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Parallel Processing of Dose Calculation
for External Photon Beam Therapy
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We implemented external photon beam dose
calculation programs into a parallel processor sys-
tem consisting of Transputers, 32-bit processors
especially suitable for multi-processor configura-
tion. Two network conformations, binary-tree and
pipeline, were evaluated for rectangular and irregu-
lar field dose calculation algorithms.

Although computation speed increased in propor-
tion to the number of CPU, substantial overhead
caused by inter-processor communication occurred
when a smaller computation load was delivered to
each processor. On the other hand, for irregular
field calculation, which requires more computation
capability for each calculation point, the communi-
cation overhead was still less even when more than
50 processors were involved. Real-time responses
could be expected for more complex algorithms by
increasing the number of processors.
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Fig.1 Chest phantom data: A simulated chest CT
data is generated, which includes two symmetrical
rectangles (-700 Hounsfield Unit: HU) representing
lungs. Generic structure is a square of soft tissue density
(50HU).
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Table 1 Parameters of the sample dose-calculation

Rectangular field Irregular field
No. of Beams 3 2
Calculation Matrix 50 x50 50 x50
Calculation Points 7500 5000
Inhomogeneity correction Path length Path length (primary dose)
Initial data TAR, OCR TAR, SAR, Field shape
Field 10> 10crn Mantle (48 points)
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Fig.2 Data link scheme (Pipeline)

(1) Initial-data is broadcast to all calculation tasks once in the beginning of the execution. (2) Master task

(MT) on the root Transputer propagates calculation packets to the transceiver task on the Transputer module

next to the root.

(3) Transputer task that received a calculation packet feeds the packet into the local

calculation task. If it is in calculation, the packet is passed onto the downstream transputer module. (4) The

results of the calculation are returned to the transceiver task and collected to the master task.
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Fig.3 Calculation packet transfer time: Calculation

packets were transferred to the Transputers. No calcu-
lation was performed. The figure shows the total trans-
fer time (vertical axis) increases as the number of the
transferred packet (horizontal axis) increases.
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Fig. 4 Execution times of Transputers and other computers: Irregular and rectangular field calculations were

performed on various hardware configuration. Computation tirme was reduced on the Transputer network as
almost reverse proportion to the number of the CPU. llcx (Macintosh Ilcx) has a Motorola 68030 CPU running
with 16MHz clock cycle and a floating point computation unit (FPU). PCI9801FA has Intel 804865X (16MHz)

CPU and a FPU.
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Fig.5 Initial data transfer time of pipeline and binary-

tree network : Initial data transfer time are shown for
different number of processors by pipeline(+) binary-
tree(®) network comfiguration.
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Fig.6 Load sharing among processors

Root: Root processor, M1 to M4 : Transputer mudules. Number of calculation packets processed at each
processor of the pipeline network of 5 CPU are shown. Left : Rectangular field calculation, total 7500 packets

Right : Irregular field calculation, total 5000 packet.
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Fig.7 Difference of actual and ideal calculation time depending on the number of CPU : Overhead time due to
the trans-processor communication are presented. Ideal calculation time = (Calculation time by 1 CPU systern)/
(No. of CPU) Overhead time = (Actual calculation time)- (Ideal calculation time)
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