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Safe Harbor Statement

This presentation and the accompanying oral commentary may contain “forward-looking” statements that are based on 
our beliefs and assumptions and on information available to us as of the date of this presentation. All statements other 
than statements of historical facts contained in this presentation, including statements regarding our future results of 
operations and financial position, customer lifetime value, strategy and plans, market size and opportunity, competitive 
position, industry environment, potential growth opportunities and our expectations for future operations, are forward-
looking statements. The words “believe,” “may,” “might,” “objective,” “ongoing,” “will,” “estimate,” “continue,” “anticipate,” 
“design,” “intend,” “expect,” “could,” “plan,” “potential,” “predict,” “project,” “seek,” “should,” “would” or the negative 
version of these words and similar expressions are intended to identify forward-looking statements. This presentation 
also contains non-GAAP financial measures. We have provided a reconciliation of such non-GAAP financial measures 
to the most directly comparable measures prepared in accordance with U.S. GAAP in the Appendix to this presentation.

We may not actually achieve the plans, intentions or expectations disclosed in our forward-looking 
statements. Forward-looking statements involve known and unknown risks, uncertainties, assumptions and other 
factors that may cause our actual results, performance, achievements or expectations to be materially different from 
any future results, performance, achievements or expectations expressed or implied by the forward-looking statements. 
Except as required by law, we assume no obligation to update these forward-looking statements publicly, or to update 
the reasons why actual results could differ materially from those anticipated in the forward-looking statements, even if 
new information becomes available in the future. 
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Where Simulation, HPC, and AI Converge
Democratizing Technology to Deliver More Power and Drive Better Decisions

ALTAIR 
RAPIDMINER

Data Analytics & AI 
Platform

ALTAIR 
HYPERWORKS
Simulation & Design 

Platform

Altair is helping companies use 
digital twins, intelligent models, and 
the convergence of simulation, HPC, 
and AI to predict and optimize 
system outcomes

ALTAIR HPCWORKS
HPC & Cloud Platform
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$572M
FY22 Revenue

3,000+
Engineers, Scientists,
and Creative Thinkers

13,000+
Customers Globally

74
Offices in 27 Countries

150+
Altair and Partner 
Software Products
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Altair-at-a-Glance
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Design, Modeling & VisualizationPhysics Simulation

Internet of Things High-Performance Cloud Computing Altair Partner Alliance (APA)

Broad Solutions Portfolio

Data Analytics / AI



© Altair Engineering, Inc. Proprietary and Confidential. All rights reserved.

ALTAIR PARTNERSHIP WITH MUMPS

Courtesy of MUMPS Technologies
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A Fruitful Collaboration Story with MUMPS

Radioss® using MUMPS for implicit

2012: Integration of MUMPS in OptiStruct®

2013: Altair acquired Feko®

2014: Altair joined the consortium at its beginning

2016: Altair acquired Flux®

2019: Collaboration project MUMPS on GPUs

Altair’s continuous support as a gold member 

since the start of MUMPS Technologies P2P meeting in Grenoble in 2017
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ALTAIR OPTISTRUCT™

8
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Altair OptiStruct™ - Complete and Competitive Solutions

OptiStruct

Fatigue 

NVH

Dynamics

Explicit
Thermal

Electrical 
Analysis

(WIP)

Durability

Optimization
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Standard Public Models:

l Carbody
Ø High order shell, 18M DoF, Linear static

l Knuckle
Ø Solid, 8.5M DoF, Linear static

l Engine
Ø Solid, 4.6M DoF, Nonlinear static

Cluster test:
8 nodes with 512 GB RAM
Intel E5-2697A v4 32 cores @ 2.60GHz

Benchmark MUMPS 5.6.0consortium
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Benchmark – Carbody (2.5D)
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Benchmark – Knuckle (3D)
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Benchmark – Engine (3D)
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Benchmark – Versions Comparison (4 MPI x 16 OMP)
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Consistent results and stable performance 
between MUMPS 5.5 and 5.6 version
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Benchmark – GPU Acceleration (8 MPI x 1 OMP) MUMPS 5.6.0c
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Good acceleration for 3D models
A coarser version of the Knuckle is used due to some memory 
limitation on the platform tested (2.8M DoF)
Larger compute intensive cases show scaling beyond 2 GPUs

2x Quadro GV100 32GB RAM
Intel E5-2687W 16 cores @ 3.10GHz
256 GB memory
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ALTAIR FEKO™
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Altair Feko™ – A Comprehensive Electromagnetic Solver 

Antenna 
Placement & 
Coupling

Scattering 
& RCS

Radomes  
including FSS

RF Device 
Design

RADHAZ & Bio-
Electromagnetics

Electromagnetic 
Compatibility

Radio 
Frequency 
Interference

Spectrum 
Management

Antenna 
Design

Radio & Radar 
Coverage & 
Planning

Virtual Drive &   
Flight Tests for 
Platform    
Connectivity & 
ADAS

Wave propagation modeling, radio network planning and spectrum management applications are 
done with WinProp and WRAP tools, which are part of Feko 
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FEM

MLFMM

MoM

UTD

PO/RL-GO

Full-wave
Methods
(physically
rigorous solution)

Asymptotic 
Methods
(high-frequency
approximation)

Hybridization to 
solve large and 

complex 
problems

Solvers in Feko – Simulation Map
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MLFMM/FEM

MoM/FEM

Solvers in Feko Using MUMPS

Hybridization to 
solve large and 
complex models

MUMPS used in the MPI version to compute 
preconditioners for the hybrid solvers that 
employ sparse algebraic methods:
MLFMM, Hybrid MLFMM/FEM, Hybrid 
MoM/FEM, FEM
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Overview of MUMPS Usage in Feko
Features of MUMPS (5.6.0consortium) used in Feko
• The matrix is complex, unsymmetrical and in distributed assembled format in coordinate form

• Selective 64-bit integer support

• Working host (PAR=1)

• Ordering algorithm selection by MUMPS
AMD, PORD, METIS (64-bit), SCOTCH (6.0.5r3), PT-SCOTCH (6.0.5r3)

• Advanced performance settings of consortium version
‘L0 thread’ ; ‘MPI to k OpenMP’ …

• Block Low Rank (BLR) is the default in Feko’s preconditioners:
For select classes of models BLR brings a memory and performance benefit

For others BLR is comparable in memory and performance to full-rank

• Analysis-by-blocks is used for the MLFMM
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Iterative solution: includes MUMPS solves for 
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Parabolic dish at 30 GHz
• 2.6 M unknowns
• MLFMM: 408 M non-zero’s (sparsity: 0.0061 %)
• Sparse matrix: 4.576 GByte
• Iterative solution convergence: 13 iterations

Preconditioner: MUMPS analysis and factorisation

3 3
9 9

54
35

0
10
20
30
40
50
60
70

Full-rank BLR

Total peak memory [GByte]

Remainder MLFMM Preconditioner



© Altair Engineering, Inc. Proprietary and Confidential. All rights reserved.

Preconditioner: MUMPS analysis and factorisation

Experiment with MUMPS “MPI to k OpenMP”

22

Missile at 5.9 GHz
• 500 k unknowns
• MLFMM: 2200 M non-zero’s (sparsity: 0.7989 %)
• Sparse matrix: 24 GByte
• Number of boxes at the finest level: 20 k

26 26 26 26 26

68 92
131

190
254

0
50

100
150
200
250
300

4 8 16 32 64

Su
m

 o
f t

he
 p

ea
k 

m
em

or
y 

of
 a

ll 
pr

oc
es

se
s 

[G
By

te
]

MPI processes

BLR MUMPS MPI

Remainder MLFMM Preconditioner

26 26 26 26 26
63 65 71 94 97

0
50

100
150
200
250
300

4 | 1 x 4 8 | 1 x 8 16 | 1 x 16 32 | 2 x 16 64 | 2 x 32

Su
m

 o
f t

he
 p

ea
k 

m
em

or
y 

of
 a

ll 
pr

oc
es

se
s 

[G
By

te
]

MPI processes | MUMPS MPI x threads

BLR MUMPS MPI to k OpenMP

Remainder MLFMM Preconditioner

0
500

1000
1500
2000
2500
3000
3500
4000
4500
5000

0 8 16 24 32 40 48 56 64

To
ta

l s
im

ul
at

io
n 

tim
e 

[s
ec

on
ds

]

MPI processes

Total wall-clock time

BLR MUMPS MPI
BLR MUMPS MPI to k OpenMP

Goal: Reduce preconditioner memory footprint (scalability) while maintaining 
performance in Feko’s traditionally distributed-memory, parallel MPI environment
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ALTAIR FLUX™

23
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Altair Flux – Solution for Low Frequency Electromagnetics

Flux addresses the broadest set of low frequency 
electromagnetic, electric, and thermal simulations, 
and is closely linked to Altair global solutions for 
multidisciplinary design exploration and optimization

Topology Optimization

Multiphysics



© Altair Engineering, Inc. Proprietary and Confidential. All rights reserved.

Benchmark Examples & Recommendations

Characteristics
Dimension 2D / Skew(=2.5D) / 3D

Application Magnetostatic

Number of nodes ~1 000 to several millions

Cores 1 to 24

Solver MUMPS 5.5.0consortium

Hardware Configuration
E5-2697A v4 2x16 cores @ 2,6 GHz
512 GB Memory
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2D Scalability Test
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2D – 1.5M DoF

• 1.5 GB
• No parallel speed-up
• A lot faster than iterative solver (~x2.8) 

ü MUMPS using 1 to 4 cores 
recommended on all 2D applications
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2.5D Scalability Test
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• 21 GB
• Good parallel speed-up up to 8/12 cores
• A lot faster than iterative solver (~x1.7) 

ü MUMPS using 1 to 12 cores 
recommended on all 2.5D applications



© Altair Engineering, Inc. Proprietary and Confidential. All rights reserved.

3D Scalability Test
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MUMPS
PCG • 80 GB

• Good parallel speed-up up to 8/12 cores

v Higher memory consumption (80GB vs 
4GB with iterative solver)

v Iterative solver faster (~x1.8) thanks to 
higher scalability

ü MUMPS recommended using 1 to 8 
cores on 3D projects < 300k DoF, 
iterative solver otherwise
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ALTAIR RADIOSS™
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Altair Radioss – Proven Crash & Impact Simulation Software

Large Scale Computing and Parallelization

Fluid Structure Interaction 
for Defense & Civil

Crash & Safety 
in Auto,  Aero 

and Rail

Drop & Impact in 
Electronics and 

Consumer Goods
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MUMPS Usage in Radioss

Use the public version MUMPS 5.5.1
Main usage: Spring Back in manufacturing (+ Navier-Stoke solver in FSI)

Spring back phase : 6s duration

Stamping phase: 2s duration

Timing (s) Stamping Spring back Total
Explicit 43 160 203

Implicit 68 92 160

Explicit-Implicit 43 92 135
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Altair Radioss & OpenRadioss™ – Commercial Open-Source Software Model

OpenRadioss open-source version
• Source code publicly accessible from: 

https://github.com/OpenRadioss
• Upstream version, contributions from a fast-growing community
• Precompiled Linux & Windows executables to run latest builds 

with no license check 
• Support from the community, via forum Altair Radioss commercial version

• Commercial releases with extensive QA, 
professional support, documentation and 
maintenance priority

• Available under Altair Units license  
• Encrypted models for dummies & barriers
• Channel valuable community contributions 

into industrial release

www.openradioss.org

https://github.com/OpenRadioss


THANK YOU
altair.com

#ONLYFORWARD

elequiniou@altair.com


