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Bremsstrahlung
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o Splitting

o STOPS (Simultaneous Transport of Particle Sets)
e Russian roulet

» History repetition

e Range rgection

* Recycling

e Parallel Processing ?
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Full MC ~ FastMC
(with multiple photon transport)
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— MPI (Message Passing | nterface)
— HPF (High Performance Fortran)
— PVM (Parallel Virtual Machine)
— Linda
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— 5l : SPRNG (http://sprng.cs.fsu.edu/)
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— History-by-history(Z &k 2 51h

— Walters B R B, Kawrakow | and Rogers D W O, 2002,
History by history statistical estimators in the BEAM code
system, Med. Phys. 29 2745-52
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#include <sprng_f.h>; Mi5I{EES
#include <sprng_f.h>; 5L ES

DEETE
ZE(MPI_COMM_WORLD,NPROCS,|ERR):
MM_WORLD,NPROCS,|ERR);
NK(MPI_COMM_WORLD,MYRANK,IERR);
WORLD,MYRANK,|ERR);
ORLD,MYRANK,IERR);

RR);

R);

L MPI_FINALIZE(IERR); i 5|t #2 T R 53 D X 5E
MPI_FINALIZE(IERR); it 5L #& T EB 5 D& FE
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MYRANK: JOECREBESDZHDZEE, NPROCS: #8470 REDIZHDEE
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#include <sprng_f.h>; MHI1{EEFEL D DR TE

CALL MPI_INIT(IERR); Z 1 MDHEAE

CALL MPI_COMM_SIZE(MPI_COMM_WORLD,NPROCS,|ERR);

MO XHOES

CALL MPI_COMM_RANK(MPI_COMM_WORLD,MYRANK,IERR);

BoDTJO0ERETBSOE

xxxx % ) — RICRITD I P AU - BEDRTE***

CALL MPI_BARRIER(MPI_COMM_WORLD,IERR); 7O XD[GEHA

*xxx MHHEET R (RN FEHEGTE) ***

CALL MPI_REDUCE(A(MYRANK,),ASUM(1),1,MPI_REAL ,MPI_SUM,
O,MPI_COMM_WORLD,IERR); 5 —X~ D#E& (l:output C{ER)

CALL MPI_FINALIZE(IERR); I 51{6#& T BB D DERE
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#include <sprng_f.h>; MHI{EEFEL D DR TE

CALL MPI_INIT(IERR); Z#1D#IEAL

CALL MPI_COMM _SIZE(MPI_COMM_WORLD,NPROCS,|ERR);
MO EXBOES

CALL MPI_COMM_RANK(MPI_COMM_WORLD,MYRANK,IERR);
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CALL NPI_BARRIER

o

H1

777

CALL MPI BARRIER

CALL MPI BARRIER

//

BARRIER
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CALL MPI_REDUCE(A(MYRANK),ASUM,1,MPI_REAL,MPI_SUM,
0,MPI_COMM_WORLD,IERR);

« ETOATODIR-EAMYRANK)ZOE DT
CZICHUINTASUMDZEE I rea B
(MPI_REAL)E UCERFE(MPI_SUM)T 5




Start

EGS Wik 2016/68/62

MY RANK=0

Inifalize MPI and SPANG

1

Head particle from
the P3, file #0

.,F

3 MYRANK=p-1

Initialize MFI and SPRMNG

1

¥

Transport particle throwgih
the patient-dependant portion

Reaad particle from
the P35, file #p-1

!

Transport particle through
the patient-depandent portion

Crbtain the PS5, file #0 Obtain the PS5, file #p-1
______ o |
i i
Initialize MPI and SPRMNG Initialize MPI| and SPRMNG
! *
Road particla from Reaad particle from
the P3; file #0 the PS5, file #p-1
L X 4, X
- iteration - iteration
Transport particle throwghi Transport particle thirough
thie patient/phantom thie patient/phantom
| |
# 5 MPI_REDUCE
Sum results of each CPLU
wvia MP1_SLUM
+
Cuiput resulis
-E \..._,J —
e e =)
m i O @ ﬂ i Eggd




ZDOOMSE (GPU)

[CPUEGPUD A S RATDEL

GRrU
Dual-core CPU [ S - 1
CPU Core 1 [ mm:tﬂ-’-
CPU Core 0 —l—m~—n—m
A B |
L |
A (A)
0 — o )
) s ) 0
Load/ ) : | |_, 3 |,_
ki EH #ﬁa Pixdl = - - |
u r F r r
! 0 ERRES-- B H

GFLOPS

erx 205 | GPU —=—

CPU —=—
1500 f 1
1000 .
5{}{} | GeForce BBOD i

GeForce 7800 core 2 Dus Enre 17
() b S—r———————— i
2004 2005 2006 2007 2008 2009 2010
year

| EG6S iR 2816/88/62




ZDOOMSE (GPU)

|l e5s e 2016/68/82

— WMC
..... CPU (8513 5) |

++++GRU (7.0 5

Intensity [arb.u.|
=
=i

D.I]'ln 0.4 0.8 1.2 146 2

Photon time-of-flight [ns]

Fig. 1 TOF histogram of three different MC simulation methods.
WMC (simulated using double precision) is used for reference. The
WMC results comprise 2,133,796 detected photons (building the da-
tabase took 21 h using all four cores of an Intel Core 2 Quad
2.4 GHz). The GPU and CPU results (both simulated using single
precision), which should be statistically equivalent, both comprise
about 326,000 detected photons out of about 13.8% 10" full photon
paths simulated. The simulation times were 7.9 s for the GPU (a
MVIDIA 88005T) and 8513s for the CPU (an Intel Pentium 4 HT
3.4 GHz), e, the GPU proves to be 1080 faster. Companing the
CPU and GPU results to the WMC result validates the MC code for
both implementation and confirms that single precision is sufficient as
long as proper care is taken during calculations.
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