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1 Introduction 

This document describes the selection and integration of a computational platform (hardware 

and operative system) intended for the sake of CWM-analyses. 

Computational Welding Mechanics, CWM, can not only be used for RSDP, Residual Stress 

and Distortion Prediction [1]. It can also be used for a broad range of applications such as 

remaining life time analyses of reactors, pressure vessels, boilers, furnaces, tube- and pipe 

systems. As well as the Manufacturing Engineering process of integrated metallic structures 

that is the engineering discipline that by the application of physics principles deals with the 

R&D and optimisation of manufacturing processes and systems. 

In a scientific thermo-mechanical FEM-simulations to determine the temperature and stress 

fields present during welding have been performed for about forty years. The FE-technology 

and the computer capacity have developed to a state that Computational Welding Mechanics, 

CWM, is an established and mature process [2] [3] and CWM can be used as reliable tool in 

structural design, for example in optimization and parametric studies, [4]. 

A successful commercial CWM implementation requires that the actual industrial 

organisation has gained the knowledge and understanding of the following related topics: 

- Computational platforms that comprises the selection of hardware, operative system and 

FEM-code as well as suitable pre- and post-processing tools 

- Welding Engineering with an emphasis on the weld process parameters and its 

thermodynamics 

- Test weld quality control such as calibration, validation, DAQ and documentation etc. 

- Transient thermo-mechanical coupled FE-analyses and constitutive modelling 

2 HPC Computer Hardware 

During the last fifteen years the industrial HPC-systems have been dominated by low-end 

SMP (symmetrical multi-processor) computers or Linux based cluster solutions. This was 

changed by the introduction of multi core processors to the mass market. The multicore 

computers sparked the renaissance of the MPP-architecture (Massively Parallel Processor) 

which is a single computer, controlled by one operating system instance, containing a large 

number of processor cores and a shared memory often implemented in a NUMA (Non-

Uniform Memory Architecture) [5]. 
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Our computational platform has four 16-core AMD Opteron 6284SE processors with a total 

of 64-cores, these are the same processors as Cray use in their XE6 supercomputer [6]. The 

cores run at 2.7GHz and are equipped with AMD’s Turbo CORE [7] functionality that adjusts 

the speed of the cores depending on the number of cores in use. Each 16-core processor can 

be connected to two NUMA memory regions with each region connected to 125GB of 

memory; however our computer is equipped with a total of 264GB DDR3 memory. 

The system is running CentOs version 6.4, and we are connecting to and controlling it 

through ssh and ThinLinc [8]. ThinLinc is a remote desktop software built upon the VNC 

protocol and it basically processes all graphics on the server and sends the screen-image to the 

client. The desktop communication is performed through an encrypted tunnel and the 

computer can be reached from anywhere in the world and is impossible to listen to. The 

remote desktop solution works perfectly well and the graphical experience (with a good 

internet connection) is better than the built in graphics card connected to a monitor. Fig. 1 

shows a screenshot of our CWM-model in LS-PrePost [9] from a Windows 7 laptop. 

 

Fig. 1. Screenshot of ThinLinc and LS-PrePost taken on Windows 7, with our 
benchmark model. 

All in all, the system that we use for CWM had a total cost of SEK 100 000 :-  and has almost 

instant communication between all processes. This should be compared with a cluster 

consisting of something like 8 nodes with 8 cores each and an Infiniband solution. The cluster 

has a several orders of magnitude slower process communication, require almost eight times 

the space, and administration time as well as energy consumption is higher. 

3 Experiments 

In our first series of experiments we executed the simulation serially as well as in parallel 

distributed into: 4 ; 8 ; 12 ; 16 and 20 processes. To get results as close to a production system 

as possible all experiments were carried out on a fully loaded computer, i.e. all 64-cores were 

utilized during all experiments. All scheduling and allocation decisions were made by the 

underlying Linux kernel and the partitioning was done on-the-fly by the LS-Dyna CWM 

solver [10] [11] [12]. 
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Turning to the results, Fig. 2 contains the “wall clock”-time (top) and the “perfect speedup”-

time (bottom) lines. The “wall clock” time is how long we have to wait to get the answer from 

the simulation and “perfect speedup” is a best case estimate of how fast the simulation could 

execute according to Amdahl’s law [13] with a serial component of 0, which is a better-than-

possible estimate. 

 

Fig. 2. Simulation runtimes with 1 to 20 processes on a fully loaded computer. 

The difference between the lines, in Fig. 2, indicates that the incentive for increasing the 

number of processes decreases the higher we go. Although it is a well-known fact [14] that 

the speed increase diminishes for every added process until it levels out completely. Knowing 

how fast the speedup deteriorates can be very useful when determining how to allocate the 

computational resources. Take Fig. 3 as an example. The dotted line shows the simulation 

runtimes normalized after the fastest runtime and the solid line is the throughput, i.e. the 

number of jobs that can be completed in a given amount of time. If we view the 

throughput/runtime problem as an optimization problem we want to maximize the throughput 

and minimize the runtime.  

 

Fig. 3. The normalized throughput and runtimes for simulation executed in parallel 
over 1 to 20 cores. 
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Given that we have a steady flow of simulation jobs to be executed the most efficient choice 

(read: most simulations per euro spent) is to maximize the throughput. However, that also 

means that we will have to wait the longest for the simulation to finish. On the other hand if 

we have a tight deadline we should use 20 cores (or maybe more) to be able to finish the 

project on time. Consequently, executing only 4 processor jobs would give the best tradeoff 

between throughput and runtime.  

Example: We want to make a parametric study and evaluate five parameters with ten discrete 

levels each. For this experiment we will have the entire computer at our disposal. The results 

in Fig. 4 clearly show that the throughput is extremely important when the systems are under 

heavy load. It should be mentioned that the calculations are based on whole jobs and since 64 

is not even dividable by 12 or 20 those setups only utilize 60 cores. 

 

Fig. 4. Total runtime for a parametric study with 50 simulations when utilizing 
different degrees of parallelization.  

4 The NUMA memory 

Currently one of the largest challenges in multicore job-scheduling is to overcome the 

memory bottleneck of modern multicore computers. To characterize the non-uniform memory 

architecture of our computational platform we used the STREAM benchmark to evaluate the 

memory throughput. Fig. 5 shows the aggregated memory bandwidth for our system. We 

measured the bandwidth 100 times with different, randomly selected, process placements. We 

noticed that the median value came very close to the best value for all cases but 12 processes. 

 

Fig. 5. Aggregated memory bandwidth as measured by STREAM for [1 … 64] 
processes. 
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Figure Fig. 5 also show that placing 20 processes on 20 cores will basically render the same 

(median) aggregated memory throughput as when placing processes on all 64 cores. Turning 

to fig Fig. 6 we can clearly see that the per process memory throughput declines quite rapidly 

and that the spread between the worst and best cases converges towards 1GB/s when utilizing 

all 64 cores. However, by utilizing some simple memory based job-scheduling techniques as 

those proposed in [15] [16] or just manually reordering the job-schedulers allocation scheme 

it is fully possible to guarantee that he per process available memory bandwidth always will 

be in the area between the median and best cases. 

 

Fig. 6. Per process memory bandwidth as measured by STREAM for 1 -64 processes 

5 Discussion and Conclusions 

When trying to get most from a 64-core MPP for computational welding simulations we first ventured 
into the administrative areas of the system with ease of access and administration, we then turned to 
the systems performance characteristics. To mimic a production environment our experiments were 
performed in accordance with the recommendations of DNV Materials Laboratory [17] on a more or 
less fully utilized system. We used the LS-Dyna MPP-solver [10] and our CWM material models [11] 
[12] and a downsized fully 3D tube model [18].  All in all we found that: 

- It is not obvious which combination of solver and mpi-library that will work out-of-the-box on all 
systems. We had to recompile the MPICH library in order to get the standard solver to work. 

- The more cores that are used the faster the simulation will finish, however when there are many 
jobs in queue decreasing the parallelization increases the throughput radically. 

- Performing quite “simple” changes in the job-schedulers allocation algorithm can increase the 
worst case per-process memory performance with between 1% and 185% (average 65%).  
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