Supplementary Methods

1. The calculation process of CO"(an"' 12[)=f110 +f21D), va(ﬂld +f12d,ﬁ1d +f21d) and
E(pp)
From the nature of covariance, mathematical expectation definition and the nature

of covariance, we can get
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From Equation a, Equation b, Equation ¢, Equation d and Equation ¢ in the

supplementary methods, we can get

Cox(fip+Jraps Jrip + fop)
=E[fA£1D2 + A12D']Aq10+ A111)']AF21D+ AlzD']}zw]_(an‘*' 120) Uiip+fap)
:ﬁlD'(l_ﬁlD)+ - +( sz f11D+ 1zD'qu)+"'
"y D
L0y g o) 1T )i o it o)
D D
_ fllD (1 _an) _flzD 'f11D _qu 'f21D _qu 'f2113 +
"y

fllD2 +ﬁ20 ‘an +/up 'fzw /i 'fzw _(/fllD +ﬁ20)'(f111) +f210)
_ ﬁlD '(l _an) _flzn 'an _an 'f2|D _flzD 'f21D

n

D

_ an '(l_an _qu _fzm)_flzn 'leD
np
_an 'fzzp _f1213 'f21D

ny

From

Jup =i + Si2p) - (Siip + faip)

= fip _(flu)2 + fip Sap + S Srio ¥ fiap  fai)
= fip (= Sfiip = Sop = Jr2p) = Jiap * Jaip ,
= Jfip S = fiap* fop

we can get
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In the same way, COV(fHd +f12d,fnd +f21d) can be calculated as
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From Equation 5, Equation 6, Equation 7 in the main body and the nature of the

mathematical expectation, E/( ,BA ) can be calculated as

E(By)=E(f,1) = El(f11p + Jup) (frip + farp)]

= fiuo ~LEGiio+ Fi2) EGuin + foup)+ Covhin + fiop o+ )] )
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= 11D'f22D_flzD'leD_C0v(f11D+ 1zDaan+f21D)



2. The calculation process of fllD,fIZD,fZZD,fz]D,flld,f12d,f22d andled
As X1, X2, M1 and M2 have two possible values: 0 and 1 respectively, an can
be calculated using Equation 7 in the main body and Multiplicative Theorem of
Conditional Probability as follows

Jup =PM, =1, M, =1|D)

=PM, =M, =1,X,=1.X,=1|D)+PWM, =1,M,=1,X,=0,X, =1| D) +...
PM, =1,M,=1,X,=1LX,=0|D)+P(M,=1,M,=1,X,=0,X, =0| D)
=PM,=1,M,=11X,=LX,=1)-PX,=LX,=1|D)+... . (&
PM, =1M,=1X,=0,X,=1)- P(X,=0,X, =1| D)+...

PM, =1LM,=11X,=1,X,=0)-P(X,=1,X,=0|D)+...
P(M,=1,M,=1|X,=0,X, =0)- P(X,=0,X,=0| D)

Because X1 and M2 are unlinked and X2 and M1 are unlinked, we can conclude

that

P(M,=1,M,=1|X,=1,X,=1)=P(M,=1| X, =))P(M, =1]| X, =1)
PM,=1,M,=1|X,=0,X,=1)=P(M,=1| X, =0)P(M, =1 X, =1)
PM,=1,M,=1|X,=1X,=0=P(M,=1| X, =1)P(M, =1| X, =0)
P(M,=1,M,=1|X,=0,X,=0)=P(M,=1| X, =0)P(M, =1| X, =0)

)

According to Bayesian conditional probability formula and Equation 6 in the main

body, eight conditional probabilities can be calculated as



P(M,=1,X,=1) _ P(M, =1)-P(X, :1)+LDX1,M1

P05 oy P(X, =1)
P, =1| x, =1y = P =LX, =) PO, =D PCY, =D+ ED s v
P(X,=1) P(X, =1)
P(M, =1| X, =0)= PM, =1,X,=0) :P(M1 =1)-[1-P(X, 21)]+LDX1,M1
1 1 P(X, =0) 1-P(X, =1)
POM, =1| X, =0)= P =LK, =0) PO, =D =PCY, = DI+ LD, v
P(X, =0) 1-P(X, =1)
P =0| X =1y = M =0.X, =) _[1=P(M, =D} P(X, =D+ LDy,
- P(X, =1) P(X, =1)
PM,=0|X,=1)= PM, =0,X, =1) = [1-PM, =D]-P(X, =)+ LDy, ,,
P(X, =1) P(X, =1)
P(M,=0|X, =0)= P(M,=0,X,=0) [I-PM, =D]-[1-P(X, =D]+LDy,,,
L P(X, =0) - P(X, =)
PM, 0|, =0y P =0.X,=0) _ (1= PO, =DV PO = DI+ LD
P(X, =0) 1-P(X, =1)

s, PO =LM, =11 X =L, =D, PM, = LM, =1] X, =0,X; =),

P(A/[l =1,M2 :1|)(1 :1,X2 ZO) and })(]\41 =1,M2 =1|)(1 =O,X2 :1) can be
calculated according to Equation m in the supplementary methods.
Assume  that (X, =1X, =1| DN(I+K)AX, =1| D)X, =1| D) , from

Equation 6 in the main body we can conclude that
RX, =1.X,=0| D)=RX,=1| D)-AX,=L.X,=1| D)
RX,=0.X,=1| )=RX, =1| D)-AX, =X, =1 D) m
AX,=0.X,=0| D)=1-AX, =X, =1 D)~AX, =LX,=0| D)~AX, =0.X, =1 D)



From Bayesian conditional probability formula, Equation 6 and Equation 10 in the

main body we can conclude that

P(D| X, =1)
T P(D| X, =0)
P(D,X,=1)/ P(X, =1)
" P(D, X, =0)/ P(X, =0)
P(D, X, =1)-P(X, =0)
" P(D, X, =0)-P(X, = 1)
P(X,=1|D)-P(X, =0)

= b (0)
[1-P(X, =1|D)]- P(X, =1)
RRy, - P(X, =1)-[1- P(X, =1| D)| = P(X, =0)- P(X, =1| D)
RR,,-P(X, =1)=RR,, - P(X, =1)- P(X, =1| D)+ P(X, =0)- P(X, =1| D)
Ry, P(X, =1)=[RR,, - P(X, = )+ P(X, = 0)]- P(X, =1| D)
RR,,-P(X, =1)
P(X,=1|D)= 0 ,
= D) = (X, = 1)+ P(X, = 0) ®)
RR,,-P(X, =1)
P(X, =1|D)= X2 Z .
=l ) = e p(x, = 1)+ P(Y, 2 0) (@
According to Equation n, Equation p and Equation g, P(X, =L X, =1|D),
PX =1X,=0|D), AX,=0,X,=1|D) and P(X,=0,X,=0|D) canbe
calculated using known parameters as follows
PUX, =L.X, =1| DH(+K)- PCX, =1 D)- PX, =1| D)
PLY, =1, =0] D)= P(X, =1 D)~(14K)- P(X, =1| D)- PX, =1| D) o

P(X,=0.X, =1| D)= P(, =1| D)~(1+K)-P(X, =1| D)- P(X, =1| D)
P(X, =0.X, =0| D)=1-P(X, =1| D)~ P(X, =1| D)+(I+K)-P(X, =1| D)- (X, =1| D)

Thus, an can be calculated from Equation k, Equation m and Equation r.

flzD,pr,fZID,f“d,fud,fzzd and f21d can be calculated in the same way.
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