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Overview

Background & motivation: 
vis + inverse design

Demo: applying the 
system to a use case

Tool features:  
- Hierarchical & iterative workflows 
- Nearest-neighbor recommendation 
- Sensitivity analysis

What’s next?
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How do we go from high 
dimensional alloy data…

To a smaller subset of ideal 
candidates with target properties?
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Inverse design

How can visualization support inverse design—going from desired properties to a 
set of viable alloy compositions?

Inverse design via high-throughput screening 
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 High-Throughput Alloy Design (HTAD)
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Inverse design  
optimization and  

discovery 

Domain users, material scientists

Computational 
materials science

Physics-based constraints 
and simulation

Machine learning, 
surrogate modeling, 
sensitivity analysis 

Data-driven



Dataset for AlloyLens

324632 samples, 70 properties

6 input scraps, 12 elements, 38 microstructures, 14 properties
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 Human–in–the–Loop Alloy Design Workflow
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• run more physical 
experiments 

• collect more data from 
candidates of interest 

Apply constraints: filter, 
specify ranges, or fix 

target properties.

Analyze sensitivity: 
inspect pairwise 
correlations and 

influence of variables

Handle empty 
solution cases

Overview of  
patterns in dataset

Downstream 
tasks

• Needs and gaps?
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 Demo: Applying AlloyLens to a Real Use Case 

Automotive and Aerospace systems 

• Strength: 200 MPa (auto), > 300 MPa (aero) 

• Hardness (Vickers): 80–130 HV 

• Density (g/cm³): < 2.75 

• FCC phase fraction: >80% 

• CSC: < 0.5 (low risk) 

• delta_T: < 100°C
Gloria, A., Montanari, R., Richetta, M., & Varone, A. (2019). Alloys for Aeronautic Applications: 
State of the Art and Perspectives. Metals, 9(6), 662. https://doi.org/10.3390/met9060662 Susie LiIEEE VIS 2025 SciVis Contest
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AlloyLens Web
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System features
1. Overview, selection, + real-time steering

3. Nearest-neighbor recommendation 

% Al % Si % Cu % Ni % Mg
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2. Sensitivity analysis

% Al % Si % Cu % Ni % Mg

20 45
4030



!1: Real-time steering & adjustment 

• Create a tight feedback loop between 
the user and the system 

• Starts with an initial set of target 
properties 

• Adjusts target specification 
• But sometimes even after adjusting 

constraints, no perfect alloy exists — 
and that’s where our second 
mechanism comes in.
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!2: Nearest neighbor: recommend next-best solution

• Case: no candidate fits all the required 
properties.  

• AlloyLens recommends the top k 
nearest-neighbors, as measured by the 
Euclidean distance in feature space

User target
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!3: Sensitivity analysis

Flat curve: 
% Mg barely 
affects hardness 

Steeper slope: 
Changes in %Fe 
corresponds to a larger 
change in density
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Using AlloyLens in Jupyter
# Import AlloyLens 
import alloylens 

# Load alloy dataset (CSV/TSV/txt/etc…) 
df = pd.read_csv(“SciVis_Rapid_Alloy_development.txt", sep=“\t") 

# Define column groups in dataset  
groups = Groups( 
    elements=["Al", "Cu", "Mg", "Mn", "Si", "Zn"], 
    properties=[“Yield_strength", “Therm_conductivity”], 
) 

# Launch interactive visualization 
app = alloylens.AlloyLensApp(df, groups, x=“elements”, y=“properties”) 
app # Visualize inside Jupyter notebook





Sensitivity calculations
Trained a surrogate model (multi-
layer perception) that predicts a 
property value (Y) given an 
elemental composition

Use the centroid of the selected 
points as input to the surrogate 
model. 

Increase and decrease the X 
value of the centroid, plot the 
corresponding Y values  
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What’s next

• beyond Jupyter environment: deploy as web app  

• integrate surrogate predictions 

• Allow UI specification for the nearest neighbor algorithm:  

• Weighting of different features (e.g. prioritize closeness in conductivity) 

• Tolerance level (delta)
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Thank you!

Source: github.com/susiesyli/alloylens

Jupyter Widget:  

github.com/susiesyli/alloylens

Web: susiesyli.com/alloylens-web
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