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Numerical Effort for a random selection of MCE Projects ANSYS MAPDL, sparse solver 

How long will your 
simulation take? 

Can vary by an order 
of magnitude for the  
same # DOFs 
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Stats data can be found in .DSP file 
 
  
=========================== 
 = multifrontal statistics = 
 =========================== 
 
     number of equations                     =         5162979   =  5.1 MDOF 
     no. of nonzeroes in lower triangle of a =       406156585 
     no. of nonzeroes in the factor l        =     11942613850 
     ratio of nonzeroes in factor (min/max)  =          0.0088 
     number of super nodes                   =           64204 
     maximum order of a front matrix         =           13857 
     maximum size of a front matrix          =        96015153 
     maximum size of a front trapezoid       =        60763830 
     no. of floating point ops for factor    =      7.7694D+13  = 78 TFLOP 
     no. of floating point ops for solve     =      4.6605D+10 
     ratio of flops for factor (min/max)     =          0.0048 

near zero pivot monitoring activated
     number of pivots adjusted               =               0 
     negative pivot monitoring activated
     number of negative pivots encountered   =               0 
     factorization panel size                =             128 
     number of cores used                    =             512 
     time (cpu & wall) for structure input   =        1.060000        1.079678 
     time (cpu & wall) for ordering          =        6.287842        6.287842 
     time (cpu & wall) for other matrix prep =       13.262158       14.075546 

time (cpu & wall) for value input       =        1.120000        1.138784
     time (cpu & wall) for matrix distrib.   =        5.430000        5.780427 
     time (cpu & wall) for numeric factor    =       19.650000       25.445240 
     computational rate (mflops) for factor  =  3953900.312372  3053386.012269  = 4 TFLOPs 
     time (cpu & wall) for numeric solve     =        0.340000        0.682836 
     computational rate (mflops) for solve   =   137074.487818    68252.599236 
     effective I/O rate (MB/sec) for solve   =   522253.790742   260042.399186 
 
 
 
  Solver Memory allocated on core    0       =      725.389 MB 
  Solver Memory allocated on core    1       =      711.322 MB 
   
  Solver Memory allocated on core  510       =      665.193 MB 
  Solver Memory allocated on core  511       =      434.874 MB 
  Total Solver Memory allocated by all cores =   346653.300 MB 
 
  DSP Matrix Solver         CPU Time (sec) =         52.770 
  DSP Matrix Solver     ELAPSED Time (sec) =         60.485 
  DSP Matrix Solver      Memory Used ( MB) =        725.389 
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Performance Results
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Numerical Effort for a random selection of MCE Projects ANSYS MAPDL, sparse solver 

Source:  AnandTech 

125 s on a  
2 TFLOPs  
machine 

10 min on a  
1 TFLOPs  
machine 
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Scaling & Ressources 

20 cores 

240 cores 

512 cores 

Better performance requires 
more cores and more RAM 
 
Large cases scale better than  
smaller ones 
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Hardware: March 2014 

 240 E5 2690 V2 Ivy Bridge cores @ 3.0 GHz 
   64 E5 4627 V2 Ivy Bridge cores @ 3.3 GHz 
 320 E5 2690 Sandy Bridge cores @ 2.9 GHz 
 
6..32 GB / core RAM (6 TB total)  
 
Accelerators:  
22 Fermi M207x ,  
10 Kepler K20x  
  2 Kepler K40 
  2 Xeon Phi 7210P 
 
Peak Performance ANSYS  
single job: 4 TFLOPs 
single node: 0.4 TFLOP (4S) 
single node: 0.7 TFLOP (2S+2K40) 
accumulated / 24 Jobs: 10 TFLOPs  
 
Infiniband interconnect (FDR/QDR) 
Compute servers SSD only 
Remote Access: 3x HP-RGS 
 
6 Fileservers ,  200TB 
 
SLES 11 SP02 for compute nodes 
 
Closed loop aircooled rack (20kW) 
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Interconnect: FDR Performance 

Latency time from master to core    1 =    1.259 µs 
Latency time from master to core    2 =    1.175 µs 
Latency time from master to core    3 =    1.235 µs 
 

 
Latency time from master to core    9 =    2.183 µs 
Latency time from master to core   10 =    2.393 µs  
Latency time from master to core   11 =    1.836 µs 
 

 
Latency time from master to core   16 =    1.979 µs 
Latency time from master to core   17 =    2.012 µs 
Latency time from master to core   18 =    2.008 µs 
 

Latency time from master to core   28 =    1.993 µs 
Latency time from master to core   29 =    2.366 µs 
Latency time from master to core   30 =    2.333 µs 
Latency time from master to core   31 =    2.119 µs 
      
 
 
 

Latencies Bandwidth 

Communication speed from master to core    1 =  8077.06 MB/sec 
Communication speed from master to core    2 =  8857.00 MB/sec 
Communication speed from master to core    3 =  9372.93 MB/sec 
 
 
Communication speed from master to core    9 =  5312.38 MB/sec 
Communication speed from master to core   10 =  5377.34 MB/sec 
Communication speed from master to core   11 =  5081.82 MB/sec 
 
 
Communication speed from master to core   16 =  5121.90 MB/sec 
Communication speed from master to core   17 =  5313.56 MB/sec 
Communication speed from master to core   18 =  5249.56 MB/sec 
 

Communication speed from master to core   28 =  4939.63 MB/sec 
Communication speed from master to core   29 =  4939.24 MB/sec 
Communication speed from master to core   30 =  4765.06 MB/sec 
Communication speed from master to core   31 =  4925.74 MB/sec 
 

 
 

core core on die

socket - socket 

node - node 
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Tools (Hardware: March 2014) 

1 TB RAM 
0,45 TFLOPs @ 1 kW 
 
32 E5 Ivy Bridge cores 3.3 GHz 
single node 
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Tools (Hardware: Sept 2013) 

2 TB RAM 
1,5 TFLOPs @ 3.0 kW 
(theoretical peak 3.0 TFLOPs) 
160 E5 Ivy Bridge cores 3.0 GHz 
8 nodes in a 4U case 
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Tools (Hardware: June 2013) 

0.4 TB RAM 
1.3 TFLOPs @ 3 kW
(theoretical peak 10.4 + 0.6 TFLOPs) 
2 nodes, total of  32 E5 cores, 2.9 GHz 
 + 8 K20x GPUs  



MicroConsult 
Engineering H. Güttler 04.06.2014 Seite 14  

GPU Performance Data 
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GPU Acceleration 

Real life test with customer case @ MicroConsult: 
Hardware: E5 2690, 2x Tesla K40m Accelerator, DSPARSE 

Duty Cycle ca. 30% 

66s later 
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GPU Insights: GPU Power 
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GPU Insights: GPU Temperature 
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GPU Insights: GPU usage 
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GPU Insights: Memory Usage 
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GPU Insights: Factorization rate 

Real life test with customer case @ MicroConsult: 

Basis: 8 cores 
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GPU Insights: Elapsed Time per Iteration 

Basis: 8 cores 
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GPU Acceleration 
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GPUs: Pros and Cons 

GPUs are the only way to boost performance of an existing workstation (after all 
memory slots are filled and you are running on solid state disks / SSDs) 

The price of a GPU is small compared to a complete workstation or the license costs 
to run ANSYS on it. 

GPUs are only acceleration the equation solving part  

For large models /large matrix fronts the local memory on the GPU board imposes 
some limits. It helps to combine multiple GPUs 

Finally, the licensing costs determine the attractiviy of using GPUs. 
(Became more attractive with Release 15) 
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Applications 
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Example: Ball grid array 

Mold 

PCB 

Solder balls 

(solid 186 & 187) 
!! no contact elements !! 

      M O D E L   S U M M A R Y  
                               Processor 
                Number       Max       Min 
 
    Elements    814197     58648     43932 
       Nodes   1344197    104296     77268 
Shared Nodes     85903     15477      7424 
        DOFs   4032591    312888    231804 
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HPC with ANSYS 15: BGA 
With current technology 6 compute 
nodes can do a better job than 16  
servers needed 4 years ago. 
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Applications:  

BGA, LQFP 

Einzelbauteile & Systembetrachtung 

Schwerpunkt Lotkriechen 
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Benchmark Results: Leda Benchmark 

Procedure ANSYS 11  ANSYS12 ANSYS12.1 ANSYS13 
SP02 

ANSYS 14 
UP20110901 

ANSYS 14.5 
 

ANSYS 15 
UP20130403 

ANSYS 15 
UP20130906 

Thermal  
(full model) 
3 MDOF  

4h 
(8 cores) 

   1h (8 cores + 
1 GPU) 
0.8h  
(32 cores) 

   

Thermo-
mechanical 
Simulation 
(full model) 
7.8 MDOF 

~ 5.5 days 
for  
163 
iterations 
(8 cores) 

34.3h for 
164 
iterations 
(20 cores) 

12.5h  for 
195 
iterations  
(64 cores) 
. 

9.9h  for 
195 
iterations  
(64 cores) 

7.5h for 195  
iterations  
(128 cores) 
 

6.4h for 196 
iterations 
(128 E5 cores) 
6.3h  
(96 E5 cores + 
16 GPUs) 

7.3h for 196 
iterations 
(128 E5 
cores) 
PCMPI, 
imbalance= 
4860 
 

5.1h for 196 
iterations 
(128 E5 cores) 
5.2h  
(64 E5 cores + 
16 GPUs) 
imbal: 2.95 
8.6h 
(24 E5 cores + 
8 K20x GPUs) 
imbal: 2.3 

Interpolation 
of boundary 
conditions 

37h for 16 
Loadsteps 

Identical to 
ANSYS 11 

Identical to 
ANSYS 11 

0.2h  
(improved 
algorithm) 

0.2h    

Submodell: 
Creep Strain 
Analysis  
5.5 MDOF 

~ 5.5 days 
for  
492 
iterations 
(16 cores) 

38.5h for 
492 
iterations 
(16 cores) 

8.5h for 492 
iterations 
(76 cores) 
 
 

6.1h for 488 
iterations 
(128 cores) 
 

5.9h for 498 
iterations 
(64 cores + 
8GPUs)
 
4.2h   
(256 cores)  

4.0h  for 498 
iterations 
(128 E5 cores) 
 

 4.1h for 488 
iterations 
(128 E5 cores) 
 

 2 weeks 5 days 2 days 1 day ½ day ½ day   
 



MicroConsult 
Engineering H. Güttler 04.06.2014 Seite 29  

New possibilities because 
of more compute power 
 
active cycling
imposes10x  increase in 
numerical effort 
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PCG Solver: Pushing the limits 
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HPC &  
Optimization 

suspension strut

steering knuckle 

ball joints 

lower wishbone 

upper wishbone 

polyurethane bushes 
(chassis mount) 
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Simulation  Overview  

The purpose of the simulation is to show the movement of the suspension parts when the 
wheel is lifted by 50 mm e.g. when the car is parked on a curbstone. 

 

Required degrees of freedom: 

upper chassis mount may rotate 

cylindrical joint between piston rod  
and damper housing 

revolute joint between strut and  
wishbone 

bushes are fixed via their center  
sleeves and flex due to movement 

spherical joints to represent the  
ball joints 
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Simulation  Parametrization  

The two ball joints are constructed using parameters:  

Size of radius (1-5 
mm) 

Bolt diameter (8 or 10 mm) 

Thickness of material 
(4-10 mm) 
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Simulation  Basic results (von Mises Stress) 
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Simulation  Statistics  

Number of active bodies: 42 (Spring is defined as multi body part due to meshing problems) 

Number of nodes: 1.112.726 

Number of Elements: 621.586 

Number of contacts: 28

Solver: Distributed Sparse 

Total memory required for in-core solution: 40 GB  

Total Number of Iterations: 10 
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Simulation  Performance stats (single run) 

Decent improvement 
in factorization rates 
when using more cores 
or adding GPUs (3,5x) 
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Simulation  Performance stats (single run) 

Overall speedup much  
smaller (1,6x) 
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Simulation  Performance stats (optimization) 

By running jobs in parallel  
we can achieve a  
reasonable speedup (4x) 
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Some thoughts about value: 
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Conclusions 

ANSYS Mechanical routinely delivers TFLOP per second performance in a HPC 
environment! 

Works for a wide range of cases and setups 

Validated with up to 512 cores (Sparse solver) 

Models with up to 1250 MDOF could be solved (PCG) 

Licensing cost is dominating factor (up to 256 cores) 

Go for HPC to get the best return out of your licensing investment 
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http://www.cadfem.de/seminare/ansys/strukturmechanik/s/11979.html 

http://www.cadfem.de/seminare/ansys/strukturmechanik/s/11979.html
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May 2009, Ansys12, 512 cores, 1 TFLOP per second 


