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Abstract. This paper proposes an extension of the Event-driven Process Chain
(EPC) metamodel in order to provide means to model complex event patterns
within process models. There are some first attempts aiming to graphically
depict such patterns; however, none of them focus EPC as a widely-used
modeling language, especially in a business-related context. Thus, the paper first
of all derives and defines typical complex event patterns and analyzes whether
they are representable using standard EPC models. On this basis, a metamodel
extension is conceived and additional modeling notations proposed. Finally, the
notation is applied on two application examples.
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1 Introduction

Today, enterprises compete in a globalized world characterized by its constantly
changing economic conditions. To be successful in this highly-competitive environ-
ment, enterprises are forced to react on threats and opportunities in a timely manner. In
this regard, it is a mandatory task to continuously monitor and control business pro-
cesses towards current business situations. With advancements in system integration
and new technologies like the Internet of Things (IoT), real-time information avail-
ability, especially in manufacturing operations, has reached a new dimension [1]. This
allows for in-depth insights into intra-organizational as well as cross-company business
processes. Consequently, myriads of internal and external business events become
visible forming increasingly big data [2].

To turn this enormous quantity of low level events (such as single sensor signals)
into business value (like a discovery of machinery failures or breakdowns), it is crucial
to filter and analyze event streams to detect meaningful patterns that indicate important
situations with a decisive impact on the control and efficiency of business processes [3].
With Complex Event Processing (CEP) the required technology to detect such complex
event patterns in real-time is already available. In this regard, CEP is considered to be
an important driver to further advance the domain of business process management
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(BPM) [4]. In the last years, this has motivated numerous research efforts coining the
term Event-Driven Business Process Management (ED-BPM) [5].

However, considering existing research, it is still an obstacle to express complex
event patterns within business process models in order to transparently illustrate their
relation in terms of an event-driven business process control, i.e. describing reactions to
complex event occurrences in business processes [6]. Thus, domain experts are
struggling to communicate event patterns, which are crucial for business operations,
with technical CEP experts and vice versa [6]. Thus, latest research dedicatedly call for
integrated event modeling methods, i.e. to specify event patterns and their relations
within process models [5]. Conventional, business process modeling languages like
Business Process Modeling Notation (BPMN), Event-driven Process Chains (EPC) or
Unified Modeling Language (UML) Activity Diagrams cannot express complex event
patters such as sequential, temporal or spatial relations between single events [7].
Whereas a few first extensions exist for the BPMN, there is a particular lack regarding a
dedicated support in EPC. EPC are a typical starting point for non-technical domain
experts to model their associated business processes and are widely used in industry
and research [8]. Since complex event patterns originate commonly from business
scenarios for which non-technical experts are responsible for [6], EPC represent also a
promising means for depicting these patterns in relation to business processes.

To address this research gap, the paper at hand first of all derives and examines
characteristic event patterns considered in corresponding literature. Furthermore, the
feasibility to model them in standard EPC models is evaluated and last but not least an
extended EPC metamodel (incl. a modeling notation) proposed that allows for a
comprehensive graphical depiction of the derived event pattern. This should eventually
support business and domain experts to express event patterns in process models that
can be later on transformed into executable rules consumed by CEP engines.

Hence, this paper applies a design-oriented research approach following the design
science research guidelines proposed by [9]. In this regard, the EPC metamodel
extension proposed in Sect. 4 represents the underlying design science artifact
(Guideline 1). The relevance for constructing the underlying artifact and the relating
research gap is pointed out in the introductory section as well as by analyzing complex
event patterns and their support in EPC (cf. Sect. 3) (Guideline 2). To comply with
Guideline 3, the paper exemplifies the application of the artefact by modeling two
complex event patterns based on the extended metamodel in Sect. 5. Following the
principle of design as an iterative process (Guideline 6), the metamodel extension in
general builds upon previously proposed model constructs (cf. Sect. 4). Guideline 5
was accomplished by outlining the applied research methodology in Sect. 1. Last but
not least, the submission of this paper aims at fulfilling Guideline 7, the dissemination
of research results.

2 Theoretical Foundation and Related Work

Complex Event Processing (CEP) has emerged as a novel event processing technology
in addition to alternative approaches such as simple event processing and event stream
processing. CEP systems enable to determine potential threats and recognize
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opportunities in real-time. Alongside being researched intensively as a specific research
domain, successful industry applications of CEP can be observed in various fields such
as manufacturing, logistic and supply chain processes, financial investment, military,
traffic tracking, social sensing and so forth [10]. Integrating CEP with other tech-
nologies, namely Business Process Management (BPM), is a challenging task requiring
domain knowledge in both areas. The primary purpose of such an integration lays in
the potential usage of real-time information gained from distributed systems, services
and sensor networks for monitoring, controlling and eventually optimizing business
processes. In this regard, CEP enables to initiate new process instances, to stop running
ones and to influence their behavior based on recognized event correlations stemming
from massive streams of (sensor) data [5].

Event patterns represent templates which specify certain event combinations. They
can be classified into various categories such as temporal, spatial, spatial-temporal,
trend, modal and basic patterns where each category has various subcategories [11].
These patterns can be provided by experts or being automatically derived using
machine learning algorithms. The actual detection of event patterns within continu-
ously streaming data is realized through special predetermined queries. They are
enabled by query processing techniques that are more evolved and differ from
approaches applied to classical database analysis. To technically describe event pat-
terns and rules dedicated Event Pattern Languages (EPL) are used. Yet there is no
language standard, which results in diverse competing approaches [5], such as
datastream-oriented languages building upon the Structured Query Language (SQL),
production rules or rule-based languages applying Event-Condition-Action
(ECA) principles originating from the Business Rule Management (BRM) as well as
imperative script languages.

In the business process management domain, several process modeling languages
have been proposed in the last two decades [12], such as BPMN, UML Activity
Diagrams, EPC and many more. Their common goal is to graphically represent busi-
ness processes in order to bridge the gap between business and IT perspectives. By
providing a transparent view on business processes, process models can be used for
optimization purposes and to have a blueprint for their technical implementation. As it
is for example expressed by the name of the EPC, incorporating events within the flow
of business processes is one key characteristic. However, despite of strong modelling
abilities in terms of representing business processes, these languages commonly fall
short in depicting complex event patterns as they are considered in the field of CEP [7].

This shortcoming again creates barriers between business and IT perspectives in
terms of involving business users and process owners in CEP implementations [6].
Thus, as already pointed out in Sect. 1, methods to achieve an integrated event mod-
eling within business process modeling are required. This could be a starting point for
CEP experts to transform complex event patters from a conceptual level into precise
and technical CEP specifications, which is more helpful than having them written down
in a textual form [6]. Thus, representing complex event patterns in process modeling
notations, is a crucial step to take to progress ED-BPM, which has already motivated
some research activities in recent years. However, in most cases these contributions
propose an extension to BPMN for modeling goals, key performance indicators,
high-level events or even whole business situations [13—17]. One recently presented
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concept copes with the integration of dedicated event stream processing units within
the BPMN representation of the overall business process [18]. In contrast, some first
approaches explicitly seek a graphical solution for the specification of CEP event
patterns [14—16]. Other concepts researched possible integration possibilities of busi-
ness events [19] or even whole BAM artifacts [20] with e.g. process and/or information
models [21].

3 Complex Event Patterns and Their Support in EPC

The paper at hand proposes a metamodel extension of EPC, which is a widely-used
process modeling notation both in research and industry. Neither the standard EPC
modeling notation [7], nor proposed extension [6], are able to depict event patterns that
can be considered as complex ones. Even though simple event relations and hierarchies
can for example be described with so-called event-diagrams, in which a complex event
(such as “order checked”) is decomposed into detailed events (such as “customer data
checked” and “product data checked”) [22], these aggregations should not be confused

Table 1. Complex event patterns and their support in standard EPC models

EPC
Patterns Definition sup-
port
L1: Event |Two or more events have to have taken place in order to +
2 Conjunction | trigger complex event L1.
-
& Alternative events have to have taken place. In a special
s |L2: Event
[~ I . case, the occurrence of events needs to be mutually exclu-| +
— |Disjunction | .
R sive.
2 .
S One or more events have to have taken place a specified
L3: Event . . .
L. number of times. The number can be fixed, variable or de-| —
Cardinality | .
fined by a range.
Two or more events have to have occurred according to a
specified sequence.
L4: Event P q . . .
Sequence *EPC support only by modelling them into a sequential| —*
q flow, however this would contradict to EPC conventions
(alternation of events and functions)
This event pattern is triggered, if one or more events have
taken place while one or others have been absence. In this
L5: Event . N "
Exclusion regard, both the occurring and the inhibiting events can be | o
represented through a complex composition.
* EPC support only textual via event labeling.

(Continued)
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Table 1. (Continued)

- One or more events have to have occurred within or outside
& | T1: Event . . . R . . .
5 | Time a given time window. Windows can be defined as fixed in-|
= . tervals (e.g. Mon 8am — Fr 5 pm) or event intervals (starting
A, | Relation . e
= event — [ending event OR expiration time offset = 1 day]).
=
o)
2. | T2: Abso-
% lute Time One or more events have to have occurred before or after
= . an absolute point in time.
Relation
S1: Fixed One or more events have to have occurred at a fixed loca-
" Location tion.
[=]
S |S2: Entit s
=N . Y | One or more events have to have occurred within a range
& | Distance . . -
. around a certain location.
= |Location
b=
21 S3: Event o
n Distance One or more events have to have occurred at or within a
S range around a certain event happing. -
Location & ppIng
= TP: .
5 | Trend Two or more events have to have occurred that satisfy a|
= non-)increasing, (non-)decreasing or stable pattern.
& | pattern (non-) g, (non-) g p
« | DP: Data One or more events have to have occurred whose data prop-
E Dependency | erties match certain data dependencies. o*
Pattern * EPC support only textual via event labeling.
Key: +is fully supported o is partly supported — is not supported

with what is understand with complex event patterns. Although EPC models provide
several modeling elements to link events and activities, including logical operators,
there is e.g. no means to express temporal or spatial related correlations [23].

Thus, the first step towards an extended EPC metamodel, which is capable to depict
complex event patterns, is to identify characteristic event patterns from literature. These
patterns of common event correlation are depicted in Table 1. The patterns are mainly
derived from [23] which already synthesized a survey on complex events of possible
business scenarios as well as a survey on common features of EPL languages. In
addition, patterns considered by [11, 12] are added resulting in twelve patterns that also
partly contain sub patterns.

Patterns specifically dealing with technical characteristics of CEP engines, such as
subscription and consumption time, are omitted from this combination as they will not
be of interest to domain experts (cf. Sect. 5 on limitations).
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4 EPC Metamodel Extension and Modeling Notation
Proposal

In order to provide a possibility to model the event patterns illustrated in Table 1, the
standard EPC metamodel has been extended. As a foundation, the standard EPC
metamodel proposed by [24] was chosen, which is represented using a UML Class
Diagram (cf. Fig. 1, grey elements). Their metamodel is one of the frequently quoted
ones and includes all required rudimentary elements [8]. To reduce complexity, ele-
ments detailing the element “Function” are omitted as the conceived extension deals
with a dedicated “Event” specification; “Functions” are not the focus of interest. In
general, EPC models contain at least one “Function” and two “Events”, which are
reusable in other EPC models. In doing so, each function has one successor and one
predecessor “Event” element. Thus, in contrast to “Events”, “Functions” are connected
with exactly two “Control Flow Connectors”, which again can be connected with
“Logical Operators”.

EPC Model Atomic Event

1 0.5
Complex Event H Annotation M»— Event Cardinality
is connected with

| 125 0.1 0.1 0.1
s connected with isfconnected vitn  —— Event Exclusion

Control Flow 0.*
Connector 0
1.5 <oontains l — Event Sequence
2% is connected with Connector

— Event Start Time

— EventEnd Time

Time Window Data Dependency —  Event Location

Location ‘

Location —  EventTrend

Expiration
Time Offset

Fig. 1. Extended metamodel of EPC to represent complex events (based on [24])

As pointed out in Table 1—with few exceptions (L1 and L2)—none of the derived
event patterns can be represented in standard EPC models. Thus, additional types of
modeling element are required (cf. Fig. 1, blue elements). First of all, the generic
element “Event” is split into atomic events and complex ones. The latter can be
connected with several “Annotations” that will be detailed introduced in Table 2.
Furthermore, the metamodel comprises an “AND Cardinality” operator to define cer-
tain cardinality restrictions to complex event patterns. Moreover, to express additional
constraints in relation to event data, dedicated “Data Dependencies” can be mapped via
undirected “Connectors” to “Annotations”, “Logical Operators” as well as “Complex
Events”. In order to specifically represent temporal as well as spatial relations of
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Table 2. Description of metamodel extension and proposal of modeling notation

Relation to Metamodel

Modeling Notation

L3: Event Card.

To express event cardinalities in EPC models,
“Events” are connected with “Event Cardinal-
ity” annotations. These “Annotations” are la-
beled with the number respectively range of car-
dinality in square brackets. In case, a complex
event pattern needs to have occurred a certain
amount of time, the “AND Cardinality” operator
is to be used.

L4: Event Sequence

A specific sequential occurrence of “Events” can
be expressed by “Event Sequence” annotations
whose order is directly connected to the respec-
tive events.

L5: Event Exclusion

To indicate the necessity of absence of specific
events, these events can be connected with
“Event Exclusion” annotations.

T1 & T2: Temporal Patterns

To express temporal relations between “Events”
they are combined into “Time Windows” acting
as a container. To indicate time intervals, the
container is specified by a start time “T start”
and an associated end time “T end” (T1). To rep-
resent event intervals (T2), an “Event” is allo-
cated as a start event, regarding the time win-
dow, and another one as the end event. Option-
ally, an “Expiration Time Offset” can be added.
To visually differentiate between “Time Win-
dows” and “Location” containers, the first one is
illustrated with vertical lines as a background
pattern symbolizing the temporal process flow in
accordance to standard modeling conventions.
Furthermore, the detailing property area is mod-
eled on the left side of the container.

(Continued)
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Table 2. (Continued)

In accordance with temporal relations, spatial
ones are also expressed by mapping the respec-
tive events in a “Location” container. To specify
the location at which the event pattern has to
have occurred, the container is detailed with a
“Location” property (cf. pattern S1). In order to
indicate a location range, the container is addi-
tionally specified by a “Range” property (cf. pat-
tern S2). To satisfy pattern S3, an event can be
allocated by an “Event Location” event in con-
trast to specify a certain location a priori.

S1 — S3: Spatial Patterns

To define relations between events in terms of a
trend pattern, the concerning event whose trend
value is under consideration is annotated by
“Event Trend” symbols: >> £ increasing; << &
decreasing; — >> £ non-increasing; —~ << £ non-
decreasing.

Generally, specifying trend patterns is only rea-
sonable if combined with a temporal relation.

TP1: Trend Pattern

complex events, a dedicated “Container” element is established, which comprises
several complex events as well as other concepts. Furthermore, a “Container” itself can
be a part of another one and is further specified by “Time Windows” or “Locations” as
well as their linked properties.

As an inherent characteristic of “Complex Events”, the proposed model elements
can be jointly combined in multiple, complex ways (cf. Sect. 5 for examples).

Table 2 explains, how the identified event patterns introduced in Table 1 can be
represented using the extended EPC metamodel (excluding L1 and L2 as they are
already supported in EPCs) and proposes a corresponding modeling notation.

5 Application Example, Discussion and Limitations

This section illustrates how the previously introduced event patterns can be combined
in order to graphically represent complex event patterns that are defined by textual
descriptions.

The first example stems from fraud detection, which is a typical application sce-
nario for CEP. As conventional business process engines typically only consider
individual events, i.e. “it is checked on a per-message basis if a message matches a
registered subscription and only one message is consumed in a receive or onMessage



Towards an Extended Metamodel 127

activity”, CEP engines dedicatedly consider event rules, i.e. patterns of events that have
to be matched and which may stem from different process instances across time [12]. In
this regard, the fraud pattern defines four different conditions that need to be fulfilled in
order to assume a case of fraud (cf. Table 3a). To represent this event pattern using the
extended EPC metamodel, the event “Incorrectly entered PIN” is connected with
cardinality restrictions—in terms of the same cardID as a “Data Dependency” anno-
tated to the event annotation and as a combination of several of these complex events
via an “AND Cardinality” operator—and embedded into a combined “Time Window”
and “Location” container. In doing so, spatial and temporal relations are represented in
an overlapping container, which is also visually represented by a grid pattern for the
background of this container (cf. Table 2 regarding background patterns).

Table 3. Examples of complex event patterns and their representation in extended EPC models

Example |a) ATM Fraud Detection b) Production Line Malfunction
e at least wrongly entered e sensor temperature above
PIN twice threshold
Pattern e event occurred more than e increasing trend
Description five times o for more than 8 sensors
e within a range of 5 km e within 5 minutes
e within 1 hour e atplant 4711
Sensor
Incorrectly temperature Plant
entered PIN above a7
threshold
gaT!mDermuv!(SensulD})
Modeling
1hour 5km 5 min
Example :I
Take counter-
measures to Alert technician
fraud attack

As the second example, continuously occurring events from temperature sensors
attached to a production line are examined to detect a specified malfunction pattern (cf.
Table 3b). In this regard, the event “Sensor temperature above threshold” is connected
with an “Event Trend” annotation that is further specified by a “Data Dependency”
expressing a trend in increased temperature values. Whereas this event annotation
focuses a specific sensor instance defined by a sensorID, the constraint of having more
than eight sensors matching this pattern is expressed by an “AND Cardinality” operator
connected with a corresponding “Data Dependency”. Moreover, this complex event is
embedded into an overlapping “Time Window” and “Location” container.
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At this point, it should be explicitly pointed out that the proposed metamodel
extension is not as expressive as existing CEP languages (cf. Sect. 2). Especially
technical issues in terms of CEP implementations are omitted. Nevertheless, there is no
claim to have a graphical modeling representation on the same level of detail as
technical implementations, neither for business process representations and thus nor for
complex event pattern representations in process models. Further, the metamodel does
not differentiate the specific type of events (e.g. message, timeout or exception as in
BPMN); yet, this can still be expressed in textual way using an associated labeling.

6 Conclusion and Future Work

This paper proposed an extension of the EPC metamodel in order to provide a means to
model complex event patterns within process models. In literature, there are some first
attempts aiming to graphically depict such patterns; however, none of them focus EPC
as a widely-used modeling language, especially in a business-related context. To do so,
the paper first of all derived and defined typical complex event patterns and analyzed
whether they are representable using standard EPC models. On this basis, a metamodel
extension is conceived and additional modeling notations proposed. Finally, the
notation is applied on two application examples.

In future work, a set-theoretic definition [8] of the extended metamodel will be
conceived to achieve a formal definition of complex event patterns within EPC models.
Furthermore, in ongoing research activities, the representation of real-world complex
event patterns in the context of the German research project iPRODICT is expedited in
order to proof the feasibility of the proposed extension beyond the two application
scenarios outlined in Sect. 5 (cf. [25] for more details on the research project). In this
regard, the involvement of domain and technical experts in the modeling and usage of
extended EPC models will also be evaluated regarding its actual usefulness and
understandability. Since EPC models get more expressive through the extension, two
views could be provided in a tooling context. One expressive view that visualize
complex events in full detail and another one of reduced complexity through graphi-
cally differentiating between the model elements “Atomic Event” and “Complex
Event”. The Complex Event then encapsulates all dedicated extensions such as
annotations or containers. In this regard, we are also currently investigating how to
integrate the metamodel extension into the ARIS Business Process Analysis Platform.

Another interesting research question will be how to induce complex event patterns
out of event stream instances and how to visualize them either using the metamodel
proposed in the paper at hand or in others proposed in literature (cf. Sect. 2). Future
work will also deal with the transformation of extended EPC models respectively
modeled event patterns into templates usable within executable Event Processing
Languages (EPL). In this context, we are currently investigating how to build trans-
formation algorithms for the Apama Complex Event Processing Engine. Since the
patterns specified in EPC model cannot and should not be as expressive as common
EPLs, the respective transformation will result in a first blueprint that has to be detailed
and complemented by CEP experts. Yet the main goal of modeling complex events in



Towards an Extended Metamodel 129

EPC is warranted as domain knowledge by business experts can be depicted in process
models that can then be reused by CEP experts.
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Education and Research under grant numbers 01IS12050 (project IDENTIFY) and 011S14004A
(project iPRODICT).
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