Appendix

Appendix A: Proof of Proposition 1

Consider the following equality
dV(e)

E[ e Redt = EV (e(0))~ EV (e(t,)) + E[ (eTRe+ (A1)

By Ito formula (Zhang et al., 2005), we get
dvV(e)

(v
_(—ae j ((F(x,9)+(C®I,)G(x,5)+ Hv)dt+(F, (x.5)+(C®]I,) G, (x.5)) dw) A2)

T 3°V (e)
de’

+%(Fw(x,s)+(C®Im)Gw(x,s)) (Fy(x,9)+(C®I,)G, (x,5))dt

Substituting (A2) into (A1) and by the fact EAW =0, EV (e(tf )) >0, we get

E[ ¢ Redt < EV (e(0))+ E|’ ( +[a‘g(e)j (F(x,9)+(C®I,)G(x,5)+Hv)
e
) (A3)
+%(Fw(x,s)+(C®Im)GW(x,s))T aaV§€> (FW(x,s)+(C®Im)GW(x,s))Jdt
e
By the fact that
=2 Lal (ob)<— a’as o’
ab—Z(zpaj (pb)s4p2a a+p’b’'b (A4)

forany p>0 and vectors a and b.Then, we get the following inequality

E| €' Red < EV ((0))

. vie)Y 1 (oV(e)Y .....(9V(e)
+EJO {e Re+[ » ) (F(x,s)+(C®Im)G(x,s))+4p2[ » ) HH (—ae j

2%V (e)

1
+§(Fw(x,S)+(C®1m)Gw(x’s))7

(Fy(x,5)+(C®I,)G, (x, s))jdt

aV(e)

e

where a=H" and b=v

By the inequality in (19), we get



ror < 2.1
E['e"Redi < EV (e(0)+Ep* | "v'vdr (A5)
If coupled synthetic genetic network is free of extrinsic noise, i.e., v(t) =0, then from
(AS), we get
o7 <
E['¢"Redi < EV (e(0)) (A6)
Since EV(e(0)) is a constant, from (A6), we get E(e(t)) >0 as 1, —>oco and

intrinsic parameter fluctuation is tolerated.



Appendix B: Proof of Proposition 2

First, we use the following fuzzy interpolation system
N
de= Y 1, ()(((Iy ® A, +C®B,)e+Hv)dt+((I, ® Ay, +C®B,, )e)dw)

in (24) to replace (16). Following the proof of Proposition 1 in Appendix A, we get

the following result

E| €' Redi < EV (e(0)) - EV (e(t,))

+EI;[ TRe+Zﬂk( {[avf)) (7, @4, +C®B, e+ Hy) (B1)

- 9’V (e)
+E€ (IN®AWk+C®BWk)?(IN®AWk+C®BWk)€ dt
e

By the facts that V (e(t,))>0, and

(BV(e)j Hy< 1 (BV(e)j HHT(aV(e)j+p2vTv
de 4p*\ de de

we get the following result from (B1)

EI(:f e’ Redt <EV (e(O))

T 1 T )
T

2
r¥(1N®AWk+C®BWk)ejdtj

+p2vTv+%eT (I,®A, +C®B,,)
2
dV(e) 2 Pe 07V (e)

If we choose V(e)=e' Pe, then , .
de de

=2P, then we get the
following result from (B2)
E[ " ¢" Redt < Ee(0)" Pe(0)

+E2yk(z)j "(R+P(1,® A4 +C®B)+(I,®A+C®B,) P B3

+(I,®A, +C®B,) P(I,®A, +C®BWk)+i2PHHTPJedz+p2vTvdr
P



If

R+P(I,®A +C®B,)+(I,®A +C®B,) P

B4)
+(1,® A, +C®B,) P(I, ®AWk+C®BWk)+iZPHHTP<0 (
P

then we get
E[" " Redt < Ee(0)' Pe(0)+Ep* [’ v'var
which is (18) and will be reduced to (17) if e(0)=0.
Therefore, if the LMIs in (B4) hold, then the noise filtering ability p on the
synchronization of the coupled oscillation systems is achieved. By Schur complement,
the inequalities in (B4) are equivalent to the LMIs in (25), i.e. if the LMIs in (25) have

a common solution P >0, then the synchronization of nonlinear stochastic coupled

synthetic oscillation systems in (8) has a filtering level p against the extrinsic

noises.



Appendix C:
The fuzzy approximation is employed to approximate the nonlinear stochastic

synchronization error dynamic by interpolating several local linear stochastic systems

as follows:

de =(F(x,5)+(C®I,)G(x,s)+Hv)dt+(F, (x,5)+(C®I,)G, (x,))dw

= iﬂk(z)(((ll\, ® A, +C®B)e+Hv)dt+((I, ® A, +C®B, )e)dw)

where
[-693 0 0 0 0 -84 0 | -6.93 0 0 0 0 -8.4 0
0 693 0 -84 0 0 0 0 —693 0 -84 0 0 0
0 0 —693 0 -015 0 990 0 0 —693 0 -015 0 990
A =| 1.00 0 -1.15 0 0 0 A,, =0.01%| 1.00 0 0 -1.15 0 0 0
0  1.00 0 0 -1.15 0 0 0 100 0 0 -115 0 0
0 1.00 0 0 -1.15 0 0 0 100 0 0 -1.15 0
0 0 0 010 0 0 -1.00] | 0 0 0 010 0 0 -1.00]
[-6.93 0 0 0 0 -84 0 | [-693 0 0 0 0 -84 0 |
0 —693 0 -84 0 0 0 0 -693 0 -864 0 0 0
0 0 693 0 -015 0 8.65 0 0 -693 0 015 0 865
A= 100 0 0 -1.15 0 0 0 Ay, =0.01% 1.00 0 0 -1.15 0 0 0
0 100 0 0 -1.15 0 0 0 100 0 0 -115 0 0
0 0 1.00 0 0 -1.15 0 0 0 1.00 0 0 -115 0
0 0 0 010 0 0 -1.00] 0 0 0 010 0 0 -1.00]
[-6.93 0 0 0 864 0 | [-693 0 0 0 -864 0 |
0 -693 0 -864 0 0 0 -693 0 —864 0 0
0 0 —693 0 -000 0 9.90 0 0 -693 0 -000 0 990
A,=[1.00 0 0 -1.15 0 0 0 A, =001% 1.00 0 0 -1.15 0 0 0
0 100 0 0 -1.15 0 0 0 100 0 0 -1.15 0 0
0 0 1.00 0 -1.15 0 0 0 1.00 0 -1.15 0
0 0 0 010 0 -1.00] | 0 0 0 010 0 -1.00]
[-6.93 0 0 0 0 -84 0 | [-693 0 0 0 0 -84 0 |
0 —693 0 -84 0 0 0 0 -693 0 -864 0 0 0
0 0 693 0 -000 0 865 0 0 -693 0 —000 O 8.65
A,=[1.00 0 0 -115 0 0 0 A,,=0.01% 1.00 0 0 -1.15 0 0 0
0 100 0 0 -115 0 0 0 100 0 0 -1.15 0 0
0 0 1.00 0 0 -115 0 0 0 1.00 0 0 -1.15 0
0 0 0 010 0 0 -1.00] 0 0 0 010 0 0 -1.00]
[-693 0 0 0 0 -84 0 | [-6.93 0 0 0 0 -84 0
0 -693 0 —0.001 0 0 0 0 -693 0 —0001 O 0 0
0 0 -693 0 015 0 990 0 0 693 0 015 0 990
A= 100 0 0 -115 0 0 0 Ay =001% .00 0 0 -115 0 0 0
0 100 0 0 -115 0 0 0 100 0 0 -115 0 0
0 0 1.00 0 0 -1.15 0 0 0 1.00 0 0 -115 0
0 0 0 0.10 0 0 -1.00] 0 0 0 0.10 0 0 -1.00]
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