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https://www.statista.com/statistics/871513/worldwide-data-created/

Volume of data/information created, captured, copied, 
and consumed worldwide from 2010 to 2025.

A.M. Al-Khouri, 
“Data Ownership: Who owns my data?”
Int. J. Inf. Technol., 2(1) (2012) 1-8.
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Great Learning Team, 
What is Data Science and How Does it Work: 
A Complete Beginner’s Guide, Jan 11, 2022. 







James Clerk Maxwell
June 13, 1831 (Edinburgh)

November 5, 1879 (Cambridge)

Richard Feynman
May 11, 1918 (New York City)

February 15, 1988 (Los Angeles)NB: Duality structure!





• How does Data-Science intersect with computational mechanics?
• Material data is currently plentiful due to dramatic advances in 

experimental science (DIC, EBSD, microscopy, tomography…) and 
multiscale computing (DFT → MD → DDD → SM → Hom)

Digital Volume Correlation 
(DVC): Two confocal volume 
images of an agarose gel with 
randomly dispersed fluorescent 
particles before and after 
mechanical loading. The full 
displacement vector field is 
measured using 3D volume 
correlation methods.

C. Franck, S. Hong, S.A. Maskarinec,
D.A. Tirrell and G. Ravichandran, 
Experimental Mechanics (2007) 

47:427–438.



• Material data can also be generated in large volumes from high-fidelity 
micromechanical calculations (DFT, MD, DD…)

• New role for multiscale analysis: Data generation

T=400K

T=1900K

Amorphous SiO2 glass:
LAMMPS MD calculations of 
amorphous silica glass under 
pressure-shear loading over 
a range of temperatures and 
strain rates. RVEs are 
quenched from the melt, 
then analyzed using the BKS 
potential with Ewald 
summation.

Schill, W., Heyden, S., Conti, S.
& MO, JMPS, 113 (2018) 105-125.
Schill, W., Mendez, J.P., Stainier, L.
& MO, JMPS, 140 (2020) 103940.



Granular matls. (dry sand):
Level-Set Discrete Element 
Method (LS-DEM) simulation of 
granular material samples. 3D 
irregular rigid particles interact 
through frictional contact. 
Particle morphology described 
by level-set functions. Note 
calculation of dissipation and 
free energy.

Karapiperis, K., Harmon, J., And, E., 
Viggiani, G. & Andrade, J.E., 

JMPS, 144 (2020) 104103.
Karapiperis, K., Stainier, L., Ortiz, M. 

& Andrade, J.E., JMPS, 147 (2021) 104239.

• Material data can also be generated in large volumes from high-fidelity 
micromechanical calculations (DFT, MD, DD…)

• New role for multiscale analysis: Data generation





Supervised learning: Find (e.g., by 
regression) a function (e.g., deep 
Neural Network)  from data containing 
both inputs and outputs (labels).

J. Hurwitz & D. Kirsch, Machine Learning,
John Wiley & Sons, 2018.
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Deep Neural Network 
representation, regression

model

label



J. Hurwitz & D. Kirsch, Machine Learning,
John Wiley & Sons, 2018.

data
set

Hierarchical k-means 
representation, set based

Unsupervised learning: Find structure 
in unlabeled data sets (e.g., grouping, 
clustering, density), make predictions 
directly from data structures. 



Material data

funnel
Simulation

Modeling
funnel

Material model

Manufactured data

Modern 
microscopy:

massive 
data sets

Modelling: 
massive
loss of 

information!
FE analysis:
garbage in 
garbage out

(BVP)



power-law model
(Becker, 2012)

MD data

Silica glass (SiO2)
Critical state model

(Cam-Clay)
W. Schill et al., JMPS, 

113 (2018) 105-125.



MD 
data

W. Schill et al., JMPS, 
113 (2018) 105-125.

Silica glass (SiO2)
Critical state model

(Cam-Clay)



Data set sequence: Convergence of solutions?
NASA L89-14711



How?



• It is possible to formulate boundary-value problems, convergent 
approximation schemes, based directly on material data, without the 
intermediate step of constitutive modeling

• The Model-Free Data-Driven paradigm forges a direct connection 
between material data and solutions of boundary-value problems, in 
the spirit of unsupervised learning

• Results extend to infinite-dimensional problems (linear, finite elasticity)
• Solvers? Data structures, searching? Connections to Machine Learning?
• Extension to time-dependent problems? (e.g., dynamics)
• Extension to inelasticity? (viscoelasticity, viscoplasticity, plasticity)
• Probability? Inference? (scatter, random materials, random loads…)
• Where does the data come from?

– Multiscale Data-Driven schemes
– Data-Driven Material Identification





• MD: Physically-informed neural networks in predictive physics
• MO: Fundamentals of (model-free) Data-Driven mechanics
• JR: Data-Driven material identification, experimental methods
• SR: Data structures, solvers, algorithmic strategies, plasticity
• CBS: Imaging, mathematical approaches, hybrid modeling 
• LS: Extensions to finite elasticity, multiscale analysis, design

– Lecture plan





to be continued…
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