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Introduction to Calphad Optimizer
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Why does GTT develop Calphad Optimizer

• Calphad should be accessible to more users

– A GUI tool that can be understood by any material scientists

– Yet, no power user should be lost

• FAIR data! Responsibility of GTT:

– I: Interoperability

Provide data structures suited for open and accessible tools and workflows

– R: Reproducibility

Make the outcome of optimizations reliably deterministic

• Higher throughput than established tools

– Minimize necessary interaction during optimization



Calphad Optimizer
Start-up screen
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Calphad Optimizer
Optimization control
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Calphad Optimizer
Comprehensive results

in real-time
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Calphad Optimizer
Comprehensive results in real-time
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The SQLite results database
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• What is SQLite?

– A lightweight, file-based and relational database management system

• Benefits

– Structure: well-defined schema organizes data into tables, rows, and columns

• Tables: variables, errors, experiments results vs iteration
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The SQLite results database
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The SQLite results database



• What is SQLite?

– A lightweight, file-based and relational database management system

• Benefits

– Structure: well-defined schema organizes data into tables, rows, and columns

• Tables: variables, errors, experiments results vs iteration

– Portability: self-contained, single file

• Easy copying and sharing
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The SQLite results database



• What is SQLite?

– A lightweight, file-based and relational database management system

• Benefits

– Structure: well-defined schema organizes data into tables, rows, and columns

• Tables: variables, errors, experiments results vs iteration

– Portability: self-contained, single file

• Easy copying and sharing

– Simplicity: minimal configuration setup

• Python example:
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The SQLite results database
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Command line interface
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Command line interface

Command Prompt
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Command line interface

python
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1st Analysis: Optimization performance
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1st Analysis: Optimization performance

Error vs evaluation
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1st Analysis: Optimization performance

Error vs evaluation
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1st Analysis: Optimization performance

Parameter convergence

Bruno Reis, Calphad 51



21

1st Analysis: Optimization performance

Parameter convergence – only improvements
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1st Analysis: Optimization performance

Parameter convergence – only improvements
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1st Analysis: Optimization performance

Error distribution for Ni solubility in BCC
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1st Analysis: Optimization performance

Error distribution per experiment
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1st Analysis: Optimization performance

3D shape of the error function
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2nd Analysis: Exploratory data analysis 

26



27

2nd Analysis: Exploratory data analysis

Cr-Ni experimental data
Sample 

Size

Activity of Cr in BCC_A2 20

Activity of Cr in liquid 53

Heat of mixing of liquid 62

Heat of mixing of BCC_A2 11

Heat of mixing of FCC_A1 15

Solidus (FCC_A1) 14

Solidus (BCC_A2) 10

Liquidus (FCC_A1 13

Liquidus (BCC_A2) 16

Solvus (BCC_A2) 23

Solvus (FCC_A1) 31

Total 268

Time/iteration = 1.2 s
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2nd Analysis: Exploratory data analysis

EDA:

• Data Collection

• Data Cleaning

• Statistical Analysis

• Grouping

• Thresholding

Cr-Ni experimental data
Sample 

Size

Activity of Cr in BCC_A2 20

Activity of Cr in liquid 53

Heat of mixing of liquid 62

Heat of mixing of BCC_A2 11

Heat of mixing of FCC_A1 15

Solidus (FCC_A1) 14

Solidus (BCC_A2) 10

Liquidus (FCC_A1 13

Liquidus (BCC_A2) 16

Solvus (BCC_A2) 23

Solvus (FCC_A1) 31

Total 268

Time/iteration = 1.2 s
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2nd Analysis: Exploratory data analysis

EDA:

• Data Collection

• Data Cleaning

• Statistical Analysis

• Grouping

• Thresholding

Cr-Ni experimental data
Sample 

Size

Activity of Cr in BCC_A2 20

Activity of Cr in liquid 53

Heat of mixing of liquid 62

Heat of mixing of BCC_A2 11

Heat of mixing of FCC_A1 15

Solidus (FCC_A1) 14

Solidus (BCC_A2) 10

Liquidus (FCC_A1 13

Liquidus (BCC_A2) 16

Solvus (BCC_A2) 23

Solvus (FCC_A1) 31

Total 268

Time/iteration = 1.2 s

Cr-Ni experimental data
Sample 

Size

Activity of Cr in BCC_A2 0

Activity of Cr in liquid 0

Heat of mixing of liquid 39

Heat of mixing of BCC_A2 3

Heat of mixing of FCC_A1 5

Solidus (FCC_A1) 7

Solidus (BCC_A2) 4

Liquidus (FCC_A1 6

Liquidus (BCC_A2) 6

Solvus (BCC_A2) 14

Solvus (FCC_A1) 15

Total 99

Time/iteration = 0.5 s
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3rd Analysis: Machine learning
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3rd Analysis: Machine learning
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3rd Analysis: Machine learning

Fit of the error function using a deterministic neural network
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• Calphad Optimizer

– User-friendly GUI

– Real-time responsiveness

– Robust optimization algorithms

– FAIR-compliant

• Interoperable

• Reusable

– CLI-compatible

– SQLite post-processing analysis

• Optimization performance

• Exploratory data analysis

• Machine learning

• And much more!
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Conclusion

Stay tuned for our publication on 

demonstrating the performance of 

Calphad Optimizer in details!
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Thank You!
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Bruno Reis

br@gtt-technologies.de
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