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Agenda www.nersc.gov/users/training/events/parallelware-training-series-oct-nov-2020/ 

Part 1, Tuesday, October 27 

8:30 am - 12:00 pm PDT

Introduction to Parallelware tools: Ensuring 
parallel programming best practices

● 10’ - Introduction by NERSC

● 10’ - Welcome

● 20’ - Introduction

● 5’ break

● 20’ - NESAP Applications & Motifs

● 30’ - Catalog of defects and  best practice 

recommendations

● 5’ break

● 60’ - Parallelware tools: Trainer & Analyzer

● 5’ break

● 20’ - Homework

● 20’ - Q&A

Format: Remote lectures,  and demos,  and 
homework exercises

Part 2, Thursday, October 29 

9:00 am - 12:00 am PDT

Office hours [Optional]

● 60’ - Homework exercises demo

● 5’ break

● 110’ - Support, Questions, FAQs for 

using Parallelware tools

Format:  Remote office hours

Part 3, Wednesday, November 4

8:00 am - 1:00 pm PST

Guided parallelization of ZPIC: Ensuring 
best practices with Parallelware tools

● 30’ - Case study: Guided 
parallelization of ZPIC with 

Parallelware tools

● 20’ - Performance evaluation of ZPIC

● 10’ break

● 220’ - Bring your own applications

● 20’ - Q&A

Format:  Remote demos and hands-on

http://www.nersc.gov/users/training/events/parallelware-training-series-oct-nov-2020/


NESAP Applications on the Cori Supercomputer
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● 6000+ users of NERSC HPC systems

● 700+ codes running at NERSC HPC systems

● NESAP (NERSC Exascale Science 
Application Program)

○ ~60% NERSC workload

● NESAP applications are optimized for 
NERSC systems:

○ MPI + OpenMP
○ GPU offloading
○ Multithreading + vector/SIMD
○ Maximize cache locality

Source: Kurth et al. “Analyzing Performance of Selected NESAP Applications on the Cori HPC System” (2017) 
[Available at https://link.springer.com/chapter/10.1007%2F978-3-319-67630-2_25] 

https://link.springer.com/chapter/10.1007%2F978-3-319-67630-2_25


NESAP Applications on the Cori Supercomputer
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● 18 NESAP applications from 9 different scientific fields
○ 5 x Materials Science
○ 2 x Climate Modeling
○ 2 x Nuclear Physics
○ 3 x High Energy Physics (HEP)
○ 1 x Geophysics
○ 1 x Bioinformatics
○ 1 x Accelerator Physics  -> Particle-in-Cell (PIC) 
○ 1 x Fusion Research         -> Particle-in-Cell (PIC) 

● Many NESAP applications have “Proxy” codes
○ “Proxy” refers to the existence of a mini-app or 

simplified version of the code

● Case study: Particle-in-Cell (PIC) in Accelerator Physics
○ NESAP application: WARP
○ Proxy code: Osiris
○ Educational code: ZPIC

Source: Kurth et al. “Analyzing Performance of Selected NESAP Applications on the Cori HPC System” (2017) 
[Available at https://link.springer.com/chapter/10.1007%2F978-3-319-67630-2_25] 

https://link.springer.com/chapter/10.1007%2F978-3-319-67630-2_25
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The 13 Motifs
from Berkeley

Source: Asanovic et al., “A View of the Parallel Computing Landscape” (2009) 
[Available at https://dl.acm.org/doi/pdf/10.1145/1562764.1562783]
Source: Asanovic et al., “The landscape of parallel computing research: A view from Berkeley” (2006) 
[Available at https://people.eecs.berkeley.edu/~krste/papers/BerkeleyView.pdf]

● The motifs are patterns that describe the classes of computations that make up an application.

https://dl.acm.org/doi/pdf/10.1145/1562764.1562783
https://people.eecs.berkeley.edu/~krste/papers/BerkeleyView.pdf


for (j=0; j<n; j++ ) {
   A[j] = B[j];
}

The Code Patterns from Parallelware

Components

Serial code

Pattern

Parallel code

Parallel pattern

Computation patterns

Memory patterns

Flow patterns

● Parallelware code patterns are patterns specializing in parallelism that describe the classes of codes.
● In HPC, the Parallelware code patterns describe the semantics of C/C++/Fortran codes from the point of view of 

parallelism. Thus, they are used as “building blocks” by the programmer during the parallelization of a scientific application.

parallel forall

for (j=0; j<n; j++ ) {
   A[C[j]] += B[j];
}

parallel sparse reduction

for (j=0; j<n; j++ ) {
   A += B[j];
}

parallel scalar reduction

for (j=0; j<n; j++ ) {
   A[C[j]] = B[j];
}

parallel sparse forall

data structure design patterns
(e.g. array 1D, multi-dimensional array, array-of-structs/struct-of-arrays)

data access patterns
(e.g. linear, strided, irregular, stencil)

for(iter=0, err = tol; err >= tol && iter 
< iter_max; iter++){
  ...
}

convergence loop

for(iter=0; iter < iter_max; iter++){
  ...
}

propagation loop



From Applications to Motifs to Parallelware Patterns
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● Parallelware code patterns enable to understand how to parallelize 
benchmarks from different scientific fields (and described through the same 
or different motifs).

● Parlellware code patterns focus on the code itself, so different 
implementations of the same benchmark can lead to different Parallelware 
code patterns, and thus to different parallelization challenges.

● PI, LULESHmk, ATMUX and ZPIC will be used as case studies to 
understand this...
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