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Compiling validity and critical benchmark verification based on OpenMC execution code
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Abstract Background: The open source Monte Carlo code (OpenMC) released by Massachusetts Institute of
Technology (MIT) only provides source code rather than executable code. Purpose: This study aims at the
compatibility issues for different versions of the auxiliary programs in the compilation of OpenMC. Methods: The
various versions of OpenMPI, Mpich and HDFS5 programs that support OpenMC were compiled and checked, and the
complied OpenMC was validated using 96 representative routines recommended in the international criticality safety
benchmark evaluation project (ICSBEP). The calculation results were compared with those of the ICSBEP
experiments using general MC code. Results: The calculated values by complied OpenMC are in line with the
experimental values of the ICSBEP benchmarks, as well as calculations by other programs. Conclusion: This study
provides a reference for the correct compilation of the OpenMC with feasibility. It is useful in future applications and
improvements of these programs.

Key words OpenMC, OpenMPI, Mpich, HDF5, ICSBEP

SR RDINERATER R EN. 2% Ok, BEEUHENUEREM AN S e, HAE SOV HERUE
BRI AN UCSSCH B SRR TR, BTUMR Rk LI T R B ok vz s R A T 5
BT rime. RNERETRESEm. JLHE 2 AR RPN B bs, Ik o R,

KRR HE 4 (No.11575079+ No.11605085)% B

FEE: PG, T, 1991 EHZE, 2014 4EER N TRI4ERSE, DUABLIIFLAE, WESRER D R ia iy 77 ik &S 5
BEEE: T, E-mail: yutao29@sina.com

Wk H A 2017-05-18, &0 H#: 2017-07-08

Supported by National Natural Science Foundation of China (No.11575079, No.11605085)

First author: SU Shi, male, born in 1991, graduated from University of South China in 2014, master student, focusing on Monte Carlo particle transport

procedures, methods and applications
Corresponding author: YU Tao, E-mail: yutao29@sina.com
Received date: 2017-05-18, accepted date: 2017-07-08

100501-1



o R

2017, 40: 100501

) R BT N AE S, R R A I [A] 7
Fe, MHATTHEEAR R AR RS R: R D N AF 5 A
i E R R, SRR EFIE
REBE A MERR RAE, MR RP BT
MC21%, OpenMC#1 RMC (Reactor Monte Carlo
code)VEAE M — TR T EF & B R AL
BRI, B AIATAI R, 5 R RF
AT LAFE 73 R R AT TR B, KORAR R 5
IR [A]
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OpenMC F2 /7 (AL ] 5 22 2 Pl B AR P (1 SCHE . 4
i F MPI (Message Passing Interface)#t f2 31718 & .
{§i F} HDF5 (Hierarchical Data Format-5)%iH H474t
By # SR PETSc (Portable, Extensible
Toolkit for Scientific Computation)>K 32 #f CMFD
(Coarse Mesh Finite Difference)it 5 Ff2/F, OpenMC
T ENAEENAE P WK 1. BT OpenMC 7EM A
WA T A AT, 19013 OpenMC I #2175
B SeINRR FP R AT SCRE, (B SRR IR A S
OpenMC ZIAAFAESCHRFPE IR, % T AN [R R A< 5t By
P2 555 R PP AR SRR R, [ R0
XL SCHR & 3%, Bt OO e T S0 SR R P R
FPIER P R A BRI HAh SR R D%
5 5 AN F R AR P I He A et 7 5

!— OpenMPI/Mpich: Support Parallel Computing

HDF5: Supports Output Parallel Data Format Files

OpenMC !
PETSc: Support the CMFD Computing Program

1 OpenMC [AHCHBIFE 7
Fig.1 OpenMC related auxiliary program.
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ERTUTXT B R R EAERMERAT T XTEE, 45
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2% . IR BEE PRIl 5 2 A SE56 T (The
International Criticality Safety Benchmark Evaluation
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1 . OpenMC [ # T Python 1AV T H2 U
SR A R s AT IS L 40 statepoint_3d.py -
voxel.py &5, Hi#nHH Statepoint 34 Voxel X1
H2 Python JIAKHE IR I 5 Al — B Vislt
A1 ParaView BA4FEAT HE nT A AL 3R . ARy — KT
W IR B HIFEF, OpenMC iEid GitHub HIALALHE
EIFIREE bug, AR T HAMMEHFHEATEONRS
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F T OpenMC HAAT A ) Zh 1S I B i 57 R HE B IE

PG, KRZMEH Linux £24t, FHAE Linux T4
P& OpenMC, F43Hrili BIFE 7 X OpenMC 1 > R4
BT AEE N, #EFF Linux 244 OpenMC #E4T
THEEHAT I . 8 I RGN ESUML T Linux &
%i(Ubuntu-15.04), OpenMC fii4< )y 0.6.2.

Xf OpenMPI/Mpich [ A 4% 6 # H A4
mpi-normal . mpi-debug. mpi-optimize. mpi-omp-
normal. mpi-omp-debug. mpi-omp-optimize. &EFf
ELR T K OpenMC I 85 I,
B 5] 78 35 £ $5  geometry.xml . materials.xml +
settings.xml A VALY, X = Fp AR HE — A
", A B EIA S tallies.xm]l (FHERBLEL) |
emfd.xml CHHL %A IR ZE 70 E B ) 4% . v normal s
debug. optimize ¥ OpenMC ] =% 1% /7 X, normal
NARMAHI 1% 77, debug ATE SR BERTHEAT IR
Mg BETT 20, optimize JY7E 4 BEIN 58 & EEOLAL ) i
PEJ7 0, XJ gfortran Al Intel Fortran 443 ¥ F-03
Ptk Ji . X HDF5 (¥ B R A ek il 6ofs
33 P EKIZEM: basic-normal. basic-debug. basic-
optimize. omp-normal. omp-debug. omp-optimize.
HDF5-normal. HDF5-debug. HDF5-optimize. omp-
HDF5-normal . omp-HDF5-debug . omp-HDF5-
optimize. mpi-normal. mpi-debug. mpi-optimize.
mpi-omp-normal . mpi-omp-debug . mpi-omp-
optimize. pHDF5-normal. pHDF5-debug. pHDFS5-
optimize. pHDF5-omp-normal. pHDF5-omp-debug-
pHDF5-omp-optimize. petsc-normal. petsc-debug.
petsc-optimize. pHDF5-petsc-normal. pHDF5-petsc-
debug . pHDF5-petsc-optimize . omp-pHDF5-petsc-

normal. omp-pHDF5-petsc-debug . omp-pHDF5-petsc-
optimize, &FFlEH AR MIYE A OpenMC H 7
() 85 TEGIRE. £ LAN 1 E A AT 85 TEH# K I
RE R AR T H AT T R E R

OpenMPI. Mpich. HDF5 FRKIRARE, 1
AP, EREEATE R AR N T 20
A RRASTEAT RTINS T30 B8 R A A o FLagk A7
W, A2 PR AR I W o F A b AT e A A 22
F AT AT E 2 I, BRI R
FRAS WL R S

TR H B P RE N BRI A BB 20 DR,
1 T F 3 A A AN A& T Ja DT & A, BTl
Xof L HIT R AS AN BEAT T

21  ETF OpenMPI #J OpenMC I+ E =R

Xt AN [A] B A< B OpenMPI #4749 1%, £ 7E
OpenMC T Efa, 45 R WK 1. WK 1 45/ ATE H,
FRE I IR AR A : 1.8.4.1.8.3,1.8.2,1.8.1,1.8.0,
1.7.5. 1.7.4. RAEEREHREE KSR IE 2,
Horr, EKN Fail BIANFE A KR B R AT R I B AR
RIS AR IR, (RIS AN ] A [R50 2 YRR ] AR i 12
BT ke FEIREE RAHIE], #E S =R AE
HAHT R B A2 2 mpi-omp-normal. mpi-omp-
debug. mpi-omp-optimize. BEFAAE H R H
RSB & A B R R

1) test_void.py

2) test_reflective cylinder.py

3) test_confidence_intervals.py

# 1 FREHRA OpenMPI HIRIZFERLER
Table 1 Different versions of the OpenMPI compiler and self checking results.

OpenMPI JRAS  HRZHR OpenMPI JRAS AR OpenMPI fRA 5 ERiSEP R
OpenMPI’s Self checking OpenMPI’s Self checking OpenMPI’s Self checking
version number results version number results version number result
2.0.1 Fail 1.8.7 Fail 1.7.4 Ok

2.0.0 Fail 1.8.6 Fail 1.7.3 Not
1.10.5 Fail 1.8.5 Fail 1.7.2 Not
1.10.4 Fail 1.8.4 Ok 1.7.1 Not
1.10.3 Fail 1.8.3 Ok 1.7.0 Not
1.10.2 Fail 1.8.2 Ok 1.6.5 Fail
1.10.1 Fail 1.8.1 Ok 1.6.4 Fail
1.10.0 Fail 1.8.0 Ok

1.8.8 Fail 1.7.5 Ok

e Fail g, (HEKHAT Not ATCEMIIHE: Ok AMThHi ¥, JFarLIJF T, BfdEd
Notes: “Fail” represents it can be compiled but failed in self checking; “Not” means it can not be compiled successfully; “Ok” means
can be successfully compiled and executed parallelly, and passed the self checking.

100501-3



o R

2017, 40: 100501

Fz2 BRERMRER
Table 2 Error items and results.

=R A H R IR
ISkt

3 self checking types
of errors

M E R IR I & A
PAN E R R T

Each self checking error type
contains the following self
checking error items

EIRCH ke IEFRAE (GRZE)
Correct value of k. for self
checking (deviation)

SEBR AR AR Ko BHR(E (R 22D
ke error value generated by actual
self checking (error)

mpi-omp-normal

mpi-omp-debug

test_void.py

test_reflective_cylinder.py

1.069 802 (2.223 092x102)
2.276055 (3.186 525107

1.017732 (2.380879x102)
2.274800 (7.381382x107%)

mpi-omp-optimize test_confidence_intervals.py

2.913599x107" (6.738 749x107°) 2.938580x10 " (6.543 265x10°)

2.2 Mpich WERIFF B

XA FI R AR ) Mpich 347 4m 3, FH7E OpenMC
TER, 4R NEHAN Mpich ¥IAREET H 1,
Hrh Mpich-3.2-Mpich-1.3 [ 16 ANRAS ISl 1638
i, {HE M Fail; Mpich-1.2.1-Mpich-0.9 [ 20 4
WA 2 AN BE TN 9 1% - Mpich FIT OpenMPI H 16 A4
Fail [ 715 45 R AHE .

T MIT %f OpenMC FIFEHENR 25 B 1)
J& OpenMPI #4iEHEE FHIHHER, AN
OpenMC 1545 5 5 B 48 5 5 4 —FER A g s i
H . B4R Mpich AT LASELFEAT, (2T Mpich 47
i I R AF B RO o i P AR AP 25 I R, AT eSS

et —wsem, SFEOMES RS R R
—EET, RAKRDEREERAN Fail, HXHA
RH R EMEY, T FATEE W w T A H
OpenMPI )& PR .

2.3 HDF5 RIRIZFF B

HDF5 J#47 i 75 & MPI 347 4 %, %k 3%
OpenMPI-1.8.4 2w ¥ A [F R A HDFS JFAT Mt Ffd
Fl OpenMC A3 35Adill, 152|450 R 4. WK 4
HgE R E Y, BRGE ) HDFS A N: 1.10.0.
1.8.17. 1.8.16. 1.8.15. 1.8.14. 1.8.13. 1.8.12,
M AR AR 3 TE L R G 1

#*3 fEH OpenMPI-1.8.4 #&iF[EhA HDF5 #J OpenMC BHG4ER
Table 3  Self checking results of OpenMC using OpenMPI-1.8.4 to compile different versions of HDF5.

HDF5 A5 EESEES HDFS5 fii A5 EETEEES
HDF5’s version number Self checking results HDF5’s version number Self checking results
1.10.0 Ok 1.8.0 Not
1.8.17 Ok 1.6.9 Not
1.8.16 Ok 1.6.8 Not
1.8.15 Ok 1.6.7 Not
1.8.14 Ok 1.6.6 Not
1.8.13 Ok 1.6.5 Not
1.8.12 Ok 1.6.4 Not
1.8.11 Not 1.6.3 Not
1.8.10 Not 1.6.2 Not

1.8.9 Not 1.6.1 Not

1.8.8 Not 1.6.0 Not

1.8.7 Not 1.4.4 Not

1.8.6 Not 1.43 Not

1.8.5 Not 142 Not

1.8.4 Not 1.4.1 Not

1.8.3 Not 1.4.0 Not

1.8.2 Not 1.2.2 Not

1.8.1 Not

2 IR M AT H1, OpenMPI H 618 i F i A N -

1.8.4, 1.8.3. 1.8.2, 1.8.1, 1.8.0. 1.7.5. 1.7.4. Mpich

B A AN Gl L F A . HDFS [ kit i i il A A -
1.10.0.1.8.17.1.8.16. 1.8.15. 1.8.14, 1.8.13, 1.8.12,
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Fig.2 Results of OpenMC applied to the 2**U (a), HEU (b), IEU (c), LEU (d) and Pu (e) benchmarks.
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