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Intelligent Light: Speedlng Workflows, Reducing Risk

HPC use is coming out of an environment of codes from

labs or universities that need to be stitched together
— Not supported or sustainable (e.g., Catalyst, Libsim, Globus, Galaxy) @m byne
Recognize that some HPC-CAE issues are common and

can form the basis for a standardized platform
— Data location, size, organized metadata

Simulation and test results and data products have many
possible uses beyond original intent SnapShotTM

— Standard formats and metadata needed to enable re-use

Need to move beyond tightly controlled license management
— Enterprise open source

SpectreUQ™"
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* Incorporate analysis into running  riemmevie 1 s %

simulation to access data while _
they are in memory t
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— Move data to dedicated cores and overlap =,
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simulation and analysis (In Transit -
Kombyne™ only)
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How does Kombyne change my workflow?

Current approach

Pause
calculation Wait for
to gather 1/O (write)
& write

Set up and
run solver

Solver Paused

Kombyne & Endpoint

Pause
calculation
to gather
& send

Set up and
run solver

Compute
viz objects

[Copy
from HPC

to user]

Render
image or
perform
analysis
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Wait for
1/O (read)

Copyright © 2021 Intelllgent Lughl:

Render
Compute image or
viz objects perform
analysis

Communication of info
from solver occurs on-
demand to another set
of cores with memory.
Disk /0 time and space
are not required.
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In Situ In Transit Kombyne™ Kombyne-
Lite™

Solver In situ, incl.
MPI parallel, Yes Yes
Mesh zero copy
es
& In Transit via Vi
- es No
S Fields Endpoint
§ Kombyne Interactive
& Endpoint connect to Yes No
C
) Vislt, PV, etc.
S Kombyne Kombyne _ Scratch Steerlngoand Vs g
‘ Memory monitoring
.Kombyne Source code v s
" available €S Iniles
Images, Extracts, Licensing, Pricing ba§ed No-cost tq use,
support on enterprise  support via

Point Samples size (annual)  Forum or

Maint. contract
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Choice of many data products

e Extracts in various formats
— XDB, vtk

e Structured point samples

b — CSV, Matlab
@m YNE - Samples mapped to/mesh’ -

— Plot3D Sk
* Rendered images -

[ OpenFOAM

- /& 4 -

[ FLUENT

Solver #3

Copyright © 2021 Intelligent Light | Allrights reserved



www.ilight.com

Analysis Nodes e —
Endpoint — Endpoints have been designed to

@ Extract support flexible topologies that coupled
solvers and data science require

S = simulation; A = analysis endpoint

sk

| :
High Libsim, . .
<‘p;ﬁ%> [Perf. /o @a{:{;st_ etc.}[,:'> Vislt, ParaView
I J

* The simulation and analysis cores truly overlap

operation A
* Flexible M:N rank assignment, fully parallel A
e Customers/OEMs can integrate their

advanced physics & vtk visualization pipelines
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Kombyne Scoreboard

[cllL.ETM  producer (13131)
m Steer  Manage Extracts

Scoreboard Notifications

Com pUte n Ode Log il"l n Ode producer (13131) Simudation Ranks producer (13131)

. Thu Oct 14 11:53:59 2021
Analysis Ranks The praducer surpassed 50 iterations.
producer (13131)

Cycle ] Time 5 Thu Oct 14 11:53:59 2021
TN e = = = e The producer surpassed 50 iterations.
[TX®] Analysis Recv .23e-4 (13131)

Local
Manager

Strip Charts

Simulation

Monitor and archive all Kombyne™ jobs : L

Display strip charts, performance statistics

Keep track and review extract and image production e, | |

Interactive control of visualization and solver parameters e
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| 'Beneflts

v’ In transit operation minimizes interference with solver
resources (memory and CPU)

v’ Simplify integration into solver codes, reducing library
dependencies — no vtk, no mesa, ...

v Permits data science type of post-processing which
prefer to retain blocks of timesteps in memory — sampling
can be at solver timestep rate

v’ Simplify extract creation workflow fot K1 Se

i
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v’ Monitor and control multiple local or remote solver jObS = ;Q / NEESE
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In situ and In transit
Parallel (MPl + OpenMP, CUDA)

Languages: FORTRAN,
C/C++, Python, Julia

Meshes: Rectilinear, Structured,
Unstructured, Polyhedral

Pass data zero-copy
— Flexible memory layouts
— Cell data, point data

www.ilight.com

*1/O: VTK, CSV, MatLab, Plot3D,
FieldView XDB

* Raytrace rendering: PNG, Cinema

* Data extraction (via input file)
—Null (for export)
-Slice
—Iso |
—Boundary Surfaces
—Point Sample

*Derived fields and Trlggers VESES

* Monitoring / steerlng;"/ z]g FaA o
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* Pipelines transform data and can
export geometry

* Pipelines are specified via a YAML
or JSON input file

* Types
— Null (operate on volume)
— Slice
— Isosurface |
— Boundary surface
— Sample (point clouds)

J'Q’.}i www.ilight.com
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Point Sample Boundary surface

Isosurface
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Pi pelines  re-
type: "slice"
enabled: "true"
. frequency: 1
 EXpressed via YAML attributes:
: origin: [0.0, 0.0, 6.28]
fIIeS normal: [0.0, 0.0, 1.0]
. . . tputs:
 Pipelines are appliedto " 5"
simulation data to type: "export®
file pattern: "slice%domain.%ts"
make extract data file format: "vtk"
] attributes:
e Extract data Is sent to binary: "true"
type: ”iso"
one or more outputs to enabled: "true"
make files frequency: 10
attributes:
« Pipelines can operate variable: "gyro.gg
] ] value: 0.0
at different frequencies outputs:
or use triggers to be type: "export®
invoked in response to file pattern: "iso%domain.%ts"

file format: "vtk"
attributes:
binary: "true"

conditions
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'Progressto date..

PRESTIGE

ﬂ Compressor
CFD at Off-Design

Adapters built or in
progress:

WP3: Intake-Fanin
Crosswind

P2: Combustor-
Turbine Coupling

WP4: Thrustreverser
CFD

WP5: Aero-mecha}

coupling of engine
systems

« OVERFLOW2
« RR Hydra

« OpenFOAM

e FLUENT

/ Planned:

WP6: In-Situ
reduction and

visualizationof large
unsteady data

Start: 1.5.2018; Duration: 3.25 years = f
Budget: 5 mio € i3 Rolls-Royce < T
: J o FUNBD/ 1/ 15715
“successfully demonstrated on a high pressure compressor model e SU?2 oIS ';f.y' =
with more than 5 Billion mesh nodes on the high-performance o< — 4 -'/,f 8/ _
L T = S
compute cluster of the TU Dresden.” e SN = = A
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