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Integrated Computational Materials 
Engineering (ICME) 

“The integration of materials information, captured in 
computational tools, with engineering product performance 
analysis & manufacturing-process simulation”* 

• Concurrent design of Materials and Components 

• Designing to novel / flexible mfg processes 

• Eliminating barriers to introduction of materials 

• Enabling Value Creation and Cost Reduction 

            

 * NAE ICME Report, 2008  
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ICME combines bedrock multi-scale computational physics and 
informatics with systematic experiments & advanced manufacturing 

Components of the ICME Enterprise 
Infrastructure 



Motivation for Industry 

• Lightweight, High Performance Materials 
 
• Excellent physical, thermal, electrical characteristics 

 
• Tailored, application-specific properties 

 
• Properties of CNT-based materials highly dependent on CNT length and 

quality 
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When Should M&S to Take the Lead? 

1. Get “enough” of the Physics right to be predictive 

2. Numerically tractable algorithms 

3. Cost (Time = $) 
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Data and Model Management 

 Keeping track of experiments, both 

physical and in silico, will be an 

increasingly important challenge 

 

Need to worry about multiple people, 

disciplines, disparate tools, workflows. 
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Data and Model Management 

 

	

Single Domain,  

Single Problem 

 

 

 

Materials Database 

changes with time 

 

 

Experiments evolve. 

 

 



Informatics Methods Applied to Process 
Development 
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Informatics Tool Developed by LM 

• The “Nanotechnology Material Data – Mining, 
Modeling and Management (NMD-M3)” Tool. 

• Applications of the NMD-M3 Tool: 

– Analyzing trends in data sets, e.g. product 
performance (drug efficacy), treatment efficacy 

– Determining inter-measurement relationships and 
dependencies, medical data trends/analysis 

– Creating virtual systems in a matter of seconds 

– Comparing resulting system properties side-by-side 

• Successfully demonstrated the benefits of the tool on 
various nanomaterial experiments 

• Has over 10 analysis algorithms that run in series or in 
parallel to predict results based on input numerical 
data, the next set of experiments (configurations) 

• Significant visualization techniques to provide the user 
with insights that are not clearly apparent 

 
Saves time and money on development efforts by creating virtual 

configurations that focus future efforts more efficiently 



Principle Component Analysis (PCA) is performed in order to get a better 

understanding of the user’s potential trade-space coverage.  Clustering (grouping by 

color) helps to break the experiments into families, based on where they are within 

the PCA 



Starplots 
 







Crossvalidation 

 



Prevent Fooling Ourselves 
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One of the most impressive features of the tool is the inverse Quantitative Structure-

Activity Relationship (iQSAR).  The iQSAR capability allows the user to enter a goal 

performance range for their system and allows the models to recommend what 

system configurations may yield this performance. 

Predictions for all four models are given, 

as well as accuracy and precision values 

for each system.  Minimum and maximum 

ranges for each parameter are available 

as well, to help restrict the recommended 

system configurations which are put 

forward.  These resulting configurations 

are immediately downloadable into 

Microsoft® Excel for further review and 

analysis 



Thank you 
 
Questions? 


