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Abstract

HPC resources are becoming increasingly complex, while HPC
itself is becoming more popular among novice researchers across
a wide range of research domains. These novice researchers often
lack typical HPC skills, which results in a steep learning curve
that leads to frustration and inefficient use of HPC resources. To
address this, we developed Drona Workflow Engine. Drona offers
an intuitive Graphical User Interface (GUI) that assists researchers
in running their scientific workflows. The researcher provides the
required information for their specific scientific workflow, and
Drona generates all the scripts needed to run that workflow on
the researcher’s behalf. For transparency and additional flexibility,
Drona will display all generated scripts in a fully editable preview
window, allowing the researcher to make any final adjustments as
needed. Drona also provides a flexible framework for importing,
creating, adapting, and sharing custom scientific workflows. Drona
significantly enhances researcher productivity by abstracting the
underlying HPC complexities while retaining full control over their
workflows.
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guages; Frameworks; - Human-centered computing — User
interface design; Graphical user interfaces.

Keywords

High Performance Computing, Frameworks, Scientific Workflows,
Batch processing, Schedulers, GUI

ACM Reference Format:

Andrii Kryvenko, Duy Pham, Marinus Pennings, and Honggao Liu. 2025.
Is it an HPC Workflow Assistant? Is it a Framework? It’s Drona Workflow
Engine. In Workshops of the International Conference for High Performance
Computing, Networking, Storage and Analysis (SC Workshops ’25), November
16-21, 2025, St Louis, MO, USA. ACM, New York, NY, USA, 10 pages. https:
//doi.org/10.1145/3731599.3767431

This work is licensed under a Creative Commons Attribution 4.0 International License.
SC Workshops °25, St Louis, MO, USA

© 2025 Copyright held by the owner/author(s).

ACM ISBN 979-8-4007-1871-7/25/11

https://doi.org/10.1145/3731599.3767431

705

Duy Pham
Texas A&M University
College Station, TX, USA
duy@tamu.edu

Honggao Liu
Texas A&M University
College Station, TX, USA
honggao@tamu.edu

1 Introduction

HPC resources are becoming increasingly complex, with new types
of accelerators, containerized applications, and Kubernetes, among
others. At the same time, HPC is becoming increasingly popular
with novice researchers who lack the typical HPC skills needed to
run scientific workflows. While HPC centers offer training, doc-
umentation, and even video tutorials to address these challenges,
such resources require a significant time investment and effort
from researchers and often only provide a basic understanding of
various HPC concepts and procedures. This creates opportunity
costs, as researchers must divert valuable time from their actual re-
search. Additionally, HPC helpdesks regularly receive tickets from
researchers experiencing issues with running their workflows, lead-
ing to frustration for the researcher and placing extra burden on
often understaffed helpdesk teams. In general, HPC researchers,
whether novice or experienced, should not be hindered by HPC-
specific details when conducting their research. To achieve this, we
developed Drona Workflow Engine.

Drona is a user-friendly 100% GUI tool that guides the researcher
in providing all required information for their scientific workflow,
analyzes the provided input for potential issues, generates one or
more scripts representing the scientific workflow, and displays the
generated scripts in a preview window where the researcher can
inspect the generated scripts and make final adjustments if needed.
Drona also provides feedback, with varying severity levels, based
on the input provided by the researcher. Finally, Drona submits the
job on the researcher’s behalf. Beyond this, Drona also provides a
powerful framework for researchers and system administrators to
create, customize, and share new workflows in a largely declarative
manner.

The design goals of Drona are as follows:

e Allow researchers to focus on their research

e Allow researchers to be in control of their scientific work-
flows (including creating, managing, and sharing)

o Ease the burden on HPC helpdesks and system administra-
tors.

Section 3 introduces the Drona GUI interface, showing a step-
by-step description from selecting the scientific workflow to ac-
tually running it. In Drona terminology, a scientific workflow is
represented by a Drona environment. Sections 4 and 5 discuss
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the structure of Drona environments in great detail and how re-
searchers can create and adjust their Drona environments. Section 6
discusses how Drona manages Drona environments and options for
researchers to share their custom Drona environments. Finally, Sec-
tion 8 explores additional applications of Drona beyond its primary
role in scientific workflow generation.

2 Related Work

A significant amount of work has been done to ease the burden on
researchers in running their simulations on HPC Clusters. OpenOn-
Demand [6] is a popular web interface to access HPC cluster that
includes a job composer. Their job composer provides batch job
templates that the researcher can use. However, it is still mostly text-
based. Pham, et. al [14] developed a GUI Dashboard that included a
Job Composer where the researcher can enter information in a GUI
form. Similarly, OpenComposer [10] provides a form that allows
researchers to enter job-specific information. Both Pham, et. al and
OpenComposer provided functionality to create fully formed jobs
for specific software environments, such as Matlab and OpenFoam.
One limitation of all these tools is that they employ a mostly vari-
able substitution scheme to map researcher-provided information
in the form directly to placeholders in the templated job scripts: the
researcher enters a value in the form, the tool substitutes a place-
holder in the job script with that value. This significantly limits
functionality. In addition, none of these tools provides advanced
feedback capabilities to assist the researcher in providing correct
and meaningful information in the form. The Drona Workflow En-
gine is designed to address these limitations through an advanced
mapping framework and dynamic feedback capabilities.

3 Drona: an HPC Workflow Assistant

In this work, we define scientific workflows as coordinated com-
putational tasks that accomplish specific research objectives, rang-
ing from single sophisticated jobs with complex configurations to
multi-job sequences with dependencies executed across diverse
HPC environments. In Drona, these workflows are represented by
drona environments — collections of specification files that define
how to generate and execute the computational workflow.

To work with these environments, Drona offers an intuitive
Graphical User Interface (GUI) that guides researchers in providing
all the relevant and necessary information for their specific work-
flow. Based on the provided information, Drona will generate one
or more scripts and display them in a fully editable preview window.
This enables complete transparency into what Drona generated,
allowing the researcher to verify the generated scripts and make
adjustments as needed. Finally, Drona will run the generated work-
flow on the researcher’s behalf. In the following subsections, we
will give a step-by-step explanation of how a researcher executes a
workflow from selecting the scientific workflow to actually running
the generated workflow.

We will use AlphaFold [8] [5] as a guiding example of a work-
flow. AlphaFold is an artificial intelligence (AI) program developed
by Google DeepMind, which utilizes deep learning techniques to
predict protein structures.
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3.1 Selecting Environments

The first step in generating a scientific workflow is selecting the
actual workflow. Drona uses the concept of an environment to
encapsulate a scientific workflow. An environment consists of all
the specification files needed to generate the workflow. Sections 4
and 5 will provide a detailed discussion of the internals of Drona
environments. In the Drona GUI, the researcher can select a work-
flow from a dropdown menu. Figure 1 shows a screenshot of the
environment-select dropdown with a sample of available environ-
ments.

Job Name

Location Change | /scratch/user/u.mp108705/drona_composer/runs

Environments

Choose an option M

Python ory

Matlab

R

Generic
Pytorch
HuggingFace2

tamulauncher

Figure 1: Screenshot of the Drona environment-select drop-
down, showing the available environments the researcher
can pick from.

The screenshot shows system environments in black and user
environments in blue. System environments are visible to everyone,
while user environments are only visible to the researcher. One of
Drona’s goals mentioned in the introduction is "to allow researchers
to be in control of their scientific workflows". This is accomplished by
storing environments in the researcher’s directory. The researcher
has full control over the environment and can adjust it to meet
their specific needs. An additional benefit is that the Drona GUI
environment-select dropdown will not be cluttered with a large
number of scientific workflows the researcher will never use.

3.1.1 Importing workflows.

Drona’s approach to store environments in the researcher’s direc-
tory is through the import functionality. As seen in Figure 1, there
is a "+" button to the right of the environment-select dropdown.
Clicking this "+" button, will pop up an import window. Figure 2
shows a screenshot of the import window.

The figure shows a sample of environments that can be imported.
The screenshot also shows options to search for specific environ-
ments and/or filter out environments, based on the field of science
or organization. When the researcher clicks the Add button. Drona
will copy the environment into the researcher’s directory

3.2 Form Window

Once the researcher selects the environment of choice, Drona will
populate the GUI form with input fields specific to that particular
scientific workflow, guiding the researcher to provide all relevant
information needed to generate the workflow. Drona offers a com-
prehensive set of input elements to make the form as convenient
and intuitive as possible for the researcher. Section 4.1 will discuss
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Import Environments

Search environments. All Categories ~ All Organizations v
Environment Description Category  Organization Version  Action
MATLAB Environment assists users in Scientific  Unknown 1.0.0 m
generating and submitting Matlal
jobs. This environment uses
matlabsubmit as the submission
tool
tamulauncher Tool to run a large number of Scientific  TAMU 1.0.0 m
sequential or multi-threaded
commands in a single job
AlphaFold This env allows researchers to Bio TAMU 1.0.0 m
generate and submit AlphaFold
workflows. It can generate both
AlphaFold2 and AlphaFold3 jobs.
R-ACES R environment Scientific ~ TAMU 1.0.0 m
Python-ACES Python environment Scientific ~ TAMU 1.0.0 m

Figure 2: Screenshot of the Drona import windows, showing
a subset of available environments with additional infor-
mation. The top of the windows shows filter options. Re-
searchers can click the "Add" button to import the environ-
ment.

form elements in more detail. Figure 3 shows a screenshot of the
AlphaFold environment form.

Job Name demoAlphaFold
Location Change | /scratch/user/u.mp108705/drona_composer/runs/demoAlphaFold
Environments AlphaFold3 +

AlphaFold version © AlphaFold3 O AlphaFold2

To download the AlphaFold3 model file, you have to agree to the terms of use.
Please fill out the AlphaFold3 Google Form to request the model file

JSON input Directory to model file Number of recycles (default: 3)

select Select 3

Template Date (default today) Accelerator

AUTO (based on availability)

Project Account Expected time (cpu part) Expected time (gpu part) Email notification options,

|- Choose an option v Days Hours | Minut Days fours  Minute Choose an option

154669186753 (924561.11)
Preview Show History
155062417651 ( 6060263.99)

156171559762 (49903.55)

Cattions: Job files will overwrite existing files with the same name. The same principle applies for your executable scripts.

Figure 3: Screenshot of an AlphaFold GUI form showing
workflow-specific form fields as well as some optional HPC
fields such as the account to use. Drona will pick default
values when the researcher doesn’t provide a value for a
form field.

As shown in the figure, most of the fields are domain-specific.
The researcher has the option to use AlphaFold2 or AlphaFold3. In
the screenshot, we selected to generate an AlphaFold3 workflow.
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Most of the fields shown next are specific for AlphaFold3. If the re-
searcher had chosen AlphaFold2, the form would show completely
different fields, targeted for AlphaFold2, such as fields to select the
FASTA file, the Model Preset, and the DB preset. The figure also
displays a dropdown menu that allows the user to select the account
to use. Using a dropdown avoids the issue of entering an incorrect
account number by mistake. In general, if the researcher doesn’t
provide information for some of the fields, Drona will either use
default values or deduce based on values provided for other fields.
Note the accelerator field, which indicates that the researcher has
selected "AUTO". In this case, Drona will choose the type of accel-
erator automatically, based on availability and projected start times
(and potentially taking into consideration performance differences
between the various accelerators). A common problem for many
HPC clusters is the researcher’s demand for accelerators. From
the researcher’s perspective, letting Drona select the accelerator
means that their scientific workflows might start executing faster.
Additionally, this can also help with distributing jobs more evenly
across accelerators.

3.3 Preview Window

Once the researcher provides the necessary information, Drona will
generate one or multiple scripts using an advanced mapping scheme.
Section 5 will provide a detailed discussion of the mapping step.
During the mapping step, the Drona environment can also analyze
the provided information for correctness and efficiency. Drona will
then display the generated scripts in an editable preview window
with full syntax highlighting, allowing the researcher to verify the
scripts and, if necessary, make any last-minute adjustments. In
addition to showing the generated scripts, Drona can also provide
immediate feedback through various types of messages shown in
the preview window.

Figure 4 shows the preview window for the AlphaFold workflow.
The preview window is divided into two parts. The left side shows
the editor pane with tabs for all generated scripts, and the right pane
shows the output pane. Once the researcher runs the workflow, the
output will be shown in the output pane.

AF3_OUTPUT_DIR=5PD/output_S (o
AP INPUT DIR=SAF3 OUTPUT DIR/S
AF3INPUT FILESS(1c proted

singularity exec \
LY

Figure 4: Screenshot showing a preview window with gener-
ated scripts in separate tabs for an AlphaFold3 environment.
Also showing feedback messages of various severity levels.
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Figure 4 also shows various color-coded messages: an error (red
background), a warning (yellow background), or a note (blue back-
ground). For illustration purposes, we intentionally left out needed
information in the form to show the feedback capabilities of Drona.
The note (blue background), indicates that Drona selected an H100
GPU based on availability.

Once the researcher clicks the "Submit Job" button, Drona will
run the workflow and the ouput pane will show the output. In the
case of AlphaFold, Drona will submit two independent Slurm jobs:
a CPU job and a GPU job that depends on the successful completion
of the CPU job. The output window will display Slurm information
for both submitted jobs. Section 4.2.1 will discuss in more detail
how workflows are run.

3.4 Reproducibility

Reproducibility is an important aspect in running scientific work-
flows. Every job launched through Drona has its complete context,
including all provided inputs and the final generated files, stored in
a database. The Drona GUI offers multiple options for researchers
to inspect past runs and launch precise replicas of any previous
experiment with a single click. One way to do this is through the
history section in the Drona GUI, which is shown in Figure 5.

Job Submission History

From |06/29/2025 ()| To [07/29/2025 [ Filter

D Name Location Environment Date Actions

e

Rerun

783032, I ! drona AlphaFold3

103373 tutorial-job u.mp108705/drona_composer/runs...  IPUTutorial 3925}’72‘ | Recreate

Figure 5: Screenshot showing Rerun/Recreate functionality
to rerun or recreate a previously run workflow

The figure 5 shows two recently submitted jobs. The "Actions"
dropdown in the last column shows two options to rerun a previ-
ously executed workflow: rerun and recreate.

e Recreate jobs. This option automatically selects the envi-
ronment that matches the job and pre-populates all fields
with the values used in the previously run job. This option
will generate the exact same workflow as the previous job.
The re-create option will NOT preserve any changes made
in the preview editor window.

e Rerun jobs This option will bypass the form and immedi-
ately show the preview window with the exact contents of
the previously run job, including any changes made in the
preview editor window.

4 Drona: a Workflow Framework

The Drona Workflow Framework allows researchers to create and
adapt workflows in a mostly declarative manner. In the previous sec-
tion, we demonstrated how researchers can import environments
and generate workflows. In this section, we will discuss the struc-
ture of an environment in more detail. Figure 6 shows an overview
of a Drona environment and how the Drona Framework generates
workflows from environment specifications.
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The figure shows the specification files used to create the form
and generate the final workflows. Every Drona environment should
contain the following specification files.

o file schema.json, describing the elements in the form

o file map.json, describing a mapping from input values, pro-
vided by the researcher, to placeholder values used in the
driver and template files

o file driver.sh, the main script that starts the workflow execu-
tion

o template files, templates needed to create the workflows with
placeholders that will be replaced with final string values

In Section 4.1, we will describe in detail the specification file
schema. json and the available form elements. In Section 4.2, we
will discuss in detail the specifications of the driver and templates.
The core of the Drona framework is the advanced mapping capabil-
ities, and we will discuss the mapping step in Section 5

4.1 Form Elements

Figure 3 showed a small subset of the available form elements, such
as number fields, file selectors, radio button groups, and dropdowns.
Beyond these examples,Drona provides a large, growing set of form
elements, which are used in the JSON-formatted file schema. json
that contains the information Drona needs to render the form
Every form element in schema. json has the following fields:

{
"<NAME>": {
"type": "<ELEMTYPE>",
"label": "<LABEL>",
"name": "<VARNAME>"
"help": "<HELPMESSAGE>",
"condition": "<LOGICAL CONDITION>"
3
}

where type indicates the type of element (), label is the label for
the element. name is the variable name associated with the value
the researcher provides for this element, help is an optional field
to provide additional information to the researcher, and condition
field adds a logical condition to determine whether the element
will be displayed. Section 4.1.1 will provide more details about the
various element types, and Section 4.1.2 will discuss conditionals
in more detail.

These are the basic fields that are shared across all form ele-
ments. Depending on the element type, additional element fields
can become available.

4.1.1 Available form element types.

Drona provides a rich and easily expandable library of form ele-
ments. Basic elements include number and text fields, while ra-
dioGroup and select elements offer standard choice functionality
with hardcoded options. More advanced elements include time and
unit fields for batch-scheduler specifications, and a module element
that provides a powerful search interface for finding and adding
software modules. File handling is supported through uploader and
picker elements that allow researchers to upload and select files.
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_/"‘
" Drona support library - schema.json
gy
drona_add_additional file() "type™: "number", -
drona_add_warning() "label”: "Input param”,
drona_add_message() "help” : "Enter input”
}
T ‘ Y
T utils.py o
def myfun{varl): map.json
if is_ewen(varl): 2 “, ® -
T 141 X_MAPPED": " Imyfun{$X)
else:
return

|
/"é:"
e

Template Files

#SBATCH -ntasks=1
H#SBATCH -memory=1G

Sriycoda [X_MAPPED)

Figure 6: The Drona Workflow Engine overview demonstrating the complete workflow from researcher input to executable
job generation. Researchers interact with a dynamic web form whose structure is defined by a declarative schema. json file.
When researchers submit the form, Drona uses map. json file to process the inputs and, if needed, invokes functions from
utils.py to generate optimized job scripts and configurations. Functions in utils.py have access to the Drona support library

for additional functionality.

The dynamicSelect element extends standard selection function-
ality by executing scripts to retrieve options dynamically, while
the StaticText element can render HTML content and refresh by
executing scripts to fetch updated content. For a complete and up-
to-date list of available elements, please refer to the Drona Form
Elements page [17].

4.1.2  Conditionals.

The "condition" field field enables dynamic form behavior by con-
trolling when elements are displayed based on other form inputs.
The basic syntax of a condition field is as follows:

“condition” : 7 < ElementName > .valuel (1)

Where <ElementName> is the element’s name and valuel is
the value entered by the researcher. <ElementName> can be any of
the basic elements: select, dynamicSelect, radioGroup, checkbox,
number, text. Complex logical expressions are also supported using
standard operators: && (and), || (or), ! (negate), and parentheses for
precedence control, allowing for sophisticated conditional display
logic.

4.1.3  Sample Form JSON.

The code below shows a snippet of the AlphaFold schema. json
file. The snippet shows two Form elements: a picker element and
dynamicSelect element
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"ISON": {
"type": "picker",
"label": "JSON input",
"name": "jsoninput",
"help":"Select JSON input file",
"locallLabel": "select",
"showFiles": "True",
"files": "True",
"defaultPaths": {
"HOME": "$HOME",
"SCRATCH": "/scratch/user/$USER",
"Examples" : "/data/alphafold3/examples/"
i
"useHPCDefaultPaths": "False",
"condition": "alphafoldversion.alphafold3"

}’

"account": {
"type": "dynamicSelect",

"label": "Project Account",

"help": "provide the account number",
"name": "account",

"retriever" : "list_accounts"
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Both elements contain several additional fields. Note the condi-
tion field for the JSON element. The picker element will only be
displayed when the researcher selects AlphaFold3 for the AlphaFold
version. The account element is a dynamicSelect dropdown, and its
values will be retrieved dynamically by executing the list_accounts
script.

4.2 Driver and Templates

The mapping step, discussed next in Section 5, maps the researcher-
provided inputs to placeholder strings. After that, Drona will iterate
over the driver and templates, replacing all placeholders with actual
string values. In Drona, any text enclosed with [] is considered a
placeholder

4.2.1 The Driver.

File driver.sh is a required file for any Drona environment. The
purpose of the driver is to start the workflow. Below is a basic
driver.sh file that submits the workflow to the Slurm batch scheduler.
Note, [generatedalphafold] and [flocation] are placeholders, and
Drona will replace these with the actual string values retrieved in
the mapping step.

#!/bin/bash
source /etc/profile

cd [flocation]
/sw/local/bin/sbatch [generatedalphafold]

The above sample is a basic yet common case where the driver
invokes Slurm to submit the workflow as a batch job. In practice,
the driver can run a workflow in any way. In Section 3.3, we saw
that the actual AlphaFold driver submited two Slurm jobs. The
driver can as easily consist of a pipeline, submitting a series of jobs.
Instead of submitting the workflow to the Slurm scheduler, the
driver can submit it to a Kubernetes cluster, SSH to a compute node
directly in the shell, or utilize middleware APIs, such as TAPIS [15],
to start the workflow on another cluster.

4.2.2 Template Files.
Templates describe most of the workflows and can include batch
scripts (e.g., Slurm scripts), code files (e.g., Python scripts), config-
uration files, or any other files used in scientific workflows (e.g.,
README files, acknowledgement info). Drona provides two ways
to specify the list of template files to include: static or dynamic. In
Section 5.3.2, we will discuss how to add template files dynamically.
Here we will discuss how to add templates statically.

Drona will check for a file named additional_files.json with the
following structure:

{
"file_name": "<filename>",
"preview_name": "<preview name>",
"position": <index>

}

where file_name is the path, either relative to the environment
directory or absolute, preview_name is the name shown in the
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preview tab, and position is the tab position (-1 indicates to exclude
the file from the preview).

4.2.3 Example Template file.

Below is a snippet of the GPU part of the AlphaFold3 workflow,
with some of the code removed for brevity. The snippet displays
placeholders [gpu], [gputime], [ALPHAFOLD3MODEL], [times-
tamp], [maxtemplate], [RECYCLES], and [OLDGPUFLAGS] (where
OLDGPUFLAGS represent additional parameters required for cer-
tain older GPU types). Drona will replace all these placeholders
with string values retrieved in the mapping step.

#!/bin/bash

#SBATCH --job-name=alphafold3-gpu
#SBATCH --time=[gputime] --mem=64G [gpu]
#SBATCH --nodes=1 --ntasks-per-node=1 --cpus-per-task=8

module purge
module load AlphaFold3/3.0.1

AF3_MODEL_PARAMETERS_DIR=[ALPHAFOLD3MODEL ]
AF3_OUTPUT_DIR=$PWD/output_${protein_name}_[timestamp]

singularity exec \
--db_dir=/root/public_databases \
--max_template_date="[maxtemplate]" \
--num_recycles=[RECYCLES] [OLDGPUFLAGS]

5 Mapping

Drona employs an advanced intermediate mapping scheme to gen-
erate placeholders from researcher-provided input values. Figure
7 shows a graphical representation of the approach Drona uses.
This intermediate mapping step enables Drona to generate complex
and advanced workflows, comprising multiple workflow files and
dynamic drivers. This also enables the verification and correction
of input values, the addition of advanced feedback capabilities, and
the integration of command-line tools into a Drona environment.

Generate
Gather
Replace
User provides Map input values placeholders with
info in GUI form to placeholders string values

Figure 7: This figure shows the gather, map, generate ap-
proach in Drona, with the intermediate mapping step.

5.1 The Mapping File

The mappings are defined in a file named map.json. This JSON-
formatted file contains a list of mappings, where each element can
be defined using the following regular expression:
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placeholder «— [STRING_ELEM]* (2)

Where STRING_ELEM is one of the following:

e variable: syntax $variable

e function call: syntax !myfun($vari, ... , $varN)
o string literal: any string that is not a variable or function
call

Drona Engine will parse file map.json to create an updated map-
ping with placeholder < stringvalue. Algorithm 1 shows pseudo-
code for the mapping step.

Algorithm 1: Mapping Placeholders

Input: map. json, inputs.map
Output: Modified map. json

for each (lhs, rhs) inmap. json do
line « split(rhs,‘ ‘) new_rhs < “;
for each elem in line do
if elem starts with $ then
new_rhs < new_rhs + inputs.map[elem] +
end

« o«

else if elem starts with | then
parse input parameters for elem
new_rhs < new_rhs + eval(elem) +
end

« o«

else
new_rhs < new_rhs + elem +
end

« o«

end

replace (lhs, rhs) in map. json with (lhs, new_rhs)
end
return map. json

5.1.1 Mapping Example.

The code below shows a snippet of the map.json file for the Al-
phaFold environment with two elements. The right-hand side (rhs)
on the first line shows a simple variable substitution denoted by the
$ marker. The rhs on the second line shows a function call, denoted
by the ! marker.

"flocation": "$location",

"maxtemplate": "!retrieve_maxtemplate($maxtemplate)",

3

5.2 The utils.py File

The previous section showed that a mapping can include calls to
Python functions. These functions are defined in file utils.py. These
Python functions are highly flexible and can perform advanced
analysis of input combinations, dynamically adjust input values,
and incorporate automation, such as selecting the most suitable
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accelerator. For example, Nasari et al. [11] demonstrated that cer-
tain types of accelerators may perform better depending on the
batch size. A Drona environment can leverage this information and
automatically decide the optimal accelerator to use.

5.2.1 utils.py Example .

The previous section showed a snippet of the AlphaFold mapping
file, that included a function call to retrieve_maxtemplate(). The
code below shows a snippet of the utils.py file with the definition of
retrieve_maxtemplate(). The function checks if a date was provided
and returns the correct time string. The returned string will be used
as a placeholder value

def retrieve_maxtemplate(maxtemplate=""):
if maxtemplate == "":
return f""+str(datetime.date.today())
else:
return f""+maxtemplate

5.3 Drona Support Library

Drona Workflow Engine provides a support library with Python
functions to assist in creating powerful and flexible environments,
and can be called directly from any function in utils.py. The support
library currently contains the following functions.

drona_add_message ()
drona_add_additional_file()
drona_add_mapping()

These functions communicate directly with the Drona Engine.
We will discuss these library functions in more detail in the follow-
ing subsections.

The support library is defined in file utils.py in the Drona En-
gine system folder. Additional functions can be added if needed.
Depending on how Drona Engine was installed, only people with
elevated access, such as system administrators, might have write
access to this file.

5.3.1 Adding Messages.

In Section 3.3, we discussed how the preview window can include
immediate feedback using various types of messages (error mes-
sages, warnings, and notes). The support library provides the fol-
lowing function to add any of these messages.

drona_add_message(message, type)

Where message is a string containing the message and type is
the type of the message, with valid values being "error", "warning”,
"note". For convenience and backward compatibility, the Drona

support library also provides the following functions:

drona_add_error(message)
drona_add_warning(message)
drona_add_note(message)

5.3.2 Adding Template Files Dynamically.
The previous section discussed how the additional_files.json file
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is used to specify template files to be included in the workflow.
Although very useful, there are scenarios where statically adding
files is insufficient. For advanced workflows, it is not uncommon
for input values to dictate which additional files should be included.
The support library provides the following function to add template
files to the workflow dynamically.

drona_add_additional_file(file, name, index)

where file is the path, either relative to the environment directory
or absolute, name is the name shown in the preview tab, and index
is the tab position ( -1 indicates to exclude the file from the preview).

5.3.3 Adding Mappings Dynamically.

Typically, placeholders are defined statically in file map.json. How-
ever, to provide ultimate flexibility in adding mappings, the Drona
support library offers a function to add a mapping dynamically.

drona_add_mapping(key, value)

where key is the placeholder name to add, and value is the string
associated with the placeholder. It is worth noting that the value
string can contain other placeholders as long as these placeholders
are static.

5.3.4  Example Support Library Call.

The following Python code shows a snippet of a function in the
AlphaFold utils.py file. The code is truncated for brevity and to
make it fit. The Python function checks if the researcher picked
AlphaFold3, and in that case, it adds the correct GPU job file to
the workflow, using the drona_add_additional_file support library
function. It also adds a mapping for RECYCLES, which is only
used for AlphaFold3 using the drona_add_mapping support library
function. Finally, the code snippet adds a warning message using
the drona_add_message support library function if the researcher
didn’t provide a JSON input file

def process_alpahfold3(version, json,recycles):
if version != "alphafold3":
return ""

drona_add_additional_file("alphafold3-gpu.job", \
"alphafold3-gpu")

drona_add_mapping("RECYCLES",str(recycles))

drona_add_mapping("runcommand",driver_alphafold3)

if json == "":

drona_add_message("No input JSON specified. \
Create one in preview \
window", "warning")

nn

return
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6 Managing Environments

In Section 3 we introduced the Drona GUI and showed the con-
cept of environments to run scientific workflows. In Section 4 we
discussed the structure and the various parts comprising an envi-
ronment in great detail. In this section, we will briefly discuss how
Drona manages environments and how researchers can share their
Drona environments with their peers and the community.

6.1 Drona Environment Repository

In section 3.1 we showed how a researcher can import environ-
ments. Figure 2 showed the import window with available environ-
ments. The environments are stored in an external public GitHub
repository [16], completely independent of the Drona Workflow
Engine repository. Drona will pull in the environments from this
external repository and show them in the import window. When a
researcher clicks the "Add" button, Drona retrieves the requested
environment from the repository and copies it into the researcher’s
directory.

6.2 Sharing Environments

Drona provides multiple options for sharing environments. Re-
searchers can simply share their Drona environment directly with
their peers, who can copy it into their local Drona environments di-
rectory. This is especially useful when the researcher has created or
customized their own environment. To share a Drona environment
with the community, the researcher can request that their Drona
environment be included in the public Drona environments reposi-
tory. The researcher will provide a metafile containing information
about the Drona environment and create a pull request.

7 Scientific Workflow Monitoring

Monitoring and managing a workflow is as important as generating
and executing that workflow, and it is common for the researcher
to monitor its progress using batch-scheduler commands in a Linux
shell. In a typical HPC setting, this includes checking job status,
elapsed runtime, inspecting logs, and sometimes canceling a run-
ning job.

GUI tools, such as OOD and OpenComposer, provide some of
this job-listing functionality in the GUI Although useful, the infor-
mation provided is primarily batch job-related and does not include
any workflow-specific details. Additionally, these GUI job-listing
tools struggle to handle workflows like AlphaFold, or scientific
pipelines in general, that consist of multiple jobs, in an elegant
manner.

We argue that the managing and monitoring phase is, or should
be, an integral part of a scientific workflow. That is the philoso-
phy Drona adheres to. A Drona environment contains a wealth
of information about the scientific workflow it represents. This
knowledge can be leveraged to provide detailed workflow-specific
details in addition to batch-job-related information. For example,
an AlphaFold3 environment can include form elements that show
the progress of the prediction, display Pickle file information, print
warning, and error messages, and show GPU utilization. The re-
searcher who creates or adapts a Drona environment determines
the relevant information for managing that specific workflow and
includes the matching form elements, and if needed, driver logic to
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the environment. Drona provides the tools and building blocks to
do this.

The screenshot in Figure 8 shows a simple example of how a
Drona AlphaFold environment can include monitoring. In this case,
as a proof of concept, we extended the AlphaFold environment to
allow the user to monitor submitted workflows.

Environments AlphaFold +

AlphaFold Workflow Select workflow

New AlphaFold3 O New AlphaFold2 @ Current Workflow MyAFWorkflow (id 20250726-115634) 07/25/2025

JoB 1D JOB NAME ELAPSED TIME STATUS CANCEL JOB

——— - Y

18:00/24:00 (hh:mm)

1203999 AF3-CPU job

1204000 AF3-GPU job S _ v

00:00/48:00 (hh:mm)

Preview Show History

Figure 8: Screenshot of monitoring an AlphaFold3 job, show-
ing information about both Slurm jobs.

The figure shows the researcher selected to monitor existing
jobs and then chose a specific workflow. Once a specific workflow
is selected, the Drona environment displays information for both
CPU and GPU jobs, including job ID, name, elapsed time, state, and
checkboxes that allow the researcher to cancel one or both jobs. In
the screenshot, the researcher selected to cancel both jobs. In this
case, the Drona environment will generate code for the driver to
cancel the jobs (e.g., using scancel command in Slurm) once the
researcher clicks the preview button.

8 Example Workflows

So far, we have only discussed how Drona can assist researchers
in creating and generating scientific workflows. In this section, we
will showcase two different types of workflows we have developed,
demonstrating the versatility of Drona. These workflows build upon
our previous work [9, 13].

8.1 IPU Tutorial

To showcase Drona’s ability to simplify complex computational
tasks, we created a Drona Tutorial environment for Graphcore
Intelligent Processing Unit (IPU) training. During the tutorial, par-
ticipants learn to port PyTorch [12] and TensorFlow [3](Keras [4])
models to the IPU through self-contained training modules that
include all necessary materials, code files, and handouts. By elim-
inating the need for Linux shell familiarity, the Drona tutorial
environment provides the following streamlined experience:

(1) The participant chooses the tutorial module from a drop-
down menu. Once a module is selected, it will show the
module goals and hints needed to complete the training
module

(2) Drona generates the relevant files, including Python code
snippets and bash scripts. The participant works on the ex-
ercises, switching between the preview window and hints if
needed
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(3) Participant clicks the submit button, and the code is executed
directly on the IPU, the output is shown in the output pane.
(4) Participant continues with the next tutorial module.

This Drona training environment was used during the IPU tuto-
rial held at the PEARC25 Conference in Columbus, Ohio [2], and
during the ByteBoost Workshop in Pittsburgh, Pennsylvania [1].

8.2 Al Dashboard

To consolidate AI/ML capabilities and provide researchers with
streamlined access to diverse computational workflows, we devel-
oped a unified Al Dashboard within Drona. This dashboard aggre-
gates multiple expert-encoded environments, providing researchers
with a single portal for common AI/ML tasks, rather than requiring
navigation between separate tools. The dashboard integrates ex-
isting Drona environments for PyTorch workflows, Hugging Face
[7] transformer models, and educational resources, providing the
following cohesive experience:

(1) The researcher accesses the Al Dashboard and selects from
available tasks such as "Train Custom Model," "Fine-tune
Model from Hugging Face," or "IPU Tutorial."

(2) Upon task selection, Drona loads the appropriate environ-
ment and guides the researcher through the familiar Drona
workflow interface.

(3) All generated files, results, and job history are organized
within a centralized workspace, improving project manage-
ment and reproducibility.

(4) The output from one tool can be used to inform another.
For example, a model fine-tuned via the dashboard could
immediately be made available for an inference task within
the same environment.

9 Implementation

Drona is available in a public GitHub repository [18]. The front end
is primarily built using React, and the back end is written using
Flask. We provide Drona as a Phusion Passenger app within our
OpenOnDemand (OOD) portal. The Drona repository can be cloned
directly into OOD, either into the dev or sys environment. Setup
will be done automatically through OOD; by default, the app will
appear under the Jobs category.

Although we use OOD to host Drona, Drona does not depend on
OOD to function. Alternative options for hosting include running as
a local website, which we have done regularly for testing purposes,
or as an app inside other dashboards and frameworks.

10 Future Work

We believe the Drona Workflow Engine core is stable and extremely
versatile, allowing it to virtually generate any type of workflow,
assisting both novice and experienced users with their research
goals. Future work will mostly focus on improving usability and
convenience.

Although Drona provides a rich set of form elements, there
are potentially useful elements missing that we still want to add.
The form generator component has already been utilized in other
projects, and there will be opportunities to expand on it.
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Similar to the building blocks (form elements) to create the GUI
form, we plan to create a curated set of driver template functions
that the researcher can choose from when creating a workflow. One
simple example template would take a job name as input and submit
the job to the Slurm scheduler. A more complex example template
would take a list of job names as input and submit each subsequent
job in the list to the Slurm scheduler, configured with a job depen-
dency that prevents it from starting until the previously submitted
job in the sequence has completed successfully, effectively creating
a pipeline. These are just two examples. Other examples include
templates for submitting to alternative schedulers, such as PBS, or
to a Kubernetes cluster. Providing building blocks for drivers will
further elevate the Drona design philosophy of creating workflows
in a mostly declarative manner.

Drona is designed to be fully self-contained. That includes cre-
ating, updating, and sharing environments. Future work will in-
clude providing a "Drona Env Management" environment to
manage, create, update, and share Drona environments created
by researchers. Some preliminary work has already been done to
create forms using drag-and-drop functionality.

One major focus area for future work is to add more Drona
environments to the environments repository. Especially related to
AI/ML and bio-related fields.

11 Summary

In this paper, we presented Drona Workflow Engine, both a tool
designed to guide researchers in running their scientific workflows
and a powerful framework for creating complex new workflows.
Drona is researcher-focused, allowing researchers to have complete
control over their workflows, including which workflows to import,
create, or adapt, as well as share them with their peers. The intuitive
and guided forms enable novice and experienced users to focus
on their research. In addition, this results in a reduction in help
requests for HPC centers.
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