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ABSTRACT 
| Light is important and helpful in many medical 

applications, such as cancer treatment. 
| Monte Carlo-based simulations are considered to 

deliver accurate results, but require intensive 
computational resources.  

| GPU and FPGA have been proposed to accelerate 
MC simulations with platform-specific 
programming schemes. 

| Our platform-oblivious approach provides a 
unified, highly portable code and delivers 
competitive performance and power efficiency. 
 
 
 



MCML OVERVIEW 
| Lihong Wang’s version of Monte 

Carlo modeling of light transport in 
multi-layered tissues (MCML) was 
released in 1995. 

| C-based MCML program simulates 
the photon propagation in a multi-
layered tissue, assumes 
y plane-parallel layers 
y infinitely wide with homogeneous 

media 
y Media parameters with absorption, 

scattering, anisotropy, and refractive 
index. 

 



WORKFLOW OF MCML 
| Starts with loading the 

parameters of the given 
human skin model.  

| Set up initial random 
sampled configuration, e.g., 
weight, position, direction, 
and step size. 

| Undergoes the three key 
operations, hop, drop, and 
spin, iteratively until it is 
considered as dead. 



MCML ACCELERATION 
| A general system organization 

for running OpenCL 
applications. 
y The multi-core processor acts : 

Host or Device 
y GPU and FPGA : Devices 
y Main memory stores the initial 

OpenCL program and data. 
y Device memory is used to keep 

the data transferred from/to the 
main memory at the device side. 

 



ACCELERATING METHODS 
| Batch Parallel Execution Model 
| Buffering Photon Records 
| Reducing Branch Divergence 
| Caching Data with Constant 

Memory 
| Sectioning the Thread 

Execution 
| Fast Relaxed Math 

Figure 3. Mapping the photon’s travel  
                 path to the absorption array. 



EXPERIMENTAL ENVIRONMENT 

 [*] W. C. Y. Lo, T. D. Han, J. Rose, and L. Lilge. GPU-accelerated Monte Carlo simulation for photodynamic therapy treatment 
planning. In European Conferences on Biomedical Optics, pages 737313–737324, 2009. 



EXPERIMENTAL RESULTS 
EXECUTION TIME COMPARISON 

14x 64x 21x 

Intel  i7 CPU                                     NVIDIA GTS 450                            Altera Stratix V 



PERFORMANCE VS. DEVELOPMENT TIME 
| GPU 

 
 

 
 
 

| FPGA 
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CONCLUSION 
| With high-level programming scheme (OpenCL) 

y Short development time, higher software portability 
and simpler software maintenance. 

y Achieve up to 21x and 64x speedups with FPGA and 
GPU respectively against the sequential version. 

y FPGA version consumes 7.3x less power than GPU 
version. 

y We believe that such an agile application 
development and deployment path is desirable as 
GPU and FPGA both become increasingly popular in 
the future. 
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