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Agenda

• Why shared system USM?

• N -body introduction

• Performance results
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Challenges when s tarting a GPU port…
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Comparison of memory -management workflows

                              

        
    

        
      

             
             

                 
             
             

      
    

    
    

    
      

                              

                                    

        
    

       
    

       
    

                        
    

       
    

       
      
        

                                             

    

                                                                                



Intel Confidential 5

Some implementation details
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Using shared system USM in GROMACS

• GROMACS is

– well known

– high -performance

– biomolecular simulation code

– featuring N -body kernels with irregular 
stencils

• Ported to and optimized for all GPU 
frameworks…

• … but we’re going to ignore that and 
pretend to start to port it again, using 
shared system USM
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Particle interactions with cutoff radius
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Molecular dynamics algorithm
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Particle interactions with cutoff and pair-list radius
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Molecular dynamics algorithm with pair list
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How might we start to port this to GPUs?

• Profile to find the bottlenecks:

– That’s the N -body force kernel

• Identify the elements of potential 
parallelism:

– Each i atom works on multiple j atoms in 
a double loop of irregular length

• Design the first GPU version of that 
compute kernel:

– Make a single work -item handle the pair 
list for all j atoms of an i atom

• Use shared system USM:

– Leave allocations alone

– Let the OS kernel do the transfers
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The shared system USM N -body kernel

• Almost identical to GROMACS reference CPU kernel

• Claude code wrote this correctly the first time!

– Each work item handles a single i atom

• Loops over all the j atoms

• Compute force between the two atoms

• Accumulate force contribution to each atom

• Slideware kernel coming up

– Details of the functional form omitted

– Only x dimension shown

– Various verbose details elided
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The shared system USM N -body kernel
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unitrace

• Open -source tracing tool from Intel: https://github.com/intel/pti -gpu

• Integrates tracing from

– GPU

– KMD ( bpftrace )

– LevelZero

– SYCL (XPTI)

– GROMACS (ITT)

• Presented via http://ui.perfetto.dev – tracing visualizer

https://github.com/intel/pti-gpu
https://github.com/intel/pti-gpu
https://github.com/intel/pti-gpu
http://ui.perfetto.dev/
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Trace of 19 steps on 1.5M atoms on Intel Arc B570
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Zoom on the first step after pair search
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Zoom on the first part of the first step after pair search
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Zoom on the second step after pair search
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Comparison of memory -management workflows
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Trace of 9 steps with prefetch of 3GB pair list
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Zoom on the start of the second pair search



Intel Confidential 22

Weak scaling performance
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Further optimizations – clusters of particles
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Conclusion

• An initial port was quite easy to do

• Most of the work was deciding how to parallelise the kernel

• Tracing exposed performance issues

• Prefetch was useful for improving initial performance

• … but still a very long way from optimized performance
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