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Abstract

Introduction

The TELEDOS project aimed to improve the accurddphe deposited dose by radiation while reducirgttime
required for this calculation in treatment plannsystem in radiotherapy. Typically, one of the goahs to
produce dose distributions in less than 10 minwids a statistical uncertainty of 2% at 1 standagdiation.
The required accuracy will be achieved by introdgca Monte Carlo code, that has the ability todyiedsults
close to reality, but the calculation times are mimnger compared to analytical or ray tracing Athms.
Nevertheless the reduction of time spent in thedeutations can be obtained by two methods. Tt & to
introduce variance reduction techniques in the PEDIEE 2006 code, and the second is to parallelieectiule.
This paper highlights one hand the contributiorvafiance reduction introduced in the code and s#gpit
shows the gain in performance achieved by paradigtin, using MPI (Message Passing Interface).

Material and methods

MC calculations are typically split into two paffgure 1) : the first step consists in a detatémulation of the
particle transport through the accelerator head.idpact detector is located at the bottom of theatment
machine. When crossing this scoring plane, partitiaracteristics (i.e. type of the particle, posifienergy,
direction and weight) are stored in a PSF (Phase&pile) which is used as input data in the seateg to
calculate the three-dimensional dose distributioraivoxelised representation of the patient orghantom

(such as one obtained from a CT scan). In this wtrk PENELOPE 2006 code [1-3] has been chosen to

calculate the PSF. The second step was executédawitew transport algorithm for fast simulationdafse
distributions in computerized tomography (CT) stawes, PENFAST who was also been parallelized. Bdth
them have been developed by Sabtat. [4-6].
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Figure 1 : Simulation of patrticles transport in tateps

Variance reduction techniques

As part of optimizing the code, several algorithimsreducing variance, ensuring an unbiased relsaite been
implemented. These include bremsstrahlung splittiRgssian roulette coupled with splitting and ciacu
splitting in the case of geometries with rotatiosgmmetry (figure 2). These variance reduction néphes

implemented in PENELOPE aimed to accelerate thit giaa photon beam simulation. We demonstrate that

further improvements of efficiency can be done Ipfirnizing the variance reduction parameters usethén

simulation. These methods increase the simulatffinieacy by a factor of up to 100 compared witteth
analogue simulation (i.e. with all particles haviag unit weight) (figure 3a). To validate thesehtgques,

calculations are performed both in analogue andamattogue mode (figure 3b).
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Although particularly suited to the simulation @frficle transport in the head of a radiotherapyekeator, these
algorithms are quite general and may apply to @ahgrdield. The toll in terms of gain in computitime will be

provided for all these techniques.
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Figure 2 : Schematic overview of variance reductitathods implemented in PENELOPE 2006 version.
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Figure 3a : ©mparison of the depth dose curves for theFigure 3b : In red and blue depth dose curves @nkteam axi
two simulated cases calculated with and without variance reduction teghes respectively|

In pink the relative difference (%) between dosstriiutions as &
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Parallelization of PENELOPE code

Parallelization of PENELOPE 2006 and PENFAST wakies®d using MPI, version mpich2 1.0.6. As
PENELOPE and PENFAST codes, it has been implementE@RTRAN 77, except for the random generator
and PSF management in read mode that are in Cdgegé&fficiency and precision are based on theseteof

a good random number generator. The generator gHose¢he parallel version is that of RP Brent [#Jhose
main interest is its period of about't¥ (compared to that of the generator RANECU usethbysource code,
which is 16%, and to generate long period independent randeniess for each processor. The parallelized
versions of PENELOPE and PENFAST are availableafor number N of processors with N> 1. For N>1, a
processor "master"” is responsible for managing fikbile N> -1 processors "slaves" are dedicated to the Monte
Carlo calculation.

The parallelization of the PENELOPE and PENFAST esodllows to gain a time factor proportional to the
number of processors, at least up to 20 procesgdeshave verified that the results obtained in pelized
mode were identical to those obtained with theioailgversions.

Discussion - conclusion

The MC method can decrease uncertainties in ddselagon for radiotherapy. Currently some MC erggin
incorporate variance reduction methods to speetheigimulation time. This paper presents an evialuatf the

variance reduction techniques implemented in thREIEDPE 2006 code, and their performances regaritieg
gain in simulation efficiency are discussed. Unbthsesults of dose distribution are demonstratethbygood
agreement with analogue simulation. In additionemwtvariance reduction parameters are well appliegl,
simulation time is reduced at least by a factor@d.



Thanks to variance reduction coupled with paraétlon, PENELOPE and PENFAST codes allow to achieve
the reasonable computation time with the requitatissical uncertainty.
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