
	  

RADIOSS Benchmark Underscores 
Solver’s Scalability, Quality and 

Robustness 
 

HPC Advisory Council studies performance 
evaluation, scalability analysis and optimization 

tuning of RADIOSS 12.0 on a modern HPC cluster 
 
 
 

Executive Summary 
A benchmark study conducted by the HPC Advisory Council analyzed RADIOSS 

12.0 to determine its performance and scaling capabilities on a modern high 
performance computing (HPC) cluster.  The study also investigated potential 

avenues for optimization.   
 

In addition to summarizing the Council’s findings, this white paper also presents 
an overview of RADIOSS features and capabilities that support the software’s 

scalability, quality and robustness.	  
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Introduction	  
Altair’s RADIOSS, the leading structural analysis solver for highly non-linear 
problems, has been the industry standard for impact analysis for more than 20 
years. The software is known for its outstanding scalability, quality and 
robustness, and is used to create simulations that depict the impact of forces 
involving millions of elements.   
 
RADIOSS is used by many industries worldwide to improve the crashworthiness, 
safety and manufacturability of their products’ structural designs. In particular, 
this CAE tool has become the accepted standard for impact simulations in the 
automotive and aerospace industries.  
	  
Comprehensive Benchmark Study 
RADIOSS is constantly evolving. To evaluate its current capabilities, the HPC 
Advisory Council recently conducted a rigorous study of how the software 
performs on a modern HPC cluster. The Council performed this deep 
investigation and profiling for RADIOSS to evaluate its performance and scaling 
capabilities and explore potential optimization. 
 
Specifically, the benchmark project explored why RADIOSS has the best 
scalability in the industry for large, highly non-linear structural simulations. The 
software contains many features allowing faster simulations of complex problems 
like Multi-Domain or Advanced Mass Scaling (AMS).  
 
RADIOSS’s Multi-Domain approach allows engineers to conduct detailed, 
extremely accurate analysis in a reasonable elapsed time without compromising 
accuracy. AMS permits engineers to work with a significantly larger time step for 
some problems, with sufficient accuracy and a substantial reduction of CPU time.  
  
RADIOSS is well known for its repeatability – this means results are fully 
repeatable despite the number of cores, nodes or threads used in parallel by the 
cluster. In addition, numerical scattering of the results is minimized in both single 
and double precision. 
 
This white paper presents a summary of the Council’s benchmark findings and 
discusses RADIOSS’s current capabilities. The benchmark provides a snapshot 
in time of a powerful simulation platform that continues to grow and evolve to 
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meet the demands of today’s major industries by taking full advantage of rapid 
advances in HPC. 
	  
HPC Advisory Council Benchmark 
The mission of the HPC Advisory Council is to:  

• Bridge the gap between HPC use and its potential 
• Bring the beneficial capabilities of HPC to new users to enable better 

research, education, innovation and product manufacturing 
• Provide users with the expertise they need to operate HPC systems 
• Provide application designers with the tools needed to enable parallel 

computing 
• Strengthen the qualification and integration of HPC system products 

 
The RADIOSS benchmark study conducted by the Council fulfills the 
requirements of all the categories in the organization’s mission statement. Known 
formally as the “Performance Evaluation, Scalability Analysis and Optimization 
Tuning of RADIOSS 12.0 on a Modern HPC Computer Cluster,” the study is a 
deep investigation and profiling of RADIOSS to evaluate its performance and 
scaling capabilities and explore potential optimizations. The study is available at: 
http://www.hpcadvisorycouncil.com/pdf/RADIOSS_Analysis_and_Profiling_Intel_
2680.pdf 
 
By presenting these optimization techniques and networking profiling, the 
benchmark study allows RADIOSS users to better understand RADIOSS 
dependencies on the CPUs, network, and the MPI library. The study also looks at 
future optimizations using MPI tuning, as well as CPU core and thread placement 
using Hybrid MPP support in RADIOSS 12.0.  

Benchmark Objective 
A key benchmark objective was to study RADIOSS’s scalability. This included 
looking at a number of factors such as the network interconnects involved in 
running a job in order to better understand network communications. 
 
The first step was to investigate RADIOSS’s communications patterns by 
profiling the messages being transferred between the processes in MPI. Typically 
this is accomplished by using an MPI profiler, which shows communications’ 
message sizes as well as whether the communications are blocking or non-
blocking, point-to-point or collective communications. This often indicates how 
one network configuration can achieve better scalability than others. 
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Benchmark System: The Jupiter Cluster 
“Jupiter,” the Council HPC cluster used in this performance study, is comprised 
of 32 nodes of Dell™ PowerEdge™ R720xd servers.  
 
Each compute node had dual-socket eight-core Intel Xeon E5-2680 processors 
running 2.70 GHz CPUs to make up a 512 CPU core cluster. The BIOS was set 
to run at maximum performance. The memory on each system was 64GB 
memory, running at DDR3 1600 MHz. The OS used was Red Hat Enterprise 
Linux (RHEL) version 6.2, coupled with Mellanox InfiniBand software stack 
(MLNX_OFED) version 1.5.3. Each system contained 24 hard drives with 
250GB, 7.2 RPM 2.5” SATA on RAID 0 configuration.  
 
Network hardware included Mellanox ConnectX-3 FDR InfiniBand VPI adapters, 
which ran FDR InfiniBand at 56Gbps on one port. A second port was configured 
to run Ethernet at 10Gbps or 40Gbps. At the switch level, Mellanox SwitchX 
SX6036 InfiniBand VPI switch was deployed.  
 
The Jupiter cluster configuration is an Intel Cluster Ready certified cluster and 
RADIOSS is Intel Cluster Ready certified. Intel MPI version 4.1.0 was the MPI 
used to launch RADIOSS 12.0 jobs to the compute nodes for the study.  
 
The benchmark datasets included Neon, a public domain benchmark with 1 
million elements. (Note: this 8ms simulation is very brief compared to an actual 
crash which can take 100ms to 160ms but enough for a scalability study.)  
 
RADIOSS version 12.0, single precision executable, was used to perform all the 
tests. Study performance improvements were obtained with different settings: 
e.g. pure MPI (one thread) and hybrid MPP with two, four, eight, and sixteen 
OpenMP threads per MPI process. The idea was to find the best MPI/OpenMP 
ratio given the huge number of cores involved. Then use the optimal 
MPI/OpenMP configuration that was found to run on the second benchmark, a 
bird strike with 10 million cells using SPH (Smooth Particle Hydrodynamics). 
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“Neon” 1-million element frontal crash simulation benchmark –  

viewed in Altair HyperView 
 
 
The HPC Advisory Council performed all the work in the study. 
 
Benchmark Results 

• Interconnect (MPP) - FDR InfiniBand provides better scalability 
performance than Ethernet, delivering 743% higher performance 
compared to 1GbE running on 8 nodes. In addition, FDR InfiniBand 
delivers 214% better performance than 10GbE at 16 nodes. 1GbE 
does not scale beyond 4 nodes with pure MPI. 
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• SRQ for MPI - InfiniBand supports running with SRQ (shared received 
queue), which helps reduce connection memory requirement as noted 
in a recent research study, “Reducing Connection Memory 
Requirements of MPI for InfiniBand.”1 
 

• Hybrid MPP version - As the number of systems grows, the amount 
of communication grows in proportion. Typically at larger scale, 
productivity will start to slow – the result of too many communications, 
which hampers performance gains. To mitigate this situation, the 
hybrid MPP version of RADIOSS is used. This version is composed of 
both MPI processes and OpenMP threads, which improves scalability 
on large node counts.  

 
The study found that increasing the number of threads involved in 
computation has a positive impact on performance. Enabling Hybrid 
MPP mode unlocks RADIOSS scalability. As more threads are 
involved, the amount of communications by processes is reduced. At 
32 nodes (or 512 cores), the best configuration was found to be two 
MPI processes used for node with each MPP process spawning 8 
threads each. 
 
Remark: using 16 threads means running OpenMP over 2 Intel Xeon 
E5 CPU sockets. In theory, this is possible thanks to cache coherency 
mechanism (ccNUMA architecture). In practice, this is not efficient as 
OpenMP performance suffers from non-local memory access. 
 

	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
1	  http://nowlab.cse.ohio-‐state.edu/publications/conf-‐papers/2007/koop-‐
ccgrid07.pdf	  
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Remark: the following environment setting, OpenMP and Intel MPI tuned 
flags were used: 

I_MPI_PIN_DOMAIN auto 
I_MPI_ADJUST_BCAST 1  
I_MPI_ADJUST_REDUCE 2  
KMP_AFFINITY verbose,compact  
KMP_STACKSIZE 400m 
–User environment: “ulimit -s unlimited” 
 

• Interconnect (Hybrid) – When comparing different network 
interconnects, the Council researchers observed that FDR InfiniBand 
provides better scalability performance than Ethernet – approximately 
290% higher performance than 1GbE at 16 nodes. As for FDR 
InfiniBand compared to 10GbE, the researchers observed a 93% gain 
in performance at 16 nodes. 
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• Processors (HMPP) - Intel Xeon E5-2680 (Sandy Bridge) cluster 
outperformed prior generations. Comparing Intel Sandy Bridge to the 
Intel Westmere generation of the CPU, the performance improvement 
of the Intel Xeon E5-2680 (Intel Sandy Bridge) “Jupiter” cluster is about 
50% higher than the Intel Xeon X5670 (Westmere) “Janus” cluster at 
16 nodes. The differences between the system components of the two 
clusters are shown below: 
  

o Jupiter: 2-socket 8-core Intel Xeon E5-2680 @ 2.7GHz, 
1600MHz DIMMs, FDR InfiniBand, 24 HDDs 

o Janus: 2-socket 6-core Intel Xeon X5670 @ 2.93GHz, 
1333MHz DIMMs, QDRInfiniBand, 1 HDD 
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• Intel MPI (OFA vs. DAPL) – The study observed that the OFA 
provider in Intel MPI, which uses IB Verbs for the InfiniBand underlying 
messaging, delivers better scalability performance compared to using 
the DAPL provider, which is the default for InfiniBand on Intel MPI. The 
study also realized up to 15% better application performance using the 
OFA provider as compared the DAPL provider running at 32 nodes. 
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Profiling 
• MPI/user time ratio - MPI communication time grows rapidly between 

8 to 16 nodes due to the fact that more time is spent on computation 
than communications. The dramatic increase indicates that the Neon 
input file becomes too “small” to scale beyond 8 nodes. This also 
explains why hybrid is superior to pure MPP because it helps to 
decrease the amount of communications. 

• Number of MPI calls - By profiling the MPI calls, the researchers saw 
that RADIOSS utilizes non-blocking communications in most data 
transfers. MPI_Wait, MPI_Waitany, MPI_Irecv and MPI_Isend are 
used almost exclusively. About MPI_Wait(37%), MPI_Waitany(26%) 
and MPI_Isend/Irecv (18% each) are used at 32 nodes. The intensive 
usage of non blocking communication helps to retain high scalability. 

• Percent of time spent on MPI - The most MPI time consuming calls 
are MPI_Waitany and MPI_Wait. The majority of the time spent on 
MPI_Wait and Waitany is for MPI_Isend/Irecv. Wait time accounts for 
time spent on pending non-blocking transfers. 

• MPI message sizes - RADIOSS uses small MPI message sizes – 
most message sizes are between 0B to 64B, and 257B to 1KB 

• MPI data transfer - There is an uneven distribution of data transfers 
between the MPI processes. Non-blocking data communications 
between processes are involved. 

• Aggregated Transfer - Aggregated data transfer refers to the total 
amount of data being transferred in the network between all MPI ranks 
collectively. Substantially large data transfer takes place in RADIOSS. 
As node count doubles, the amount of data transferred more than 
doubles. 

 
Benchmark Summary of Results 
RADIOSS is designed specifically to perform in a wide range of HPC 
environments. The software delivers highly efficient scalability – an over 40 times 
speed up from 2 nodes to 128 nodes. 
 
In the MPP version, FDR InfiniBand provides better scalability performance than 
Ethernet – over 7.4 times better performance that 1GbE at 8 nodes; and over 2.1 
times better performance than 10GbeE at 16 nodes.   
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The RADIOSS Hybrid MPP version based on MPI and OpenMP allows 
optimization of available cluster resources – from a very small to a huge number 
of nodes and cores. 
 

Application to a 10 Million Cells Bird Strike SPH Benchmark 
Applying the recommendations given by the HPC Advisory Council in term of 
machine configuration and software setup, the performance of RADIOSS was 
studied on a second cluster based on HP ProLiant SL230s Gen8.  With Intel 
Xeon E5-2680 and FDR InfiniBand, this HP cluster is a very effective platform on 
which to run RADIOSS.  
 
These gains in performance allow users to run very large SPH models. For 
example, the benchmark found that a 10M cells model runs in less than a half an 
hour on a cluster with 128 Intel Sandy Bridge nodes, for a total of 2048 cores 
used in parallel. 
 
On a single node machine, the same run would take approximately 36 hours. 
This kind of performance allows users to more accurately simulate complex 
phenomenon using RADIOSS SPH – for example, bird impact, ditching, sloshing 
and tire splashing – taking full advantage of the software’s advanced multi-
physics simulation capabilities.  
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More About RADIOSS 
The reason for RADIOSS’s preeminence in the field is due to the software’s 
continuing evolution centered on constant improvements in scalability, quality 
and robustness. 
 
Scalability 
RADIOSS’s advanced multi-processor solution – Hybrid Massively Parallel 
Processing (Hybrid MPP) – has enabled the best scalability in the industry for 
large, highly non-linear structural simulations. 
  
Predicting physical phenomena through simulation – such as a full vehicle crash 
– requires models meshed with either solid or shell elements integrating complex 
behavior, including failure criteria associated with the use of composite, high 
strength steel, etc. This requires a high mesh density that often forces users to 
decrease the time step or add artificial mass to insure a minimum time step. Note 
that adding mass can conflict with rupture predictions.  
 
RADIOSS addresses this highly non-linear problem using Multi-Domain 
technology. It creates independent domains using different minimal time steps. 
Each domain is computed as a distinct RADIOSS model using its own most 
efficient time step and leveraging the full processor resources allocated to the 
job. With RADIOSS’s Multi-Domain approach, detailed and accurate analysis can 
be achieved in a reasonable elapsed time without compromising accuracy. 
    
Quality 
RADIOSS’s high quality formulations are based on advanced explicit elements, 
contact capture and treatment.   
 
RADIOSS has the most complete material and rupture library in the field with 
more than 300 combinations. A comprehensive collection of linear and non-linear 
materials, failure and rupture models are provided for modeling complex events. 
Correlated material laws and failure criteria include definitions for concrete, foam, 
rubber, steel, composites, biomaterials and more. Multiple failure criteria may be 
applied to any material. Crack propagation can be followed using extended finite 
element method (XFEM), which is not mesh dependent. Again, fast, detailed and 
accurate analysis due to RADIOSS’s Multi-Domain approach is one key 
contributor to RADIOSS’s code quality.   
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Robustness 
RADIOSS’s robustness is especially apparent in numerical vehicle crash 
simulation. Because of time and cost, auto manufacturers seek to minimize 
physical tests with multiple simulations taking their place. Running numerical 
simulations can help identify not only the performance parameters of a nominal 
design under fixed conditions, but also the cloud of results triggered by tiny 
changes. To adequately judge the design, the key criterion is the size of the 
cloud of different variants; this, in turn, provides a measure of the robustness of 
the design. RADIOSS results are fully repeatable regardless of the number of 
computer cores, node or threads used in the parallel computation. This is a 
significant advantage in terms of robustness study and optimization.    
 
Physical crash events are fundamentally instable events, and numerical crash 
simulations are also highly sensitive acts. Numerical simulations, in particular the 
explicit integration schemes normally used in crash and impact simulation, are 
subject to numerical scattering. Small errors introduced early in the simulation 
may culminate in significant errors or even totally inaccurate results. RADIOSS’s 
robustness, based on the high quality of the codes which allow numerical 
scattering results to be minimized or controlled, significantly decreases random 
behavior on the part of the solver. 
 
RADIOSS’s numerical robustness also helps to minimize the scattering of results 
when changes to the numerical parameters – such as time steps, integration 
schemes, element, contact or connection types, and changes between single 
and double precision versions of one code – are introduced. 
 
Design robustness comes into play when an engineer uses the solver to change 
various variables such as part thickness, material parameters or impact 
conditions, or simply applies random noise to the whole job.  
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Perfect Repeatability on # of Cores/Nodes 

 
RADIOSS runs with 1e-6 random noise applied to all nodes 
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Optimization-Driven Crash Simulation 
Over the last few decades, passive safety requirements standards have 
increased while the automotive industry has continued to research and 
implement the use of lightweight structures using composites and high strength 
steel. Increasingly, structurally important parts are being constructed from new 
materials with completely new mechanical behavior and rupture modes. This, in 
turn, has led to a growing demand for greater simulation accuracy to optimize 
these parts to meet safety and environmental requirements. 
 
Integration with Altair HyperWorks environment makes RADIOSS a powerful 
design tool to address this challenge. Aside from modeling and visualization, 
RADIOSS models are ready for optimization. Advanced design optimization and 
robustness studies can be performed easily through interactivity with Altair 
HyperWorks’ other simulation products, such as OptiStruct and HyperStudy, to 
improve design performance. RADIOSS’s high scalability, quality and robustness 
are essential for successful numerical optimization. 

High-Performance Workload Management 
To minimize the time it takes jobs to run, and to ensure simulation applications 
are taking full advantage of the cluster cores, an HPC workload manager should 
be used to schedule and manage job runs. RADIOSS is well-integrated with 
Altair’s PBS Professional, a market-leading workload management product with 
high scalability, security and reliability. PBS Professional efficiently schedules 
jobs across cluster cores -- maximizing the utilization of the cluster, reducing time 
to results and simplifying cluster workload management for users and 
administrators. 
	  

Conclusion 
The HPC Advisory Council benchmark study underscores the reasons why 
RADIOSS continues to be the leading structural analysis solver for non-linear 
problems under dynamic loadings.   
 
Altair is constantly improving the performance of RADIOSS. The Council’s deep 
investigation and profiling of the solver provides new insights into its performance 
and scaling capabilities and explores potential optimization. This includes 
network profiling and optimization techniques that allow Altair to gain new 
understanding of the solver’s dependencies on the CPUs, network and MPI 
library; and options for future optimization using MPI tuning, CPU core and 
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thread placement using the Hybrid MPP support built into RADIOSS 12.0. The 
Council’s results support RADIOSS differentiation for scalability, quality and 
robustness, including features for multiphysics simulation and working with 
advanced materials such as composites.  
 
This knowledge, combined with the company’s continual upgrading of the 
product, is designed to ensure RADIOSS’s role as the industry standard for 
impact analysis, a position it has held for the past 20 years.   
	  
For	  More	  Information	  
• HPC Advisory Council: 

o 350 Oakmead Pkwy, Sunnyvale, CA 94085 
o Tel: 408-970-3400 
o Fax: 408-970-3403 
o www.hpcadvisorycouncil.com 

 
• Altair’s HyperWorks: 

o www.altairhyperworks.com  


