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Extreme-scale HPC architectures introduce
programming challenges

System Change Programming Challenge

Increased node-level parallelism  Expressing/managing node-level & hybrid parallelism

Diverse target architectures Performance portability across systems
Decreased system reliability Resilience/Fault mitigation
Increased system noise Increased need for effective load-balancing strategies
Deeper memory hierarchies Management of memory hierarchies/locality
Increased system scale Increased workflow complexity

{High Capacity,
Low Bandwidth)
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Integrated NIC
for Off-Chip
Communication
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PSAAP lll will support the following CS topics
and more:

Exploration of advanced HPC architectures
Programming environments and runtime systems
Productivity & Performance Portability
Workflow automation

Data Analytics for science and engineering
applications

New approaches to engineering
Algorithms/models
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Exploration of Advanced HPC Architectures

* Architecture simulation/emul Applications

Revolutionary

Applications

— Multi-level memory manageme

— CPU/GPU/Neuromorphic/... /'\

— MPI, Networking Advanced HPC
“estbeds DR 'Smuors
* Performance prediction  System Software  SystemSoftware

AMD Two Level Memory Concept miniFE \ ‘{' |
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4 ‘ “ ‘ ‘ “ ‘ “ ‘ Revolutionary
5 Architectures
0 Evolutionary
1234567 8910111 Architectures
Two types of memory (high- A mixed controller (in blue) is able to match
bandwidth for fast access, or outperform a single controller on proxy
low-cost for capacity) scientific application program flow.
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Programming Environments and Runtime

Systems

 Composition of libraries, runtimes, programming languages

* Performance portability layers to insulate users from

hardware

ATDM Applications

ATDM App Components
System Portability across runtime
; implementations, (coarse
m% and fine-grained) task
= T scheduling and data
= | DARMA
g g g management policies Front End API
oo
@% L Fine-grained data Kokkos Translation Layer
oW parallelism portability Back End API
- R across execution and Front End API
p- Node memory spaces Translation Layer
Data Management (movement/staging) Work Management (scheduling, work stealing)
X Charm++ (OCR, ...) Qthreads
g R Data Warehouse Shim Distributed work mgmt Node-local work mgmt.
esource
= Allocation and Lunasa Kelpie OpenMP, pthreads, CUDA, Qthreads
5 ) . Mem allocator Obj. mgmt. Kokkos translation layer back end targets
& Arbitration
N Services
(@] OpBoOX Async Operations Network Portability
NNTI (libfabric) Converse
()
5
2 1/0 .
° NIC Memory Hierarchy CPU Cores Accelerators
5 Subsystem
=E

SNL-Lead Kokkos and DARMA efforts

*ATDM = Advanced Technology Demonstration and Mitigation
**DARMA = Distributed Asynchronous Resilient Models and Applications
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Programming Environments and Runtime

Systems (Continued)

* Task-based programming

— Interoperability of Asynchronous Many Tas| | mwed fies
(AMT) with MPI and Threading g
[ resc ]

— Underlying mechanisms to support load
balancing in AMT
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Geometric task placement decreases the distance messages
travel and the amount of congestion in the network. Ref: Devine \
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Analysis Problem — Many Tools and Many Files

Sandia Analysis Workbench

Design Solid  Analysis Solid Meshing Model Assembly
Modeling Modeling

PATRAN

Solidworks

~a Solidworks

* Involved many (stove-piped) tools - High training costs

« Large number of artifacts, managed by the analyst - provenance and
process knowledge is lost

* Models are continuously getting more complex with larger datasets

\
//A ¥y ' "‘ PSAAP Il Pre-proposal Conference
N A a4 Marc 1425, 2018 e \

National Nuclear Security Administration I I 5 E



Sandia Analysis Workbench (SAW) Streamlines the Analysis
Process while Retaining Analysis Data
Multiple tools and services integrated in an Eclipse* workbench application

Meodel Builder - Sandia Analysis Workbench

Model Building
Process

L I B &5 Team ® Model Builder | §§ Project Requirements
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Productivity & Performance Portability

* Performance Portable Programming models

— Abstractions such as Kokkos and RAJA

* Environments for efficient development of
simulations

— e.g., Integrating tools and services into Eclipse IDE

* Techniques for adding new physics

— e.g., Drekar: Resistive MHD, multifluid EM plasmas with
coupled multi-physics

* Hiding the complexity of heterogeneous computing

systems N
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Workflow Automation

* Simulation setup, simulation runs or complex
ensemble runs and post processing

* Management of bulk data Lty .
. o0 \CPU Vendors
. 100 ns DRAM
— Improve data management service  ion ' — yatawarehouse
30,000 s olatile Memory
. >1,000,000ns F:; ml:, I; e sfy tgm XStorage Vendors
— Use nonvolative memory to
Deep Memory/Storage Hierarchy
Speec‘ up data ha ndOffS Advanced Technology Development and Mitigation

(ATDM) Data Warehouse project
Ref: Craig Ulmer, Ron Oldfield

e Simulation repeatability, e.g., role of containers

* Dynamic resource management, e.g., UQ pipeline
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Data Analytics for Science/Engineering
Applications

 Statistical fusion of simulation and experimental data

Dakota :
Input -
File
Workflow Params ”_
| File File
- (-9)
i o Start/End
i Here
Results = ““"“"m_:": results.out
Files m“ File Dakota
A 5 (error norm)
1 i ! Model_parameters |
it : d i Vv=0.4
------- | ——————————— _
Device Model \ i VT=0.025
- i 1 Ip=1e-5
= Model_equations H :+ Vp=0.1

Idiode=Is* Vpr/VT)-1.0 ‘ =1e-
lode=Is (.eXp( p )-1.0) Test ‘ Python v=1e-6
lexcess=Iv*exp(K*(Vpn-Vv)) or : K=5
) Data ‘ Script
Ipn=Idiode+lexcess+Itunnel b Is=1e-12
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|

SAW Workflow Use Case — Model Calibration
Ref: Hoffman, Glickman, et. al.
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Data Analytics for Science/Engineering
Applications (continued)

 Machine learning (ML)
— Quantifying uncertainty in ML
— Neuromorphic computing

— Impact of embedded ML on application performance

* Rigorous math models for data analytics

ML Models of Turbulent Flow UQ
Ref: Ling, Barone, Chowdhary, Fike, Davis, et. al.
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New Approaches to Engineering

* Machine learning applied to design

— E.g., topological design optimization of Z-pinch convolute

Goal: Optimal design of Z-pinch Convolute Iterations in the Design of a Coaxial Cable
Ref: Cyr, von Winkel, Kouri, Ridzal, Shadid, Miller, 2017

* Models and processes for the physics and chemistry
of additive manufacturing
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Large Spatial Resolution Motivates Multi-scale/physics
Simulation with Optimization under Uncertainty Capabilities

Part Scale Thermal & Solid Mechanics

Challenges:
multiscale

muItiphysics Mesoscale Thermal Behavior

large optimization space
manage uncertainties

.
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Powder Spreading

Powder Behavior
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Ref: Bart van Bloemen Waanders,
Length Scale (m) Timothy Wildey, Daniel T. Seidl \
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Algorithms and Models

* Novel approaches to coupling multiphysics/multiscale

* Algorithms for increasing performance of HPC systems, e.g.
latency hiding, reduction of synchronization, utilization of
simultaneous execution

* Support for resilience
* Exposing more parallelism at the cost of algorithm efficiency
* Reduced order models

* Stochastic algorithms and adaptive algorithms
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CS/Exascale Components in Multidisciplinary
Centers and Single-Discipline Centers

MSC SDC or SDC
Overarching Integrated
application problem/challenge
Scjencel/en ine+ring Research irectﬁons
disgiplines within single discjpling
N /7 N
V&V/UQ V&V/UQ
N / N
Exascale CS Exascale CS ( Exascale CS \‘
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