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Table 1. Comparing of two methods to produce corre-

lation coefficients for sample calculating.

Jacobi 7% Cholesky J5 1%
FEAF  2x 10 2x10°  2x10° 2 x 10%
R12 0.8016 0.8009 0.8003 0.7994
R13  —0.7974 —0.8001 —0.7998 —0.7998
R23  —0.3715 —0.3764 —0.3751 —0.3728
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Fig. 1. Scattergram of X1, X2 and X3: (a) X1 and X3; (b) X1 and X2; (¢) X1 and Xa; (d) variable X3

satisfies the Gauss distribution.

3.2 RIEHRMFREIEHFAREIUE
TLTTHR A7 S 56 0 22 H s o2& R 2R F 6 4F
pasw =1 R 1 R R G 00 O S VA 4 R ) G o
Tl SN HE R S e B B N S8, AT
VEFNR 22 VF B J7 A 2 0 s B HE B - e 5 R AR
BRI, SCHR [10, 11) A s KB ir
FEA I & T B 00 B Re i DL 2 b B Rk
HIP T ZFE R, QP 2 By s, 0 FH D& A i R
T AT ZE L, 43 79K H Cholesky 43 Fll Jacobi
I3 fA PR PR B 43 A T AT R, FE A SR 500.
FIH Jacobi J7iE = EIREAR WK 3 () P, THE

75 B> RE & X 8] RO AR ZE A 3 (b) Fras. i
B3 AT, PR S5V AR B A5 R — 2,
RERRAA BN 5%.

3.3 69BN S EBIRE D

f TRE it b, I B 2% % & G AT A
SEVE AT, AEAE AT AN R GRS, $Em &R
G T e, R WCEI E AR AT B R R
G071 000l TR SRR B R T AT AN
SE VBT B 2 A0 s (B anaT DAIR N BIF 72 22 A
AR B (AN E P, 7T LA RE v o AN B A2 BE R 4E ),

160201-3


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn

¥ 12 ZF R Acta Phys. Sin.

Vol. 66, No. 16 (2017) 160201

2000

[
(S
[}
(=)

1000 -

500

4 /10-46 cm?2-fiss— L MeV —!

[}
T T

i TRER/ MeV

—300.0
50.00
400.0
750.0
1100
1450
1800
2150
2500

2 4 6 8
HITRER/ MeV

K2 (MFRE) RIS f b iy se s (a) A1ERIT Z5ERE (b)

Fig. 2. (color online) Neutrino spectrum (a) and covariance matrix (b) measured in Daya Bay neutrino experiment.
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Fig. 3. (color online) Sample distribution extracted by Jacobi matrix decomposition method (a), the relative error

of each energy interval calculated by Cholesky and Jacobi methods with 500 samples (b).
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Fig. 4. (color online) covariance matrix of 238U(n, ) reaction.
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Table 2. Eigenvalue of 238U radiative capture cross section covariance matrix.

e s PN REfE S AAFE el s AR
1 3.35889 x 102 24 —1.24000 x 10~? 47 1.26811 x 109
2 1.24584 x 10~8 25 —2.25009 x 10~10 48 3.67915 x 10~ 1
3 —1.75628 x 108 26 1.64324 x 109 49 4.13288 x 102
4 1.54506 x 108 27 —5.19624 x 10~10 50 2.39742 x 103
5 —3.56290 x 10~8 28 —1.59229 x 10~? 51 5.76066 x 10—3
6 1.36831 x 108 29 —1.77235 x 1079 52 1.51294 x 10—3
7 —1.45126 x 10~8 30 6.97487 x 10~10 53 7.42816 x 104
8 3.64564 x 10~9 31 —4.93975 x 10~10 54 2.20981 x 10~ 4
9 —9.41504 x 109 32 1.05594 x 109 55 3.56767 x 10~4
10 1.88768 x 10~8 33 —6.17212 x 10—10 56 4.99869 x 10~*
11 3.34648 x 109 34 —2.87462 x 10~ 11 57 2.32874 x 10—4
12 5.08554 x 10~Y 35 1.32285 x 109 58 2.54414 x 105
13 —3.00494 x 10~2 36 6.80365 x 10~10 59 5.26418 x 10~°
14 1.94207 x 109 37 —8.92543 x 10~10 60 1.92264 x 102
15 —6.01270 x 109 38 1.63391 x 10—9 61 7.42514 x 10~°
16 3.83641 x 109 39 2.08079 x 103 62 1.91116 x 106
17 —3.76512 x 109 40 2.07075 x 10~10 63 3.60870 x 10—6
18 —1.94252 x 10~? 41 8.81129 x 10~8 64 6.52938 x 106
19 2.72085 x 109 42 1.59942 x 106 65 2.50307 x 106
20 —2.17971 x 10~9° 43 2.28341 x 10° 66 1.02535 x 10~6
21 2.44204 x 1010 44 8.20913 x 10~° 67 2.12545 x 106
22 6.37136 x 10~Y 45 2.27535 x 1001 68 5.41245 x 107
23 —1.58249 x 10~? 46 8.75806 x 10° 69 7.22125 x 1079
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Fig. 5. The covariance matrix of 238U radiative cap-
ture cross section is decomposed by Jacobi method
with zero correction of the eigenvalue, the maximum

relative error is 1.2%.
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Fig. 6. (color omline) The covariance matrix of

238(J radiative capture cross section is decomposed by
Cholesky method with zero correction of the eigen-

value, the maximum relative error is 153%.
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Abstract

When Monte Carlo method is used to study many problems, it is sometimes necessary to sample correlated pseu-
dorandom variables. Previous studies have shown that the Cholesky decomposition method can be used to generate
correlated pseudorandom variables when the covariance matrix satisfies the positive eigenvalue condition. However,
some covariance matrices do not satisfy the condition. In this study, the theoretical formula for generating correlated
pseudorandom variables is deduced, and it is found that Cholesky decomposition is not the only way to generate mul-
tidimensional correlated pseudorandom variables. The other matrix decomposition methods can be used to generate
multidimensional relevant random variables if the positive eigenvalue condition is satisfied. At the same time, we give
the formula for generating the multidimensional random variable by using the covariance matrix, the relative covariance
matrix and the correlation coefficient matrix to facilitate the later use. In order to verify the above theory, a simple test
example with 3 x 3 relative covariance matrix is used, and it is found that the correlation coefficient results obtained by
Jacobi method are consistent with those from the Cholesky method. The correlation coefficients are more close to the
real values with increasing the sampling number. After that, the antineutrino energy spectra of Daya Bay are generated
by using Jacobi matrix decomposition and Cholesky matrix decomposition method, and their relative errors of each
energy bin are in good agreement, and the differences are less than 5.0% in almost all the energy bins. The above two
tests demonstrate that the theoretical formula for generating correlated pseudorandom variables is corrected. Generating
correlated pseudorandom variables is used in nuclear energy to analyze the uncertainty of nuclear data library in reactor
simulation, and many codes have been developed, such as one-, two- and three-dimensional TSUNAMI, SCALE-SS,
XSUSA, and SUACL. However, when the method of generating correlated pseudorandom variables is used to decompose
the 238U radiation cross section covariance matrix, it is found that the negative eigenvalue appears and previous study
method cannot be used. In order to deal with the ?*®U radiation cross section covariance matrix and other similar
matrices, the zero correction is proposed. When the zero correction is used in Cholesky diagonal correction and Jacobi
eigenvalue zero correction, it is found that Jacobi negative eigenvalue zero correction error is smaller than that with
Cholesky diagonal correction. In future, the theory about zero correction will be studied and it will focus on ascertaining

which correction method is better for the negative eigenvalue matrix.
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