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“Engage NSF’s research community in the pursuit of fundamental research in data science and engineering,
the development of a cohesive, federated, national-scale approach to research data infrastructure, and the
development of a 21st-century data-capable workforce.”

MPSAC, August 14-15 2018




MATERIALS LENGTH SCALES

3D Femtosecond Laser (TriBeam) Tomographic Datasets
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“ARRANGEMENT OF PHASES AND
DEFECTS” — MAY BE COMPLEX

RICH IN DATA FROM IMAGING
PROBES

DATA ANALYTICS WITH
EXPERIMENT AND COMPUTATION
TO SPAN THE MICROSTRUCTURE &
PROPERTY CHASM

MATERIALS PROPERTIES ARE CONTROLLED BY STRUCTURE AT DIFFERENT SCALES

CHALLENGE:
e DISCOVER MICROSTRUCTURE <> PROPERTY RELATIONSHIPS
e CONTROL MICROSTRUCTURE =2 DESIRED PROPERTY




DYE SENSITIZED SOLAR CELLS
CAN FossiL FUEL ELECTRICITY GENERATION PRICE/PERFORMANCE BE ACHIEVED?
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APPLY CONCEPTS INVESTIGATE TOPOLOGICAL CONCEPTS
— ALGEBRAIC TOPOLOGY AND GEOMETRY —  FINITE DATA,
—  APPLIED STATISTICS —  APPROXIMATIONS

— NOISE
—  CONSTRAINTS

THESE ARE ALWAYS ENCOUNTERED IN REAL MATERIALS
CHARACTERIZATION!

—  ALGORITHMS
—  GRAPH THEORY

UNDERSTAND TOPOLOGICAL INTERCONNECTIONS, SHAPES,
AND DYNAMICS




THE MATERIALS GENOME INITIATIVE
DISCOVERY-TO-MARKET IN LESS THAN HALF THE TIME AT HALF THE COST
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A NEW PARADIGM FOR DISCOVERY:
THE SYNERGISTIC INTERACTION AMONG
COMPUTATION, DATA, EXPERIMENT, AND THEORY



Presenter
Presentation Notes
The MGI provides the context for this discussion. It has the goal of going from materials-discovery to market in half the time and a fraction of the cost. It has vision of achieving this goal by leveraging advances in instrumentation and computational tools, the innovative use of digital data, and a culture shift represented by the synergistic and iterative interaction among theory, computation, and experiment that utilizes digital data and data analytics. To carry out these activities requires a Materials Innovation Infrastructure of which Materials Data Infrastructure is a part.


HDR ROADMAP HAS 5 MAJOR COMPONENTS

e THEORETICAL FOUNDATIONS

e SYSTEMS FOUNDATIONS

e DATA-INTENSIVE RESEARCH ACROSS ALL S&E
e DATA CYBERINFRASTRUCTURE

e EDUCATION & WORKFORCE DEVELOPMENT
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HDR FOUNDATIONS

e TRIPODS: Transdisciplinary Research in Principles of Data Science
— COLLABORATION AMONG COMPUTER AND COMPUTATIONAL SCIENTISTS, STATISTICIANS
AND MATHEMATICIANS TO DEVELOP THE PRINCIPLES OF DATA SCIENCE

* TRIPODS+X

— COLLABORATION AMONG DOMAIN RESEARCH AND TRIPODS PROJECTS, SO THAT
FOUNDATIONAL APPROACHES ARE INFORMED BY REAL SCIENCE & ENGINEERING PROBLEMS

HDR SYSTEMS AND ALGORITHMS

e OPEN KNOWLEDGE NETWORK (OKN)
— AN OPEN WEB-SCALE KNOWLEDGE NETWORK OF SEMANTICALLY-LINKED CONCEPTS AND DATA

— TO FOSTER RESEARCH ON A NEW GENERATION OF APPLICATIONS LEVERAGING DATA, CONTEXT,
AND INFERENCES FROM DATA

e MODELCOMMONS
— SHARING AND REUSE OF MACHINE LEARNING AND OTHER DATA-INTENSIVE MODELS

e — SUPPORT FOR REPRODUCIBILITY AND REUSE (TRANSFER LEARNING...)

Foundations

Systems,
Algorithms




HDR INSTITUTES: COUPLING SCIENCE AND ENGINEERING V.

SCIENCE &

DATA CHALLENGES:

* MACHINE LEARNING

* DATA PROVENANCE

* DATA HETEROGENEITY

* DATA SECURITY

* DATA ETHICS

e DATA STORAGE & ACCESS

Co-DESIGNED HDR
INFRASTRUCTURE

ENGINEERING

SCIENCE AND ENGINEERING
CHALLENGES:

NEAR-TERM ECOLOGICAL FORECASTING

REAL-TIME SENSING, LEARNING, AND
DECISION MAKING

CLIMATE, WEATHER, HYDROLOGICAL,
AND HAZARD FORECASTING

NOVEL MATERIALS AND CHEMICAL
DESIGNS

MULTI-MESSENGER ASTROPHYSICS



DATA-INTENSIVE
SCIENCE &

HDR — BUILDING ON EXISTIN

ENGINEERING

HDR THEMES:

* THEORETICAL AND
SYSTEMS FOUNDATIONS

* DATA INTENSIVE
RESEARCH

* CYBERINFRASTRUCTURE

* LEARNING AND

Co-DESIGNED HDR

INFRASTRUCTURE ~ LEVERAGE Cl INVESTMENTS:

e (CSS| — CYBERINFRASTRUCTURE FOR
SUSTAINED SCIENTIFIC INNOVATION

e S|2 — SOFTWARE INFRASTRUCTURE
FOR SUSTAINED INNOVATION

WORKFORCE e DIBBS — DATA INFRASTRUCTURE
DEVELOPMENT BUILDING BLOCKS
HDR FOUNDATIONS: * EARTHCUBE
e BIGDATA
e TRIPODS

e BIG DATA HUBS AND SPOKES
e TRIPODS+X



EDUCATION & WORKFORCE DEVELOPMENT AND EVALUATION Education

e HDR ACADEMY T

— CATALOG, COLLECT, CREATE EDUCATION/TRAINING MATERIALS
— HDR Postbocs, HDR BootcAamPs
e DATA SCIENCE CORP CONNECTING DATA SCIENTISTS/SCIENCE STUDENTS TO
DATA SCIENCE PROJECTS

— SPECIAL FOCUS ON DATA SCIENCE PROGRAMS AT COMMUNITY COLLEGES, 4-YEAR
COLLEGES, MSIs, ETC.

— DATA SCIENCE CORPS WORKSHOP, DEC 7-8, 2017, GEORGETOWN UNIVERSITY

* PROGRAM EVALUATION
— METRICS FOR SUCCESS, EVALUATING CONVERGENCE

e SOCIOTECHNICAL STUDY
— SIMILAR TO WORK BEING CONDUCTED FOR THE NSF BIG DATA HUBS




CURRENT STATUS

* TRIPODS

= 12 PHASE | PROJECTS FUNDED
= TRIPODS + X PROPOSALS IN REVIEW

= HDR ADVANCED CYBERINFRASTRUCTURE
» OPEN STORAGE NETWORK AWARD (JUNE 2018)

= STEERING COMMITTEE AND WORKING GROUP IN DISCUSSIONS
= OPEN KNOWLEDGE NETWORK
= DATA SCIENCE CORPS
= MODELCOMMONS
= HDR INSTITUTES




HDR STRUCTURE

Co-CHAIRS: CHAITAN BARU, CISE, JuAN MEza, MPS

e STEERING GROUP : Jim DESHLER, B1O; RoBIN WRIGHT, EHR; FIL BARTOLI,
ENG; ANJULI BAmzAl, GEO; MANISH PARASHAR, OAC;
DANIEL Sul, SBE

WORKING GROUP: PETER MICCARTNEY, BIO; JOHN CHERNIAVSKY, EHR;
TONY KUH, AKBAR SAYEED, ENG; EVA ZANZERKIA,
GEO; DARYL HEss, LIN HE, NANDINI KANNAN, SLAVA
LUKIN, ANGELA WILSON, MPS; Amy WALTON, OAC;
PAUL MORRIS, OIA; CHARLES ESTABROOK, OISE; CHERYL
EAVEY, CASSIDY SUGIMOTO, SBE

EXEC SECRETARY: VANDANA JANEJA
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EXTRA SLIDES




DATA-
INTENSIVE

SCIENCE-DRIVEN HDR INSTITUTES

SCIENCE &
ENGINEERIN

e CLEAR AND COMPELLING SCIENCE- AND ENGINEERING-DRIVEN GOALS
— ENABLE SIGNIFICANT PROGRESS WITHIN A 3-5 YEAR TIME PERIOD

e CONVERGENT
— TEAMS OF DOMAIN SCIENTISTS AND COMPUTER SCIENTISTS, MATHEMATICIANS AND STATISTICIANS

e Co-DESIGN OF HDR “INFRASTRUCTURE”

— COORDINATION WITH OTHER HDR COMPONENTS: FOUNDATIONS, OPEN KNOWLEDGE NETWORK,
MODELCOMMONS, ETC.

e LEVERAGE OTHER NSF INVESTMENTS:

— CYBERINFRASTRUCTURE: CSSI, SI12, DIBBs, EARTHCUBE, ETC.
— BIGDATA, BiG DATA HuBS

e ENHANCE EDUCATION, DIVERSITY, AND PUBLIC OUTREACH



Presenter
Presentation Notes
We want clear, compelling science goals; we want convergent approach. We will build the ”infrastructure”…


ENABLING AND ACCELERATING DISCOVERY: CONVERGENCE & CO-DESIGN

. Acc.ess. Analytics
Vlsuallzatl?n HYPOTHESES High Performance Computing
Data Quality INFORMATION Computational-Mathematical
Collaboration Tools -Statistical Methods/Models
Exploratory Analysis DATA IN CONTEXT
DATA : Algorithms DISCOVERY
<« WORKFORCE <
Foundations / Systems
: Cyber
Experiments
Data Collection infrastructure )
Benchmark Data Sets Interpretation
enc Model Validation

THEORY

Redesign




FROM GENOTYPES TO PHENOTYPES

_Access HYPOTHESIS:
Vlsuallzat;on Bigger root systems => Analytics
R Data Quality better water use and grain yield : -
%fg gz ‘{féji’i%:f’% Collaboration Tools High Performance Computing
585 =Fe 2 Exploratory Analysis Models/Methods
- \ Digital Imaging of
Root Traits ¥}
DATA: I DISCOVERY: |7 By
Genome Sequences RIRoTTtHins] Some root features :
Trait Measurements Foundations ., WORKFORCE ., Systems affect yield under
Environmental Data drought.
Cyberinfrastructure
Experiments Interpretation
Data Collection THEORY: Model Validation
Benchmark Data Sets Root variables influence vyield, Redesign

but ... How...? What if...?



Presenter
Presentation Notes
Crop root systems represent an underexplored target for improvements to ensure global crop yields and productivity keep pace with population growth.  A challenge is that yield and productivity also depend on factors such as soil fertility and rainfall.  This leads to a hypothesis that plants with bigger root systems will use water more efficiently and have higher yields, especially under extreme environments.  Testing this idea in thousands of field grown plants has required development of new methods for high throughput traits/phenotype measurement, such as digital imaging. This creates very large datasets, which require sophisticated cyberinfrastructure and new algorithms for data management and analysis via high performance computing.  The result of computational comparisons of genome sequences with digitally acquired root traits for thousands of plants has been new discovery that relates genetic variation in some root traits to yield under drought conditions. Understanding of the deeper meaning of this discovery involves interpretation in light of the original hypothesis, validation of the models, and in many cases asking questions about additional variables that might need to be considered to translate this finding to experimental next steps or to practical application in plant breeding.
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