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1 MPICH2 is available for download from http://www.mpich.org/. 
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We delivered the code, documentation and test cases in October 2022. We presented the results of 
this project at the AFRL TIM on January 31, 2023 (O’Brien and Stevens, 2023). After that time, 
we provided support for AFRL personnel using the code, responding to questions as needed. 

The run time is controlled by several factors. MPI runs a calculation for each inner grid and each 
outer grid partition in a separate processor, but the run time will be controlled by the slowest 
partition as the calculation will wait until all processors have finished a time step. The controlling 
factors are: 

1. Size of the outer grid – a large grid will have O(108) zones in the outer grid.
2. Size of the inner grid(s) – large inner grids typically have O(104) zones.
3. Number of processors over which the calculation is split.
4. Time step – controlled by the smallest zone size in the grid, almost always in the inner

grid. Rezones in the inner grid(s) are essential to increase the time step once the shock
wave has passed.

5. MPI data exchange volume - adjacent processors exchange data after each time step.
6. Disk IO - CRAM3D processors potentially write many large grid files.

The relative importance of these factors is summarized in the Table 1. As an example, suppose the 
grid is 100x100x80 zones. With 1-D partitioning, the maximum number of processors that can be 
used is 50. With 2-D partitioning, the maximum number of processors that can be used is 2500, 
and in 3D 100,000, so there is a potential huge gain in increasing the dimensionality. With 3D 
partitioning, however, the inner grids may have more zones than the outer grid partitions, in which 
case the inner grids control the run time, so much less is gained by adding the third dimension than 
the second. 
           

  in  
s 

  s 
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As a test case to assess the performance difference between 1D and 2D partitioning, we compare
two calculations of Novaya Zemlya explosion B-1 partitioned in one and two dimensions, 
respectively. This test had four separate explosions as shown in Figure 7 and Figure 8, with a total 
yield of 3.8 Megatons, slightly less than the 4.2 Megatons shown on Figure 7. The calculation is 
described in detail in Stevens et al (2022). 
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We ran one calculation of Novaya Zemlya explosion B-1 partitioned along the X direction with 
179 processors, and a second calculation partitioned along the X and Y directions with 1004 
processors. This test had four explosions, so in both cases four processors were used for the inner 
grids. 2D partitioning divided the outer grid into 50x20 partitions. The grid dimension was
350x300x90 for 1D partitioning and 350x300x140 for 2D partitioning and both calculations were
run to 10 seconds. The second calculation was extended to a deeper depth because the nonlinear 
deformation extended quite deep for this large test (Figure 9) and the first calculation cut off some 
of this nonlinear region. 

 

Figure 10 shows the wall clock time for the two calculations. The slopes indicate that 2-D-
partitioned simulation consistently advances about 3.7X faster than 1-D as expected. There is also 
no evidence that MPI data exchange is rate limiting. As shown in the right panel there are jumps 
in time whenever the grids are written, indicating that I/O is slower with more processors. The 
reasons for this are not clear, but this is a minor issue for a long calculation. 

9
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The following times are from calculations on an HPE SGI 8600 system (Mustang).  
 

Calculation # CPUs nprocx nprocy Equilibrium Run 
Time (Minutes)2 

Explosion Calc 
Time (Minutes) 

Shoal 1001 100 10 1.35 14.86
Decouple 1001 100 10 20.60 
SimpleTopo 1001 100 10 3.95 14.55 
Prestress 1001 100 10 1.87 12.48 
MicroDamage 1001 100 10 1.63 14.48 
NPE 1015 78 13 14.78 78.43
Dnepr2 1002 100 10 2.00 26.48 
NK 1001 100 10 31.77 25.663 
Degelen4 1015 78 13 3.23 32.9 

Calculation nx ny nz Equilibrium End 
Time (Seconds) 

Explosion End 
Time (Seconds) 

Shoal 200 200 80 0.5 3.0
Decouple 200 200 80 0.5 
SimpleTopo 200 200 80 10.0 3.0 
Prestress 200 200 80 2.0 3.0 
MicroDamage 200 200 80 0.5 3.0 
NPE 234 234 140 20.0 3.0
Dnepr2 200 200 80 0.5 1.0 
NK 400 340 140 25.0 3.0
Degelen 234 234 130 1.0 2.0 

2 All equilibrium runs were used the “noinner” parameter. Decouple used the equilibrium run from Shoal. 
3 Average of calculations at four depths. Individual calcs range from 23.38 to 27.38 minutes. 
4 Degelen is the example in the User Manual. Input files are now included with the User’s Guide input files. 
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In addition to the performance improvements discussed in the previous sections, we also modified 
the input to the code to make it easier to use and more robust against erroneous input. In the early 
versions of CRAM3D, all input was specified in a fixed format file that required all input 
parameters to be entered in a specified order. Most of the input can now be defined through 
parameters, which can be input in any order, and can be separated into multiple files. The fixed 
format file now contains only material property and source and grid information. All other inputs 
are parameters, which can be included in the fixed format file or separated.  

The recommended approach is to include in the fixed format file all parameters that are the same 
in both the equilibrium run and simulation run, but separate out the inputs that are unique to each 
run. Details of the parameterized input are given in section 2 of the User Manual (Stevens and 
O’Brien, 2022a). The User’s Guide (Stevens and O’Brien, 2022b) contains examples for all of the 
cases described above in section 3.2.2. 
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We have modified the CRAM3D code to make it capable of performing much larger calculations 
in a much shorter time. This was accomplished by dividing the grid into partitions in two 
dimensions instead of one, which allows many more processors to be used in the calculation. This 
allows more calculations to be done in a shorter time, thus allowing “exploration of explosion 
parameter spaces.” In addition, we modified the input to the code to make it easier to use and more 
robust by parameterizing much of the input. 

All of the examples in the User’s Guide were modified to optimally use the new input parameters 
and to be partitioned in two dimensions. All of the examples in the User’s Guide and the User 
Manual were run and compared with prior results to test the revised code and to ensure consistency 
of results. 

The code, User’s Guide and User Manual were delivered to AFRL, and we have provided support 
to AFRL personnel in the year since code delivery.  
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