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Implemented on CPU

Inplemented on GPU

! For all voxels
1.Calculate i’;‘ from F‘
2. Interpolate density

1]
{ End for

.................................

1 For all beamlets
For the number of depth
1. Accumulate the ﬂl
2.calculate TERMA
End for
End _for
Y For Wwomels
i l.Determine the angles contributing

to the deposition point

2. accumulate TK

i End for

! For N voxels
1.Calculate 7, from 7,
2. Interpolate dose

)
 End for

CudaMemcpyHos tToDevice
..................................
Parallel: Threads

1.Get voxel ID from threads ID

2.Calculate i’; from I_’:

...................................

Parallel: Threads
1.Get beamlet ID from threads ID
For the number of depth
2. Accumulate the ﬂl

3. calculate TERMA

...................................

Parallel: Threads
1.Get voxel ID from threads ID
2. Fetch T,K

3. accumulate 7K

..................................

Parallel: Threads '
1.Get voxel ID from threads ID
2.Calculate ¥, from 119

3. Interpolate dose

CudaMemcpyDeviceToHost

Fig.3 Comparison between CPU-based and GPU-based differential convolution/superposition algorithm.
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Tablel Execution time and speedup factors for water phantom and head phantom.

$B Step GPU Teru /s T'aru/ls Topu /s Tepu /! Toru
7K 4% Water phantom
1 GT320 0.608 0.016 0.171 3.56
C1060 0.608 0.016 0.047 12.94
2 GT320 0.312 0.031 0.141 2.21
C1060 0.312 0.015 0.109 2.86
3 GT320 1720.386 53.302 53.349 32.25
C1060 1720.386 27.140 27.156 63.35
4 GT320 0.281 0.000 0.016 17.56
C1060 0.281 0.000 0.016 17.56
H A8 Total GT320 1723.387 56.128 30.70
C1060 1723.387 28.953 59.52
34 Head phantom
1 GT320 0.952 0.016 0.265 3.60
C1060 0.952 0.016 0.156 6.10
2 GT320 0.312 0.032 0.172 1.81
C1060 0.312 0.016 0.140 2.23
3 GT320 1475.081 87.517 87.611 16.83
C1060 1475.081 59.984 60.031 24.57
4 GT320 3.791 0.094 0.187 20.27
C1060 3.791 0.031 0.093 40.76
SR H] Total GT320 1485.861 93.789 15.84
C1060 1485.861 64.375 23.08
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Table 2 Execution time and speedup factors for different

field sizes.
?ﬁﬁi Jem? GPU  Tgpu/s Tepu/s  Tepu/ Topy
2x2 GT320 192.713 25.584 7.53
C1060 192.713 17.078 11.28
5x%5 GT320 566.229 33.868 16.72
C1060 566.229 23.156 24.45
10x10 GT320 1723.387 56.128 30.70
C1060 1723.387 28.953 59.52
15x15 GT320 3399.086 84.10 40.42
C1060 3399.086 34703 97.95
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GPU-based ultra fast dose calculation using differential

convolution/superposition algorithm
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WANG Xianliang® LIU Lele' WU Zhangwen' GOU Chengjun- HOU Qing
1 ( Key Laboratory of Radiation Physics and Technology, Institute of Nuclear Science and Technology,
Sichuan University, Chengdu 610064, China )

2 ( Department of Radiotherapy, Sichuan Tumor Hospital, Chengdu 610041, China )

Abstract Background: Dose calculation plays a key role in treatment planning for radiotherapy, its performance
and accuracy are crucial to the quality of treatment plans. Differential convolution/superposition aigorithm is
considered as an accurate algorithm for photon dose calculation; however, improvement on its computational
efficiency is still desirable for such purpose as real time treatment planning. Purpese: The goal of this work is to
boost the performance of differential convolution/superposition algorithm by devising a graphics processing unit
(GPU) implementation so as to make the method practical for daily usage. Methods: In this work, we implemented a
GPU-based version of the differential convolution/superposition algorithm, by which the most time-consuming parts
are implemented on GPU. In order to fully utilize the GPU computing power, the algorithm is modified to match the
GPU hardware architecture. Results: Compared with the algorithm completely running on CPU, the GPU-based
algorithm can speed up 30-60 times on a Tesla C1060 with higher values corresponding to larger field size. Finally,
we use y index to analyze the accuracy of calculation results, no matter one field or multi-field, homogeneous
phantom or inhomogeneous phantom, the GPU implementation has the same accuracy as the CPU implementation.
Conclusions: GPU is a useful solution for satisfying the increasing demands on computation speed and accuracy of
dose calculation. The GPU-based differential convolution/superposition can be feasible and cost-efficient for
satisfying the increasing demands for either computation speed or accuracy by advanced radiation therapy
technologies.

Key words CUDA, Differential convolution/superposition algorithm, GPU, Dose calculation
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