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Abstract

This paper presents Process DoCtoR, an enhanced version of DCR-]JS, a browser-based tool for DCR graphs,
aimed at supporting novice users in common declarative process management tasks. Declarative models are
highly flexible, but their adoption remains limited, as their understandability has been shown to be challenging,
especially for novice users. Process DoCtoR enables users to kickstart modeling by extracting initial models from
natural-language descriptions or BPMN models, extends the language with multi-perspective constraints over
time and data, and improves the performance of discovery and conformance checking by up to 96.9 % in terms of
duration and up to 97.3 % in terms of peak memory usage, enabling large real-world logs to be mined directly in
the browser.
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1. Introduction

For more than twenty years, declarative process modeling notations such as Declare [1] and the Dynamic
Condition Response (DCR) graphs [2] have offered an alternative view to the orchestration of highly
complex business processes. Unlike imperative process modeling notations, such as BPMN, declarative
modeling does not prescribe a typical sequence of tasks, enabling support for complex, highly flexible
processes with a high degree of decision-making flexibility. With its strong links to Linear Temporal
Logic on Finite traces, Declare has consolidated its position as a research language. DCR graphs are,
to the best of our knowledge, the only declarative notation that has been successful in generating
uptake in industry, particularly in public sector digitalization [3]. Compared to Declare, DCR graphs’
underlying semantics describe regular and w-regular languages; it has a smaller yet powerful set of
constraints (5 vs 18 in Declare), and captures defeasible constraints via inclusion and exclusion rules, not
directly encodable in Declare. According to Keramidis [3], some perceived advantages of the declarative
paradigm include simplification and automation of processes, and easier process agency for domain
specialists.

Although declarative process modeling offers significant advantages, its adoption remains limited
compared to imperative approaches. This can be attributed, in part, to the understandability of declara-
tive models, which is challenging, particularly for novice users, who often find declarative specifications
less intuitive than imperative process descriptions [4]. Second, organizations have made substantial
investments in imperative modeling languages such as BPMN, resulting in extensive repositories of
process models. Finally, there is a lack of robust, open-source, and easy-to-access tools supporting
declarative modeling at different stages of the process lifecycle [5]. Together, these factors create a
considerable barrier to the broader adoption of declarative approaches.

DCR-JS [6] was introduced as a lightweight, browser-based environment that aims to lower some of
the practical barriers associated with declarative process modeling. In this work, we extend DCR-]JS
into Process DoCtoR. Apart from the name change, Process DoCtoR adds new features to support
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Figure 1: BPMN Import Figure 2: Elicitation

accessibility, expressiveness, and efficiency for declarative modeling and mining. First, it enables novices
to start their first models via text-to-process pipelines, or imports from BPMN; second, it increased
expressiveness to supporting multi-perspective DCR constraints; finally, the performance of process
discovery and conformance checking is significantly enhanced, which is demonstrated through an
evaluation on a large collection of publicly available event logs [7].

Structure. Section 2 gives a brief introduction to the syntax and semantics of DCR graphs and illustrates
the main innovations of the tool. Section 3 discusses tool maturity and availability. Section 4 concludes.

2. Declarative Process Management in Process DoCtoR

A DCR graph can be seen as a collection of events linked by relations. Each event carries a marking
denoting whether it has been executed, is pending, or has been excluded. Relations impose constraints
that define the characteristics of accepting traces. A condition relation defines precedence, while a
response () relation defines an obligatory consequence. An exclusion p-O relation removes an event
from the active process, which can later be reversed via an inclusion p-@ relation. Process DoCtoR
supports MP-DCR graphs, an extension of DCR that includes timing and data constraints; for its formal
definition, please refer to [8].

Process DoCtoR extends previous versions of DCR-JS [6], supporting all five existing modules
(modeling, simulation, discovery, conformance checking and log generation) and introducing extensions
to four of them while preserving the tool’s architecture.

Modeling. The modeler was extended to support time and data annotations. Clicking on an event
allows the user to associate it with a variable specifying its name and type. Supported variable types
are integer, boolean, and string, each of which can be given a default value. Additionally, relations now
support both timed and data-aware annotations. Expressions for guards are written in a subset of FEEL
expressions!. Constraints can be annotated with time to express delays and deadlines. Both can be
specified as ISO 8601 duration strings, e.g., P30D for 30 days or PT2H for 2 hours.

Elicitation. Process DoCtoR supports a kickstart in the elicitation of DCR models via LLM-generated
models. Our prompting strategy is based on Neuberger et al. [9], adjusted for DCR following Lindner
et al. [10]. As empirically evaluated in [10], LLM models should be used as draft models, and some
aspects (e.g., activity duplicates, relation extractions) should be revised by the user. Compared with
[10], we extend elicitation with prompts for extracting data variables, data guards, and deadlines. We
expose the definition of process-relevant information to the user, allowing them to adapt it to their
specific use cases. During extraction, we discard all information that is not grounded in the source text,
and highlight the remaining information, as shown in Fig. 2, which presents an example of an elicited
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model after manual revision. Currently, only OpenAl-hosted models are supported, with additional
providers planned for future releases.

BPMN Import. Process DoCtoR is a tool supporting the initiation of process modelers in declarative
specifications, and many of our intended users have prior knowledge in process modeling standards
such as BPMN. To facilitate the transition between paradigms, Process DoCtoR supports importing
sound BPMN models and converting them to DCR graphs according to the encoding [11]. A subset of
BPMN comprising start and end events, tasks, XOR and AND gateways, and recursion is supported.
Each gateway split/join pair must follow the single-entry single-exit (SESE) principle. The intention
with the encodings is to show how many of the BPMN constructs result in overly rigid declarative
models that can be flexibilized with Process DoCtoR. An imported example model is presented in Fig. 1.
Process Discovery. Process DoCtoR discovers DCR graphs from XES event logs entirely in the browser,
offering data privacy at the expense of single-thread and memory limits. The parsing and pre-processing
stages around the discovery algorithm were re-engineered, leaving the algorithm itself unchanged: logs
are streamed incrementally instead of loaded in whole, and equivalent traces are collapsed [12].
Simulation.

Process DoCtoR supports step-based simulation
of DCR graphs. We extended this simulation en-
gine with time and data perspectives of processes.
The extended simulation interface is shown in
Fig. 3. Clicking on an enabled event to execute
it, when a variable is associated with it, a pop-up
will prompt the user to input a value. In our run-
ning example, this is the case for event Diagnose
Medicine, and its associated variable Diagnosis.
Additionally, a control panel at the bottom of the
simulator shows the current date and time, and
allows forwarding time by a given amount. Events with a deadline or delay have this information
shown at the bottom, like event Buy Medicine in our example (Fig. 3).
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Figure 3: Time- and data-aware simulation of a
Medicine Prescription process.

Conformance Checking. Previous conformance checking capabilities were extended with support for
data guards and timed constraints, and required novel definitions for partial compliance [8]. Additionally,
it was re-engineered following the same trace-variant aggregation principle applied to discovery [12].
This aggregation is applied conditionally: when the model contains no guards, variables, or time
constraints, checking runs in control-flow mode, collapsing traces into variants, so that each unique
execution pattern is replayed only once. When the model does contain guards, variables, or time
constraints, checking instead runs in data-aware mode: traces are still visually grouped by their
control-flow signature, but only for display purposes, each trace is replayed individually. Each variant
group is displayed with a green check (conforming), red cross (violating) or orange percentage-cross
(partially violating). In data-aware mode, expanding a variant group reveals the conformance status of
its individual traces. Additionally, for each trace, the number of control-flow and temporal violations is
shown, represented by a red broken-chain and a yellow clock, respectively (guarded constraints are
covered by control-flow violations as they only affect whether a constraint applies). Selecting a trace
shows its events and model constraints, color coded by conformance results.

3. Maturity and Availability

Maturity. Process DoCtoR is an iteration of DCR-JS [6], evolved over the years through re-engineering
efforts and software engineering projects at the Technical University of Denmark and the University of
Copenhagen. It is currently used in two M.Sc. courses at DTU, with more than 100 students per course
using it for modeling and analysis, while some extend it in their M.Sc. theses. Notably, the extensions
presented in this work are recent research developments [10, 11, 8], while the performance gains are a
result of a performance engineering M.Sc. thesis [12]. Our tests ensure that the behavior corresponds to
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Figure 4: Process discovery and conformance checking across the evaluated event logs, baseline vs.
optimized. Points below the diagonal indicate improvement.

the semantics of multi-perspective DCR graphs [8], and is compatible with commercial DCR offerings.
Scalability. Originally, the tool was developed with an academic scope in mind, and usability re-
quirements took precedence over scalability. This iteration required re-engineering the parsing and
pre-processing stages around discovery and conformance checking algorithms to improve its perfor-
mance and support larger logs. Figure 4 reports duration and peak memory before and after these
optimizations. Evaluated against a recent collection of 61 publicly available event logs ? in the process
mining community [7], the re-engineering yields geometric-mean reductions, for process discovery, of
62% in duration and 79% in peak memory, and increased the number of logs that complete discovery from
44 to 49. Five large logs that previously exhausted browser memory or timed out, most notably BPIC’19
(over 700 MB), can now be mined entirely in the browser. One limitation is that trace aggregation is
only beneficial for logs with repeated behavior, but its overhead is negligible, and logs of near-unique
traces still benefit from the re-engineered parsing stage. Significantly, log parsing is no longer the
dominant bottleneck. This iteration identifies graph layout as the limiting factor for twelve logs whose
resulting models contain large numbers of nodes and edges (approaching 10,000), which, arguably, will
be hard to understand by human users due to their size. Conformance checking, evaluated on the logs
for which discovery completed, shows comparable gains. It achieves geometric-mean reductions of
87% in duration and 80% in peak memory, doubling the number of completing logs from 15 to 30. The
highest individual gains observed were: 95.3% in discovery duration (X03), 97.3% in discovery memory
(X54/X55/X60), 96.9% in conformance duration (X12), and 89.9% in conformance memory (X10).

Availability. Process DoCtoR can be used directly from a browser at https:/processdoctor.compute.dtu.
dk/. All code is public at https://github.com/hugoalopez-dtu/dcr-js. A short demonstration video can be

*The identifiers X01-X61 correspond to https://github.com/hugoalopez-dtu/decr-js/raw/main/test_logs/event_logs.xlsx
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found at https://www.youtube.com/watch?v=5Y-5Y0zOJPg.

4. Conclusion

We present Process DoCtoR as a one-stop tool for the introduction to declarative BPM. With our
performance improvements and extended language expressiveness, and elicitation from natural language
and BPMN models, we aim at providing an educational tool where novice modelers can quickly start
experimenting with the benefits of DBPM in multiple phases of the BPM lifecycle. In future work, we
plan to further develop intuitive and novice-friendly ways of interacting with Process DoCtoR, especially
conversational interfaces, multi-instance simulation, and visualization of large process models.
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