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Problem
Optical imaging is key in the diagnosis of many disorders. Developing better optical 
imaging technologies requires improving our understanding of the behavior of 
photons propagating through tissue. An accurate simulation of this behavior relies on 
the ability to simulate a massive number of photons with stochastic behavior.

Simulation in a Nutshell [1]
• Photons enter the tissue,

• They get scattered and absorbed during their interactions with it
• Each event (scattering or absorption) is decided randomly

• This simulates the inherently stochastic behavior of photons
• Photons propagate independent of one another: a parallelizable operation

How Does Chapel Help?
• The parallel-first design provides intuitive features for any kind of parallelism, 

including GPUs
• The  on  statement moves the execution and allocation to the GPU sublocale
• The order-independent  foreach  loop is automatically launched as a kernel
• Same code runs on both GPUs and CPUs

• Each photon is propagated as long as its alive
• Random events use the  curand_kernel interface for RNG
• We are planning to incorporate  curand_kernel into Chapel's Random module
• Currently, the implementation relies on Chapel's strong C interoperability

How does it perform?
• Performance is measured on different NVIDIA GPUs using Chapel 2.2
• 1 billion photons are simulated using 1 million GPU threads
• 4 different NVIDIA GPUs deliver varying levels of speedup
• ranging from 12.5x to 160.1x
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Conclusion
NVIDIA GPUs and CUDA stack make up the backbone
• can deliver more than 2 orders of speedup
• curand_kernel is key in delivering this speedup 

Chapel provides an easy way of using NVIDIA GPUs
• easy to develop and maintain the code
• same set of features can be used for
• multiple-GPU, and
• multiple-node parallelism 

What is Chapel?
A modern parallel programming language:
• portable & scalable, and
• open-source & collaborative

Goals:
• Support general parallel programming
• Make parallel programming at scale far more productive
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What is next?
• Track the photon traces for further analysis
• Simulate 
• more realistic situations like Gaussian beam
• computation intensive situations such as electronic field MC

• Multi-node / multi-GPU performance analysis and optimization
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Performance

Sequential C 83.57 11.97 1.00
RTX A2000 w/Chapel 6.67 149.94 12.53

V100 w/Chapel 2.74 365.55 30.54
A100 w/Chapel 0.80 1254.21 104.78

GH200 w/Chapel 0.52 1916.49 160.11
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on if useGpu then here.gpus[0] else here {
  var Csph, Ccyl, Cpla: [0..100] real;  // photon concentration
    
  foreach thread in 0..<numGpuThreads { // this will be a kernel
    var rng = new RNG(thread);   // curand_kernel is used under the hood

    for i_photon in 0..<NphotonsPerGpu {
      var p = new photon(rng);
      do {  // simulate a photon as long as it is alive
        p.hop(rng);
        p.drop();
          
        gpuAtomicAdd(Csph[p.spherical()], p.absorb);
        gpuAtomicAdd(Ccyl[p.cylindrical()], p.absorb);
        gpuAtomicAdd(Cpla[p.planar()], p.absorb);

        p.spin(rng);
        p.update(rng);
      } while (p.photon_status == ALIVE);
    }
  }
}

Chapel delivers significant performance improvement on NVIDIA GPUs with intuitive code.
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[1] The implementation is based on
       https://omlc.org/software/mc/mc321/index.html

Main part of the implementation is concise and intuitive:

https://github.com/e-kayrakli/mc321.chpl/releases/tag/nvidia-gtc
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