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Proof of Theorem 1

Consider a Lyapunov function as follows:

where 1'(t) € {0,1},
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Case I: When o(t) = o(t) = i,Vi € W, the modes of the system are synchronized with the modes of
controller. Then, by calculating the derivative of V;(t) along Eq. (S2), we obtain

V;(f) = xT(t)(A;‘FR + PlAl + Hll - OéiPi){,C(f) + 2$T(t)PiBiKiLL'(t — E(t)) + 2xT(t)PiEiw(t)
— 22T () PiBi Kie(sevk) + e aT (t — e, )HPx(t — £) — €M 2T (t — epr) H2x(t — e0r)
— ey T(t — e, VH x(t — &) + (ear — em) 28T () M2a(t) + 2,27 (H) M} ()

t—em

o /t, #0)" My (o) = (ens - E’")/t e =R ()T MZi(R)dr + o Vilt).  (S4)

—em

Applying Jensen’s inequality, we have
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Because 2T 2 > 0, by using Park’s method, we get
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Combine Egs. (2) and (S4)—(S6), we have
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R=1[4;, B;K; 0 0 E; —BK]",
F(t) = col{x(t), x(t —e(t)), z(t —em), z(t —em), w(t), e(scvk)}
inequality (11) is treated by Schur’s lemma, we can get
Uo + R(2 M} + (epr — e0)?MPHRT < 0. (S8)
This combined with inequality (S7) shows
Vi(t) < aiVi(t) + w” (tw(t) — by, (S9)

where h; = ()T Q;z(t) + u(t)” Dyu(t).
Since @; and D; are positive definite matrices, inequality (S9) implies

Vi(t) < aiVi(t) + " (Dw(d). (510)

Case II: When o(t) # o(t), a mode mismatch will occur between the system and the controller. Selecting
constant ~; ; for the LKF (S1), let o(t) = 1, o(t) = j, and we can then provide a proof similar to Case I and
inequality (12), resulting in the following outcome:

Vii(8) <7, Vis (8) + wT (Dw(t) = hij. (511)
Since Q;,; and D, ; are positive definite matrices, inequality (S11) implies
Vii(t) < i3 Vi (t) + ot (D). (512)

Integrating inequality (S12) from ¢, to t gives
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From ETS (2), we can learn that the mode of subsystem ¢, is detected within a momentary #;, = [%2]k. But,
due to the impact of network-induced delays, the controller is unable to switch instantly until £, £ ¢, + £, -
Therefore, Vh € N, when t € [y, th1),0(t) = o(t); when t € [ty, 1), 0(t) # o(t).

Note that o(t,) = o(tn), o(tn) = o(thy1). From inequalities (15), (16), (S10), and (S12), Vt € [tp, 1),
we get

V() = Vo(t),otn) (1)

t
< € et IV ) () +/ €1t = g(k) Teo (k) drs

th

t
< ewg(th)’g(th)(tith)llzcr(th),g(th)Va(th),g(th)(th) +/ e’Yu(th),@(th)(tfm)w(ﬁ)Tw(K)dﬁ

tp
t
+ Ho(tn),o(tn) /t 7t etn) R (k)T (k) dis
h

< e%(th),g(th)(t*th)u (

Qo (t (th—th—1)
o(tn),o(tn)€ (=) Vo

(th—l)’g(th)(fh_l)
t t
+/ e’YU(ih),Q(th)(t—N)w(K/)TW(K/)dﬁ+M0(th)’g(th)/ eva(t}l)’g(th)(t_H)W(K)TW(K/)dH

th th

th
+ Uo(tn),o(tn) / e tn—0 TP ()T (k) dre
th—1

Yo ) (t—tn) Qo (), _ )(th_ih—l) P
< elotn)ettn) Ho(ty),otn)€ "1 UU(th71)7Q(th71)Va(th—l)yQ(thfl)(thil)

t t
+/ e om0 ()T w(R)dR + o (1,),0() / e et =y (k) Tw(k)dk

th th
th

+Mo(th),g(th) / 60¢U(th71)(tiﬁ)W(H)TW(K/)dH

th—1

th
oyt t—K
+NU(th)&(th)UU(th—1)79(%71)/g eienn )W(K)TW(K)d“
1

<
h h—1 h—1 )
< [T ot oo [T erewaumternum ettt H Voten,e(ee) [ ] €70 271
k=1 k=1 k=0 k=1
¢
. eaﬁ(o) (ta _0) (VU(O),Q(O) (O) + / W(H)TW(H)dl‘f/) (814)
0

Let Invg(40),0(10) < Inv; ;. By calculation, we have

h h—1 h h—1
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k=1 o(tx)= 37 (4,J)€EOu k=1 o(tx)=4, (4,5)€Os
o(ty)= o(tr)=1

Considering the stability and instability of the system that can occur when asynchronous switching is



considered, the formula (S15) can be reconfigured as
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where on the interval [0, t), T
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i,j(0,t) and N7 stand for the total runtime and switching numbers of subsystem

i whenever the subsystem ¢ sw1tches from subsystem Jj. Substituting (S16) and (S17) into (S14), and combine

(6), (7) and (9) as
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According to Definition 2, Egs. (9), (S1), and (S18), we can get
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Hence, combining Eqs. (S19), (S20), and (18), we have 27 (t)Gx(t) < ca, which implies the system (5) is
FTB with respect to (c1,c2, G, d, T}).

Then, we show how to implement the upper bound of the cost function. Integrating Eq. (S11) from ¢,
to t gives
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From Egs. (S11)-(S20), and combining Case I and Case II, we can get
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Since pe®ii > 0,V (t) > 0, combined with Eq. (S22), we see
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And then, there holds
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