
College of Arts and Sciences

School of Engineering and Applied Sciences 17 August 2016  
1

Materials Informatics: 
Mining and Learning from Data for Accelerated Design and 

Discovery

Krishna Rajan

Department of Materials Design and Innovation &
New York Center of Excellence in Materials Informatics
University at Buffalo- The State University of New York 

NASA Langley Machine Learning Workshop 2016



College of Arts and Sciences

School of Engineering and Applied Sciences

Dept. Materials Design and Innovation

http://engineering.buffalo.edu
/materials-design-
innovation.html

krajan3@buffalo.edu

http://www.cas.buffalo.edu/depart
ments-programs/

http://engineering.buffalo.edu/materials-design-innovation.html
mailto:krajan3@buffalo.edu
http://www.cas.buffalo.edu/departments-programs/


College of Arts and Sciences

School of Engineering and Applied Sciences

A new paradigm - computational and experimental materials science + Big Data

Krishna Rajan
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“Optics” of Data 
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Cartography for Materials : mapping elemental characteristics
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Terabytes

Zetabytes Reference Data 

High levels of 
uncertainty

Multiscale Static

Dynamic Single scale 

Materials Informatics: 

The Materials “Gene” and 

Big Data : K. Rajan

Annual Review of Materials 

Research

Vol. 45: 153-169 (July 

2015)

MDI for “Knowledge Bases” vs Data Bases

 Crystallography
 Metrology/ Sensing
 Biopolymer design
 Chemical design of 

nanostructures
 Catalysis
 Alloy discovery and 

design
 Composites 
 Decision systems in 

materials engineering
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Outline

Formatting the inverse design problem as a data mining 
problem

Defining the concept of “data” in materials science-
mathematical framework for materials design via statistical 
learning:  materials informatics

 Applications in crystal chemistry design

Krishna Rajan
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Inverse Design: an informatics/ data mining perspective

Discovering classifiers:
Can we trace and identify key characteristics of a 
material that distinguishes key differences in a materials 
behavior

Ranking descriptors:
Can we trace back  and discover key parameters  or 
correlations of parameters  without  explicitly knowing the 
forward design problem? 

Krishna Rajan
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Data driven discovery with limited or uncertain information 

Data  from different sources---
How can we deal with training and test data from different
distributions?  
What can be learned when a classifier (or predictor) is used outside of 
the domain of training? 
Can we build classifiers?

Establishing predictive materials science through data science

Informatics for materials discovery

Krishna Rajan
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“Multiscale Perspective
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http://www.kurzweilai.net/robot-biologist-
solves-complex-problem-from-scratch

“Multiscale Perspective
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Butcher,  Berg & Kunkel  Systems biology in drug discovery 
Nature Biotechnology (2004)

“Omics in Materials Science

Ideker and Lauffenburger:    Trends in Biotechnology  (2003)
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• Need to establish a genomics-proteomics-metabolomics  etc. :Systems 
Biology approach

• What are the data management and sharing issues for a systems 
approach?

Data and Materials Genome

Functionality =  F ( x1 , x2 , x3 , x4 , x5 , x6 , x7 , x8 ……)
Issues:

• how many variables? 
• which variables are important? 
• classify behavior among variables
• making quantitative predictions …relate functionality to variables … 

• traditionally we describe them by empirical equations: 
•Quantitative Structure Activity Relationships (QSARs) are derived from 

data mining techniques not assuming a priori which physics is the most important

Need to build database with these variables

Krishna Rajan
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Uncertainty in the thermal conductivity of insulation materials Original Research Article
Energy and Buildings, Volume 42, Issue 11, November 2010, Pages 2159-2168
Fernando Domínguez-Muñoz, Brian Anderson, José M. Cejudo-López, Antonio Carrillo-Andrés

Uncertainty in Materials Behavior

Krishna Rajan

http://www.sciencedirect.com.proxy.lib.iastate.edu:2048/science?_ob=ArticleURL&_udi=B6V2V-50HP2TX-4&_user=716796&_coverDate=11/30/2010&_alid=1600616307&_rdoc=2&_fmt=high&_orig=search&_origin=search&_zone=rslt_list_item&_cdi=5712&_sort=r&_st=13&_docanchor=&view=c&_ct=286233&_acct=C000040078&_version=1&_urlVersion=0&_userid=716796&md5=bc5a9d5bb5d01bf9e6ddec514be3b775&searchtype=a
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 Challenges in materials 
discovery – sparse information 
– search space prohibitive

 Informatics aided combinatorial 
experiments and high 
throughput computation 

 Statistical learning- explore 
parameter space outside 
computational / experimental 
bounds

Discovery Challenge

Krishna Rajan
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OUTLIER DETECTION:                                                                                          Krishna Rajan
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ASSOCIATION MINING                                                                                                           Krishna Rajan
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CLUSTERING:                                                                                                  Krishna Rajan

https://commons.wikimedia.org/wiki/File:Mooser-pearson.png

PHYSICAL REVIEW B VOLUME 8, 15 DEC. 1973
Atomic Pseudopotentials and the Ionicity Parameter of 
Phillips and Van Vechten
D. J. Chadi~ and Marvin L. Cohen* and D. Grobman

Nested 
clusters Decision Boundary 
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Data for Design
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Data Velocity: discovering catalyst chemistries 

J. Comb. Chem., 2009, 11 (3), pp 385–392
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Discovering Classifiers
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Ranking Descriptors 
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Structure  Classification Maps from Data Mining
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“omics” materials design Non-“omics” materials design 

Accelerated Design- value of “omics” design

2010/11-
Rajan

Krishna Rajan
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Informatics Driven Materials Discovery

Krishna Rajan
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Discovering Chemical Pathways for Microstructure Sensitive Properties – Alloy Design

S.Srinivasan et.al. 5,17960 doi:10.1038/srep17960(2015)

Krishna Rajan
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Data driven health delivery systems 

Ideal vaccine will mimic 
the way in which a 
naturally occurring 
infection induces a 
robust immune 
response yet avoid the 
undesirable effects of 
disease

Ulery et.al (2012)

Krishna Rajan
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Matrix
FCC Solid Solution of Ni / 

Co

Lattice Parameter

Solid Solution Hardening

Oxygen Diffusivity

Aluminum Solubility

Diffusivity Mobility

Strengthening 

Dispersion
L12 Intermetallic Phase

Lattice Parameter

Misfit Control

Minimize Coarsening Rate

Avoid TCP Phases

Grain Boundaries
Pinning Bodies

Microsegregation
Inhomogeneity

High Temperature Property
Stability

Creep Resistance

Melting Temperature

Toughness and Ductility

Oxidation Resistance
Low Oxygen Solubility
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E
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Alloy Design  Paradigm

Traditional Design Approach

By integrating all the properties into our “alloy design periodic table”, we capture 
the design minutia and make all of these connections without having to do all 
possible calculations and experiments we would otherwise sequentially do.

Krishna Rajan
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Chemical similarity / dissimilarity and materials design

Design constraint –
intermetallic chemistry 
that impacts 
microstructural level 
properties :

• L12
• Lattice misfit-
• High temperature  

strength – modulus / 
cohesive energy-
“Dissimilarity metric”

S.Srinivasan et.al. 5,17960 doi:10.1038/srep17960(2015)
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Advances in Methodology

Graph traversal 
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Discovering Chemical Pathways for Microstructure Sensitive Properties – Alloy Design

S.Srinivasan et.al. 5,17960 doi:10.1038/srep17960(2015)
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Multi-component 

Chemistry +

Crystal structure +
Microstructure 

Spectral and image features

Challenge:

To construct Robust 
Correlations

between chemistry features 
and

image features

Methods:

Data analysis

•Statistical learning

Mechanisms of image 
/spectral formation  

•First principles modeling

•Molecular dynamics

Image interpretation : “inverse problem”…mapping the gene

Krishna Rajan
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Data Driven Image Based Modeling

Data forms: (i) voxel intensity corresponding to different modalities 
of imaging (orientation – EBSP, chemical – EDS); (ii) distribution 
functions of stereological metrics of microstructure (grain size 
distribution); (iii) discrete data and bounds in discrete data (materials 
properties); (iv) qualitative data (classes of materials, qualitative 
processing methods)

.
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Atom Probe Tomography : the “Hubble” telescope in materials science
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3 D imaging : reaching the limits of imaging 

Isolating structural  noise via informatics      

Krishna Rajan



College of Arts and Sciences

School of Engineering and Applied Sciences

Bridging the Pressure-Materials Gap
G A. Somorjai and J Y. Park  Concepts, instruments, and model systems that 
enabled the rapid evolution of surface science   Surface Science 603 , 1293-1300 
(2009)
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INFORMATICS

Isolating chemical noise via informatics

Raw Data

Noise

Kinetic Energy  Discrimination

Model Free 
Peak Deconvolution

3 D chemical imaging : reaching the limits

Krishna Rajan
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Materials Informatics 

Informatics: fusion of 
data

Krishna Rajan


