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The VIPR framework (Versatile Inverse Problem Software Framework)

- Core idea: Standardized, extensible framework for ML pipelines in scientific data analysis
- Focus: Solving inverse problems in materials science and particle physics

- Goal: Interoperability (enables sharing of ML components between research facilities)

] VIPR Core (CLI Foundation)

l

Plugin Ecosystem
4, Reflectometry (available)
4, GISAXS (planned)

. 4, Custom Plugins
Versatile Inverse Problem !

User Interfaces
Software Framework = CLI | & Web-App
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The VIPR framework (Versatile Inverse Problem Software Framework)

Two ways for usage:
- CLI: VIPR Core + plugins
- Web-App: GUI + API (uses VIPR Core + plugins)

Codebase

vipr-core (CLI): https://codebase.helmholtz.cloud/vipr/vipr-core

vipr-reflectometry-plugin: https://codebase.helmholtz.cloud/vipr/vipr-reflectorch-plugin

vipr-api: https://codebase.helmholtz.cloud/vipr/vipr-api

vipr-frontend: https://codebase.helmholtz.cloud/vipr/vipr-frontend

vipr-framework (overview): https://codebase.helmholtz.cloud/vipr/vipr-framework



https://codebase.helmholtz.cloud/vipr/vipr-core
https://codebase.helmholtz.cloud/vipr/vipr-reflectorch-plugin
https://codebase.helmholtz.cloud/vipr/vipr-api
https://codebase.helmholtz.cloud/vipr/vipr-frontend
https://codebase.helmholtz.cloud/vipr/vipr-framework
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Getting started with VIPR core and the reflectometry plugin

- VIPR Core: foundation of VIPR

- CLI program, based on Cement CLI framework (https://builtoncement.com/)

- Can be extended by Cement plugins
- Minimum requirements: Python 3.10 + Access to VIPR codebase

- Guide: https://codebase.helmholtz.cloud/vipr/vipr-framework/-/blob/init/VIPR CLI|.md

Installation with Reflectometry Plugin

pip install git+https://codebase.helmholtz.cloud/vipr/vipr-core.qit

pip install git+https://codebase.helmholtz.cloud/vipr/vipr-reflectorch-plugin.qit

Example Prediction Command

vipr --config @vipr_reflectometry/reflectorch/examples/configs/PTCDI-C3.yaml inference run


https://builtoncement.com/
https://codebase.helmholtz.cloud/vipr/vipr-framework/-/blob/init/VIPR_CLI.md
https://codebase.helmholtz.cloud/vipr/vipr-core.git
https://codebase.helmholtz.cloud/vipr/vipr-reflectorch-plugin.git
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VIPR Core Test with Reflectometry Plugin

Prediction for XRR (PTCDI-C3 layer on SiO /Si)

vipr --config @vipr_reflectometry/reflectorch/examples/configs/PTCDI-C3.yaml inference run

Terminal Output:

ANFUS LUGUIMUUE LLITEE1 CHLED LEY LUlIPLELEU

INFO: Step 3: Normalizing data

INFO: Starting NormalizeInferenceStep

INFO: No normalizer handler specified, using identity normalization

INFO: NormalizeInf nceStep completed

INFO: Step 4: Preprocessing data

INFO: Starting PreprocessInferenceStep

INFO: Interpolating 1 spectra with Reflectorch

INFO: No preprocessor handler specified, using identity preprocessing

INFO: PreprocessInferenceStep completed

INFO: Step 5: Performing prediction

INFO: Starting PredictionInferenceStep

INFO: Prediction config: {'handler ‘reflectorch predictor', 'parameters': {'ca
rediction': True, 'prior bounds': {'roughnesses': [[®, 20], [0, 15], [0, 15]], '
se q shift': False}}

INFO: Looking for predictor handle
INFO: Using predictor handler 'reflectorch predictor’

INFO: Processing batch of 1 spectra with DataSet interface

INFO: Using scalar q resolution from config: None

INFO: Converted flat dict prior bounds to array with 8 bounds

INFO: PredictionInferenceStep completed

INFO: Step 6: Postprocessing results

INFO: Starting PostprocessInferenceStep

INFO: Processing standard reflectorch UI data for batch size=1

INFO: Stored standard reflectorch UI data with 1 spectra

INFO: No postprocessor handler specified, returning data as is

INFO: PostprocessInferenceStep completed

INFO: Inference workflow completed successfully

INFO: Collecting 87 buffered log entries

INFO: UI Plugin stored its own data with ID: 38ac6778-6e5c-4140-8db0-841ff245152b

c polished sld prof
lds': [[1e, 13], [2(

1
s

‘reflectorch predictor’

Results Directory:

> myenv
v storage
> huggingface_cache
> reflectorch
v results
v 38ac6778-6e5c-4140-8db0-841Ff245152b
v diagrams
reflectivity_primary_Experimental.csv
reflectivity_primary_Polished.csv
reflectivity_primary_Predicted.csv

residuals i

residuals_vs_q_Zero.csv

sld_profile_Polished_SLD.csv

=
=
B residuals_vs_q_Polished.csv
=]
=]
=]
=

sld_profile_Predicted_SLD.
v images
= reflectivity_matplotlib.png
v tables
B model_parameters.csv
data.pkl
PTCDI-C3.yaml
{} metadata.json
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VIPR CLI command for prediction

vipr --config @vipr_reflectometry/reflectorch/examples/configs/PTCDI-C3.yaml inference run

.

Launch Path to VIPR config Controller Method
VIPR (package notation) Class

Config File Reference Options

Relative Path: --config ./configs/my-config.yaml
Absolute Path: --config /home/user/project/configs/config.yaml

Package Notation: --config @vipr_reflectometry/reflectorch/examples/configs/PTCDI-C3.yaml
(useful for the examples that come with the package)
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VIPR config

Example config: https://codebase.helmholtz.cloud/vipr/vipr-framework/-/blob/init/example-config.yaml

* Copy example config YAML to your
working directory

CE_PREPROCESS_PRE_FILTER
eflectometry.reflectorch.reflectorch_extension.Reflectorch

ss_interpolate

* Customize config parameters (e.g., your 2
own data_path, filters, model settings) |

1c_point_xray_conv_standard_L2_InputQ

» Reference your config with CLI command:
--config ./my-config.yaml

* Runinference: vipr --config
./my-config.yaml inference run

{3
esult_id: 38ac6778-6e5c-4140-8db8-841FF245152b

3
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Getting started with the VIPR web-app

Guide:
https://codebase.helmholtz.cloud/vipr/vipr-framework/-/blob/init/VIPR web app.md

Requirements:
- Access to reqistry.hzdr.de via Personal Access Token
- Docker

Start WebApp (VIPR api + VIPR frontend): docker compose up

VIPR frontend: http://localhost:3000
VIPR api: http://localhost:8000/docs



https://codebase.helmholtz.cloud/vipr/vipr-framework/-/blob/init/VIPR_web_app.md
http://registry.hzdr.de
http://localhost:3000
http://localhost:8000/docs
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VIPR frontend (accessible via http://localhost:3000)

L 2 C O D nttp//localhost:300 R @ Anmelden

\IP Name  Standard Reflectorch Configuration B SAVE { *+ LOAD ][ & LOAD EXAMPLES ][ {.} VIEW CONFIG } N

Configure Processing Steps

Load Data 3 EDIT CONFIGURATION

Handler: @ csv_spectrareader

~

No results yet. Configure your settings and click "Predict" to see the results here.

Load Model 3= EDIT CONFIGURATION

Handler: @ reflectorch

Normalize F= EDIT CONFIGURATION

i

Preprocess 3 EDIT CONFIGURATION

Filters:

- Configure complete inference pipeline via GUI
- Edit each processing step individually

- Load example configs or save your own

- Run predictions with one click

Postprocess 3 EDIT CONFIGURATION

> RUN PREDICTION B Auto Execute
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Prediction for predefined examples

@ Click “LOAD EXAMPLES”
NiePr

Configure Processi

> RUN PREDI

Load Dat

Handler: @ csv_spevmantade!

Load Model

Handler: @ reflectorch

Normalize

Preprocess

Filters:
INFERENCE_PREPROCESS. P}

= Reflects

Predict

Handler: @ reflectorch._predi

Postprocess

Name  Standard Reflectorch Configuration B SAVE [ * LOAD ][

\IP

b AR @ Anmelden > ¥ & =

LOAD EXAMPLES ]

{.} VIEW CONFIG ] N

Select example configuration

Select Example Configuration

o After selecting a configuration, you must press
the Run Prediction button to start the prediction.

PTCDI-C3_XRR_2025-06-12T11-23-25-881Z json

Ni500_NR_2025-06-12T11-30-19-178Z json
Ni_on_Glass_NR_2025-06-12T11-41-04-080Z.json
D17_8i0_2025-11-11T16-22-02-551Z json
D17_Si0_pre_filtered_2025-06-16T14-14-53-306Z json
ORSO_example_2025-06-18T10-08-12-671Z json
XRR_hdf5_DIP_1_2025-08-22T12-19-21-976Z json
MARIA_Dataset_s000003_2025-09-12T12-20-14-645Z js..
PANPE_2layers_XRR_2025-01-10T13-46-00-000Z.json

mc1_nsf_2025-10-06.json

CANCEL

(—

No results yet. Configure your settings and click "Predict" to see the results here.

e Click “RUN PREDICTION”

P> RUN PREDICTION

@ View prediction results

Name  date_PTCDC3

8 Goodness of .

B savE

| 1% Reflectivity Curve - Spectrum 1

B R — Potsnea

o,
Raacastiss e,
aens s N
ot 0
centtan,,

eyt

B
G0ttt eneyene un,

UN  Loc  Rvsa Rarvsa [ & EXPORT sV

= Loap exampies ) (4 viewconris ] ® =

10
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Use your own experimental data set

@ Load Data step: Click “EDIT CONFIGURATION”

Configure Processing Steps

D> RUN PREDICTION

Load Data

Handler: @ csv_spectrareader

Load Model

Handler: @ reflectorch

Normalize

Preprocess

Filters:

Predict

Handler: @ reflectorch_predictor

Postprocess

I Auto Execute

<

3= EDIT CONFIGURATION

I | Reflectivity Curve - Spectrum 1

dness of Fit.

IEW CONFIG N

RSS/RMSE:RSS (Predicted): 0.137133 (RMSE: 0.370315) | RSS (Polished): 0.135770 (RMSE: 0.368470)

@ Click “DATA LOADER”

LOAD_DATA

v INFERENCE_LOAD_DATA_PRE_PRE_FILTER_HOOK

~

v DATALOADER

3% EDIT CONFIGURATION

Aly_exp

eflectivity Experimental Predicted +++ Polished

B T
*Preas,

"tegattag,, .

pa TNy

Llade S e LY

@ Click “Upload CSV” Field

Select Data Loader

Select a data loader

csv_spectrareader

@ Anmelden v A

I

Pogote g n,

$ EXPORT CSV

Parameters

~ File Path

@vipr_reflectometry/reflectorch/examples/data/PTCDI-C3.txt

Upload CSV/Excel File
U] [ PTCDI-C3.txt

o ( B EDIT COLUMN MAPPING
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Adjust the prediction parameters

@ Predict step: Click “EDIT CONFIGURATION”

Configure Processing Steps

Load Data

Handler: @ csv_spectrareader

Load Model

Handler: @ reflectorch

Normalize

Preprocess

Filters:
INFERENCE_PREPROCESS_PRE_FILTER

= Reflectorch

e Predict

Handler: @ reflectorch_predictor

° Postprocess
> RUN PREDICTION M Auto Execute

~

3= EDIT CONFIGURATION

3= EDIT CONFIGURATION

3= EDIT CONFIGURATION
3= EDIT CONFIGURATION

3= EDIT CONFIGURATION

3= EDIT CONFIGURATION

| | Reflectivity Curve - Spectrum 1

B Goodness of Fit
RSS/RMSE:RSS (Predicted): 0.137133 (RMSE: 0.370315) | RSS (Polished): 0.135770 (RMSE: 0.368470)

® Reflectvit

Reflectivity

SagnAtANY

| |2/ Relative Residuals (A/y_exp) - Spectrum 1

\IP

@ Click “Predictors”

Select Predictor

Select a predictor
reflectorch_predictor

Parameters
@@ calc_pred_curve
@@ clip_prediction

@@ polish_prediction

upper_phase_sld
0

Type: float

[J Enable Q Resolution (Fallback)

Q Resolution Fallback (dq) v

Fallback value when no pointwise g-resolution in data. Auto-gverridden if your data contains g-resolution
column. Absolute resolution in A-". Typical values: 0.01-0.1 A~ for neutron reflectometry.
B use_q_shift

@@ calc_pred_sld_profile

@@ calc_polished_sld_profile

11} Prior Layer Bounds

I

EXPORT CSV

02
[ . T Thicknesses (A)
0 z ]
g o
§ s,
2 Layer 1 1.00 @ 500.00
& Layer 2 1.00 — @ 500,00
o 0.05 01 0.15 02

12
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Summary

- Modular ML framework for inverse problems
- CLI + Web-App for different user needs

- Plugin ecosystem

- availability of a Reflectometry plugin

- YAML-based configuration

Guide VIPR CLI: https://codebase.helmholtz.cloud/vipr/vipr-framework/-/blob/init/VIPR CLI.md

Guide VIPR web-app: https://codebase.helmholtz.cloud/vipr/vipr-framework/-/blob/init/\VIPR_web_app.md



https://codebase.helmholtz.cloud/vipr/vipr-framework/-/blob/init/VIPR_CLI.md
https://codebase.helmholtz.cloud/vipr/vipr-framework/-/blob/init/VIPR_web_app.md

