Supplementary Information

1. Significance of parameter symbols

Table S1 Symbols and Meanings

Symbols

Meanings

A,B,G,R

Stochastic variables.

,Uu, tuba ,Ug, /'lr

Sample average.

o, 0y, 0,, O,

Standard difference.

S,.8,,S,.,8

o

Sample standard difference.

Sample sequence of G, R.

ﬂSu s ll'lS,] s luSg s ﬂsr

Sample averageof S,, S,, S, , S..

5g=Sg/ﬂg > é:ZSr/lLlr

Vary coefficient of G, R.

C=u/u,

Sample averages’ ratio of G, R.

i Upper ¢, and ¢, fractile of standard normal distribution for
a’> b

stochastic variables G and 4, R and B, respectively.

Stochastic variables of characteristic value with 1 - ¢, and 1-¢,

Z,and Z,, Z, and Z, assurance factor for stochastic variables G and 4, R and B,
respectively.

Z Difference between Z, and Z,

c

2. Possibility density function of sample standard difference
Suppose Ge N(u,,0,) and Re N(u,,0;).And Ge {G],Gz,...,G,,"} , E(g)=u,, D(g)=0,;

Re {RI,RZ,...,Rnr} ,E(r)=u., D(r;)=0" , respectively. The sample variances are as follows:
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According to Eq. (2), there is the following relationship:
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From Eq. (3), let 4> = (n, —=1)S*/(207),(i = g, ) , then we can get,
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From Eq. (4), there are o, = E(S,/M,)=E(S,)/M,,(i=g,r).
3. Possibility density function of difference between two characteristic values
3.1 Dimensionless stochastic vars. 4 and B
Assume that 4, and (4, are known, new stochastic variables are constructed, as follows:
Aia; =g, 105k, +p)], (=12, n,)
Bib, =1 J10.5(, + )], (i =1.2,,m,)
Then by Eq. (1), there are
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Dueto A~ N(u,,0.) and B~ N(u,,0;,) in Bure and Parilina [1], by the same derivation as in Section 2,

the possibility density function and average value of sample standard difference for stochastic variables 4 and
B are respectively as
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In which M, =M, and M, =M.

From Eq. (8), the unbiased estimations of o, and o, are S, /M, and S, /M, , respectively.
3.2 Characteristic value of stochastic variables G, R, 4 and B

Stochastic variables Ge N(u, ,0';) and A~ N(u,,0.), get (a—u,)/o, ~ N(0,1). There are



_ {P{g <u,—k,o,} ©)

Pi(g-1,)/0, <k} =Pla<u, —k,0,}
Therefore, the upper ¢, fractile &, of stochastic variables G and A has the same probability ¢, , and the two
characteristic values with 1— ¢, assurance factor are respectively as

w, —k,0, (10-1) U —ko (10-2)

Similarly, for the stochastic variables R and B, there are respectively as
U —ko. (11-1) U, —k,o, (11-2)
3.3 Derivation of possibility density function of characteristic value of stochastic variables 4 and B
Define stochastic variable
a= z a / n, (12)
i=1

There are
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For Eq. (10-2), the a is used instead of x, ,and S,/M, is used instead of o, , getting stochastic variable
Z,=a—k,S,/M,.And there is

E(Z)=u,~kM,0,[M,=u, ko,
Therefore, average value E(Z,) of stochastic variable Z is an unbiased estimation of Eq. (10-2).

Dueto @ ~ N(u,,0” / n,) in Bure and Parilina [1], the possibility density function of a is
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Assume that the possibility density function of stochastic variable Z, is g, (a,S). And since a and S,

are independent of each other, then g, (a,5)=f,(a)f,(S). Let u =a—k,S /M, , then there is
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From the above formula, the possibility density function of stochastic variable Z, is:
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Same as above, getting stochastic variable Z, = b— k,S, /M, , its possibility density function is
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3.4 Derivation of possibility density distribution of difference between characteristic values of stochastic
variables 4 and B

Let Z =7, —Z, . According to the independence of stochastic variables Z, and Z, , the possibility
density function of stochastic variable Z, is g, (Z,,Z,), then

F, () =["[[ g,(2,—u,2,)dz,}u (19)
Therefore, the possibility density function of Z, is
L =["1,z,-wf, 2z, (20)
Then, the probability of Z, > Z, (Z, is any real number data) is
PZ,>Z,}=1-PZ,<Z,}=1-F,(Z,) @n

3.5 Probability calculation of difference between characteristic values of stochastic vars. G and R
Define stochastic variable

E=2¢ /ng (22)

There are
E(g)=u,
_. o, (23)
D(g)=—=

g

For Eq. (10-1), g and S,/M, are used instead of u, and o, respectively, thus stochastic variable
Z,=g—k,S,/M, is obtained, and there is

g

_. k
E(Zg)=E(g)—M" E(S,)=u, —k,0,
4

Therefore, average value E(Z,) of stochastic variable Z, is unbiased estimation of Eq. (10-1).

Define stochastic variable

r=3s /n (24)

Then, there are

N 1
E(F) =n—ZE(n) = p, =4,
=1 r (25)
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For Eq. (11-1), 7 and S,/M, are used instead of /4 and O, respectively, thus stochastic variable
Z =7 —k,S. /M, is obtained, then there is



E(Z)=E(F) —%E(S,) 4, ko,

Therefore, average value E(Z,) of stochastic variable Z is unbiased estimation of Eq. (11-1).

According to the definition of stochastic variables Z, and Z, there is
(Z,-Z)10.5(u, + p)=b —k,S, /M, -a+k,S,/M,=Z,-Z,
Considering Eq. (21), the probability that Z, is greater than Z, +0.5Z,, (4, + 4,) is

P(Z,~7,>05Z,(u, + 1)} =1~F, (Z,) (26)
When Z, is a positive number and close to 0, it can be considered as
PZ >Z}=PZ,>Z}=1-P\Z <Z,}=1-F,(Z,) 27

4. Verification of validity of formulas by calculation examples
Without loss of generality, in the following example, it is assumed that the sample standard differences of
stochastic variables G and R are the same. Moreover, the number of samples for stochastic variables G and

R is n, =n, =6, respectively. Generally, the characteristic value is with 95% assurance factor for a
stochastic variable, so take o/, =, =1-95% = 5% . Then, the upper «, fractile for stochastic vars.G and 4,
and the upper ¢, fractile for stochastic vars. R and B are k, = k, =1.645 , respectively.
4.1 When Z >Z,

When Z,>Z , the selected params and calculated results are shown in Table S2, and the possibility
density function f, (u) of Z, is pictured in Figure S1. From the calculation results, the probability, stochastic
variable Z_ of characteristic value of stochastic variable R is greater than stochastic variable Z,  of

characteristic value of stochastic variable G, is 0.1079, that is, the characteristic value of stochastic var. R is
smaller than that of stochastic var. G .
Table S2 Z, > Z,

Stochastic variable | Sample average u, | Sample standard difference S, | Variation coefficient J,
G 87.3 9.9 0.1134
Stochastic variable | Sample average u, Sample standard difference S, Variation coefficient &,
R 69.5 9.9 0.1424

C 0.7961
Stochastic variable | Sample average 4, Sample standard difference S,
A 1.1135 0.1263
Stochastic variable | Sample average 4, Sample standard difference S,
B 0.8865 0.1263
Z, 0.001 PZ.>Z,} 0.1079




251

A
20 } \
[
f 4
{3
15+ f !
g o
g ] 1
1.0 ! XX
; 1
I 1
f’ 1
0.5 e 1%
' H 4
/ y
0.0 I J I I \l _| )
-1.5 -1.0 -0.5 0.0 0.5 1.0 1.5

Figure S1 When Z, >Z , the possibility density function f, (u) of Z,

42 When Z =7,
When Z =7 , the selected params and calculated results are shown in Table S3, and the possibility

density function f, (u) of Z, is pictured in Figure S2. From the calculated results, the probability, stochastic

variable Z  of characteristic value of stochastic variable R is greater than stochastic variable Z  of
characteristic value of stochastic variable G, is 0.5000, that is, the characteristic value of stochastic variable
R is not greater than that of stochastic variable G . In addition, from the symmetry of f, (#) about u=0 in
Figure S2, it can be concluded that if the characteristic value of stochastic var. R is greater than that of

stochastic variable G , the probability P{Z >Z } must be greater than 0.5.
Table S3 Z, =Z,

Sample standard difference S, | Variation coefficient &,

Stochastic variable | Sample average u,

G 87.3 9.9 0.1134
Stochastic variable | Sample average u, Sample standard difference S, Variation coefficient &,
R 87.3 9.9 0.1134

C 1.0
Stochastic variable | Sample average 4, Sample standard difference S,
A 1.0 0.1134
Stochastic variable | Sample average 4, Sample standard difference S,
B 1.0 0.1134
z, 0.0000001 PZ.>Z7;} 0.5000
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Figure S2 When Z, =Z , the possibility density function f, (u) of Z,
4.3 When Z,<Z,

Table S4 Z, <Z,
Stochastic variable Sample average u, | Sample standard difference S, | Variation coefficient &,
G 87.3 9.9 0.1134
Stochastic variable Sample average u, Sample standard difference S, Variation coefficient &,
R 110.4 9.9 0.0897
C 1.2646
Stochastic variable | Sample average X, Sample standard difference S,
A 0.8832 0.1002
Stochastic variable | Sample average 4, Sample standard difference S,
B 1.1168 0.1002
Z, 0.001 Pz, >Z} 0.9438
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Figure S3 When Z, <Z , the possibility density function f, (u) of Z,
When Z, < Z,, the selected params and calculated results are shown in Table S4, and the possibility
density function f, (u) of Z_ is pictured in Figure S3. From the calculated results, the probability, stochastic

variable Z of characteristic value of stochastic variable R is greater than stochastic variable Z,  of



characteristic value of stochastic variable R, is 0.9438, that is, the characteristic value of stochastic var. R is
greater than that of stochastic var. G.

5. Results

From above-mentioned calculation examples, it can be concluded as follows: 1) when the probability that
stochastic variable Z_ of characteristic value of stochastic variable R is greater than stochastic variable Z, of

characteristic value of stochastic variable G, is smaller than 0.5, the characteristic value of stochastic variable
R is smaller than that of stochastic variable G ; when the probability is equal to 0.5, the characteristic value of
stochastic variable R is equal to that of stochastic variable G ; when the probability is greater than 0.5, the
characteristic value of stochastic variable R is greater than that of stochastic variable G .

The theoretical formula of statistics developed above is complicated, the calculation is mainly based on
integral, and the amount of calculation is large. Since formulas (16) and (18) have no analytical solutions,
Mathematica 12.0 scientific calculation software was adopted, and in this software the numerical calculation of
theoretical formulas was completed through programming. In the program, f, (z) in formula (16) and f, (z)

in formula (18) were obtained by 20 polynomials (i.e., 1, z, 2> - z'%) fitting, respectively, but which made the
subsequent integral calculation amount large. On an ordinary Winl10 system computer, about 40 minutes were
taken for the calculation of a complete theoretical formula at one time. In order to facilitate the application of

theoretical formula in this study, U, i, 0,,0,n,,n.,k, and k, can be taken as the unknown params to

regress and fit the calculation formula of f, (u) in formula (20) in the future.
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