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Abstract

Recent advances in video generation have unlocked new opportunities for sim-
ulating real-world activities. Yet, existing models often struggle to faithfully
represent structured, multi-step processes—such as those found in business work-
flows—resulting in temporally inconsistent or semantically incoherent outputs.

To address this gap, we propose Petri Net Structure-Driven Video Generation, an
approach that leverages formal process models to guide the generation of coherent
and semantically grounded video simulations. Specifically, we incorporate process-
aware structural information through: (i) domain-specific prompting enriched with
process semantics, (ii) storyboard construction using reference frames extracted
from real-world process evidence, and (iii) synthetic reference frames informed by
Petri Net structures.

We evaluate our method across multiple domains and show that grounding gener-
ation in process model structure improves temporal coherence, semantic fidelity,
and user-perceived realism. Our approach demonstrates how structured symbolic
representations can enhance generative video systems, opening new directions for
process-aware visual synthesis.

1 Introduction

Business process simulation (BPS) has long served as a tool for understanding, analyzing, and opti-
mizing organizational workflows [Mendling et al.,2013||. Developing simulation models manually is
a labor-intensive and error-prone process, filled with numerous challenges [Van Der Aalst| [2014].
To overcome these limitations, researchers have proposed a range of automated techniques that
extract process simulation models from historical event log data. These approaches include deep
learning—based methods [[Camargo et al., [2022]], quality evaluation frameworks [[Chapela-Campa
et al.| 2023, runtime integration strategies [Meneghello et al.l [2023]], and agent-based discovery
frameworks [Kirchdorfer et al., 2024]]. Traditional simulation techniques primarily focus on replay-
ing event logs [Van Der Aalst, 2014]]. However, the emergence of video generation models has
enabled the creation of realistic video simulations that not only replicate the sequence of events but
also provide lifelike scenarios that allow organizations to enhance decision-making and training
effectiveness [Saunders et al., 2018} |Gagliano| |1988].

Video generation is currently experiencing rapid growth in industry with its size projected to reach
USD 2.5 billion by 2032, with a compound annual growth rate (CAGR) of 19.5% [Fortune Business
Insights, [2025[]. Furthermore, recent research has shown how conceptual models can be transformed
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into multimodal outputs (images and audio) thereby paving the way for video-based business process
simulations by facilitating that state-of-the-art video generation models offer the fusion of textual
and visual cues during the video generation [Liu et al.| 2024].

Despite these advances, current video generation approaches often fall short in capturing the inherent
dynamics and structural complexity of business processes [Gavric et al} [2024d]. The gap lies in
their inability to reliably simulate the sequential nature of business workflows, which is important for
producing consistent and actionable videos. This research narrows the video generation task’s focus to
business process simulations, addressing the specific challenges: the lack of business process-aware
guidance in video generation, and the need for integrating actual process operational data to drive
the generation of consistent and realistic video simulations. This study seeks to answer the following
research questions (RQs):

* RQ1: Can a domain-knowledge-rich prompt, augmented with video generation instructions,
generate a useful video simulation of a business process?

* RQ2: Does the incorporation of process operational images as storyboard references, fol-
lowed by an interpolation mechanism, enhance the quality and consistency of the generated
video simulation?

* RQ3: Can guiding video generation through the explicit definition of process states and
transitions further improve the quality and consistency of the video simulation?

We propose a Petri Net structure-driven video generation approach that builds on the formalism
of discovered process models. In essence, the process model, comprised of places and transitions,
is played out to construct a storyboard. This storyboard is then used as a structured instruction
set to guide the video generation. The study employs a mixed-methods approach, integrating both
qualitative and quantitative evaluations, to assess the simulation accuracy and applicability of the
proposed approach.

The remainder of this paper is organized as follows. Section [2]reviews background for understanding
discovery of business process simulations and multimodal evidence integration within business
process management, in regard to the video generation. Section 3] describes our approach for the
development of video generation instructions from a straight-forward prompting to the proposed Petri
Net structure-driven video generation methodology. Section 4] presents the evaluation and its results.
Finally, Section [5|concludes the paper.

2 Background

This work bridges structure-driven text-to-video diffusion, business process simulation (BPS) dis-
covery, and multimodal business process management (BPM); we provided an extended survey in
Appendix [A] Structure-aware video generators use pose/depth/layout and graph cues to improve
temporal and interaction fidelity [Wang et al., 2023allb, [Li et al.,[2021} |Zhou et al., 2023|Zheng et al.}
2023]], with evaluation moving beyond aesthetics to structure-consistency metrics [Huang et al., 2024,
Han et al, 2025]. BPS discovery spans control-flow-first and resource-first (agent-based) paradigms,
with learning-based accuracy benchmarks and work on trust and context [Rozinat et al., 2009] Kirch-
dorfer et al., 2024, |Camargo et al.| 2022, |Chapela-Campa et al., [2023]]. In BPM, large video models
and LLM prompting enable process visualization and analysis from multimodal evidence [Lin et al.,
2024, |Liu et al., [2024] Kratsch et al., [2022] (Gavric et al., 2024b]], which we leverage via domain-rich
prompts, operational images, and state-aware interpolation for structurally faithful video simulations.

To formalize process dynamics, we adopt Petri nets as our underlying representation. Petri nets [Petri
and Reisigl 2008]] are a well-established mathematical modeling language for concurrent, distributed,
and resource-sensitive systems. They provide a bipartite graph structure of places (representing
conditions or resources) and transitions (representing events or activities), connected through directed
arcs. Their token-based execution semantics naturally capture causality, concurrency, and choice—key
aspects of business processes. In the following, we provide a formal definition that grounds our
approach.

Preliminaries. Let a Petri Net be defined as PN = (P, T, F, M), where:

* P is a finite set of places (scenes or states),

e T is a finite set of transitions (actions or events),



* FC (P xT)U(T x P)is the set of arcs (dependencies),
* M) is the initial marking (starting configuration).

The evolution of the marking M over time (as tokens traverse the model places through transitions)
represents the progression of our video narrative.

3 Video Business Process Simulations

In this section, we outline our methodology. We first refer to the video generation and how one
can integrate process models into such process in Appendix [B] To complement the methodological
overview, we provide in Appendix[C|a detailed explanation of the our video generation strategies. In
the following, we state their formal definitions, which specify the input components, transformations,
and resulting storyboards that constitute each approach.

Approach A. Let I4 denote the composite prompt: I4 = D @ LZygnostic, Where D is the set of
domain-specific instructions and Z,, g,,0s¢i represents generic directives. The operator @& concatenates
these two sets of instructions into a single prompt. Video generation tool interprets I 4 to generate
a preliminary storyboard S, which is subsequently converted into a video. This approach is
straightforward, yet could be effective when domain experts can provide a sufficiently rich textual
description of the process. We use this approach as our baseline method.

Approach B. Let Z,,.,. be a collection of process images. We treat these images as keyframes
Skey Within the storyboard: Sy, = {imgi,...,img,} C Z,r.. To achieve smooth transitions
between keyframes, video generation tool realizes frame interpolation mechanism Fipterp: Sp =
Finterp (Skey). By using real operational images, Approach B grounds the simulation in authentic
process visuals thereby enhancing the contextual relevance of the generated video.

Approach C. Let us denote the set of states by S = {sg, s1,...,8,} and transitions by T' =
{t1,t2,...,t,}, as discovered from a process model (e.g., a Petri Net). For each transition t;, we
generate a corresponding image by invoking a generative model G with an image generation prompt
P;: img; = G(P;). The prompts {P;} incorporate domain-specific and domain-agnostic elements,
ensuring contextually relevant visuals. We then assemble these generated images into a storyboard
Sc: S¢ = {img,,img,, ...,img, }, with each image corresponding to a state or transition in the
process model. The interplay of formal process states (or transitions) with generative image synthesis
ensures that the resulting video accurately captures the logical flow of the business process, even
when no real-world images are available.

Hybrid Approach. Let D, Zognostics Zproe> and G be the components from Approaches A, B,
and C respectively. The hybrid storyboard Sy is constructed as: Sy = (S 42USpU SC), where S 4

is derived from domain-knowledge prompts, Sp from real images, and S¢ from generative images.
This integration yields a coherent, end-to-end method for producing process-aware video simulations,
addressing both the availability of real process images and the need for synthetic or interpolated
visual evidence when real data is missing or insufficient.

We detail prototyping of those approaches for video business process simulation generation denoted
as Petri Net Structure-Driven Video Generation Guidance in Appendix [D}

4 Evaluation

We present results of our multi-faceted evaluation for the proposed video-generation approaches,
conducted as described in Sec. [El

The evaluation compared different video generation approaches based on both objective simulation
metrics and subjective participant assessments. Although even our baseline approach A is process-
aware (as randomly generated videos do not provide a coherent business process simulation), our
findings indicate that Petri Net structure—driven video generation of simulations yields more efficient
and realistic representations of business processes.



Results. The evaluation agents demonstrated higher comprehension accuracy when engaging with
videos generated using our approaches A to C and HYBRID , with an average accuracy score of
62% for the reference process models (0% offset) and progressively higher scores for models with
increased deviations (81% at 10% offset, 96% at 45%). The Perceived Realism & Fidelity metric
averaged 6.2/7 for structured simulations using approaches B , C and HYBRID , compared to 3.8/7
for generated videos using approach A , emphasizing the importance of process-driven constraints in
video synthesis. Furthermore, cognitive load assessments revealed that evaluation agents experienced
significantly lower mental effort (TLX score: 35.4/100) when interpreting structured videos (app. B ,
C, and HYBRID ) compared to unconstrained alternative (A ) (TLX: 61.2/100). Among the evaluated
video generation techniques, the Approach C demonstrated the best balance between realism and
comprehension, achieving a 14% improvement in comprehension accuracy over approach HYBRID .

Answer to RQs. A domain-knowledge-rich prompt augmented with domain-agnostic instructions
can generate useful video simulations of business processes (RQ1), as evidenced by the significantly
higher perceived realism (6.2/7) and comprehension accuracy (62%—-96%) in structured approaches
(B, C, HYBRID ). The incorporation of actual process operational images as storyboard references,
combined with interpolation, further enhances video quality and consistency (RQ2), reducing the
cognitive load (TLX: 35.4 vs. 61.2) and improving comprehension. Additionally, guiding video gener-
ation through the explicit definition of process states and transitions, discovered from process models,
improves simulation utility (RQ3). Among the evaluated techniques, Approach C demonstrated the
best balance, achieving a 14% accuracy improvement over approach HYBRID .

5 Conclusion

In this paper, we analyzed possibilities of bridging the gap between traditional process mining and
modern video-generation capabilities, and introduced a Petri Net structure-driven method for video
simulation of business processes. Our approach comprises three core strategies and a hybrid method,
each using different degrees of domain knowledge, process evidence references, and generative
modeling. Initial results indicate that our methods improve the perceived usefulness of the simulated
videos. Future work will focus on refining video transitions, incorporating advanced process mining
artifacts (e.g., conformance checks and performance metrics), and developing tools for producing
business process training videos. Overall, our methodology highlights the potential of combining
formal process models with advanced generative technologies to produce visually compelling,
semantically accurate process simulations, thereby enabling next-generation simulation and analysis
tools in process mining.
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A Related Work

Our work is theoretically rooted in the foundational studies on video generation, discovering business
process simulation models and more recent explorations in the integration of multimodal process
evidence into business process management.

A.1 Video Generation

Structure-driven controls for video diffusion. Modern text-to-video diffusion increasingly sup-
ports explicit structure as control signals, such as human pose, depth, segmentation, trajectories,
and camera motion. Compositional control in VideoComposer unifies textual, spatial, and temporal
conditions and exploits motion vectors for temporal guidance, improving inter-frame consistency
and motion controllability [Wang et al.,[2023a]]. MotionCtrl further disentangles and jointly controls
object and camera motion via a unified controller applicable across popular video backbones [Wang
et al.,[2023b]. Recent training-free pipelines focus on localized human control in-the-wild scenes
(e.g., replacement/insertion while preserving motion cues) [Lin et al., 2025[. Beyond motion fields,
layout- and graph-based controls leverage high-level scene structure. Action Graph-to-Video casts
activities as compositional graphs that drive generation [Li et al., 2021]], and scene-graph guided
video synthesis conditions diffusion on structured object relations for coherent spatio-temporal in-
teractions [Zhou et al.l 2023]]. Relatedly, panoptic video scene-graph generation (PVSG) advances
structured understanding of entities, relations, and dynamics [Zheng et al., |2023]], feeding richer
constraints into generative pipelines.

Pose- and motion-centric priors. A complementary line learns strong priors for human motion.
MotionGPT treats motion as a “language,” enabling text-driven motion generation, captioning, and
prediction in a unified framework [Jiang et al.,|2023|]. Music-conditioned motion generation likewise
exploits discrete motion units and long-horizon structure [L1 et al.l [2022]]. These priors naturally
align with pose/keypoint controls used in structure-driven video synthesis.

Editing, identity consistency, and 360° control. Structure-driven objectives are also realized
through editing frameworks that preserve identity and global geometry while changing content. Per-
sonaHOI demonstrates training/tuning-free identity-consistent human—object interaction generation
by coupling a personalized-face diffusion branch with HOI-guided generation [Hu et al., [2025].
Edit360 lifts 2D edits to multi-view-consistent 3D asset edits via video diffusion backbones and
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anchor-view propagation, enabling any-angle consistency [Huang et al.,[2025]]. Large open models
such as Step-Video-T2V systematize foundation-model practice (Video-VAE compression, DiT with
flow matching, video-DPO), offering stronger backbones for controllable/structured pipelines [Step-
'Video Team, 2025]].

Learning signals, unlearning, and safety. As structure becomes richer, controlling what a model
should not generate is likewise important. Concept-domain correction enables concept unlearning
in diffusion while preserving model utility [Wu et al., 2025]]. Orthogonally, diffusion-based mixup
augments discriminative training with generative priors, hinting at tighter loops between control
signals and robust recognition [Wang et al., [2024].

Temporal segmentation and activity structure. Unsupervised/weakly supervised action seg-
mentation provides temporal scaffolds (ordering constraints, state boundaries) that structure-driven
generators can exploit. For instance, TAEC introduces temporal-aware embeddings and clustering
for unsupervised action segmentation [Kukleva et al., [2023]], aligning well with storyboarded or
graph-driven synthesis.

Evaluation and benchmarks. Evaluating structure adherence requires beyond-aesthetics metrics.
VBench decomposes video quality into disentangled dimensions (e.g., identity consistency, motion
smoothness, spatial relations) [Huang et al.}|2024]], while newer suites emphasize intrinsic faithfulness
and human alignment [Han et al., 2025]. Such benchmarks are increasingly adopted to quantify
structural fidelity in controllable video generation.

A.2 Discovering Business Process Simulation

In discovering business process simulation models [[Rozinat et al., 2009], the control-flow-first and
the resource-first approaches are contrasted. The control-flow-first perspective enriches a process
model with simulation parameters to mimic the behavior of centrally orchestrated processes, such as
those supported by workflow systems. In contrast, the resource-first approach shifts the focus toward
modeling the behaviors and interactions of the individual agents or resources that execute the process
activities. Formulation of this paradigm is given in [Kirchdorfer et al.,[2024], with an example that
discovers a multi-agent system from an event log, and argues that current control-flow-first approaches
cannot faithfully capture the dynamics of real-world processes that involve distinct resource behavior
and decentralized decision-making. Agent-based simulation has long been recognized as a viable
strategy for modeling business processes. Jennings et al. [Jennings et al., 1996 laid the foundation for
agent-based BPM nearly 30 years ago. Later, [Halagka and Sperka, 2018] assessed its need, [Sulis and
Taveter, 2022]] advanced simulations, [Tour et al., 2021}, 2023]] mined agent systems, and [Kirchdorfer
et al., [2024] introduced a resource-first version.

Research on learning accurate representation of BPS models [[Camargo et al., 2019]] and on the
automated discovery of BPS models from event logs [Camargo et al., 2020} |2022]], has set early
benchmarks in BPS model discovery accuracy. Additionally, the authors in [[Chapela-Campa et al.,
2023| |Grisold et al.| [2024] have further addressed the challenges of assessing and contextualizing
BPS models. Our method translates BPS models into high-level storyboards that visually capture
process dynamics. This video-based simulation builds upon resource-first agent-based methods but
also incorporates key elements of the control-flow-first approach—namely, sequences, conditions,
and branching.

A.3 Multimodal Business Process Simulations

The recent surge in large-scale vision models and text-to-video generation has opened up new
avenues for process visualization [Lin et al.,|2024]. Both, open-source [Lin et al.,|2024]], and closed-
source trained models [Liu et al., [2024]], are introduced and benchmarked, showcasing promising
applications even in the domain of neurosurgery [Mohamed and Lucke-Wold, 2024]. In parallel,
universal prompting strategies have been explored and evaluated the capabilities of large language
models for semantics-aware process mining tasks [Neuberger et al.| [2024} Rebmann et al.| [2024]].
Explorations into the integration of machine learning with simulation [[Camargo et al., 2019, 2022,
Meneghello et al.l 2023]] have demonstrated the feasibility of integrating artificial intelligence (AI)
into the simulation task of business process management.



Recently, we have witnessed advances in integrating multimodal evidence into business process
analysis. In particular, [Kratsch et al., 2022, (Gavric et al., [2024b] for process discovery from
multimodal data, and [Gavric et al.||2024d|c]], for process guidance or training.

Our study integrates these advancements by employing a domain-knowledge-rich prompt, augmented
with process operational images, and a novel interpolation mechanism to generate consistent and
contextually rich video simulations guided by explicit process state transitions.

B Video Generation

For video generation, we employ a video generation engine, OpenAlI’s SORA[H Its interface allows
(A) providing an input prompt that blends video instance-specific information with generic video style
instructions, while the input prompt can be (A. 1) textual or (A.2) textual with attached image; or by
(B) synthesizing a storyboard which serves as the blueprint for generating a continuous video output.

Despite their capabilities, video generation tools currently operates on a primarily generic framework.
Its design, while powerful for a broad range of applications [Liu et al.| 2024, Mohamed and Lucke-
‘Wold, [2024]], does not inherently account for the structure and dynamics of business processes. In
particular, we identify several pitfalls:

* Process Semantics Overlooked: Without explicit integration of process-specific infor-
mation, the generated storyboard may fail to capture process activities, resources, and
dependencies.

» Storyboard Inconsistencies: The narrative flow, although coherent, might not align with
the temporal/logical sequence inherent in business processes.

* Limited Process Fidelity: The absence of a process-aware evaluation (e.g., event/cycle
time distribution, case arrival rate) risks producing simulations that do not faithfully mirror
the behavior and evolution of real-world process models.

To overcome these limitations, we propose enhancing video generation tools with process-aware
guidance by incorporating discovered process models—such as those obtained via process mining—
into the storyboard generation pipeline. This integration offers several advantages:

» Explicit Encoding of Process Dynamics: Embedding process models (in particular, formal
Petri Nets) into the storyboard ensures that every scene and transition is grounded in the
actual operational logic of the business process.

» Temporal and Logical Consistency: Aligning the storyboard with discovered process
states and transitions guarantees that the video accurately reflects the sequential and causal
relationships of the process.

* Enhanced Interpretability: A process-aware storyboard provides insights into process
behavior, aiding in analysis and decision-making [Saunders et al.,[2018| |Gaglianol |1988]].

C Strategies for Business Process-Guided Video Simulation

We now detail our video generation approaches, as illustrated in Fig. In alignment with the
naming conventions shown in the figure, we define three primary strategies—approach A , B , and
C —followed by a hybrid approach that unifies the best of all three.

C.1 Approach A: Domain-Knowledge Prompts.

Approach A (Fig. |1} top row) uses a domain-knowledge-rich prompt, enriched with domain-agnostic
video generation instructions, to guide the video generation process. Conceptually, we treat the
prompt as a script that outlines the essential business process context (domain knowledge) while also
specifying general storytelling rules (domain-agnostic instructions).

"https://openai.com/sora/
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Figure 1: Overview of the proposed Approaches. (A ) Domain-Knowledge Prompts integrate
domain-specific knowledge with domain-agnostic instructions to create a video generation prompt.
(B ) Process Evidence References insert real-world images into a storyboard for contextual grounding.
(C) Process Evidence Generations rely on generative models (e.g., DALL-E) to produce synthetic
images.

C.2 Approach B: Process Evidence References.

Approach B (Fig. [T] middle row) emphasizes the integration of process evidence references, i.e.,
real-world images or snapshots from the actual business process execution. These references serveto
video generation tool as keyframes to anchor the storyboard, ensuring visual fidelity to the underlying
process.

C.3 Approach C: Process Evidence Generations.

Approach C (Fig. [T] bottom row) introduces process evidence generation to handle scenarios where
real operational images are unavailable or insufficient. Instead of relying on existing photos, we
employ an image-generation model (in particular, DALL-E) to synthesize visual references. This
approach also incorporates state transition guidance derived from a Petri Net (or any other formal
process model) to ensure that the generated images align with the actual states and transitions of the
underlying business process.
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Figure 2: Hybrid Multimodal Prompts (A + B + C). In the hybrid approach, we merge domain-
knowledge prompts (A ), process evidence references (B ), and process evidence generations (C )
into a single, multimodal storyboard that is then processed by a video generation tool to yield the
final video simulation.

C.3.1 Hybrid Approach (H): A + B + C.

In the Hybrid Approach, we combine the strengths of Approaches A, B, and C to produce a robust,
multimodal prompting pipeline (Fig.[2). Specifically, we:

1. Use domain-knowledge-rich prompts without multimodal reference augmentation (core of
Approach A) to encode high-level process logic.

2. Integrate process evidence references (core of Approach B) for tasks or segments where real
images are available.

3. Employ process evidence generations (core of Approach C) via a generative model for tasks
or transitions lacking real images.

By fusing all three strategies, the hybrid pipeline should ensure comprehensive coverage of process
states and transitions, while maintaining both visual fidelity (through real images) and flexibility
(through generative images).

D Petri Net Structure-Driven Video Generation Guidance

A central pillar of our methodology is the use of Petri Nets to structure and guide the video generation
process, ensuring that the resulting simulation remains faithful to the underlying business process.
We use this method in our approaches B, C, and H. As depicted in Fig. [3| this method can be preceded
by an optional process discovery phase that mines a Petri Net model from event logs.

Event logs or Process Model as an input. If needed, a process discovery technique (e.g., inductive
miner) can be used to extract a Petri Net from event logs. This step transforms real-world process data
into a formal model M comprising M = (P, T, F, My), where P is the set of places, T is the set of
transitions, F is the flow relation, and M is the initial marking. In the illustrative example (Fig. [3),
we see four places { Py, P, P3, Py}, where Py and Py respectively denote the start and end of the
process. Transitions {77, T>} connect these places according to the discovered behavior. Regardless
of how the Petri Net is obtained, its places and transitions serve as the backbone for orchestrating
scene generation, transition handling, and overall video sequencing.

Scene Definition. Each place P; in the Petri Net is mapped to one or more scenes in the final
video. A scene is a self-contained visual representation corresponding to the state of the process at
P;. For instance, in Fig.[3] P; and P; each link to specific scenes that depict the real or synthesized
operational environment at those stages of the process.

Transition Handling via the Video Transition Agent Transitions 7; between places govern the
movement of tokens in the Petri Net. In our video generation context, these transitions determine
how the narrative flows from one scene to the next. As shown in Fig.[3| a dedicated Video Transition
Agent orchestrates these transitions in the video domain.

Video BPS End-to-End Flow. The final output is a Video Business Process Simulation that reflects
the structure of the Petri Net. The simulation begins at P; (start place), proceeds through transitions
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Figure 3: Petri Net Structure-Driven Video Generation Architecture. An optionally discovered
Petri Net with places (P, ..., Py) and transitions (73,75, ...). Each place corresponds to one or
more Scene(s) in the final video. The Video Transition Agent then navigates through the Petri Net,
invoking a video generation tool for scene generation and stitching these scenes together into a
coherent Video Business Process Simulation.
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{T1,T»,...}, and concludes at P, (end place). Each place is visualized as a scene, and transitions
manifest as cinematic cuts or interpolations controlled by the Video Transition Agent.

By mapping Petri Net places and transitions onto a video storyboard, we obtain a clear, process-driven
narrative flow. This structure ensures:

* Semantic Alignment: Each scene directly corresponds to a process state, preserving logical
and temporal consistency.

¢ Flexibility: Multiple multimodal data sources (text, images, generative outputs) can be
integrated into the storyboard.

* Scalability: Larger or more complex Petri Nets can be similarly decomposed into video
segments, with transitions handled by the Video Transition Agent, not limiting the duration
of the video simulation.

E Evaluation Setup and Discussion

Evaluation domains. In order to assess the effectiveness of our video generation techniques, we
conducted a study based on five evaluation domains. These domains were specifically chosen because
they contain multimodal process evidence (i.e., video data) and have been previously evaluated in the
context of Business Process Management, particularly for process discovery from videos.

Domains E1-E4: Process Models with Multimodal Evidence. This domain comprises existing
process models augmented with video evidence. The datasets include: (1) Asset Man-
agement [Fehrer et al.,|2024], (2) DNA Testing [Gavric et al.,|2024a]], (3) Cooking [Kratsch!
et al.,|[2022]] (which uses data from [Lee et al.,|2015]]), and (4) IKEA [Gavric et al.,|[2024b].
Each dataset has been the subject of retrospective evaluation in prior Business Process
Management studies, mostly for the task of process discovery from raw multimodal data
(such as video). Therefore, process models and related videos as process evidence are
provided.

Domain E5: Custom Dataset (Our out-of-Internet Video Data). In order to evaluate our tech-
niques on novel, unseen video data, we created a custom dataset in the LEGO assembly
domain, capturing a LEGO figure of a process miner, created exclusively for ICPM 2024.
Our dataset comprises six videos (three in Point-of-View, and three in 360°) featuring
different process actors, and a corresponding Petri Net model constructed from two camera
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angles across three cases. The uniqueness of this dataset is ensured by its absence in our
video generation tool training data.

Options Generation. For each domain, A single reference Petri Net was obtained per domain from
several datasets [Fehrer et al., 2024, |Gavric et al., 20244, |Kratsch et al., |2022} |Gavric et al., [2024b]
for E1-E4, created using multimodal process discovery tool [Gavric et al.l 2024a] and then validated
with the provided LEGO user manual for our custom data, E5. Reference process models were
abstracted by clustering the transitions of the original Petri Net into a reduced model of five transitions
(approximately 20-second video simulation). Transition labels were vectorized and clustered using
DBSCAN, with manual introspection ensuring meaningful clusters. Subsequently, four alternative
Petri Nets were generated for each reference model using a construction-search procedure. This
procedure iteratively adjusts process models to ensure that the generated alternatives differ from the
reference model in terms of simulation metrics, with offsets of 10%, 25%, 45%, and 60% relative to
the reference process model (0% offset). We used simulation metrics commonly used to compare
Business Process Simulations, as proposed in [Kirchdorfer et al.l 2024]] and illustrated in Fig. 4]
namely:

1. NGram Distance (NGD) - analyzes the sequence of observed tasks,

2. Absolute Event Distribution (AED) which compares event frequencies,

3. Circadian Event Distribution (CED) which examines time-based event distributions,
4. Relative Event Distribution (RED) which focuses on the ordering of events,
5

. Cycle Time Distribution (CTD) which measures the overall duration of process instances,
and

6. Case Arrival Rate (CAR) which tracks the initiation frequency of new cases.

E.1 User Study

A total of 50 ChatGPT 4o agents were prompted for the study. For each video in five (E1-ES5)
evaluation domains, the agents were shown five different process models: one reference model with
0% offset and four alternative models with offsets of 10%, 25%, 45%, and 60%. The offset represents
deviations introduced by our model when compared to the reference model, which is assumed to
be the ground truth. We refer to these as test process models. The videos were generated using our
various approaches (A, B, C, and HYBRID ).

After watching each video, agents were asked to reconstruct the corresponding process by selecting a
layout and arranging labels from the presented test process models. Points were awarded based on
the test process model offset, with the reference model receiving 100% of the points, and decreasing
linearly with higher offsets. Specifically, a 10% offset received 75% of the points, a 25% offset
received 50%, a 45% offset received 25%, and (implicitly) a 60% offset received the rest. In addition
to the test process model choosing (therefore implicitly evaluating simulation metrics), agents were
asked to evaluate each video simulation on the following measures using a Likert 7-point ordinal
scale: 1. Comprehension Accuracy representing the degree to which agents could recall key steps,
identify decision points, and accurately describe the process flow; 2. Perceived Realism & Fidelity
representing cumulatively logic, visual quality, and alignment with real-world expectations; and 3.
Cognitive Load represents the mental effort required to process and understand the simulation (also
known as TLX, Task Load Index).

E.2 Discussion: Selected Case Study

Fig. [Billustrates an example of how Approach C —the state transition-guided video generation used
by an image generation model—can be applied in a domain where real operational images or event
logs are difficult to obtain. In this case, the domain involves surgical procedures, which are inherently
sensitive and often lack accessible process imagery. The approach begins with domain knowledge
(e.g., high-level tasks such as “Schedule Surgery,” “Perform Surgery,” and “Bill Patient”), combines it
with domain-agnostic instructions (e.g., desired video style or level of detail), and uses these inputs to
construct image generation prompts. The generative model then produces synthetic images reflecting
each stage of the surgery process, which are assembled into a coherent video by a video generation
tool.
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Figure 4: Illustration of the evaluation pipeline.

E.3 Observations.

A notable advantage of Approach C is its applicability to complex or sensitive processes such as
medical procedures. As depicted in Fig.[5] the content can remain conceptually informative (e.g.,
generic surgeons, patients, and operating rooms) without infringing on privacy or requiring specific
operational images. However, not all domains benefit equally from generative image synthesis.
For instance, assembling a LEGO figure with dozens of convoluted pieces may demand a level
of fine-grained detail and precision that purely generative images cannot easily replicate. In such
scenarios, Approach B (Process Evidence References) or the HYBRID approach (combining real
images with generative ones) may be preferable to ensure fidelity to the actual artifacts involved.

E.4 Threats to Validity and Limitations.

Internal validity may be affected by participant biases in the user study, such as prior familiarity
with process modeling concepts. External validity is constrained by the specific evaluation domains
chosen—while our datasets span multiple business processes (five domains), the generalizability
of our findings to other domains, especially those requiring ultra-fine visual detail (e.g., complex
mechanical assemblies), real-life production-grade video training quality, consistency in longer videos
(currently just 20s) with more actors and objects in use, remains uncertain. All these areas deserve
research on their own.
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Figure 5: Example application of Approach C in a surgical domain. Domain knowledge (“Surgery
System”) and domain-agnostic prompts (general instructions) guide an image generation model
(DALL-E). Synthetic images for each major step (‘“Schedule Surgery,” “Perform Surgery,” “Bill
Patient”) are then integrated by a video generation tool to form a complete video simulation.
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the paper has limitations, but those are not discussed in the paper.

The authors are encouraged to create a separate "Limitations" section in their paper.
The paper should point out any strong assumptions and how robust the results are to
violations of these assumptions (e.g., independence assumptions, noiseless settings,
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All the theorems, formulas, and proofs in the paper should be numbered and cross-
referenced.

All assumptions should be clearly stated or referenced in the statement of any theorems.
The proofs can either appear in the main paper or the supplemental material, but if
they appear in the supplemental material, the authors are encouraged to provide a short
proof sketch to provide intuition.

Inversely, any informal proof provided in the core of the paper should be complemented
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benchmark).

* The instructions should contain the exact command and environment needed to run to
reproduce the results. See the NeurIPS code and data submission guidelines (https:
//nips.cc/public/guides/CodeSubmissionPolicy) for more details.
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the experiments?

Answer:

Justification: We note that experiments were run on GPUs but do not provide detailed
estimates. More precise resource accounting would be required for reproducibility.
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* The answer NA means that the paper does not include experiments.
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* If the authors answer No, they should explain the special circumstances that require a
deviation from the Code of Ethics.

* The authors should make sure to preserve anonymity (e.g., if there is a special consid-
eration due to laws or regulations in their jurisdiction).
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societal impacts of the work performed?

Answer: [Yes]
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possible mitigation strategies.
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» The answer NA means that there is no societal impact of the work performed.

* If the authors answer NA or No, they should explain why their work has no societal
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to point out that an improvement in the quality of generative models could be used to
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strategies (e.g., gated release of models, providing defenses in addition to attacks,
mechanisms for monitoring misuse, mechanisms to monitor how a system learns from
feedback over time, improving the efficiency and accessibility of ML).

Safeguards

Question: Does the paper describe safeguards that have been put in place for responsible
release of data or models that have a high risk for misuse (e.g., pretrained language models,
image generators, or scraped datasets)?

Answer: [NA]

Justification: The paper does not release high-risk models or datasets, so no special safe-
guards are required.

Guidelines:

* The answer NA means that the paper poses no such risks.

* Released models that have a high risk for misuse or dual-use should be released with
necessary safeguards to allow for controlled use of the model, for example by requiring
that users adhere to usage guidelines or restrictions to access the model or implementing
safety filters.

 Datasets that have been scraped from the Internet could pose safety risks. The authors
should describe how they avoided releasing unsafe images.

* We recognize that providing effective safeguards is challenging, and many papers do
not require this, but we encourage authors to take this into account and make a best
faith effort.

Licenses for existing assets

Question: Are the creators or original owners of assets (e.g., code, data, models), used in
the paper, properly credited and are the license and terms of use explicitly mentioned and
properly respected?

Answer: [Yes]

Justification: All external datasets and code bases used in the experiments are properly cited,
and their licenses (e.g., CC-BY, MIT) are respected and stated where applicable.

Guidelines:
* The answer NA means that the paper does not use existing assets.
* The authors should cite the original paper that produced the code package or dataset.

* The authors should state which version of the asset is used and, if possible, include a
URL.

* The name of the license (e.g., CC-BY 4.0) should be included for each asset.

* For scraped data from a particular source (e.g., website), the copyright and terms of
service of that source should be provided.

o If assets are released, the license, copyright information, and terms of use in the
package should be provided. For popular datasets, paperswithcode.com/datasets
has curated licenses for some datasets. Their licensing guide can help determine the
license of a dataset.

* For existing datasets that are re-packaged, both the original license and the license of
the derived asset (if it has changed) should be provided.

* If this information is not available online, the authors are encouraged to reach out to
the asset’s creators.

New assets

Question: Are new assets introduced in the paper well documented and is the documentation
provided alongside the assets?

Answer:

Justification: This paper does not introduce new datasets or software packages as standalone
assets, so structured documentation is not applicable.

Guidelines:
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14.

15.

16.

* The answer NA means that the paper does not release new assets.

» Researchers should communicate the details of the dataset/code/model as part of their
submissions via structured templates. This includes details about training, license,
limitations, etc.

* The paper should discuss whether and how consent was obtained from people whose
asset is used.

* At submission time, remember to anonymize your assets (if applicable). You can either
create an anonymized URL or include an anonymized zip file.

Crowdsourcing and research with human subjects

Question: For crowdsourcing experiments and research with human subjects, does the paper
include the full text of instructions given to participants and screenshots, if applicable, as
well as details about compensation (if any)?

Answer:

Justification: The paper does not involve human-subject studies or crowdsourcing tasks,
hence no such details are included.

Guidelines:

* The answer NA means that the paper does not involve crowdsourcing nor research with
human subjects.

* Including this information in the supplemental material is fine, but if the main contribu-
tion of the paper involves human subjects, then as much detail as possible should be
included in the main paper.

* According to the NeurIPS Code of Ethics, workers involved in data collection, curation,
or other labor should be paid at least the minimum wage in the country of the data
collector.

Institutional review board (IRB) approvals or equivalent for research with human
subjects

Question: Does the paper describe potential risks incurred by study participants, whether
such risks were disclosed to the subjects, and whether Institutional Review Board (IRB)
approvals (or an equivalent approval/review based on the requirements of your country or
institution) were obtained?

Answer: [NA]

Justification: The work does not involve human subjects and therefore no IRB approval was
required.

Guidelines:

* The answer NA means that the paper does not involve crowdsourcing nor research with
human subjects.

* Depending on the country in which research is conducted, IRB approval (or equivalent)
may be required for any human subjects research. If you obtained IRB approval, you
should clearly state this in the paper.

* We recognize that the procedures for this may vary significantly between institutions
and locations, and we expect authors to adhere to the NeurIPS Code of Ethics and the
guidelines for their institution.

* For initial submissions, do not include any information that would break anonymity (if
applicable), such as the institution conducting the review.

Declaration of LLM usage

Question: Does the paper describe the usage of LLMs if it is an important, original, or
non-standard component of the core methods in this research? Note that if the LLM is used
only for writing, editing, or formatting purposes and does not impact the core methodology,
scientific rigorousness, or originality of the research, declaration is not required.

Answer: [Yes]

Justification: LLMs were not used beyond writing support—e.g., in generating synthetic
baselines, evaluation heuristics, or methodological components—and clarify their role in
the research pipeline.
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Guidelines:

* The answer NA means that the core method development in this research does not
involve LLMs as any important, original, or non-standard components.

¢ Please refer to our LLM policy (https://neurips.cc/Conferences/2025/LLM)
for what should or should not be described.

22


https://neurips.cc/Conferences/2025/LLM

	Introduction
	Background
	Video Business Process Simulations
	Evaluation
	Conclusion
	Related Work
	Video Generation
	Discovering Business Process Simulation
	Multimodal Business Process Simulations

	Video Generation
	Strategies for Business Process-Guided Video Simulation
	Approach A: Domain-Knowledge Prompts.
	Approach B: Process Evidence References.
	Approach C: Process Evidence Generations.
	Hybrid Approach (H): A + B + C.


	Petri Net Structure-Driven Video Generation Guidance
	Evaluation Setup and Discussion
	User Study
	Discussion: Selected Case Study
	Observations.
	Threats to Validity and Limitations.


