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Introduction

« The digital transformation sweeping through society affects businesses and organizations
everywhere, resulting in an increased emphasis on business agility and automation.

« Business Processes (BPs) or workflows are a significant automation area forecast to grow to
$14.4B by 2025 [1]

« Each execution of such a process leaves a digital footprint of process-related events and the
timepoint of execution, typically contained in various log files across the various IT systems
(business, manufacturing, etc.) involved in an enterprise.

« BPs are a way for ordering the activities involved in and executed in an enterprise, be they
automated, semi-automated, or human-driven, and thus BPM is where much of the value
generated by an enterprise is achieved.

©2022 Roy Oberhauser | eKNOW22: "VR-ProcessMine: Immersive Process Mining Visualization and Analysis in Virtual Reality"



Process Mining Challenges & Motivation

Process Mining (PM) is a sub-field of data science specifically focused on analyzing event data
generated when (business) processes are executed [2].

Because PM relies on event logs of actual process executions, it is evidence- or fact-based.

PM analysis can provide essential insights for understanding and optimizing BP execution.

= When referring to processes we assume BPs to be a subset of the more abstract term and will use both
terms interchangeably.

= One process variant represents a set of process instances that resulted in the same sequence of events.
The Process Mining Manifesto [3] describes eleven challenges for PM. Two of these:
C10: Improving Usability for Non-experts
C11: Improving Understandability for Non-experts
are a primary motivation for our work

A secondary effect is to address
C9: Combining Process Mining with other Types of Analysis
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A VR Solution Approach to Process Mining

« Visualization remains a challenge when dealing with large data sets that involve relations and
different variation sets.

« As data and processes become more relevant to the digital enterprise and stakeholders more
digitally savvy, it is all the more relevant and challenging to
include non-expert enterprise stakeholders in process analysis.

« By leveraging Virtual Reality (VR), BP analysis can be made more accessible to a wider set of
stakeholders

Thus not just process modeling experts or specialists,
but also those directly involved in executing a BP or observing an automated BP
can view und gain insights to various issues regarding a BP of interest,
including viewing it in a digital context in combination with other relevant enterprise models.
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VR-ProcessMine Solution Concept in Relation to our other Solutions

VR-ProcessMine utilizes our generalized VR Modeling Framework (VR-MF) [5], which

provides a VR-based domain-independent hypermodeling framework, which addresses four

primary aspects that require special attention when modeling in VR:
= Visualization, navigation, interaction, and data retrieval.
VR-EA [5] provides specialized direct support and

mapping for EA models in VR, including both VR-MF 5
ArchiMate as well as BPMN via VR-BPMN [4]. Ve-£nrTok (K (£

VREAT " VR-EA
VR-EAT [6] extends this further with integration of | Visualization | fanee
EAtools for accessing dynamically generated L Enterprise ‘ Pr
diagrams and models from an EAtool in VR. — Views ) ('VR-BPMIN
XE! v
VR-EA+TCK extends these capabilities by | |

integrating further enterprise knowledge,

information, and content repositories such as a
Knowledge Managemement System (KMS)
and/or an Enterprise Content Management
System (ECMS).
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VR-ProcessMine Solution Concept Capabilities

o Log file import: event logs in different event log formats can be imported and processed;
o Muitiple analyses: multiple event logs can be loaded in order to compare them directly;

« 3D visualization: elements should be depicted in 3D to support an immersive observation
experience;

o Free element placement:. an individual analysis should be movable in VR space so that they can
be compared in locality with another analysis of interest;

o Hide/show analyses: to minimize visual clutter, analyses can be hidden and then seen again;
« Trace detection: relations between events should be clearly visible; and
« Colored hot spots: events are colored to indicate their relative frequency.
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VR-ProcessMine Solution Concept Aspects

¢ Visualization in VR
= Hyperplane groups processes of one type

= Separate vertical plates standing on a common hyperplane representing a single process variant or
instance

= Plates can be selected, moved, and compared with others of interest.
= The unlimited space in VR is leveraged for process instances and variants.

« Navigation in VR
= Besides flythrough, also teleporting offered to reduce likelihood of potential VR sickness symptoms

¢ Interaction in VR
= Since interaction with VR elements has not yet become standardized or intuitive, in our VR concept,
user-element interaction is handled primarily via the VR controllers and a virtual tablet.

= VR-Tablet provides detailed context-specific element information, and can provide a virtual keyboard for
text entry fields (via laser pointer key selection) when needed.

= Anchor affordance as ball on corner of hyperplane and plates can be used for moving or
collapsing/expanding it.

©2022 Roy Oberhauser | eKNOW22: "VR-ProcessMine: Immersive Process Mining Visualization and Analysis in Virtual Reality"



VR-ProcessMine Realization

Unity Data Hub
3D Environment Python

Laser Pointer
via Controller
3D Object Structure
Selection Visualization JSON pmapy

« Data Hub: backend for data processing and PM, and
the front end responsible for VR visualization

« Flask was used to provide REST APIs with JSON for
frontend integration.

‘Aschive Repai (1000)

o pmd4py (Process Mining for Python) [9] used to convert
imported log files into data objects and data frames. A DFG-based process map

« A Directly-Follows Graph (DFG) algorithm provides a xisuadlization reSl{” using Pf'tﬂ4PY-
summary of all process event transitions and variants node represents an event.

dh ft h iant ted A graph consists of a set of
and how often each process variant was executed. transitions between a set of nodes.
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VR-ProcessMine Realization: Hyperplane & Vertical Variant Plates

« Initial plate shows DFG with entire set of nodes and transition frequency.
o Each plate thereafter represents one process variant.
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VR-ProcessMine Realization: Node & Transition Activity
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o Edges are labeled with number of transitions

e Node color:

= The total number of input transitions to a node represent the total number of times that event occurred.
Thus, the higher this number, the higher the frequency.

= To represent this visually, a ten-step color scale was used to map the frequency between low activity (blue)
and high activity (red), analogous to mapping temperature
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VR-ProcessMine Realization: Variant Occurrence Frequency

« Process variant snippet showing occurence frequency of that variant
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VR-ProcessMine Realization: VR-Tablet
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« VR-Tablet showing scrollable variant list with a teleport option
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Evaluation

Based on case study focusing on three challenges identified in the Process Mining Manifesto
[PMM]

= C10: Improving Usability for Non-experts and

= C11: Improving Understandability for Non-experts.

= C9: Combining Process Mining with other Types of Analysis.

Part A: Improving Usability and Understandability for Non-experts
Part B: Combining PM with other Types of Analysis
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Evaluation: Part A: Improving Usability and Understandability for Non-experts

« All process variants displayed on a hyperplane
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Evaluation: Part A: Improving Usability and Understandability for Non-experts

« Anchor control for variant comparison or collapsing/expanding
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Evaluation: Part A: Improving Usability and Understandability for Non-experts

« Different processes can be displayed via different hyperplanes
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Evaluation: Part B: Combining PM with other Types of Analysis

VR-BPMN [4]: subprocesses (top) VR-EAT [6]:
and swimlanes (bottom) in VR. Enterprise hypermodeling and analysis in VR
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Conclusion

e Increasing digitalization in enterprises and organizations implies that the business and operational
processes executed will increasingly also become digitally accessible, offering a significant
opportunity.

e While current PM tools and techniques can provide valuable insights for optimizing (business)
processes, these benefits can be hindered when these possible insights are not readily made
accessible to a larger (non-expert) stakeholder set:
especially including those directly involved in performing these processes.

e VR-ProcessMine contributes an immersive solution concept for visualizing and interacting with PM
results in VR. Our realization shows its feasibility.

e The case study based evaluation provides insights into its capabilities towards addressing certain
challenges described in the Process Mining Manifesto
= In particular improving usability, understandability, and the potential to combine PM with other types of
analysis.

e Future work includes more comprehensive PM analyses, deeper integration with our enterprise
hypermodeling VR-EA-TCK and VR-BPMN solution concept, automatic filtering of process variants by
a node or transition of interest, collaboration support, and a comprehensive empirical study
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