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Abstract. The spectrum of business processes can be divided into two
types: well-structured routine processes and agile processes with control
flow that evolves at run time. In a similar way, two different representa-
tional paradigms can be distinguished: procedural models and declarative
models which define rules that a process has to satisfy. Agile processes
can often be captured more easily using a declarative approach. While
in procedural languages the organisational perspective can be modelled
adequatly, in declarative languages, however, an adequate representa-
tion of organisational patterns is often still not possible. Agile processes,
however, need to explicitly integrate organisational coherencies due to
the importance of human decision-making. This paper presents a review
of declarative modeling languages, outlines missing aspects and suggests
research roadmaps for the future.
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1 Introduction

A well accepted method for structuring the activities carried out in an organ-
isation is business process management (BPM). BPM usually involves mod-
elling, executing and analysing business processes [1]. The spectrum of business
processes can be divided into two types [2]: well-structured routine processes
with exactly predescribed control flow and agile processes with control flow that
evolves at run time without being exactly predefined a priori. Agile processes
are common in healthcare where, e.g., patient diagnosis and treatment processes
require flexibility to cope with unanticipated circumstances. In a similar way,
two different representational paradigms can be distinguished: procedural mod-
els describe which activities can be executed next and declarative models define
execution constraints that the process has to satisfy. The more constraints are
added to the model, the less possible execution alternatives remain. As agile
processes may not be completely known a priori, they can often be captured
more easily using a declarative rather than a procedural modelling approach
[3–5].

Independent from a specific modeling paradigm different perspectives on a
process exist [6]. The organisational perspective, often also referred to as resource
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perspective deals with the definition and the allocation of human and non-human
resources to activities [1]. In procedural process modelling languages like BPMN
resource assignments can be expressed by extension languages with well-defined
semantics like, e.g., the Resource Assignment Language (RAL) [7]. Furthermore,
implementations like the YAWL system [8] provide rich support for the resource
perspective, too. Lately, with RALph [9] even a graphical notation for defining
human resource assignments in procedural process models with semantics defined
in RAL has been introduced.

Due to the importance of human decision-making and expert knowledge,
especially agile processes need to explicitly integrate the organisational perspec-
tive [5,10]. Unlike for procedural languages, however, the support of resource
management in current declarative process modelling languages is ambiguous.
While several studies of resource assignment approaches in procedural modelling
languages exist [7,9], an in-depth analysis of the representation of organisational
aspects in declarative process modelling languages is still missing. In this paper,
we fill this gap by studying capabilities and expressiveness of existing executable
declarative modelling languages and frameworks like Declare [3], the Declarative
Process Intermediate Language (DPIL) [11] or the new declarative modelling
standard Case Management Modelling and Notation (CMMN) [12] according to
the well-known Workflow Resource Patterns (WRPs) [13]. Therefore, the con-
tribution of this paper is a survey and comparison of modelling capabilities and
insufficiencies of existing declarative process modelling languages. As an outlook
we also suggest a solution approach to overcome existing issues.

The remainder of the paper is structured as follows: Sect. 2 describes the
criteria, the evaluation framework and a running example. In Sect. 3, we give
an in-depth analysis of the representation of the organisational perspective in
well-known declarative process modelling languages. The results and possible
solutions to the identified gaps are discussed in Sect. 4. Finally, Sect. 5 concludes
this work.

2 Evaluation Framework and Running Example

In this section, we specify the evaluation framework that we will use for the
analysis. Furthermore, we present a simplified example process to illustrate
issues.

2.1 Evaluation Criteria

The expressiveness of modelling languages is assessed according to the well-
known workflow resource patterns [13]. Specifically, we use the creation patterns,
as they are related to resource selection. The patterns include:

– Direct Allocation is the ability to specify at design time the identity of the
resource that will execute a task.

– Role-Based Allocation is the ability to specify at design time that a task can
only be executed by resources that correspond to a given role.
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– Organisational Allocation is the ability to offer or allocate activity instances
to resources based their organisational position and their relationship with
other resources.

– Separation of duties is the ability to specify that two tasks must be allocated
to different resources in a given process instance.

– Case Handling is the ability to allocate the activity instances within a given
process instance to the same resource.

– Retain Familiar is the ability to allocate an activity instance within a given
process instance to the same resource that performed a preceding activity
instance, when several resources are available to perform it. This pattern is
also known as binding of duties.

– Capability-Based Allocation is the ability to offer or allocate instances of an
activity to resources based on their specific capabilities.

– Deferred Allocation is the ability to defer specifying the identity of the
resource that will execute a task until run time.

– History-Based Allocation is the ability to offer or allocate activity instances
to resources based on their execution history.

Note that creation patterns Authorisation and Automatic Execution are not
on the list. The former is excluded since it is not related to the definition of con-
ditions for resource selection, and the latter since it is not related to the assign-
ment language and is inherently supported by all Business Process Management
Systems (BPMSs). Furthermore, we consider the direct allocation possible if a
role-based allocation is supported.

In agile processes human participants are the main drivers of process execu-
tion [14]. For actors in different organisational groups frequently different rules
apply. This results in different temporal dependencies between activities for dif-
ferent persons. In addition to resource assignment we also have to focus on
patterns that relate to the control flow and the organisational perspective at the
same time. These coherencies are called cross-perspective [15]. Cross-perspective
patterns can be found in different application areas, e.g., in cases where the
execution of certain process steps is bind to conditions only for certain actors.
Examples are: (i) while in general work results like, e.g., documents, do not need
to be checked before publication, the publication in case of trainees requires the
work results to be checked in advance and (ii) while students in higher semesters
can directly start lectures, new students need to complete a consulting dialogue
before.

2.2 Running Example

Throughout this paper, we will use the simplyfied business trip process in a
university as a running example. Some of the organisational patterns described
above can be easily demonstrated by means of this simple example. For carrying
out a business trip the applicant needs to fill out an application thats needs to
be approved afterwards. Furthermore, at some point a flight needs to booked.
Here, several organisational patterns can be identified:
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– Role-Based Allocation: in any case the application needs to be checked and
approved by an employee of the administration department.

– Retain Familar : the applicant himself knows circumstances and appointments
best. Therefore, the flight must be booked by the applicant himself.

– Cross-Perspective Pattern, Role-Based Sequence: professors can book flights
at any time and do not need to wait for the approval. Students, however, have
to stick to a certain execution order of activities, i.e., they need to wait for
the approval before a flight can be booked. Here, the control-flow is directly
influenced by organisational circumstances.

3 Analysis

In this section, we analyse the capabilities of declarative process modelling lan-
guages w.r.t. the organisational patterns described in Sect. 2, i.e., resource assign-
ment patterns as well as cross-perspective patterns. Our analysis comprises a
selection of five well-known declarative process modeling languages, i.e., Declare
[16], DCR-Graphs [17], CMMN [12], DPIL [11] and EM-BrA2CE [18]. To the
best of the authors knowledge this set contains the most recent executable and
system supported rule-based process modelling languages. Recently also hybrid
modelling approaches that combine procedural and declarative elements like,
e.g., BPMN-D [19] or a combination of petri net and Declare modelling ele-
ments [20] have been proposed. Since these approaches only focus on control
flow, organisational patterns are not yet part of the language specifications.
Therefore, these languages do not need to be considered in our analysis.

3.1 Declare

Declare is a framework for modelling and executing rule-based process mod-
els. The framework allows for the definition of rule templates and languages.
The most frequently used Declare languages are ConDec [16] and DecSerFlow
[21]. In order to execute a model it has to be transformed to an interpretable
formalism. Within Declare two formalisms have been used so far: linear tem-
poral logic (LTL) and the event calculus. Therefore, for each rule template the
formalized expression needs to be given. This way, process models can be trans-
lated into a validate and executable logical form. An example is the rule “in
order to perform b, a must have been performed before” that is frequently cap-
tured by the macro precedence(a, b). Additionally, Declare provides a graphical
representation of rules. The precedence macro, e.g., is visualized by an arrow
with a point. The transformation of the precedence macro to a LTL expres-
sion is given by (¬B)WA. The symbol W , e.g., states that ¬B has to hold
until A occurs. For execution the LTL formula is transformed to an automaton
[16]. The organisational perspective, however, is only rudimentary implemented
in Declare. Independently of specific models the Declare system allows for the
definition of simple organisational models, i.e., users and roles [16]. A defin-
ition of individual relations between organisational elements is not possible.
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During the specification of concrete models the user can assign one or more
roles to activities. At runtime, activities are then offered to users in the assigned
roles for execution. Hence, Declare only allows for the definition of a direct or
a role-based task allocation. More complex organisational patterns like, e.g.,
binding or separation of duties cannot be modelled and executed by Declare.
Declare only constrains the starts of activities and interrelates them temporally.
However, a rule as a whole may depend on arbitrary conditions including the
data context. The rule precedence(a, b) with the condition x < 3 claims that
a must have been performed before b can be started only if x < 3. However, a
coherency like “before publication the document of a student must be reviewed
by his supervisor” cannot be expressed in this way. Hence, Declare does not
support cross-perspective modelling.

Figure 1 visualizes the example process in Declare. The control flow can eas-
ily be captured by a precedence rule between the activities “apply for trip” and
“approve application”. However, roles and resources are not part of the graphical
notation but are defined in the Declare system. This way, “apply for trip” and
“book flight” can be carried out by all the defined resources while “approve appli-
cation” can only be performed by persons with role “administration”. The bind-
ing of duties between application and booking cannot be modelled in Declare.
Furthermore, it is not possible to combine the control flow and organisational cir-
cumstances, i.e., the fact that only students need to stick to a certain execution
order cannot be modelled.

Apply for 
trip

Approve 
application Book flight

Fig. 1. Agile example process modelled in Declare

3.2 DCR-Graphs

Dynamic Condition Response-Graphs (DCR-Graphs) [17] is a declarative process
modelling language similar to Declare. The graphical representation of events
and rules relates to Declare. However, the number of rule templates in DCR
graphs is considerably smaller than in Declare. Activities can only be connected
by rules of the types Condition, Response, Milestone, Inclusion and Exclusion.
Nevertheless, DCR graph models reach the same expressiveness as Declare. DCR
graph models are not relying on a LTL formalism but are directly interpreted
and executed based on a transformation to Buechi automatons. Like in Declare
the organisational perspective in DCR graphs is limited to the definition and
assignment of resources and roles [17]. Modeling of complex allocation rules
is currently not possible. Since only the rule types mentioned above can be
modelled between activities, cross-perspective relation are not supported, too.
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Therefore, the influence of organisational coherencies on the control flow cannot
be modelled in DCR graphs.

Figure 2 shows the example process in DCR graph notation. The temporal
dependency between “apply for trip” and “approve application” can be mod-
elled by a Condition rule that relates to a precedence rule in Declare. In con-
trast to Declare, role-based allocations are part of the graphical notation. Hence,
the model shows that applications need to be approved by resources with role
“administration”. The binding of duties between the application and the book-
ing as well as the cross-perspective temporal dependency between the approval
and the booking cannot be modelled with DCR graphs.

Administration

Apply for trip Approve 
application Book flight

Fig. 2. Agile example process modelled as DCR graph

3.3 Case Management Modeling and Notation (CMMN)

The Case Management Model and Notation (CMMN) [12] has been introduced
by the Object Management Group (OMG) in 2013 and is based on the Guard-
Stage-Milestone (GSM) model [22]. In CMMN a case is considered as an agile
process. A case is structured into stages and contains Tasks, i.e., activities and
CaseFileItems, i.e., data objects and documents. Rules are defined through so-
called Sentries that form a tripel comprising an event, a condition and an action.
If the specified event occurs and a certain condition is satisfied then the defined
action is triggered. Here, events can refer to transitions of data objects as well as
Tasks and Milestones. The condition of a Sentry, however, can only refer to data
objects. CMMN neglects the organisational perspective. The potential performer
of a human task can only be selected on the basis of a role and the perspective is
completely missing in the graphical representation of CMMN models (diagrams).
Therefore, only a direct and a role-based allocation pattern can be modelled in
CMMN. Cross-perspective modelling is limited in CMMN, too. Rules may only
depend on events of informational entities, i.e., case file items and activities and
may only constrain the entry and exit of activities. They may not, e.g., depend
on or constrain organisational aspects.

Figure 3 shows the example process in CMMN. The temporal dependency
between “apply for trip” and “approve application” is modelled by a dashed
arrow with a diamond (Sentry). Since CMMN only allows for the definition of
roles. Hence, it can be defined that the task “approve application” must be
performed by a person with role “administration”. However, this is not visu-
alized in the graphical notation. Furthermore, it is not possible to model the
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binding of duties. Since Sentries can only refer to Tasks and CaseFileItems,
cross-perspective coherencies like the one between “apply for trip” and “book
flight” cannot be modelled in CMMN.

Business trip

Apply for trip Approve 
application Book flight

Fig. 3. Agile example process modelled in CMMN

3.4 Declarative Process Intermediate Language (DPIL)

The textual Declarative Process Intermediate Language (DPIL) [11] is a multi-
perspective rule-based modeling language. It allows representing several business
process perspectives, namely, control flow, data and resources. The expressive-
ness of DPIL and its suitability for business process modelling have been eval-
uated [11] with respect to the Workflow Resource Patterns [13]. Some of the
elements of a DPIL process model undergo a life cycle composed of events that
is managed by the execution engine. A human task, e.g., can be started and com-
pleted while a data object can be read or written. Besides the static elements
like human tasks and data objects, a process model may specify rules constrain-
ing that series of events. It may, e.g., claim that some data object may only
be written after some task has been started. DPIL provides a textual notation
based on the use of macros to define reusable rules. For instance, the sequence
macro (sequence(a, b)) states that the existence of a start event of task b implies
the previous occurrence of a complete event of task a.

In order to express organisational relations, DPIL builds upon a generic
organisational meta model that has been described in [23] and is depicted in
Fig. 4a. It comprises the following elements: Identity represents agents that can
be directly assigned to activities, i.e., both human and non-human resources.
Group represents abstract agents that may describe several identities as a whole,
e.g., roles or groups. Relation represents the different relations (RelationType)
that may exist between these elements. It is suitable to define, e.g., that an
identity has a specific role, that a person is the boss of another person, or that
a person belongs to a certain department. Figure 4b illustrates an exemplary
organisational model of a university research group. It is composed of two roles
(Professor, Student) assigned to three people (SJ, SS, BR) and several relations
between them indicating who is supervised by whom. Based on the described
organisational meta model, DPIL allows for modelling basic, i.e., direct and
role-based allocation as well as more complex organisational patterns., i.e., sep-
aration and binding of duties as well as capability-based and organisational allo-
cation patterns. Since in DPIL it is not possible to specify relations that relate
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Fig. 4. Organisational meta model and example organisational model

to other process instances, the history-based allocation pattern cannot be mod-
elled. Rules in DPIL can relate do different perspectives at the same time. Hence,
cross-perspective modelling is unrestricted possible.

use group Administration

use group Student

use relationtype hasRole

sequence(a,b) iff start(of b at :t) implies complete(of a < t)

binding(a,b) iff start(of a by :p) and start(of b) implies start(of b by p)

role(t,r) iff start(of t by :p) implies

relation(subject p predicate hasRole object r)

roleSequence(a,b,r) iff start(of b by :i at :t) and

relation(subject i predicate hasRole object r)

implies complete(of a at < t)

process Business Trip {

task Apply for trip

task Approve application

task Book flight

ensure sequence(Apply for trip, Approve application)

ensure role(Approve application, Administration)

ensure binding(Apply for trip, Book flight)

ensure roleSequence(Approve application, Book flight, Student)

}

Fig. 5. Process for trip management modelled with DPIL

Figure 5 shows the example process modelled in DPIL. The first three lines
refer to roles and relation types of the organisational model. In the following
lines four different macros are defined, i.e., the macros sequence, binding, role
and roleSequence. The sequence macro relates to the precedence template of
Declare. The role macro defines a role-based task allocation. The binding macro
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defines the structure of a binding of duties pattern. The roleSequence finally
depicts a cross-perspective rule template, i.e., the start of activity b by an actor
in role r requires the completion of activity a before. The actual process model
starts with the definition of the three tasks. The temporal dependency between
application and approval is modelled by use of the sequence macro. The role-
based task sequence is modelled by instantiating the role macro. Furthermore,
the binding of duties between trip application and flight booking can be defined
by the usage of the binding macro. The fact that only students have to stick
to a certain execution order is modelled by using the roleSequence macro, i.e.,
booking a flight by a student implies the approval of the application before.

3.5 EM-BrA2CE

The EM-BrA2CE framework [18,24] supports declarative process modeling by
relying on a vocabulary based on the OMG Semantics for Business Vocabu-
lary and Business Rules (SBVR) specification. As the EM-BrA2CE vocabulary
extends the conceptual vocabularies of the SBVR, it supports the specification
of highly expressive statements, concerning business concepts and rules of the
organisation, the involved interacting agents and the events characterizing the
execution of the systems. The SBVR specification defines a structured, english
vocabulary for describing and verbalizing rules. For execution, the SBVR rules
are translated to event-condition-action (ECA) rules using templates. Therefore,
processes are effectively modelled using the ECA templates. The organisational
perspective in EM-BrA2CE implements the existing standard for Role-Based
Access Control (RBAC) patterns, i.e., it is possible to model seperation and
binding of duties as well as the case handling pattern. Since SBVR is used
as an ontology language, agents can be described with arbitrary relations and
attributes that rules can directly refer to [24]. Therefore, also capability-based
and organisational allocation patterns can be expressed. Like in DPIL, modeling
of history-based patterns is not possible in EM-BrA2CE. The following SBVR
rules depict the example process in EM-BrA2CE notation:

An approve application activity1 can only start after a apply for trip activity2
has completed.
An agent that has role administration can perform approve application activity.
It is necessary that an agent that has been assigned to an apply for trip activity
performs a book flight activity.
An agent that has role student can only perform an book flight activity1 after
a approve application activity2 has completed.

4 Discussion and Solution Approach

The results of the analysis are summarized in Table 1. The table highlights a
considerable discrepancy between the expressiveness of graphical and textual
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Table 1. Organisational patterns in declarative modelling languages

organisational Pattern Declare DCR CMMN DPIL EM-BrA2CE

Direct Allocation � � � � �
Role-based Allocation � � � � �
organisational Allocation - - - � �
Separation of Duties - - - � �
Case Handling - - - � �
Binding of Duties - - - � �
Capability-Based Allocation - - - � �
Deferred Allocation - - - � �
History-Based Allocation - - - - -

Organisation-Based Control Flow
(Cross-Perspective Rules)

- - - � �

Graphical Notation � � � - -

declarative process modelling languages. While the biggest part of organisational
patterns cannot be expressed in current graphical notations, the analysed tex-
tual languages offer rich support for modelling both complex resource assignment
patterns and cross-perspective coherencies. In DPIL and EM-BrA2CE, only the
instance spanning history-based allocation pattern cannot be expressed. How-
ever, the textual notations are generally more difficult to model and to under-
stand. It is widely accepted that visual notations can be beneficial for system
development [25]. Hence, a visual notation with well-defined semantics for declar-
atively modelling organisational aspects in an integrated way is convenient.

It is striking that the development of a new graphical notation is not essen-
tial. In order to bridge the gap, we propose to map an existing and well-evaluated
visual notation to one of the analysed textual process modelling notations. Here,
we consider the extended Compliance Rule Graphs (eCRG) [26] a appropriate
candidate notation. eCRG is a visual language for modeling compliance rules
that not only covers the control flow perspective, but provides integrated sup-
port for the resource perspective as well. Note, that eCRG is not an executable
declarative process modelling language but represents process compliance rules.
That is why the language is not considered in our analysis. In eCRG, however,
it is possible to graphically model cross-perspective patterns.

Figure 6 shows the different organisational patterns of the example process
depicted as a eCRG model. The binding of duties between trip application and
flight booking as well as the role-based allocation for the approval task can be
adequately modelled with eCRG and are visualized in Fig. 6a and b, respectively.
The role-based task sequence is modelled as a eCRG model in Fig. 6c. The eCRG
model states that whenever Book flight is performed by a Student then Approve
application must have been performed before. The concrete mapping of eCRG
to, e.g., DPIL should hence be up to future research.
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Apply for trip Book flight

=

(a) Binding of Duties

Approve 
application

Administration

(b) Role Alloc.

Approve 
application Book flight

Student

(c) Role-based Sequence

Fig. 6. Organisational patterns of the example process in eCRG

5 Conclusion

The work at hand presents an in-depth analysis of the support for the organisa-
tional perspective in existing declarative process modeling languages. We stud-
ied and outlined the capabilities and expressiveness of several well-known rule-
based modeling languages and frameworks according to well-defined criteria and
identified missing aspects. The results of our analysis show a considerable dis-
crepancy between the capabilities of graphical and textual notations. While the
biggest part of organisational patterns cannot be expressed in current graphical
notations, the analysed textual languages offer rich support for modelling both
complex resource assignment patterns and cross-perspective coherencies. With a
language like, e.g., DPIL almost every organisational coherency can be modelled,
however, it does not offer a graphical notation which is essential for a language
to be adequately usable for end users. In order to close the gap, we propose to
map an existing and well-evaluated visual notation to one of the analysed textual
process modelling notations. Here, we consider the extended Compliance Rule
Graphs (eCRG) notation as an adequate candidate. The concrete mapping of
eCRG to, e.g., DPIL should hence be up to future research.
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