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National Strategic Computing Initiative (NSCI)

Executive Order, July 30, 2015

It is the policy of the United States to sustain and enhance its scientific, technological, and
economic leadership position in HPC research, development, and deployment through a
coordinated Federal strategy guided by four principles:

1) The United States must deploy and apply new HPC technologies broadly for economic
competitiveness and scientific discovery.

2) The United States must foster public-private collaboration, relying on the respective
strengths of government, industry, and academia to maximize the benefits of HPC.

3) The United States must adopt a "whole-of government" approach that draws upon the
strengths of and seek cooperation among all Federal departments and agencies with
significant expertise or equities in HPC in concert with industry.

4) The United States must develop a comprehensive technical and scientific approach to
efficiently transition HPC research on hardware, system software, development tools, and
applications into development and, ultimately, operations.

This order establishes the NSCI to implement this whole-of-government strategy, in
collaboration with industry and academia, for HPC research, development, and deployment.

DOE is a Lead Agency for NSCI
NIH/NCI is a Broad Deployment Agency for NSCI
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President Obama’s Precision Medicine Initiative (PMI)

January 30, 2015

Objectives of the Precision Medicine Initiative:

i W

More and better treatments for cancer NCI will accelerate the design and testing of effective, tailored treatments
for cancer by expanding genetically based clinical cancer trials, exploring fundamental aspects of cancer biology,
and establishing a national “cancer knowledge network” that will generate and share new knowledge to fuel
scientific discovery and guide treatment decisions.

Creation of a voluntary national research cohort
Commitment to protecting privacy
Regulatory modernization

Public-private partnerships The Obama Administration will forge strong partnerships with existing research
cohorts, patient groups, and the private sector to develop the infrastructure that will be needed to expand cancer
genomics, and to launch a voluntary million-person cohort. The Administration will call on academic medical
centers, researchers, foundations, privacy experts, medical ethicists, and medical product innovators to lay the
foundation for this effort, including developing new approaches to patient participation and empowerment. The
Administration will carefully consider and develop an approach to precision medicine, including appropriate
regulatory frameworks, that ensures consumers have access to their own health data — and to the applications and
services that can safely and accurately analyze it — so that in addition to treating disease, we can empower
individuals and families to invest in and manage their health.
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Vice President Biden’s Cancer Initiative

January 2016

Scientific Objectives of the Vice President’s Cancer Initiative Blue Ribbon Panel

Genomic Analysis of Tumor and Surrounding Cells
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Three Pilot projects — data types

= Molecular/atomistic scale data — RAS initiative data

= Genomic+clinical diagnostic+pathology data — PMI pre-clinical models

= Population level cancer incidence and outcomes data — SEER registry
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Pilot 1

— Validation Data Tailored to Simulations

Predictive algorithm for cancer therapy

Patient-derived xenografts (PDX) &
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Pilot 1 - Exascale Technologies

Predictive Models for Pre-Clinical Screening
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Pilot 2 - Dynamic multi-scale data

Predict novel therapeutic targets for RAS drug discovery
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RAS proteins in membranes

RAS activation
experiments at
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Protein structure
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Presenter
Presentation Notes
CGMD =coarse-grained molecular dynamics
CMD = classical molecular dynamics
QMD = quantum molecular dynamics

Slide 19 – left Panel
 
The NCI RAS Initiative has generated reagents that enable structural analysis of RAS on membranes – key data to inform and guide model development. These include the following examples - 
 
Biochemical/biophysical properties of fully processed KRAS4b
RAS on nanodiscs
Lipid composition of RAS:membrane interaction
RAS:RAF binding in the context of nanodisc membranes
 
Structure of RAS on membranes
Crystallography of KRAS, and KRAS:effector complexes
NMR of KRAS bound to nanodiscs
X-ray/neutron scattering of KRAS on nanodiscs
Cryo-EM imaging of KRAS protein complexes (+effectors)
 
Dynamics of RAS in membranes
Supported bilayers in vitro
Live cell imaging with single molecule tracking
	
	
	Slide 19 – Middle Panel
 
Adaptive spatial resolution (e.g., sub-grid modeling)
Propagating both coarse-grained and classical (atomistic) MD information, we aim to maintain the highest fidelity possible at the point of interactions while capturing long distance effects
Multiple time scales
By judiciously switching between spatial scales we enable investigation of timescales that are orders of magnitude longer than possible with fine-scale simulation alone.
Automated hypothesis generation and dynamic validation
We will efficiently and accurately explore, e.g.,  possible interaction sequences by coupling Machine Learning techniques with large-scale predictive simulation.
Extreme scale simulation
Requried novel computational algorithms and techniques will be developed for use on Sierra-class architectures, and will be designed for exascale.
Deep learning algorithms
Powerful pattern recognition tools will accelerate our predictive simulation capability by giving rapidly identifying, e.g., the time or region where a sub-grid model is needed or by logically exploring an intractably large decision tree.
Uncertainty quantification
Application of our extensive capability will be tested in the new (highly uncertain) world of biology and healthcare, leading to new insights and the development of new methods
Scalable statistical inference tools
The continued convergence of data analytics and predictive simulation as we approach exascale will require statistical tools that scale far beyond what is current, requiring the development of new strategies.



Improve the effectiveness of cancer treatment in the
“real world” through automation of cancer surveillance

Surveillance data captured on each cancer patient for the entire population
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Presenter
Presentation Notes
Talking points for DOE slide Pilot 3
The SEER cancer surveillance program has been collecting data on all cancer patients since 1973
Data include patient characteristics, initial treatment, survival and cause of death for entire population The process is represented in the top portion of the figure
These data from surveillance provide a “report card” on how we are doing in advancing  treatment and prevention of cancer across the entire population and in subgroups where there may be disparities in outcome
SEER is also a national resource that can support the development of new diagnostics, new treatments through leveraging this unique comprehensive system on cancer to provide a sampling frame and infrastructure for tissue based research, cohort studies and clinical trials.
With growing complexity of cancer diagnosis and treatment, capturing essential information to continue this process is increasingly difficult. 
Information gaps (subsequent treatment and disease progression or recurrence) exist that are now essential to understanding differences in outcome seen in the real world cancer patient.
Because the data collection process has been largely manual and the primary sources of data (such as EMR documents) are predominantly free text the new methods for applying advanced computational capabilities (both data mining and modeling) to automate data extraction through this collaboration with DOE represent an opportunity to 
Close the critical information gaps, 
Develop a nimble, flexible platform on which we can 
add new sources such as genomics to provide a deeper understanding of drivers of cancer and outcomes in the population
increase the timeliness of reporting to minimize the time lag between new medical technologies and implementing changes 
Which will enable better understanding of how the real world patient is treated and the  outcomes associated with those treatment in the context of our complex medical and social environment. (compared with 3% in cts)
Now Gina will discuss the proposed implementation process for Pilot 3



() Pilot 3 - Exascale/Big Data Intersection

Population Information Integration, Analysis and
Modeling

O(Terabytes)

Free text
(" Deep Text Comprehension + Multi-Task Learning

Convolution Unsupervised
Clinical |||T* network methods for
Database Reports —> layérs > POS Tagging,
Fast Look-up hidden units NER, SRL,
O(Petabytes) Temporal & Spatial for features SRW

Trajectory

Traditional NLP + Data Analytic/Machine Learning

Benchmark + Fusion

—
?
e
=
2
[}
L
X~
[7)
E
=
c
<
=
5
a
£

Electronic
Medical OMICS £ POS Named Entity Semantic Role  Semantically
Records/Claims * Genomic Tagging Recognition Labeling Related Words
O(Terabytes) e \. (NER) (SRL) (SRW)
)
Hospitals/ 'g ( Novel Data Analytic Techniques for Integration and Analysis
i e A TETIITLI [ ™
Pharmacies g a ’ Geaph  In-memory W/ -Visual -} Uncertainty
O(Petabytes) & E ‘Amalytics Analytics = ¥ “-_Analytics \| quantification
eta es = P "f_.f' LE=g-=1=Y EOE oo o g2 a2 pjiviet 4.
R —" E 8 \
7 ) .
Census % Data-driven Integrated Modeling & Simulation for Precision Oncology
S R N e
New Clinical
. social media . - 7 = &
Patient . personal Bio-markers (] : , - g
Generated devices , _— : s
Data « other non- Other patient- ‘ sé
tradiional data | "elévant data : - 35
— e —
Personalized Precision profile el ey Sy
ORI Results from | for patient/ patient Clinical trial simulations on HPC for
Profiles Pilots 1 & 2 cohort patient cohort — O(100K) individuals

O“Eﬁéﬁ"d'y D) NATIONAL CANCER INSTITUTE


Presenter
Presentation Notes
Technical Slide: Since clinical text has tremendous variability of writing style and expression, algorithmic development will focus on advanced machine learning and deep learning in particular. 
By using traditional text understanding methods, we can extract relevant features from the clinical reports. However, there is tremendous variability in writing styles and expression, which also contributes to significant heterogeneity in the way reports are interpreted. Hence, we will develop feature agnostic techniques such as deep learning (DL) that will automatically enable the understanding of the innate variability across these clinical reports. The challenging aspects of this process is that it needs (a) tremendous amounts of data and (b) deep learning algorithms are computationally expensive. Therefore, we propose to develop novel DL algorithms that will work well even when the training data sets are not large and extensively benchmark them with the different clinical reports. We will also scale DL approaches to CORAL and exascale architectures that will enable easy scaling when collections of these datasets increase. In addition, we will develop multi-task learning approaches that will integrate the “best-of –the-two-worlds” approach – by combining features from traditional text understanding approaches with DL and ultimately deliver scalable DL tools that will enable comprehensive text understanding. 
 
The long term value of this project is that the machine learning approaches developed are not specific to text data, but can be leveraged with other modalities including genomic data, imaging, electronic medical records, and claims. 
 
The obtained datasets and “features” will be combined with scalable analytics approaches to discover new clinical bio-markers. Further, we also will develop patient-specific “profiles” that incorporate diverse information from the exposome, including socioeconomic, environmental, lifestyle, care delivery, and community infrastructure factors. These profiles will be used to complement existing and newer modeling and simulation toolkits to model patient-specific outcomes and health trajectories. 
 
We will initially plan to use the NCI SEER database where clinical reports are currently stored. First, we plan to examine clinical pathology reports from the top 5  cancer sites and use this as starting point for developing and testing our DL algorithms for text comprehension. Simultaneously, we will develop scalable approaches to host, access and visualize these datasets across various sites. Once these approaches are benchmarked, we will then scale our implementation of DL and other data analytic approaches (for Exascale). The modeling and simulation approaches will be iteratively incorporated into each dataset examined and integrated, to ensure that the models developed are reliable and are clearly representative of the patient–specific data points that are relevant for this pilot. 


Milestones for 3-year pilots

Pilot 1: Framework for predictive models for preclinical screening. Initial
integration of machine learning functionality into CORAL nodes

Pilot 2 Extended RAS-complex interaction model
Adaptive time and length scaling in dynamic multi-scale simulations
Development of machine learning for dynamic validation of models

Pilot 3 Modeling framework for predictive simulations of patient health
trajectories.
Integration of big data analytics with data-driven modeling and
simulation for CORAL architectures
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NCI Precision Oncology — Extending the Frontiers

= |dentify promising new treatment options through the use of
advanced computation to rapidly develop, test and validate
predictive pre-clinical models for precision oncology.

= Deepen understanding of cancer biology and identify new
drugs through the integrated development and use of new
simulations, predictive models and cutting-edge information
spanning the range from molecular biophysical properties to
patient outcomes.

= Transform cancer care by applying advanced computational
capabilities to population-based cancer data to understand the
impact of new diagnostics, treatments and patient factors in real
world patients.
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What these pilots offer:

e Jointly supported efforts

e Jointly managed and planned
* Three 3-year pilots

e Four DOE Labs, one NCI Lab

e Builds on CORAL

* Pushes the frontiers in Oncology and Exascale
simultaneously

e Supports all 4 policy goals of the NSCI and 4 of 5 objectives
e Supports 2 of 4 objectives of the PMI

e Aligns and leans into two 2015 Presidential Initiatives

* Draws in private sector interests
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