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What'’s the problem?

Understanding the DOE HPC application landscape is important for
effective integration of heterogeneous computational architectures
and exploration of future computing technologies.

There is a paucity of quantitative data on critical application
characteristics, and absence of tools to obtain and manage this

data.

Examples:

« Which programming models are being used?
*  Which programming model features are critical? .
* How important is Fortran to the DOE?
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(Currently) x
e Labor intensive
* Prohibitive

v

Unanswered questions from CORAL Co-design:
* How should OpenACC support deep copy?

v provide data structure shapes and layouts
* Which OpenMP features should be prioritized?

v identify OpenMP constructs in use

« What kind of internode communications need enhanced hardware
support?
v identify prevalent MPI library calls and payload characteristics

What are we doing now?

The community most often relies on single-use, labor-intensive efforts, “institutional knowledge”, or written
survey responses and anecdotal input from developers in an attempt to gain insight into diverse and expanding HPC
applications.
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What should we be doing? Iapplication
- Enabled through CAASCADE “h 4190

Automate the collection of application program
characteristics from a variety of tools.

Create a database to provide access to this
iInformation, enabling data analytics and knowledge
discovery techniques to inform ongoing HPC
research.

|deal:

- Gather data in a repeatable, normalized (non-
human) way

« Compilers and linkers know “everything” about
source code

iInternal
representations

—> convert compiler internal representations to
human knowledge

—>understand which application characteristics
(e.g language features, computational motifs)
are contributing flops on Leadership systems
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GCC middle end:
language and machine
independent code
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F90 OpenMP MPI OpenACC CUDA CUDAF Other Libraries Algorithms
X X BLAS, LAPACK, MKL, ALPS, HDF5 CCSD, tensor contraction
X X X? X BLAS, LAPACK, HDF5, mesa finite volume, stiff ODE solver, AMR
X X X PETSc, Hypre, Adios particle-in-cell
X X X BLAS, LAPACK DEC Scheme, CCSD, RIMP2
X CHARM++ FFTW
X X BLAS, LAPACK rtree-Fock
X X X BLAS, LAPACK, FFTW, HDF5/Adlios, libxml2
X kokkos, gampi (global arrays for mpi) kokkos, HDF5 LES, finite volume, AMR SAAR (Tian)  Other  website Liaison(s)
\ web  Dmitry |. Liakh
X X X OpenCL Boas Y Spectral Elements Bronson Mésser
- >~ 6\ Spectral Elements, Voronoi tesselation wed  Ed D'Azevedo
. \ A 1 1 —_—
X X X X trilinos, MOAB, PIO (N ‘.t:iF_; " FoT NCTE wed  Dmiyliaen
A P3M (particle-particle, particle-mesh) Tree INCITE  web  Antl-Pexiea Hynninen
X X X OpenCL -0 (custom) FETW, vt | \\_‘ PM (P P P ) INCITE Gustav Jansen
\ ‘\ "\. INCITE  web  Ying Waill |
X Global Arrays (ARMCI) r e'l\' S, S FLAPA?_{)K CCSD Ramanan Sankaran
] =3 OO R
- © k. Tuc, LAPACK, PSPLINE, \ perLU, ParMETIS, iclei I INCITE  web  Judy Hill
X X Y 0\ 'M“CUDA Thrust \ ([ e particle- INCITE web  Malt Norman, Helen He (NESAP)
TSR | W | e < P\ \_Y_/cr] X X X X INCITE  larball  Bronson Messer, Richard Berber (NESAP)
NWCHEM Chenv \ h\__drol Kowalsk! (Eric Jon Bylaska - Ng\ \u L~ PNNL- X X web Dmitry | Liakh, Zhenaji Zhao (NESAP)
XGC (Phasm @ 8\ —  CSChang 3 al\ Princeton Plasma Laboratory X X SUPER _ web  Ed D'Azevedo Ankit Bhagatwala (NESAP)
\ IamR Ane e M\ X web  Brian Friesen
""'\ \_ X Scoll French
Climate Science Jo \d{nﬁsf \ X web  Helen He
n Climate Science Tod\ Ringler X Richard Gerber | Ankit Bhagatwala
Molecular Dynamics Jeremy-C. Smith ORNL X web Zhengji Zhao
Genomics | LBNL X Scolt French
Materials Science UT Austin X web Jack Deslippe
NERSC X web Jack Deslippe
Quantum Espresso Materials Science Paul Kent ORNL X wed Jack Deslippe
EMGeo Greg Newman LBNL X Scoll French
M3D-C1 Stephen Jardin Princeten Plasma Physics Laboratory X wed Woo-Sun Yang
MILC Doug Toussaint, Paul McKenzie (ESP) U. Arizona X X INCITE  webd Doug Doerfler, James Osborn (ESP)
WARP High Energy Physics Jean-Luc Vay LBNL X INCITE Katie Antypas / Ankit Bhagatwala
DWEFICPS Qco Norman Christ & Frithjof Karsch Columnbia U. & Brookhaven Lab X INCITE Woo-Sun Yang
Chroma QcD Balint Joo Jefferson National Accelerator X INCITE  web Richard Gerber
MFDn Nuciear Physics James Vary & Pleter Maris lowa State U. X INCITE  wed Rebecca Hariman-Baxer
Su2 CFD Juan J Alonso Stanford X Ramesh Balaknshnan
CoreNeuron Neuroscience, Biology Fabien Delalondre Ecole Federale Polytechnique de Lausanne (EPFL) X wed Yurl Alexeev, Tim Williams
HSCD CFD Alexei Khokhiov U Chicago X web Marta Garcia
Qoox/Qball Materials Science / DFT  Yosuke Kana, Guilia Galli (ESP) UNC X X X INCITE  webd Chris Knight, Nick Romero
QCD-Liu WEST Materials Science Marco Govoni, Guilia Galli (ESP) U. Chicago X X Chris Knight, Nick Romero
FHl-aims/Gator Materials Science Voiker Blum Duxe U X web Alvaro Vazquez-Mayagoitia
QCD- Nek5000 CFD Christos Frouzakis ETHZ X web Scoll Parker
Mu kherghee GAMESS Chemistry Mark Gordon lowa State U. X web Yuri Alexeev, Graham Fletcher
Phasta CFD Kenneth Jansen U. Colorado Boulder X wed Hal Finkel
SPECFEM GFMC Nuciear Physics Steven Pieper ANL X wed James Osbomn
S3D
CyberShake
QMCPACK
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GCC back ends:
machine-dependent code

(from architecture descriptions)
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Results

Number of Subroutines per Fortran Standard Types of Variables

® arrays

® pointers

¢ allocatables
@ derived types
@ scalars

@® Fortran 90
@ Fortran 2003
© Fortran 95
® Fortran 77

Left Below
High-level information such
as Fortran language
standard (top left), the type
of variables (top right),
OpenMP and MPI
parallelization methods by
the number of statements
(bottom left), and

Parallelization Method by # Statements Percent of Subroutines with OpenMP

® OpenvP @® serial : :
2 M':n ® 0:::Mp subroutines with OpenMP
pragmas (bottom right) in
E3SM as collected by
CAASCADE.
98%
OpenMP Statements Fractions of OpenMP per Subroutine
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OMP_PARALLEL
OMP_CRITICAL
OMP_SINGLE

OMP_SIMD
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Summary information about OpenMP usage in the E3SM application. The usage of specific OpenMP statements is
shown (left), and the proportion of code covered within OpenMP lexical extents is shown per subroutine (right). Only the
top fifteen are shown for clarity.
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Above

Below

MPI routines used in the E3SM application. The frequency of calls for each MPI routine is shown. Only the fifteen most
called routines are shown for clarity.

MPI Calls

mpi_bcast
mpi_send
mpi_base.mpi_wait
mpi_irecv
mpi_allreduce
mpi_isend
mpi_comm_rank
mpi_recv
mpi_comm_size
mpi_barrier
mpi_wait
mpi_waitall
mpi_reduce
mpi_error_string
mpi_allgather
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data
schema

Programming model
usage

Library usage

Data structures
Memory usage

etc.

& (data analysis)

™

The distribution of data type characteristics from QMCPACK from the
CAASCADE static analysis only (left) and the same data when re-weighted
by using dynamic runtime information from CrayPAT (right). The static only
information indicates how the application is being developed and importance
for programming strategies being used, while the dynamically-weighted
information provides insights for performance considerations.

29.6%

® arrays

@ pointers

¢ allocatables
@ derived types
@ scalars

Libraries and their number of call sites detected with
XALT and CAASCADE in NUCCOR. Libraries depicted
in red belong to LAPACK and in blue belong to HDF5.
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