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Abstract

Supporting process executions via software systems is a key concern of the Business Process Management field.
With increasing digitization and technological advances, the potential scope of this support shifted and extended,
from simply orchestrating tasks following pre-defined routines toward providing comprehensive decision support.
However, modern intelligent process support approaches suffer from scattered knowledge bases and black-box
technologies, leading to intransparent, hard-to-adapt automated decision making. Knowledge graph technologies
appear promising to address this gap. These enriched graph representations of the real world allow for integrative
encoding of knowledge of different dimensions and performing explainable reasoning thereupon. However, their
usage as key driver for business process management systems has not yet been investigated. In this doctoral
project, we will investigate the usefulness of knowledge graph technologies for Business Process Management
Systems (BPMSs), and design and implement a reference architecture for knowledge-graph-based BPMSs. This
research proposal outlines the potentials for using Knowledge Graph technologies for the design of an explainable,
deep-knowledge-driven Business Process Management System, provides an overview of existing work, and
presents a research outline and the current progress therein.
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1. Introduction

A key part of the Business Process Management (BPM) field is the support of business process design
and execution using dedicated software systems. These Business Process Management Systems (BPMSs)
support organizations by providing process modeling and monitoring capabilities, as well as orchestrat-
ing their execution by determining, prioritizing, and assigning tasks, managing handovers between
them, and detecting and escalating business errors [1, 2]. With an increasing digitization of processes
and technological advances, particularly in the umbrella field of Artificial Intelligence (Al), the scope
and applicability of these systems have been steadily widening. A shift in focus, from simply orches-
trating tasks to providing comprehensive decision support hat been observed [3, 4]. Recent visions of
Al-augmented business process management systems (ABPMS) promise smarter, more autonomous,
and more adaptive orchestration. Among other things, this promises to extend software support to
Knowledge-intensive Processes (KiP) — processes that are driven by expert decisions based on domain
knowledge, exhibiting high variability and need for flexibility [2, 5, 3].

To realize this vision, Knowledge Graph (KG) technologies have been identified as a potential key
component [5, 6, 7]. Knowledge Graphs can be defined as data graphs that represent entities and their
relations in a domain of interest, and are extended by context in the form of ontologies, metadata, and
more [8]. Associated with this notion are a field of research and a toolbox of methods and technologies,
concerned with the elicitation of domain knowledge, its encoding into graphs, and (software-driven)
reasoning thereupon [8].

Using knowledge graph technologies for business processes can be motivated from multiple angles.
Our motivation is mainly based, first, on the ability of KGs to encode and consequently integrate
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knowledge of different process perspectives, notably including domain-specific concepts that do not
fall under any common BPM category. This enables a unified management, retrieval, and processing of
the knowledge from these different perspectives. Second, the ability of knowledge graph reasoning
methods to jointly consider that knowledge and provide comprehensive explanations [8]. These two
capabilities address two key gaps in state-of-the-art process support systems, namely the limiting focus
on knowledge about activities and their relations, and the lack of explainability for decisions made by
current intelligent (neural-net-based) approaches, resulting from this lack of semantic underpinning
and the black-box nature of the employed technologies [9].

To realize these potentials, changes to all phases of the interaction with classical BPMS can be
made: For instance, (i) the knowledge stored needs to be extended and shifted from non-uniform
separated representations of activities, goal, organization etc. to a unified process knowledge graph,
(ii) process modeling needs to be extended to more general process knowledge elicitation, and (iii)
strictly following process models or black-box decision making on a shallow knowledge base needs
to be shifted to process-knowledge-graph-based explainable reasoning. We refer to such systems as
Knowledge-graph-based BPMS (KG-BPMS).

While the potentials of KG-BPMS have been hinted at in previous works (s.a.), the concept has not
been investigated in depth so far. Investigating the realization of KG-BPMSs can shed light on their true
potentials and provide a puzzle piece for advancing the design of ABPMSs. Consequently, this doctoral
project aims to investigate the following overarching questions:

RQ1: How can a business process management system be designed that utilizes knowledge graphs as
primary process knowledge representation and associated technologies for process design and
execution?

RQ2: How do systems following the design perform? What are advantages and challenges of such a
design?

Using knowledge graphs as main process knowledge representation and associated technologies
as main driver for process design and execution potentially touches upon, and consequently affects,
most aspects of a BPMS. These different application potentials synergize, e.g., when using KGs as
main knowledge representation, KG-based reasoning can directly be applied without the need to first
translate the present knowledge. Thus, they can hardly be investigated in full isolation from each other.
Consequently, to adequately assess KG potentials for BPMSs, we plan to investigate a full cross-cut,
i.e., from domain knowledge to decision support. To structure our research, we break this cross-cut
down into several sub-problems to be tackled one after another, informed by the identified potentials
of KG-based BPMS and the common structure of BPMSs: (i) the encoding of process knowledge as
(knowledge) graph, (ii) its elicitation and import into said graph, and (iii) its utilization for process
support.

In the remainder of this proposal, we first outline the potentials for KG-BPMSs in more detail to
identify the subproblems of interest, outline relevant existing works, and finally present the resulting
work packages and research plan for this project and discuss challenges for the research design.

2. Potentials for Knowledge Graphs in Business Process Management
Systems

Rich Integrated Process Encoding A KG-BPMS can integrate the various dimensions of process
knowledge into one uniform data structure, a Process Knowledge Graph (PKG). These dimensions include
(i) common process elements, such as activities and decision points, and their relations (as usually
depicted in, e.g., BPMN or Declare process models), (ii) organizational structure, such as (human)
resources, their roles, permissions, and skills, and resource requirements on activities, (iii) goals and
constraints, often implicitly captured or expressed declaratively (cf. [3] for KiP modeling requirements).
Further, notably, a PKG can also integrate knowledge of and about domain-specific concepts that do not



fall under common classifications from the BPM field. For instance, in medical processes, knowledge
about diseases, drugs, symptoms, etc., and their relations is relevant for decision-making. In these cases,
connecting to and reusing existing domain-specific ontologies is promising (cf. [10, 11] for examples of
medical ontologies). This way, subsequent querying on and processing is able to consider a rich width
of process knowledge, that is encoded into one integrated structure.

In order to achieve this rich, integrated process encoding, an adequate format needs to be found
and respective ontologies (to be extended) engineered. Existing formalisms for the common process
knowledge dimensions can be reused here, e.g., for activity relations and execution history [12, 13], for
organizational knowledge [14], and for goals and constraints [15]. Further, ways to elicit the process
knowledge need to be investigated. Existing sources of process knowledge, such as human input, event
logs, textual process documentations, process models, regulatory documents, etc., as well as existing
methods, e.g., from the process mining and knowledge graph construction fields, appear promising
to be reused here. Challenges herein lie with transforming the different formats into graph form and
ensuring consistency with existing encoded knowledge. We want to highlight here the potential for
Large Language Models (LLMs) for translating textual process descriptions as well as for conversational
knowledge input and conflict resolution.

Explainable Prescriptive Process Support Having a process knowledge graph at the ready allows
applying KG-based knowledge retrieval and reasoning techniques on an integrated representation of
the different process knowledge dimensions. This yields several promises for the design of BPMSs. First,
to address requirements for designing ABPMSs (cf. [5]) and supporting KiPs (cf. [3]). KiP looseness
and variability can be realized by encoding relevant entities and constraints in one structure rather
than relying mainly on activity relationships, such as in BPMN or even Declare, allowing systems to
act more autonomously while considering a well-defined frame. When execution is inherently derived
from goals and constraints rather than routines, adaptation to unexpected events and errors becomes
easier. Process evolution is easier and more comprehensive, as changes only have to be made to the
relevant entities instead of solely to activity relationships.

Second, a KG-BPMS promises more comprehensive decision-making and prescriptive support. This
stems from the availability of explainable graph reasoning approaches (as opposed to black-box process
prediction models) that can utilize the width of process knowledge for their reasoning and recommen-
dations (as opposed to only providing, e.g., counterfactuals on attributes of an event log).

Finally, a KG-BPMS can support process participants and owners in providing insight about the
process(es) and their execution. Applying graph knowledge retrieval approaches, allows for explaining,
e.g., where the dependencies of two activities stem from, based on the background process knowledge
encoded in the PKG.

To achieve explainable prescriptive support first requires the adaptation of existing graph reasoning
approaches to inform a novel kind of process engine. Approaches need to be able to interpret the width
of process knowledge, while at the same time producing comprehensive explanations.

3. Related Work

Ontology-based Business Process Modeling One of the most important existing streams of BPM
for this project is the field of Ontology-based Business Process Modeling (OBPM), also called Semantic
Business Process Modeling (cp., e.g., [16]). OBPM encompasses approaches to extend classical process
models with instances of ontologies that represent additional background process knowledge, with
the explicit intent to make this knowledge usable for machines [17, 18]. Existing works already allow
expressing BPMN and execution traces as graphs [12, 13], enabling, e.g., checking compliance rules
on process models considering background knowledge [17, 16]. However, these works are limited to
reasoning at process design-time, and the major focus lies on integrating with existing process modeling
approaches rather than reasoning [18].



Knowledge-driven Process Execution Visions and Frameworks Further single key works stand
out to be mentioned because of their relevance for and/or similarity to this work: In their ABPMS
manifesto [5], leading figures of the BPM community introduce the concept and the promised capa-
bilities. These include framed autonomous execution and adaptation, continuous self-improvement,
and proactive explaining, partially motivating the KG-BPMS potentials presented in this proposal. The
paper names knowledge graphs as one technology to use for internal knowledge representation and
process framing in ABPMSs, without going into detail on how to realize such usage, thus providing a
perfect gap for our work.

Similar to our work, Beheshti et al. [7] propose a transformer-architecture-based approach for using a
process knowledge graph to dynamically determine process flow and perform next-activity-prescription.
While their work already provides proposals on how to build the graph (by crowdsourcing) and perform
reasoning on it (using a transformer architecture), it stays at a proposal level.

In [4], Kir and Erdogan present an intelligent BPM framework based on multi-agent systems, and,
notably, ontological modeling. They define different aspects to be modeled in the ontology, suggest
existing ontologies to be adopted, and propose to use graph rules for expressing preconditions and
effects of actions, i.e., activities, and for expressing process rules. While their work already gives insight
into what might be relevant aspects of process knowledge and proposes one method for reasoning on
process knowledge graphs (multi-agent systems), it does not contribute to explainable decision support
or give guidance on the elicitation of that knowledge.

To sum up, existing works already suggest and motivate using knowledge graphs for BPM, and
solutions for single problems have been proposed. However, there is a lack of an implemented, end-
to-end, knowledge-graph-based BPMS approach that integrates rich process knowledge and provides
explainable execution support.

4. Research Design & Current Progress

The intended main artifact of this research is a design of a knowledge-graph-based BPMS, intended to
give guidance on the usage of KGs for business process technologies and for evaluating potentials and
challenges. Consequently, as overarching method, we adopt a design-science research (DSR) approach,
as proposed, e.g., by Peffers et al. [19] or Hevner et al. [20]. The subchallenges raised in section 2
hereby serve to structure design iterations, each with their own (sub-)objectives and (sub-)evaluation,
feeding into the overall objectives and evaluation and contributing to the overall KG-BPMS design.
Consequently, we define the following work packages:

WP1: Base Architecture As a base and reference for future iteration, the first step in this project is
to develop a base architecture for KG-BPMSs and create a respective base prototype. So far, groundwork
has been done by identifying the potentials of the knowledge graph usage for BPMSs and generating
an initial overview of the dimensions of process knowledge. A respective paper presenting the general
vision has been accepted and presented at the AI4BPM workshop in fall 2024 [6]. A simplified draft for
a base architecture is further displayed in Fig. 1, showcasing the envisioned components and interaction
across system boundaries. The development and investigation of the base prototype is in progress, with
a rule-based approach for next-activity prediction as well as a base process knowledge ontology already
in place and a base version of knowledge elicitation yet to be developed.

WP2: Encoding of Process Knowledge An adequate graph format needs to be found and respective
ontologies engineered. Following guidelines from ontology-based process modeling [18], the goal of
this WP is to formalize an initial set of standard process concepts into a base process knowledge graph
design, which organizations can then extend. To this end, we started and will continue to scan and
relate the dimensions of process knowledge described in BPM literature. Rather than iterating, we plan
the insights from the subsequent work packages to continuously seep into this baseline, extending it as
necessary.
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Figure 1: Simplified draft architecture of a KG-BPMS

WP3: KG-based Process Execution Support Goal of this WP is to investigate the usage of knowl-
edge graph reasoning techniques for supporting process execution, especially focusing on the consider-
ation of process knowledge for system decisions and explanations. Specifically, we want to investigate
KGR for (i) next activity prescription and (ii) resource allocation. For this, we plan to transfer and adapt
techniques from Knowledge Graph Reasoning and integrate them with existing BPM paradigms. Multi-
ple DSR iterations of this work package can be done to improve performance or investigate different
avenues of application. A paper outlining a base approach for using a KG-BPMS for resource allocation
has been handed in for review as of writing this proposal.

WP4: Process Knowledge Elicitation Goal of this WP is to devise methods of “extracting” the
necessary knowledge to fill the process knowledge graph and allow for execution support. Again, we
plan to investigate multiple directions, namely (i) from textual process descriptions, for which we plan
to apply and adapt existing knowledge extraction methods, potentially based on LLMs, (ii) from event
logs and execution data, for which we plan to utilize existing process mining and graph rules mining
methods, and (iii) from process experts directly, for which we envision a conversational user interface.
So far, we have investigated existing graph rules mining methods. Initial insights, however, indicated
poor applicability, motivating the development of tailored solutions.

WP5: Overall evaluation All of the previous WPs contribute to and inform the design of a final
KG-BPMS and a prototypical implementation thereof. In a final step, we plan to evaluate this overall
artifact, ideally using a real-world industry case, strengthening overall validity by showing feasibility
and utility in organizational settings.

4.1. Research Challenges & Limitations

Due to the cross-cut nature of the planned research, a fine line has to be walked between trying to be
too general, which runs the risk of investigating every area too shallowly, and delving too deeply into
the single sub-problems, which runs the risk of the scope of the project becoming too large. To address
this challenge, we have structured the WPs as described above, focusing on one hand on finishing the
cross-cut before iterating on the same WP, and, on the other hand, investigating each sub-problem as its
own WP, to ensure sufficient depth. Further, the current research takes a strongly technology-centered
approach. However, in the same way our proposed changes affect BPMSs in many ways, they also
affect humans involved with the processes. Encoding the knowledge in the system and using it for
reasoning takes agency from the humans, who are thus far the main knowledge holders and decision
makers. This can lead to phenomena such as skill decay, depersonalization, and automation bias [21].
While the scope of this project is sufficiently loaded, this important gap motivates future work.
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