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Preamble

The versatility of roles has for too long been overlooked. Roles have been applied in different
fields to model context-related information, but in an isolated way. The application of roles con-
sistently at all abstraction levels (concept, languages, applications, and software system) can lead
to context-sensitive systems. For that reason, the DFG funds a research training group on "RoSI
- Role-based software infrastructure for continuous context-sensitive systems" (GRK 1907

https://wwwdb.inf.tu-dresden.de/grk/). The author of this paper is part of the research training

group and researches a role-based integration of structure and behavior modeling in his disserta-

tion.

This work aims to introduce a role-based approach integrating structural and behavioral modeling
and designing and developing a role-based process modeling language that does not force practi-
tioners to learn a new modeling language. A role-based extension for the industry standard of

process modeling BPMN was developed to ensure practicality.

This paper is the result of the first year of work.


https://wwwdb.inf.tu-dresden.de/grk/
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Introduction 1

1 Introduction

Business processes (BPs) are modeled to achieve business goals. BP models are used to analyze
the as-is BP, to gain insights on weaknesses and impact of the BP, to redesign the BP, and at the
end, to implement the BP (Gonzalez-Huerta et al., 2017). There are various BP modeling lan-
guages (BPML) such as UML Activity Diagrams, BPMN, Event-driven Process Chains, Role-
Activity-Diagrams, Role-Interaction-Networks, and YAWL. BPMN has been established as the
de-facto standard BPML (Zarour et al., 2019). Using an established modeling language allows
model exchange and communication between domain analysts and software developers. A BP
that has been modeled is continuously under review. The 8th survey of the series “The state of
business process management” shows that 9 out of 10 companies are conducting BP improvement
projects. BP initiatives that focus on BP redesign occur in almost half of the enterprises (Harmon
& Garcia, 0. J.).

BPs are continuously changed and adapted due to more demanding customers, optimizations,
changes in regulations, legal and compliance requirements, or new technologies. This results in
new BP models and new implementations in software systems to adhere to the new requirements.
Usually, much time passes until the software system can adequately support the adapted process,
resulting in higher costs. First, the BP model is changed by the domain analyst. In the second step,
the BP model is used to specify software system requirements to be implemented by software
developers in the third step. However, BPMN is neither natively executable nor does it allow the
expression of structural elements. Thus, a standard BPMN model first must be mapped to a model
closer to implementation like UML class diagrams. Since BPMN models are graph-structured and
UML class diagrams are block-structured, naturally, there is a mismatch (Ouyang et al., 2009).
How to overcome this mismatch is a research subject that continuously provides new approaches.
One approach proposed by various researchers (Balabko et al., 2004; Kemp et al., 2019; Saidani
& Nurcan, 2006; von Rosing et al., 2017) is role-orientation. BPMN is not yet role-oriented, but
how arole-based BPMN (RBPMN) can overcome this mismatch and other challenges is presented
in this paper. Overall, we contribute a role-based modeling approach that better integrates struc-
ture and behavior models, solves current modeling challenges, and is explicitly suited for digital-
ized BPs (including Artificial Intelligence (Al)), enterprise transformation, and context-aware

systems.

2 Background

BPMN 2.0 is maintained by the Object Management Group (OMG) and was introduced in 2011
(OMG, 2011). With the 2.0 release, an extension mechanism by addition was presented. If a
BPMN extension adheres to the extension mechanism, it can be integrated seamlessly. As there
is no official guideline on how a BPMN extension is designed, some extensions do not adhere to
the extension mechanism. The systematic literature reviews of Braun and Esswein (2014) and
Zarour et al. (2019) show that many extensions, primarily if the extension is not focused on a
single domain, are not following the extension mechanism. Stroppi et al. (2011) proposed an ex-
tension mechanism based on UML profiles that can be used for domain-specific extensions.
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To understand the specifics of BP (behavior) models, we interpret BPs to consist of activities
performed in a sequence or parallel by multiple performers in relationships under a specific con-

text for a business goal.

Saidani and Nurcan (2006) distinguish three types of BP activities: Manual activities, system ac-
tivities, and user interaction activities. Manual activities can be performed without the aid of a
software system. System activities are fully automated tasks that are performed by the underlying
software system. A user interaction activity is performed in conjunction with a software system.
The context of a BP specifies the conditions that must be met to achieve the business goal. With-
out a context, activities are not goal-oriented (Santra & Sankhayan, 2018). The analysis of a BP
can be made in terms of roles played by performers and performed activities. We follow the
definition of roles proposed by Schon et al. (2019): “A role is a contextual modeling construct
with state and behavior that is fulfilled by an object or its roles to represent it in the user’s context
and extend or change its corresponding specification and interactions.” The application of roles
in BP modeling has been proposed in various ways (Balabko et al., 2004; Caetano et al., 2005;
Kemp et al., 2019; Meertens et al., 2010; Saidani & Nurcan, 2006; von Rosing et al., 2017). Roles
are not unique to behavior modeling. Roles have been applied in structural modeling in the form
of the business role object specification (BROS) (Schon et al., 2019), programming languages in
the form of SCROLL (Kiihn, 2017), and security in the form of role-based access control (Fer-
raiolo & Kuhn, 1992), to name a few areas. One of the challenges the widespread use of roles still
faces is the manifoldness of interpretations of the role concept, which hinders exploiting their full
potential (Kiihn, 2017; Zhu & Zhou, 2008).

Figure 1 illustrates the potential of roles and how roles support the transformation of enterprise-
models. Using a role-based structural modeling language such as BROS, an enterprise behavior

model can be derived from its structural model. The behavior model provides the behavior of the

L SN Enterprise
\ structural
— AT model

BROS

Al R >

Enterprise

LA = behavior (roles)
Al model
RBPMN
Enterprise
process model

Figure 1: Roles supporting enterprise transformation

roles, which is needed to determine responsibilities and capabilities. Using a role-based BP mod-

eling language provides the relationships and interactions between roles and relates them to
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business activities and goals. Also, Artificial Intelligence (Al) may transform the behavior of roles
and interactions between them. An intelligent system, which is an information system that uses
Al, does not only support roles. It can play roles, act as a performer, and transform other physical
entities to act as new performers, thus creating new roles (Zimmermann et al., 2020). A role-based
process model (RBPMN) specifying a system can be mapped to a role-based structural model
(BROS) without information loss and facilitates implementation and maintenance. The resulting
role model “permits researchers and software designers to use role models to communicate their

ideas, domain models, and software designs” (Kiihn, 2017).

3 Business Process Modeling Challenges

BP modeling is the activity performed during BP identification, the starting point of the BP man-
agement (BPM) cycle. The result is an “as-is” BP model, which can identify weaknesses, resource
constraints, and formulate improvement opportunities. The improvement is presented as a “to-
be” BP model. The “to-be” BP model is then used to derive software requirements to support the
“to-be” BP (Recker & Mendling, 2016). Deriving software requirements is not a trivial task, and
as BPs are becoming more complex, the complexity of the software systems supporting the BPs
increases. It is not only the BP that is becoming more complex; performers’ responsibility in a
BP increases. Intelligent systems do not only support human performers. The physical compo-
nents that intelligent systems extend become performers themselves. Al can adapt a BP to differ-
ent situations based on the context information provided (Koehler, 2018; Zimmermann et al.,
2020). We identified three main challenges that BP modeling faces: The variety of performers,

adaptability, and context-awareness.

3.1 Variety of Performers

Many human performers are turning into knowledge workers. A knowledge worker is a person
that has a multitude of different tasks and performs activities in different roles and responsibilities.
However, the knowledge worker has poorly been addressed in the various BP modeling ap-
proaches. The rising number of knowledge workers requires businesses to be more flexible and
variable in their BPs. Customers are becoming more demanding in terms of the necessary flexi-
bility of the business, too. Therefore, knowledge workers and intelligent systems must play mul-
tiple roles in BPs (von Rosing et al., 2017). The rise of the knowledge workers and digitalization
require a semantic change of the term performer. Al can support humans at each BP step sepa-
rately and eventually replaces humans in BPs. The performer is not just humans anymore (Friedl,
2018; Koehler, 2018). Therefore, the number and variety of roles a performer (human, machine,
or data) plays in a BP increase. A performer must perform compliance checks, auditing, monitor-
ing, accounting, billing, and more. Especially in small companies, this is not done by different
performers for each activity, but by the same performer in various roles. The challenge “variety
of performers” is not just modeling more performers with more activities, but also separating the
activity responsibility from the performer. If the specified performer is not available, a BP should

not come to a stop. If the responsibility is attached to the role instead of the performer, it can be
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fulfilled by another performer. The second problem has been addressed in various ways (Charfi
et al., 2010), and the use of roles to achieve separation of responsibility and separation of duty
appears to be a promising approach (Bera et al., 2018; Kemp et al., 2019; Saidani & Nurcan,
2006).

3.2 Adaptability

Customer demands for more variations and higher flexibility in BPs increase the need for software
and information systems’ adaptability. The same holds for models, which specify the BPs and the
system. Modeling variation within a BP model is often targeted by BPMN extensions (Zarour et
al., 2019). Modeling languages are an important instrument for introducing adaptability. One
approach to provide adaptability in models is modularity. However, there are multiple conceptual
models within an enterprise regarding organizational structure, BPs, software systems, and secu-
rity. A common concept is needed to allow for modularity, separation of concerns, and the inclu-

sion of intelligent systems and emerging performers in each model.

Adaptation strategies can be implemented in advance for expected situations, but they are crucial
in unexpected situations. The ever-changing external and internal environment requires continu-
ous adaptation of the BP at execution time and not just at design time (Santra & Sankhayan, 2018).
An adaptable BP model would allow for the predefined application of changes during the BP
execution, but this remains an open challenge (Cognini et al., 2014). An adapted BP must still
adhere to compliance and other regulations. Adapting the BP is just part one; adapting the system
supporting the BP in a timely manner is part two of the adaptability challenges. Providing support
for more process variations results in more complex systems. Complex BPs with many performers
and many activities require more complex systems to facilitate support. Changes to BPs and the
system supporting these BPs happen continuously, shown by the amount of process reengineering
projects in companies (Harmon & Garcia, o. J.). The challenge of adaptability is modeling adapt-
able BPs and expressing adaptability to develop maintainable systems. One approach that has
been used in various fields to introduce adaptability is roles (Cognini et al., 2014; Jamel et al.,
2018; Schon et al., 2019). Roles as a common approach in modeling and programming languages
create higher interconnectivity between the various conceptual models. Roles could solve the

adaptability problem.

3.3 Context-Awareness

Both linking performers to roles as well as BP adaptation depend on contextual information.
Therefore, context-awareness presents the third main challenge. Dealing with context-awareness
has been the focus of many BPM researchers (Jamel et al., 2018; Saidani & Nurcan, 2009; Santra
& Sankhayan, 2018). The challenge of context-awareness can be split into different problems that
must be solved first. The first problem is that “context” has multiple definitions. Stemming from
linguistics, the Cambridge English Dictionary defines it as the “cause of events”, “related events”,
and “surrounding words” (Context Meaning in the Cambridge English Dictionary, 2020). In BPM
research, the definition of context is not singular either. Dey (2001) defines context as “any in-

formation that can be used to characterize the situation of entities that are considered relevant to
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the interaction between a user and an application, including the user and the application them-
selves”. Born et al. (2009) define context as “the environment in which a BP artifact is used”.
Santra and Sankhayan, (2018) recently defined BP context as “the information that impacts the
design and execution of a BP either externally or internally”. There are more definitions of con-
text, and each varies slightly from the other. Therefore, each approach aiming at solving context-

awareness must define the context.

The second problem is awareness. Context is sometimes static, sometimes dynamic. It can change
rapidly, and thus, it is essential to consider various contextual information to adapt the BP while
maintaining integrity. The execution of a BP is often context-dependent, and so are the character-
istics of entities involved in the BP. Decisions can be made differently based on the context, while
the data provided stays the same. To deal with context changes and to use new context information
to adapt a BP is the challenge of context-awareness. One approach that we have seen mentioned
in BP modeling is again role-orientation (Kemp et al., 2019; Saidani & Nurcan, 2009). Incorpo-
rating role-orientation into BPMN, which is not natively context-aware, is a promising approach

to solve this challenge.

4 Proposing Roles as a Solution

The research stream “role-orientation” is gaining momentum. The importance of roles cannot be
overstated, but their representation in conceptual modeling is unsatisfactory. Section 2 presented
the application of roles in conceptual models. In the process modeling language BPMN, some
features of roles are realized in the form of swimlanes. Swimlanes, however, do not cover the full

functionality of roles (Bera et al., 2018).

The following example of Kiihn et al. (2014) presents the key concepts of role-orientation role,
performer and context. A “Customer” role cannot be played without a “Seller” role in the context
of a “Shop”. The performers of “Customer” and “Seller” exist without the “Shop” but not in these

roles.

From the example, multiple role features can be derived. Roles are played by a performer and do
not exist without context. Roles communicate with one another. Roles capture the behavior of a
performer. Roles are played by a performer and bestow functionality, responsibility, and charac-

teristics onto the performer. Roles are acquired and removed.

Roles separate responsibility from the performer. Performer P1 is no longer specified as respon-
sible for Activity A, but instead, the Role R holds the responsibility. If performer P1 is unavailable
to perform activity Al, performer P2 playing Role R can perform activity Al without deviating
from the BP model, the BP is adapted. The performer playing the role is not fixed to the role, nor
is the role fixed to the performer. Instead of performers, assigning roles to business goals increases
flexibility, as the performer who plays the role can switch.

Roles solve the problem of separation of duty. Separation of duty, e.g., is used to minimize fraud.
This is achieved by dividing duty for an activity into multiple mutually exclusive roles. A per-

former cannot create and audit a document. However, a performer can perform both activities
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creation of a document and audit of a document. It must be ensured that a performer cannot do
both activities for the same document. Role-orientation provides a role prohibition feature to en-

sure mutually exclusive roles (Saidani & Nurcan, 2006).

The variety of performers that partake in BPs increases, but the roles played in BPs do not change
at the same rate. Different performers perform the same activities in different contexts. However,
the performers are playing the same role. The complexity each performer offers to the process
can be decreased by focusing on their role. New performers that do not fit to play any current role
will eventually add complexity. The number of roles in an enterprise is smaller than the number

of performers.

Roles allow adaptability, as their existence is context-dependent. Roles can perform activities.
This allows role-activity assignments. An activity is always assigned to a business goal. Based on
the activity assignments, the essential roles for a BP can be derived. All possible BP activities can
be derived based on the roles involved, allowing to adapt BP execution (Saidani & Nurcan, 2006;
Schon et al., 2019). The adaptation is critical in case of unexpected situations that cannot be mod-
eled beforehand. Further, the performer playing a role can change without disrupting the BP.

Roles are context-sensitive, as they only exist and interact in a context. We follow Dey’s defini-
tion of context (Dey, 2001). A role-based BP model is, by nature, always context-sensitive. Con-
text must be modeled as it is obligatory for roles. Roles are context-aware as their behavior, and
their properties change if the context differs. Therefore, a role-based BP model can provide guide-
lines for creating context-aware systems, especially using role-based programming languages
(Kiihn, 2017).

The business process modeling challenges can be solved using roles, but roles' applicability does
not end there. As explained in section 3, Roles are a common concept in different conceptual
models found in enterprises. All the different models like security, behavior, structure are needed
to understand an enterprise fully. Either an integrated or a non-integrated enterprise modeling
approach is chosen. The situation of non-integrated models in enterprises is depicted in figure 2.
Each model has its connections and associations to other model concepts. Behavior models de-
scribe which data needs to be accessed. Security models describe which data can be accessed by
whom, but not in which context. The models are consistent by themselves but not integrated (Ver-
nadat, 2020). Knowledge is lost in translating concepts between the different models, and change
in one model results in more changes in other models. A change in the behavior model must be
communicated to security and data structure and implemented respectively. Additional coordina-
tion between data structure and security might be needed to ensure the behavior change is fully
implemented. The changes in data structure might require new security changes. Suppose more
conceptual models are taken into account. In that case, each change in one model increases the
system's complexity as a whole until the interconnections between the models become less ap-

parent.

We follow the idea of Drouot & Champeau (2019) and Werner et al. (2018) that roles should be
used consistently in each model and provide the common concept needed for better integration.
Figure 3 depicts such an integrated role-based approach, where roles are found in each model.
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Role-based access control for security, role data and structure models like BROS for structure and
role process models for behavior. Changes in one model will not result in a manifold of changes
in other models. Instead, only the role is changed without increasing the overall complexity of the

system.
Behavior Datastructure Behavior Datastructure
—
- = e N O 0
—_— = =8
—
— 0 = D
Security
Security
Figure 2: Connection between conceptual models Figure 3: Roles as a common concept in

different conceptual models

5 The Role-based Business Process Model and Notation

Designing a solution to the three challenges of business process modeling is the goal of this work.
Roles, as a proposed solution for each challenge, are a promising approach. Therefore, based on
these findings, we developed a role-based BPMN extension called RBPMN (= Role-based Busi-
ness Process Model and Notation). We based the design artifact’s development (a language ex-

tension) on the design science method (Hevner, 2007).

We have presented three of the main challenges that BP modeling faces today. RBPMN is built
on ideas and approaches that researchers have presented (Caetano et al., 2005; Meertens et al.,
2010; Saidani & Nurcan, 2006; von Rosing et al., 2017). To ensure the application of role-based
approaches, we decided to extend the BP modeling language BPMN, which is already established
in businesses and research (Geiger et al.,, 2018), instead of developing another language.
RBPMN’s role features realization is analyzed, and a first demonstration of the artifact is pre-

sented in an example.

RBPMN can express system requirements for adaptable, context-aware, and maintainable sys-
tems. An RBPMN model serves as a construction plan for the development of adaptable and
maintainable software systems. RBPMN is a role-based extension of the BPMN language that
allows incorporating the multitude of performers, separation of duty, increases model reuse, and
offers help in the system implementation by providing an integrated approach of behavior and
structural modeling.
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5.1 BPMN Extension Mechanism

BPMN2.0 provides an extension mechanism by addition to add non-standard elements or arti-
facts. The extended BPMN diagram should look like a BPMN element, so that knowledge about
BPMN should be sufficient to understand the extended BPMN diagram. The BPMN Core flow
elements (Events, Activities, and Gateways) must not be changed. A BPMN extension is compli-
ant with the extension mechanism if it follows specified principles (OMG, 2011). 1. The extension
must not change the shape of a graphical element or marker. 2. The line style of a graphical ele-
ment must not be changed to conflict with any other element. 3. An added shape must not conflict
with any other BPMN element or marker. 4. The added graphical element or marker is either used

to highlight a specific attribute of a BPMN element or represent a new subtype.

Figure 4 shows how the RBPMN elements have been integrated into BPMN. Figure 4 does not
show all BPMN elements. Elements that do not have a relation to RBPMN elements were there-

Role Exclusive Role Condition Role Inheritance Role Prohibition

Connecting

Gateway —‘|7 Object
BPMN Model Q

1

Pool Artefact Activity Event

1 1

Task Intermediate

Role

| Role Start Throw| | Role Start Catch
Location Role (—{>| Passive Role Active Role (Lane;
Sg)fg‘éaée '”St)fytigfr?t Cyber Physical Human
partori Bortoio Performer Performer

Figure 4: RBPMN Extension element relationships to BPMN elements

fore excluded from the figure. The new elements and how these elements are associated with each
other and existing BPMN elements are highlighted by color. All but one added element (Per-
former) are subtypes of existing elements. The performer element highlights a specific attribute.
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The existence of roles requires pool and performer. Activities and connecting objects are related
to the role, not the performer. An activity is always related to a role, and a role can have multiple
activities. The new elements are not in conflict with the existing BPMN elements described in

detail in the subsequent chapters.

5.2 Composition of Roles in a Business Process

In BPMN, a pool or swimlane represents the responsibilities of activities. It is up to the modeler
to decide what the lane represents (role, participant, system, department, enterprise) (OMG,
2011). This leads to confusion when models are interchanged or read by people with a different
concept in mind when talking about lanes. Organizations, participants, or systems can play roles.
Humans, physical entities, software, and intelligent systems, to name some examples, can play
active and passive roles. For humans, it could be a physician (active) or a patient (passive) in the
context of an examination. The OMG (2011) specified systems as candidates for the swimlane,
and, therefore, systems are possible performers for an active role in RBPMN. When it is briefly
used as support in a BP for a single activity or the activity does not require Al, such as a simple,
repetitive activity, it is specified as a passive role. Intelligent systems perform multiple complex
activities. With Al tools, the intelligent system can self-adapt and change its behavior based on
context information (Koehler, 2018). We consider these as potential performers for both active
and passive roles. The data object and data store remain and are used the same way they were

used before. They now describe the role played by the performer of the data object or data store.
5.2.1 Active Roles

We propose to define active roles as what is expressed as a swimlane in BPMN. The expressive-
ness is maintained, and the meaning of the swimlanes is exact. However, swimlanes themselves
are not enough to express binding or separation of duties or resource assignment constraints for
non-human performers (Bera et al., 2018; Cabanillas et al., 2015). Active roles allow the integra-
tion of deep roles, which means that a role can play a role instead of a performer playing a role.
The BPMN element subprocess links two processes in a hierarchical order. Subprocesses restrict
the number of participants in it to the swimlane it is modeled in the superprocess. Deep roles

allow the inclusion of more roles and separate concerns in the subprocess itself.
5.2.2 Passive Roles

Not every role in BP performs activities. Nonetheless, the entities playing the specified roles are
necessary to achieve the business goal of BP. We define these roles as “passive roles”. Performers
of passive roles can express more than the BPMN artefacts data object or data store. Any business
object could potentially play a passive role. A unique passive role is the location role for BPs,
where the location is mandatory to achieve the business goal, which is explained in detail later.



The Role-based Business Process Model and Notation 10

5.3 Connector Elements

The existing connector elements are insufficient to express role prohibition between active roles
and to ensure compliance. The separation of responsibility is not expressible. Furthermore, inher-

itance between passive roles and the conditional existence of roles cannot be expressed.
5.3.1 Role Prohibition

As its name suggests, the role prohibition connector prohibits two active roles from being played
by the same performer in an instance. The connected roles are mutually exclusive. For passive

roles, we propose using different shades to express that different performers must play these roles.
5.3.2 Role Inheritance

There are two types of inheritance, one for each role-type. The BPMN2.0 Element subswimlane
expresses inheritance for active roles. A subrole contains the properties and behavior of the role
it is located in and extends these further. Inheritance for passive roles, which were newly intro-
duced in this work or data objects in general, cannot be expressed in BPMN. Only Activity, Event,
and Sequence Flow are the elements that can work as a source or target of a data association, but
there is no inheritance between passive roles. To solve this problem, we propose a new connector.
The role inheritance connector expresses that the performer previously playing the supertype role

is now playing the inherited role. This also allows for the modeling of evolution during a BP.
5.3.3 Role Condition

The role condition provides that event A or activity A must have happened for role B to exist. If

the activity is obsolete in the process instance, so is the role in this instance.

5.4 Location Role

The location role is a unique passive role. It can span over multiple pools within a pool over
multiple activities of different roles or only over a single task of a single role. It is used to express
that the activities included must happen in the same specified location. A location performer can
be a laboratory, a pure air room, an IT system, and more. There can be multiple location roles in
a BP, which allows for the modeling of different contexts. For example, a conference can be held
online, offline, or hybrid, with only some audience being physically present. The location role
performer can change, and the role can be played by a physical and a virtual performer. This
allows for adapting to different situations more quickly.

5.5 Role Start Event

A role-start-catch and a role-start-throwing event are added. These events are used to express
that a performer acquires another role without abandoning the role it currently plays.
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5.6 Gateways

A role exclusive gateway expresses if splitting the sequence flow that different performers must
play the roles in the split paths. The necessity becomes apparent in the following situation. De-
pending on the path followed, a customer (role) is either played by a company or a person (per-
former). Gateways in BPMN always provide a splitting and a merging ability. When a role ex-
clusive gateway is used to merge sequence flows of multiple roles simultaneously played by a

single performer, the performer keeps one role after the merge and abandons all other roles.

5.7 RBPMN Syntax

The concrete syntax to express the introduced elements is shown in Table 1. The use of icons for
passive roles is proposed to distinguish between different performer types. The table is not ex-
haustive, as there are more performer types. To denote that the same performer must play different
roles, we propose the use of patterning. Patterning is a tool of expressiveness that is not fully used
in BPMN. It is allowing entities to be seen in conjunction or separation (Kummer et al., 2016).

The use of color instead of patterning is possible, but not always necessarily the best choice and

depends on the domain analyst and developer [33].

Table 1: RBPMN Extension Elements

Element

Expression

Symbol

Passive Role
(Human Performer)

An additional human performer is required for the
activity

Passive Role
(Software System
Performer)

A software system is required for the activity

Passive Role
(Intelligent System
Performer)

An intelligent system is required for the activity

Passive Role
(Cyber-Physical
Performer)

A cyber-physical object is required for the activity

Location Role

Activities must happen in the same location (e.g.,
room, information system)

Active Role
Prohibition

The same performer cannot play Role A and Role B.
(Role Prohibition)

Passive Role
Inheritance

Role A is a generalization of Role B

Role Condition

Activity A (source) must have been executed for
Role B (target) to exist

Role Start Throwing
Event

Event signaling that a performer acquired another
role to play simultaneously

Role Start Catching
Event

Event signaling the role the performer acquired

Role Exclusive
Gateway

When splitting the sequence flow, the possible flows
cannot be performed by the same performer. When
merging paths, a performer playing more than one
role must abandon all but one role after the gateway.
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5.8 Process Role Hierarchy

The BPMN specification provides no guidelines for a good modeling style. Practitioners have,
therefore, taken the lead in developing style guides for good modeling practice. Enterprises offer-
ing BPMN solutions like Camunda and Signavio provide their modeling guidelines in the form
of model best practices (BPMN-Richtlinien | BPMN modeling guidelines, o. ].). One particular
modeling style, “process hierarchy”, must be readdressed if roles are involved. BPMN is used to
model processes on the management and operative level. Management level processes often con-
tain subprocesses of the operative level, which in turn can again contain subprocesses. A pool or
lane that contains a subprocess must be modeled in the subprocess itself and must not be changed.
RBPMN modeling style guidelines make an addition at this point. While active roles and pools
must not be changed in subprocesses according to BPMN modeling guidelines, new passive roles
can be added to subprocesses in RBPMN.

6 Role-Feature Integration

The need for a role-based business process modeling language has been presented in section 2.
The choice for a BPMN extension instead of a newly developed BPML was presented in section
4. The newly developed RBPMN adheres to the BPMN extension mechanism (compare figure 2)
as no BPMN element has been changed. The added elements can, therefore, be integrated into
existing BPMN modeling solutions. Steimann (2000) and Kiihn (2017) found in total 27 role
features. A fundamental addition of Kiihn (2017) to the role features is Compartments. The term
Compartment was introduced in Kiihn et al. (2014) to summarize the terms Environments, Insti-
tutions, Teams, and Ensembles, which were all used to describe context without using the term
context. Kiihn et al. (2014) defined Compartment as an: “objectified collaboration with a limited
number of participating roles and a fixed scope” (Kiihn et al., 2014, p. 146). If compared to the
pool element of BPMN, we find similarities between both concepts. A pool acts as the container
for lanes, and the sequence flows between activities. The sequence flows cannot cross the bound-
aries of a pool (OMG, 2011). A pool represents an internal process of a process participant ex-
pressing the specified participant’s internal business objective. The modeler limits the number of
participating active and passive roles in a pool. The scope of the sequence flow in a pool is fixed.
The high similarity of BPMN's concept pool and compartment of role-orientation leads us to in-

terpret pools as compartments.

The RBPMN was designed with the idea to realize these features in the industry-standard BPMN.
Not all the role features apply to the model level (M1). Some are only applicable to the runtime
level (M0). RBPMN’s realization or not realization of the role features that apply to the model
level is described in detail in table 3. For better understanding within the context of BPMN mod-
eling, we decided to rename the terms object and compartment in Table 2 to performer and pool
in table 3.
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Table 2: Friedrich Steimann’s 15 and Thomas Kiihn’s 12 additional classifying features extracted from

(Kiihn, 2017)

1. Roles have properties and behaviors (M1, M0O)
2. Roles depend on relationships M1)
3. Objects may play different roles simultaneously (M1, M0O)
4. Objects may play the same role (type) several times (MO0)
5. Objects may acquire and abandon roles dynamically (MO0)
6. The sequence of role acquisition and removal may be restricted (M1, M0)
7. Unrelated objects can play the same role (M1)
8. Roles can play roles (M1, M0)
9. Roles can be transferred between objects (M0)
10. The state of an object can be role-specific (MO0)
11. Features of an object can be role-specific M1)
12. Roles restrict access (MO0)
13. Different roles may share structure and behavior M1)
14. An object and its roles share identity (MO0)
15. An object and its roles have different identities (MO0)
16. Relationships between roles can be constrained M1)
17. There may be constraints between relationships M1)
18. Roles can be grouped and constrained together M1)
19. Roles depend on compartments (M1, M0)
20. Compartments have properties and behaviors (M1, MO)
21. A role can be part of several compartments (M1, MO)
22. Compartments may play roles like objects (M1, MO)
23. Compartments may play roles which are part of themselves (M1, MO)
24. Compartments can contain other compartments (M1, MO)
25. Different compartments may share structure and behavior M1)
26. Compartments have their own identity (M0)
27. The number of roles occurring in a compartment can be constrained M1)

Table 3: Role feature realization in RBPMN

Realization:  Fully . Partially ﬂ Not realized D Only instance-level @

Role Realization

Feature

1 RBPMN was designed to integrate structure and behavior using roles. The behavior of a
role is modeled by the activities associated with the role, and the properties are expressed [ ]
inside the role like BPMN.

2 No process in RBPMN exists without at least two roles that interact with each other. A ]
role’s existence depends on the possibility to interact with another role.

3 Performer and role are in a m:n relationship. Performers can play different roles in the
process simultaneously. There are two ways to model that a performer of an active role
plays another active role simultaneously. One is the use of subroles if the roles share | [}
structure. The other is the use of the role start event. Passive roles that are played simul-
taneously are modeled using the same shading without a role inheritance connection.

4 Not applicable to model level (%)

5 Not applicable to model level 0]

6 The sequence of role acquisition and removal follows the sequence flow. There is no [ 4]
additional restriction.

7 Passive role performers can play the same role without being related to each other. [ ]
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8 The BPMN 2.0 standard provides this possibility for active roles using subswimlanes.
RBPMN, as an extension of BPMN, realizes this feature by nature. The role inheritance
connector expresses a passive role playing another passive role.

9 Not applicable to model level

10 Not applicable to model level

11 The features of a performer are specific to the role it plays.

12 Not applicable to model level

13 Behavior is expressed as the sum of activities, associations, and relationships a role has.
There is no restriction on two roles sharing the same behavior.

14 Not applicable to model level

15 Not applicable to model level

16 The relationship between roles depends on the modeled sequence flow and associations.
There is no additional constraint element

17 The relationships are constrained at design time.

18 Roles are grouped within their pool.

19 Roles are only modeled within pools; thus, their dependence on pools is given by design.

20 The pool’s properties and behavior is the sum of all activities and associations modeled
within the pool.

21 Active roles cannot be expressed as part of several pools in RBPMN. Passive roles used

in several pools are modeled outside of pools and connected with the data association to
the respective pools.

22 Pools can play active roles like performers, but not passive roles. A collapsed pool plays
a role like a performer
23 Pools can be modeled as roles within themselves under certain conditions over multiple

connected models. The activity subprocess modeled in an active role connects two mod-
els in hierarchical order. The pool in model 1, where the subprocess activity A is mod-
eled, can play a role in the subprocess model 2.

24 Pools can be modeled within a pool in the BPMN2.0. Pools can contain pools in
RBPMN.
25 Only pools within the expanded pool can be modeled to share structure and behavior.

The BPMN modeling guidelines suggested having only one white box pool, and pools
outside of it are modeled as black boxes; thus, their behavior is not modeled. While
different pools can share structure and behavior, it is typically not modeled outside of an

8 B N B O eEEOO B |oNs= R

expanded pool.
26 Not applicable to model level %]
27 The number of roles occurring in a pool is defined at design time. There is no additional u

constraint expressible.

Most role-features that apply to the model level are realized in RBPMN. Some tradeoff between
role-features and BPMN extensibility must be made. One development goal of RBPMN was to
adhere to the BPMN extension mechanism. Thus, the tradeoff decisions were made one-sided in
favor of achieving a standardized BPMN extension instead of achieving full role-feature cover-
age. We find that some role-features were already introduced in BPMN, which might not have

been intentional.

7 Modeling Case Study

The following figure 3 presents a simplified paper submission process modeled with RBPMN.
The BP model in figure 3 is an extended version of the BP model presented in (Kirchberg et al.,
2009). The BP starts with the “Call for Papers” (CfP) and has multiple possible endings. In the
best-case scenario, the paper is submitted, reviewed, reworked, and funding is obtained to partic-
ipate in the conference, thus ending the BP. Other endings are possible, like the researcher not
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being interested in the CfP, a rejection decision from the reviewers, or no funding is obtained.
The active roles are Researcher, Reviewer, Track Chair, and Author with three subroles Author
with Submission, Author with Review, and Author of accepted Paper. The passive roles are RPA
(played by an intelligent system performer) and Draft with the three subroles Submitted Paper,
Paper with Review, and Accepted Paper.

It is often the case that authors with a submission are asked to review other submissions. There-
fore, the performer of the role author can play the role of reviewer or track chair, but the performer
of the role author cannot play reviewer for their paper. This rule is specified externally, but not in
the BP instance itself in traditional BPMN (OMG, 2011). Role-prohibition expresses this rule in
the BP model. It is found between reviewer and author. Subroles inherit the properties of their
parent roles. The three subroles of author are also mutually exclusive to the reviewer in a BP
instance.

The passive roles in the example are not all mutually exclusive. The intelligent system performer
plays the passive role of Robotics Process Automation (RPA) and performs a plagiarism check
supporting the Track Chair. RPA is currently used for repetitive work, mimicking humans (van
der Aalst et al., 2018). The role RPA starts existing if a paper is submitted, shown by the role
condition.

It is expressed that the same data performer plays four different roles “Draft”, “Submitted Paper”,
“Paper with Review”, and “Accepted Paper” in RBPMN by using the same pattern. In standard
BPMN, there would be one data object to represent the paper with connections to many different
activities and each active role. This can lead to confusion about the state of the performer “Paper”.
Therefore, a separation of the state and the performer is necessary. This can be solved using Roles.
The concrete syntax shows the passive role (“Draft”) as written in the performer symbol (Data
Object). The same pattern is used for all passive roles of the same performer. This expresses that

the same performer must play these four roles.

The passive role Submitted Paper is different from Draft by being blinded and having a submis-
sion ID but inherits the content of Draft. The Paper with Review role inherits the Submission ID
and has added reviews. The Accepted Paper role has the Authors, Acknowledgements, and the
final layout. The passive roles inherit information and characteristics from the other passive roles,

and this inheritance is shown using the role-inheritance.

The location role spans over multiple activities and roles. The submission and review activity
must happen in a single system to ensure that role-prohibition is being upheld. In the example,
the location role is an intelligent system, given that a RPA role exists in it. Some activities are
performed outside the location role like “obtain funding”.

The example shows that the BPMN language is not inherently changed. The added elements fit
comfortably and are clearing up the confusion. The variety of performers (active and passive) is
taken care of. The adaptability is increased. The context-awareness is provided by understanding
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that the role-prohibition is only set for a single BP instance. The performer playing the role author

can still play reviewer, but the separation of duty is maintained.
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Figure 5: RBPMN-Model Paper-Submission-Process
8 Discussion

The challenges mentioned in section three are addressed in other research streams as well. There-

fore, RBPMN is put into perspective to approaches from these streams.

One research stream is aspect-orientation. Aspect-orientation was introduced to target insufficien-
cies of object-oriented programming. The three core concepts are join points, pointcuts, and ad-
vice. Join points represent execution points of a program that can be selected individually and as
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a set using pointcuts. The advice is several join points interacting and depending on one an-
other. Aspect as the core element of aspect-orientation is a set of several pointcuts and advice. It
was introduced into BPMN with the extension AO4BPMN to target the separation of concerns
over multiple BPs as one of the BP modeling challenges (Charfi et al., 2010). A BP is not inde-
pendent of other BPs, and the same or similar tasks can be found in different BPs. The following
example explains the necessity of the separation of concerns. A compliance task in BP “Model
A” could be different from a compliance task in BP “Model B” but is addressed in both models
as “check compliance”. To express that compliance tasks are the same, AO4BPMN uses BPMN
activities and events to model join points. Pointcuts are introduced as a new graphic element in
the form of Data Objects with an associated annotation “pointcut”. The advice is modeled as a
BPMN subprocess with a text annotation “Advice”. Aspects are modeled using Pools and Swim-
lanes with the text annotation “aspect”. AO4BPMN was improved to AOBPMN, AO-BPM, and
AO-BPM2.0 (Carvalho et al., 2018). The latest improvement, AO-BPM?2.0, splits BP and con-
cern. The total number of elements needed to model a BP increases resulting in a more complex
model. All improvements so far did not conform to the BPMN Metamodel, as stated in a recent

Systematic Literature Review (Zarour et al., 2019).

Another research stream is subject-orientation, which originated from the distributed software
field. The subject is the key concept that is modeled. It represents a BP related functionality, while
the actor is the instance of it. This results in a better modeling concept for communications and
parallel activities if more than one subject is involved. Any BP involving more than one subject
is suited for it. Collaborations are by nature multi-actor systems and can, therefore, be modeled
subject-oriented. The BP modeling language S-BPM was introduced to express Subject-Orienta-
tion. It can be mapped to the industry-standard BPMN and vice versa, but both lose some of their
representational strength (Singer, 2019).

C-BPMN is a BPMN extension that focuses on context-awareness and adaptability. C-BPMN
models create an additional level surrounding the BP model to incorporate adaptability by mod-

eling additional scenarios (Santra & Sankhayan, 2018).

RBPMN does not change the BPMN modeling language drastically. The added elements increase
the expressiveness of the BPMN. The research stream role-orientation benefits from the role-
based process modeling. We claim that RBPMN, together with role-based structural models, can
cope with enterprise transformation and future challenges. However, this remains to be shown in

our future research.

9 Conclusion

The presented RBPMN was designed to accommodate modeling challenges. RBPMN solves the
presented challenges: variety of performers, adaptability, and context-awareness. Roles are a
common concept in behavioral and structural modeling of systems applied in software develop-
ment. Roles offer a seamless, architecturally clean mechanism to introduce Al into BP models. A
role-based BP model based on RBPMN allows changes of performers (from human to Al) without
redesign of the BP. Roles are context-aware by their nature.
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RBPMN provides a new approach to derive and design software artifacts without changing the
BPMN modeling language. The new elements, active and passive roles, and the new connectors

prohibition, condition, conjunction, and inheritance are seamlessly integrated into BPMN.

We see two main contributions of our approach. The first being that the challenges listed in sec.
3 are solved. The variety of performers is considered by the variety of roles expressible (active
and passive roles). Responsibility is attached to the role, not the performer. Software developers
benefit significantly from RBPMN, especially in a role-based environment due to the adaptation
possibilities that roles offer. Software developers are supported in the implementation of future-
proof, context-aware systems. Software requirements in terms of relationships, interactions, and
security are more easily derived from a role-based model. The second contribution is the increased
mapping possibility from process and behavior modeling to structural modeling with roles as the
integrating concept. The target group of the RBPMN extension are both domain analysts and
software developers but for different reasons. As it has been presented in this paper, Roles are a
concept that is ubiquitous throughout the information technology domain. Roles, as a shared con-
cept in process modeling (RBPMN), structural modeling (BROS) (Schén et al., 2019), software
development (CROM and SCROLL) (Kiihn, 2017), and security (RBAC) (Ferraiolo & Kuhn,
1992), reduce the information loss during translation of one field to another. Domain analysts can
thereby express unique information using roles without increasing the complexity of the model.
Because RBPMN adheres to the BPMN extension mechanism other BPMN extension mechanism
conform extensions such as extensions for the healthcare domain can be included in RBPMN.
The holistic role-based approach has not reached its full potential. The full potential of RBPMN
can be achieved in a role-based environment. In future work, the RBPMN must be validated in

terms of applicability, usefulness, and maintainability of the resulting software artifacts.
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