances of process P2. Both patterns need to be extracted and trans-
formed to BPA process event multiplicities. In Fig. 1 the multi-instance activities
have an annotation that sets the lower and upper bound of execution times of
that task. Currently we consider only such simple loop and multi-instance con-
structs that can easily be mapped to BPA multiplicities. We assume that the
lower and upper bound of multi-instance activities and loops is given and can
be extracted from the process model elements.

4 Extraction of BPAs

This section describes how a business process architecture is extracted from a
process model collection. This is performed in two steps. First, BPA processes
are derived from the process models in the process model collection. Second, the
interdependencies between the processes in regard to trigger and message flows
are inserted into the BPA, based on the interactions detected in the process
model collection. The result is a BPA showing the content of the process model
collection in an abstract way and highlighting the complex interdependencies for
optimisation and restructuring efforts for example.

Extraction of BPA processes from process models. To derive a BPA process from
a process model in the process model collection we need to detect the elements
that interact with other processes that were introduced in Section 3. Fig. 5
shows the extraction of a BPA from a process model.
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Each process model has one start and one end node that can be an ac-
tivity or an event. Those nodes do not have a preset or postset respectively
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in regard to their control flow. The
first node of a process model being
an event or activity maps to the the
start event of the BPA process. Simi-
larly the end node of a process model
maps to the end event of the BPA pro-
cess. Of all intermediary nodes of the
process model only those nodes that
take part in a message flow will be
mapped to the according BPA process
event. E.g. in 5(a) the intermediate
throwing event “Application sent” of
the process is mapped to the intermedi-
ate throwing event e2 in the BPA pro-
cess. If the node was a sending activity
it would also be mapped to an inter-

mediate throwing event. In general all sending nodes, be it events, activities, or
written data objects, forms, documents, that are read from another process in a
later step, will be mapped to an intermediate throwing event of a BPA process.
In a similar way receiving elements are mapped to intermediate catching events
of the BPA process, e.g. the catching intermediate event “Decision received” is
mapped to the intermediate catching event e3 of the BPA process.

All other nodes that are neither a start or end node, nor a node taking part in a
message flow, are ignored and not represented in the BPA process as only elements
that depict interaction are of interest. E.g., the task node “Apply for construction
permit” is not mapped to an intermediate event in the BPA process as it does not
take part in any interaction. If the node to be extracted to a BPA process event
is a loop activity, or taking part in a simple loop as in Fig. 4 depicted, then the
BPA process’s event is annotated with the according multiplicity, the lower and
upper bound of that loop, or that loop activity. If the node is just executed once in
the process model we assign a trivial multiplicity to the event in the BPA process.
The trivial multiplicity is not depicted in a BPA process diagram.

Extracting interdependencies between process models. After having performed
the extraction of all processes in the process model collection we need to add
the trigger and message flows that connect the BPA processes in a BPA. The
interdependencies between processes can be attributed to specific elements in
the process models introduced in the previous section. The main construct are
message flows that connect combinations of the activity and event nodes of
process models. Data interdependency are encapsulated in message flows and
also need to be transformed into according BPA trigger and message flows. We
consider matching signal events in BPMN, and matching events and process
interfaces in EPCs as message flows in our formalism that will be introduced in
the next paragraph. All message flows between process models that have a start
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node as receiving partner are mapped to a BPA trigger flow. All message flows
between process models that have an intermediate node as receiving partner are
mapped to a BPA message flow. For each message flow pair found in the process
model collection we introduce the according trigger or message flow in the BPA
by connecting the according sending and receiving events of the BPA processes.
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Fig. 6. Extracted BPA construc-
tion permit application

Fig. 6 shows the extracted BPA from the
introductory scenario in Fig. 1. Each pro-
cess model was transformed to a BPA pro-
cess that only consists of the elements that
interact with other processes. The start node
and end node are always extracted to a BPA
process as they show the instantiation and
termination of a process. If the start event
of a BPA process is not in relation with any
other process then the process is instanti-
ated by an external stimulus, in our scenario
the architect receiving a job. All other nodes,
e.g., tasks that are only performed internally
are ignored and not extracted to the BPA
level, e.g. the “Examine documents” task of
the building authority process was not trans-
ferred to BPA level as it concerns no other
process. All interdependencies in form of mes-

sage flows were transformed to either trigger or message flows on BPA level. E.g.,
the sending activity “Order expert report” that targets the message start event
of the “Expert report” process was transformed into a trigger flow in the BPA.
The multiplicity annotation of process two was reflected in the multiplicity set
of the according events.

BPA extraction formalism. The following definition describes the extraction of
BPA processes from process models in a formal way.

Definition 4 (Process Model to BPA Process Transformation). Let
M = (N,D, CF ) be a sequential process model of a process collection PM .
Let M ′ = (N ′,D′, CF ′) be a second process model that interacts with M . Let
V = (S, T, C, Z) be a BPA process model, where S is the set of start events,
T the set of throwing intermediate events, C the set of catching intermediate
events, and Z the set of end events. The transformation from a process model
into a BPA process is defined as follows:

◦ S = {es ∈ E|n ∈ N ∧ •n = ∅}
◦ T = {et ∈ E|n ∈ N ∧ n•, •n �= ∅ ∧ (n, n′) ∈ MF,n′ ∈ M ′}
◦ C = {ec ∈ E|n ∈ N ∧ n•, •n �= ∅ ∧ (n′, n) ∈ MF,n′ ∈ M ′}
◦ Z = {ee ∈ E|n ∈ N ∩M ∧ n• = ∅ ∧ (n, n′) ∈ MF,n′ ∈ M ′}
◦ mult(n) = μ(e) denotes that the multiplicity of a BPA event is equal to the
execution times of the process model’s node.
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In the following we describe the consistency criteria between BPA and process
model layer of a process model collection in a formal way. In summary, the
formalism requires that each BPA element of a process collection’s BPA must
have a partner element on the lower more detailed process model layer.

Definition 5 (Consistency Criteria). Let M = (M1, ...,Mn) be a set of
process models. Let PM = (M,MF ) be a process model collection. LetA =⋃

Mi∈MAi, E =
⋃

Mi∈MEi. The according BPA = (E, V, L, I, μ, χ,=) needs to
comply to the following consistency criteria.

◦ MF → L ∪ I is a function that maps the message interaction on process
model level to trigger and message flows on BPA level.

◦ ES = {n ∈ (Ai ∪ Ei) : •n = ∅ ∧ n �= •∅}
◦ ET = {n ∈ (Ai ∪Ei) : •n, n• �= ∅ ∧ ∃b ∈ Aj ∪Ej , i �= j : (n, b) ∈ MF}
◦ EC = {n ∈ (Ai ∪ Ei) : •n, n• �= ∅ ∧ ∃b ∈ Aj ∪ Ej , i �= j : (b, n) ∈ MF}
◦ EE = {n ∈ (Ai ∪ Ei) : •n �= ∅ ∧ n• = ∅}
◦ I = {(n1, n2) ∈ MF : �n3 ∈ N : (n3, n2) ∈ CF}
◦ L = {(n1, n2) ∈ MF : ∃n3 ∈ N : (n3, n2) ∈ CF}



The setting of the conflict relation between two processes and the setting equiv-
alence relation has to be performed by an process expert as such information is
difficult to gather from process models. [7] propose to use data objects and their
data object lifecycles to derive conflict relations between processes in Business
Process Data Architectures.

5 Related Work

In in the last decade the research on BPAs has re-gained attention. Dijkman
et al. [8] present an extensive survey of BPA approaches. They provide descrip-
tive examples how to design BPAs for each of the five main BPA categories, func-
tion based, goal-based, action-based, object-based, and reference-based. However,
the approaches presented do not formally link the lower process model level to
the BPA level. Fettke et al. [9] present a survey on BPA approaches that are
business process reference model based. Their focus is rather the evaluation of
classifications of process models than the actual design of BPAs.

Scheer et al. [10] present a BPA approach that consist of four levels; process
engineering, process planning and control, workflow control, and application sys-
tems. They describe how the layers are interconnected but do not provide a
methodology to maintain the layers in a consistent way. Business process models
are classified into categories but their interdependencies are not clearly depicted.

Green and Ould [11] describe and evaluate the RIVA process architecture,
a BPA methodology they developed. They also provide guidelines on how to
create a BPA according to the RIVA methodology. The steps described do not
represent any concrete algorithm to create a consistent BPA for a process model
collection.
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[12] propose a value based methodology to provide an overview on business
collaboration and to examine the value of the collaboration for each participant.
Their aim is to depict the value exchange on a higher level providing consistency
rules for their different representation layer. In a similar way our consistency
criteria assure that all elements in the BPA also have a counterpart on process
model level.

Smirnov et al. [13,14] present a methodology for process model abstraction.
Similar to BPAs their aim is to provide an overview on the most important
aspects of a complex process model. Their approach provides a formal definition
for abstracting process elements of a process model. Instead of having a single
view our BPA concentrates on extracting an overview about interdependent
processes and their interaction.

The importance of depicting and analysing service interaction and business
process choreographies are elaborated in [15,16]. Decker and Weske [15] present
an approach to examine the behavioral consistency and compatibility of interact-
ing processes in process choreographies. Using Bi-simulation they identify if two
services have consistent behavior. They focus rather on the interaction behavior
and one to one interaction between two processes rather than considering larger
process collaborations.

Our BPA concept touches before presented approaches. Similarly to [15,16]
it looks at interaction but with a broader scope and on more abstract level. In
reference to other BPA approaches it also gives an overview on a process model
collections focusing on trigger and message flows dependencies, an important
aspect for maintaining and optimising process collaboration. The extraction ap-
proach presented in this paper provides a novel method to generate a BPA from
a process model collection that is consistent with the lower and more detailed
business process layer.

6 Conclusion

Large process model collections need a compact overview for process managers
to easily grasp the interdependencies between process models. Many BPA ap-
proaches provide such an overview but usually do not assure consistency between
the BPA and the process model layer. To be able to look at interdependencies
between process models in regard to instantiation and message flow, we intro-
duced an approach to extract a BPA for a process model collection from its
inherent process models. For this we presented process model elements of EPCs
and BPMN models that partake in process interaction and described often oc-
curring process structures that depict process instantiation and message flows.
Based on those findings we presented an algorithm and formalism to extract
BPA processes and BPA trigger and message flows from the process models in
a process model collection resulting in a consistent BPA.

This was an initial approach that showed the extraction of BPAs from process
model collections with sequential processes. In future work we will look at more
complex process models and develop an approach to map those to our BPA
concept. We also currently work on tool support for BPAs.
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