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Decentralized Stochastic Guaranteed Cost Control for
Uncertain Nonlinear Large-scale
Interconnected Systems under Gain Perturbations

Hiroaki Mukaidani

Abstract— This paper is concerned with the decentralized
stochastic guaranteed cost control (GCC) for a class of uncer-
tain nonlinear large-scale interconnected systems with control
gain perturbations. First, the definition of the GCC problem
with the deterministic and stochastic uncertainties is given.
Second, a more practical model of actuator failures than
outage is adopted. Based on the linear matrix inequality
(LMI) approach, a method for designing reliable decentralized
state feedback controllers is presented. Using the resulting
control systems, asymptotically mean square stable (EMSS) is
guaranteed and an adequate performance bound against high-
order nonlinearity, plant uncertainty and actuator failures is
attained. Finally, in order to show the effectiveness of the
proposed design method, the simulation result is demonstrated.

I. INTRODUCTION

The analysis of stochastic systems with respect to mean
square stability of their equilibria has attracted many re-
searchers. Such systems arise in a various field in control
mechanical engineering. Often, these systems generally are
governed by Itd stochastic differential equations. In the past
few decades, many stability and control problems have been
discussed for the stochastic systems [2], [3], [11].

A number of essential works on asymptotic stability of
stochastic nonlinear systems have been considered. Partic-
ularly, the adaptive backstepping stabilization scheme for
such systems has been studied (see, for example, [4] and
the references therein for more details). These results are
very elegant in theory, while the LQ control for a class of
nonlinear large-scale interconnected stochastic systems with
norm-bounded time-varying parameter uncertainties has not
been dealt with thus far.

The problem of the decentralized robust control of large-
scale interconnected systems with parameter uncertainties
has been widely studied, and some solution approaches have
been developed (see, for example, [S] and the references
therein). However, in case where the existing approaches are
applied, the deterministic systems have only been consid-
ered. Thus far, the decentralized robust control of nonlinear
large-scale interconnected stochastic systems with parameter
uncertainties has never been studied.

Recent advance in theory of linear matrix inequality (LMI)
has allowed a revisiting of the guaranteed cost control (GCC)
[6] for the large-scale interconnected systems [8], [9], [15].
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Although these results are feasible for the deterministic
uncertainties, the problem of guaranteed cost stabilization for
the uncertain nonlinear large-scale interconnected stochastic
systems has not been tackled.

In order to attain robustness against the plant uncer-
tainty, it is generally known that feedback systems need
very accurate controllers. However, due to A/D conversion,
D/A conversion, finite word length and round-off errors of
the numerical computations, these properties may not be
guaranteed. Therefore, the implemented controller should be
allowed some uncertainty of the actuator. Since controller
fragility results in the performance degradation of a feedback
control system, the non-fragile control problem has been an
important issue. In the area of reliable control system design,
in order to tolerate the failures of controllers, several design
methods have been developed. Particularly, in [14], [15], a
more general failure model have been adopted for actuator
failures, which covers the several operations.

In this paper, the decentralized stochastic GCC problem
for a class of uncertain nonlinear large-scale systems un-
der gain perturbations is investigated. This is an extension
of the work of [5], [8], [9], [15] in the sense that the
nonlinear large-scale interconnected systems are included
in the standard Wiener process as the stochastic systems.
Furthermore, it should be noted that although the existing
results [S], [8], [9], [15] are assumed to have first-order
polynomial, the considered interconnections are bounded by
the general polynomial-type nonlinearity. The contributions
of this paper are as follows. First, the model of the actuator
failures and the high-order nonlinearity are adopted to the
uncertain nonlinear large-scale stochastic systems. Second,
after defining the GCC problem for the nonlinear large-scale
interconnected stochastic systems, a sufficient condition for
the existence of the decentralized robust feedback controllers
is derived by making use of the Lyapunov stability criterion
such that the uncertain nonlinear large-scale interconnected
stochastic systems are exponentially mean square stable
(EMSS). Finally, in order to demonstrate the efficiency of
the design algorithm, the numerical example is included.

Notation: The notations used in this paper are fairly standard.
block diag denotes the block diagonal matrix. I,, denotes
the n x n identity matrix. || - | denotes its Euclidean norm for
a matrix. F denotes the expectation. A\pi, and Ay ax denote
the minimum and the maximum eigenvalues for a matrix,
respectively.
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II. PROBLEM FORMULATION

Consider a class of nonlinear large-scale interconnected
stochastic systems composed of [V subsystems described by
the following It0 stochastic differential equations:

dr;(t) = |:(Ai+AAi(t))Ii(t)+(Bi+ABi(t))ulF(t)
N
+ > (G +AGy;(1)gij (i, x;)|dt
J=1, j#i

+Ai1xi(t)dwi(t), 3’1(0) = ZIJ?, (121)
uf' () = Dsui(t) + h(w), (1b)
ul(t) = Kixi(t), izl,"', ]V7 (1C)
where z;(t) € R™, u;(t) € R™ and ul'(t) € R™ are the

state, the practical control and control input with failure of
the ith subsystems, respectively. w(t) = [wy(t) --- wn(t)]T
is a standard N-dimensional Wiener process i.e. it satisfies
E[(w(t) — w(s))(w(t) —w(s))T] = In|t — s|. A;, B; and
A;; are constant matrices of appropriate dimensions and
G,; are interconnection matrices between the ith subsystems
and other subsystems. [; is the fixed control gain matrix.
Y, = diag( oi Oim; ) is a diagonal positive
definite matrix. The unknown vector functions g;;(x;, x;) €
Rl (to simplify the notation, it will be convenient to write
gij(zi, xj) = gi;) represent the high-order interconnections
among the subsystems. On the other hand, h;(u;) denotes
the control failure. It is assumed that the unknown vector
functions g;; and h; are continuous and sufficiently smooth
and piecewise continuous in ¢ [5], [8], [9]. The parameter
uncertainties considered here are assumed to be of the
following form:

[ AAi(t) AB;i(t) |=D;Fi(t)[ E¢ E!]. (a)
AG;;(t) = D;jFi;(t)Eqj, (2b)
where D;, EY, Ef-’, D;; and E;; are known constant real
matrices of appropriate dimensions. F;(t) € RPi*% and

F;;(t) € WRPis*% are unknown matrix functions with
Lebesgue measurable elements and satisfying

FI()Fi(t) < Io,, FE(F;(t) < I, 3)

ij
The following conditions concerning the unknown vector
functions g;;(x;, x;) and h;(u;) are supposed.

Assumption 1: The control failure h;(u;) satisfies,
for each i, hl (ul) = Flﬂlul, where Ql =
diag( Wil Wim,; ) with  w;; > 0 and

F; .= diag( fi1 Fim, ) with FTF; < I,,,,.
Assumption 2: There exist known constant matrices V;
and W;; such that for all 4, j, ¢ > 0, ; € R™ and

x; € R, gig(zi, z)] < R lewlVizil |z 1 +
Be|Wijz;|||xj]* 1], where ay and 3 are positive scalar
constants.

If Assumption 1 holds, there exists known constant matrix
; such that for all 4, t > 0, z; € R™, |hi(w;)] < |
[14], [15]. The value of oy, for j =1, , My, , Tepresents
the percentage of failure in the actuator j controlling the
subsystem. Using this notation, each subsystem actuator

failure can be represented independently. If o;; = 1 and
w;; = 0, it corresponds to the normal case for the jth
actuator of the ith subsystem (uf; = wu;j, where u; =
[ull Wim,; ], Ui € R). When this is true for all j,
Y; = I,,, holds, and it corresponds to the normal case in
the ith channel (ul = u;). When o;; = w;;, the outage case
(uf; = 0) would be covered. It should be noted that other
cases correspond to partial failures or partial degradations of
the actuators [14], [15].

On the other hand, it is known that x;(¢) will be bounded
whenever the trajectory z;(t) is confined to a compact set
[13]. Hence, the above Assumption 2 satisfies the inequality
lgij(as @) < 7wy 1||me||+5w] Wil =
||Va“1||+||Wwa"J|| where V; := SP_ ¥V, and Wy =
Zk:15k% W, for all (¢ )|| < ;. It seems that this
constraint assumption ||x;(t)| < ~4; is suitable because all
the trajectories have to be stable. It may be noted that if
p =1 a1 = f; = 1, Assumption 2 is the same as the
existing one [5], [8], [9].

Assumption 3: For all ¢, j,

=2 Z (VIVi+ WEiW,:) >0, S =0 > 0.

J=1, j#i
Ass001ated W1th system (1) is the cost function

J = ZE[/

where @); and R; are given as the positive definite symmetric
matrices.

The following concept is standard in the stability theory of
stochastic systems (see e.g., [1], [11], [12] and the references
therein for more details).

Definition 1: The stochastic system is said to be EMSS if
it satisfies the following equation.

()Qizi(t) + ul () Ryus (t))dt|, ()

3p, ¥ >0, Ela(t)]? < pe T Ela(t) .
Lemma 1: [11], [12] The trivial solution of a stochastic
differential equation as follows:

dz(t) = f(t, x)dt + g(t, x)dw(t), 5)

where z(t) = [ 27(t) --- 2%(t) " with f(t, ) and
g(t, z) sufficiently differentiable maps, is EMSS if there
exists a function V' (x(¢)) which satisfies the following in-
equalities

ar|z(8)]* < V(x(t) < aglx(t)|?, a1, az >0, (6a)
DV (xz(t)) := Wﬂt, x)
—|—éTr gt (t, x)%g(t, x)
< —clz@®)|? ¢>0 (6b)
for x(t) # 0.

Based on reference [6], the definition of the GCC for the
nonlinear large-scale interconnected stochastic systems with
the deterministic uncertainties is given below.
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Definition 2: A decentralized fragile controller uf'(t) =
Yiui(t) + hi(u;) is said to be the GCC for the uncertain
nonlinear large-scale interconnected stochastic systems (1)
and the cost function (4) if the closed-loop systems are
EMSS and the closed-loop value of the cost function (4)
satisfies the bound J < J for all admissible uncertainties.

The objective of this paper is to design a decentral-
ized reliable linear guaranteed cost controller u!'(t) =
SiKixi(t) + hi(u), i = 1, , N for the nonlinear large-
scale interconnected stochastic systems (1) with uncertainties
(2), (3) and the actuator failure.

ITII. PRELIMINARY RESULT

Now, a sufficient condition for existence of the state
feedback guaranteed cost controller for the uncertain non-
linear large-scale interconnected stochastic systems (1) is
established.

Theorem 1: Consider the nonlinear large-scale intercon-
nected stochastic systems (1) with the uncertainties (2) and
(3) under Assumptions 1 and 2. If there exists symmetric
positive definite matrix P; € R™*™ gsuch that the ma-
trix inequality (7) holds, the fragile controllers uf(t) =
Siui(t) + hi(u;), @ = 1,--+, N are the guaranteed cost

controller,
= PGu - PGin of
GLP, -1, - 0 0
A, = : : : : <0, (7
GTwP, 0 - —I, 0
cr 0o - 0 R; — I,

where A; € RVN*N O, .= P, B; —|—K YiRi, N =n;+m;+
>, joiligs Ei = AT P, + P A; +A11PA11+U +R;+
KTSK“ A; = A; + D;Fy(t )El, B; == B; + D;F(t)E?,
G” = Gij + Dij Fij(t) Eij, A; == A; + BiYiK;, E; =
E¢ + EYYK; and R; = QH—KTE R, Y K.

In other words, the closed-loop systems are EMSS for
|:(0)| < d; and the corresponding value of the cost function
(4) satisfies the following inequality (8) for all admissible
uncertainties F;(¢) and F;;(t).

J<ZE

Remark 1: Note that there exists no matrix Pién, i =
1, -+-, N in the matrix A;.
Proof: ~ Combining the guaranteed cost controller
uf'(t) = % Kxi(t) + hi(uw;), i = 1,---, N with (1) gives
a closed-loop uncertain stochastic system of the form

0) P;z;(0)]. ®)

N
/Lxl(t) + Blhl + Z éijgij dt
=1, j#i

dl‘l(t) =

Suppose now there exists the symmetric positive definite
matrix P; > 0,¢=1,---, N such that the matrix inequality
(7) holds for all admissible uncertainties. In order to prove

EMSS of the closed-loop uncertain stochastic system (9), let
us define the following Lyapunov function candidate

Zx

where P := block diag( P - Py )
First, using the fact Apnin(P)|z(®)]? < V(z(t)) <

V(z(t) = H)Pai(t) >0,  (10)

Amax (P) |z (t)|?, the condition (6a) holds. Second, in order
to prove the formula (6b), the stochastic differential is given
by

N

DV (2(t)) = Z{x?(t)(A?PmPA)xi(t)

N
+ >
j=1, j#i

[g”G Pait) + 2T (1)P.Cuygs,

Since SN 123 L j2i(22] ViViz; + 22TW] Wﬂxl —

g1jglj) Zz 12] 1, J;éz(z'T V V.731+2l' leWUxJ_
93;9i3)- it follows that

DV (x(t))

= Z{ )iz (t) — ] () Qi (t)

N
— Z (Q;rTVTVx1+2xTW lexj gg;gij)},
=1, j#i

where zi(t)=[ 2F @) gk gy AT ]T € RN and
=; and A; are given in (7).
It is easy to Verlfy that the 1nequaht1es 20T VIV, +

T?W lexj > gwglj and u; TS, = TK S, K;x; >
h;

h; hold under Assumptions 1 and 2. By using the above
mequahty, it immediately follows that

DV (x(1))
N
’i:l

< = Amin(R)J2(t)]* <

where R := block diag( Rl

Hence, V' (z(t)) is a Lyapunov function for the closed-
loop uncertain stochastic system (9). Therefore, since the
following inequality holds:

Amax (P)
)\mln (P)

(1)

Ry ), Ri == Qi +

Elz(t)]? < El2(0)]exp [—
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the closed-loop uncertain stochastic systems (9) are EMSS.
Moreover, applying Itd’s formula results in

v (x(t))

=DV (x )AL Py (t)dw;(t)

dt—|—22:r

TRyt dt—|—22:r

1=1

(t) AR P (t)dw (1)(12)

N
<=2 ol
i=1

Furthermore, by integrating both sides of the inequality (12)
from O to 7" and using the initial conditions, the following
inequality holds

E[V(x(T))] — E[V(2(0))]
Z B / ) R (¢ )dt] .

Since the closed-loop uncertain stochastic systems (9) are
EMSS, that is, limr .., E|z(T)|?> — 0, V(2(T)) — 0
holds. Thus the following inequality holds.

13)

J= iE [/OOO x?(t)ém(t)dt] < E[V(2(0))]

N
=> El](0)Pai(0)] = J.

=1

The proof of Theorem 1 is completed.

IV. MAIN RESULT

Theorem 2: Under Assumptions 1 and 2, suppose there
exist the constant positive parameters wu; > 0, ¢; > 0 and
¢; > 0 such that for all 7 = 1, , N the LMI (14) have the
symmetric positive definite matrices X; > 0 € R™*"™ and
a matrix Y; € RMixXni,

If such conditions are met, the decentralized linear state
feedback controllers

uf (t) = Syu(t) + hi(w;), i=1,---, N, (15)
with u;(t) = Kz;(t) = Vi X; 'a;(t) are the guaranteed cost
controllers and

N
J <> E] (0)X;  2:(0)] (16)
i=1
is the guaranteed cost.
Proof: Let us introduce the matrices X; := Pl-_1 and

Y, = Kl-Pi_l. Pre- and post-multiplying both sides of the
inequality (14) by

block diag[ P I,
L, In,

i

I%‘ Ilil Isil e 0
Im‘ Iqi Im ]

i

and using Schur complement [10], the LMI (14) holds if and
only if the following inequality (17) holds.

Fi
[T AL PGis -+ PGin PB; ]
T e 0
GLP, 0 O, --- 0 0
= T <o
GIL,P, 0 0 --- Oy 0
| BP0 0O -~ 0 ©p |
where T; := A} P; + P;A; + U; + R; + 1SK—|—(,ul—|-
¢:)P,D;DI Pi + P H;P; + i 'ETE;, ©; := ¢, 'ELE;;

Ilj’ Op = (bz 1EETEE—|—R —Ip,,.
Using a standard matrix inequality for all admissible
uncertainties (2) and (3), the matrix inequality (18) holds.

0>F;
[ @, AL PGs - PGin G
Ay —-P71 0 o0 0
GLP 0 —Ilﬂ o0 0
> . . . . .
GIL,P 0 0 I, 0
| Cf 0 0 - 0 —In |
+DE()(E+E)" + (E+E)F (t)D”
+D,F;(t)E; + ETFI (t)DI = ;. (18)

P,B; + K'SiR;,

D:= [ (PD)T 0 0 0 0]"

E=[E 0 0 0 0]"

E:=[0 0 0 0o E]"

p,.— |00 PDa o FiDiy 0]

F;(t) := block diag ( 0 0 Fji(t) --- Fin(t) 0),
E; :=block diag ( 0 0 E;; --- Eiy 0 ).

Finally, using Schur complement [10] for £; < 0 results
in A; < 0. Hence, the closed-loop stochastic systems are
EMSS. On the other hand, since the results of the cost bound
(16) can be proved by using similar arguments for the proof
of Theorem 1, it is omitted. |

Since the LMI (14) consists of a solution set of
(i, €, &i, X;, Y;), various efficient convex optimization
algorithms can be applied. Moreover, its solutions represent
the set of guaranteed cost controllers. This parameterized
representation can be exploited to design the guaranteed cost
controllers, which minimizes the value of the guaranteed
cost for the closed-loop uncertain nonlinear large-scale in-
terconnected stochastic systems. Consequently, solving the
following optimization problem allows us to determine the
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v, X AL LT Ga 0 Gin 0 X, Yy X C; 0 y;"

AnX; —X; 0 0 0 0 0 0 0 0 0 0 0

L; 0 —pily O 0 0 0 0 0 0 0 0 0

GH 0 0o -, EX 0 0 0 0 0 0 0 0

0 0 0 Ey  —eils;, 0 0 0 0 0 0 0 0
GT, 0 0 0 0 -I,, EL 0 0 0 0 0 0 <0, (14)

0 0 0 0 0 Ein —eils;y O 0 0 0 0 0

X; 0 0 0 0 0 0 -Q7' o 0 0 0 0

%Y 0 0 0 0 0 0 0o -RrR7' o0 0 0 0

X; 0 0 0 0 0 0 0 o -U 0 0 0

cr 0 0 0 0 0 0 0 0 0 Rj—Im, E7T 0

0 0 0 0 0 0 0 0 0 0 E? —pilg, O

BRY 0 0 0 0 0 0 0 0 0 0 0o -S|

mm@“:m&+&n+mﬂﬁﬂﬂ)+mﬁwﬂmf+Hhm::m&+Ep;m::ZiL#ﬁmm%,a;:&+

YISiR;.

optimal bound.

N
Do: min Y A7E[Z]=J,
> Xzt
Xi € (wiy €, Giy Xiy Vi, Zi) (19)
such that the LMI (14) and
—Z; Iy,
[ I, —-X, ] < 0. (20)
Finally, the optimization problem that should be solved is

given.

Theorem 3: If the above optimization problem has the
solution pu;, €;, ¢;, X;, Y; and Z;, then the controller of
the form (15) are the decentralized linear state feedback
controllers, which ensure the minimization of the guaranteed
cost (16) for the uncertain nonlinear large-scale intercon-
nected stochastic systems.

Proof: By Theorem 2, the controllers (15) constructed
from the feasible solutions u;, €;, ¢;, X;, Y; and Z; are the
decentralized reliable linear guaranteed cost controllers of
the uncertain nonlinear large-scale interconnected stochastic
systems (1). It follows that

N

J < > Elf(0)X; '2:(0)

i=1
Z 7E

0)[*E[X; ]

HMZ

min

R

21

N

Thus, the minimization of Z VE Z;] implies the minimum

value J of the guaranteed lc_olst for uncertain nonlinear large-
scale interconnected stochastic systems (1). The optimality
of the solution of the optimization problem follows from
the convexity of the objective function under the LMI
constraints. This is the required result. [ ]

It should be noted that the original optimization problem
for the guaranteed cost (21) can be decomposed to the
following reduced optimization problems (22) because each
optimization problem (22) is independent of other LMI.

Hence, the optimization problems (22) for each independent
subsystem can be solved.

: () -

2E(Z), i =1, ..,
H)lgin% (Zi], 1

N

D

=1

N.

= Hlln

(wgn-2E12]) . 22

X

Dit

A design procedure for constructing the guaranteed cost

controller is given below.

Step 1. Starting for any +;, calculate V; and VT/”

Step 2. Find &; such that the LMI’s (14) and (20) is feasible.
If the LMI’s (14) and (20) are not feasible, decrease the
design parameter -; and go to Step 1. If ~y; is less than
some prescribed computational accuracy, then stop and
declare that the GCC fails. Otherwise, proceed Step 3.

Step 3.Minimize ~7 F[Z;] over X; satisfying the LMI’s (14) and
(20).

Step 4. If a solution is available, obtain the gain matrix K; =
Y X, L for each subsystem and the cost bound.

V. NUMERICAL EXAMPLE

Consider the uncertain nonlinear large-scale intercon-
nected stochastic systems. Each system has two states and
one control input. The system matrices and the unknown
functions with the uncertainties are given as follows.

[0 1 0 1
A= -1 —1.5]’ Az = [1 o]’
(05 0 -02 0
As = 0 —1.2]  Au= [ 0.1 0.5] ’
0 —0.3 0.1 —0.1
Aﬂ:[o 0.1]’A31:[0 0.2]’
[0 1 1.2
31:_1]332:[1.5]333:[0]7
gij (@i, 25) = |l *|;1%,
1 1.2 1
Dlz _0:|7 D2:|: 1 :|7 D3:|:05:|3
E¢ =[0.01 0.01], E? =[0.01],
0.1 0.1 0.5
Giz = [0.2] » G1a = [0.1] ) G2 = [0.4] ’
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0.2 0.3 0.2
G21:[0.1], Gslz[o], G32=[0],

Vi=W;; =0.113, D;; = [(1)] ;

E13 = E13=[0.015], B3 = Ey = [0.01],
E3 = B35 = [0.03],
g11 = 08, 091 = 09, 031 — 07, W;1 = 0.1,

Ri=01, Qi=0.1L, i, j=1, 2, 3, i #j.

These nonlinear large-scale stochastic systems cannot be
treated using the technique in [5], [8], [9] because the inter-
connection term cannot be bounded by a linear combination
of the state z;(¢) and the high-order interconnections are
included. Furthermore, the stochastic uncertainties exist.

First, let us consider usefulness of the proposed reliable
control technique for a failure scenario described by the
following model.

uf'(t) = (0.840.1f11)Kiz1(t), |fu] <1,

ul(t) = (0.940.1fo1)Kiz1(t), |for] <1,

ud (1) = (0.7+0.1f31) K 21(t), |fa1] <1,
where ul (t) = Sjui(t) + hi(u;) = oinui(t) + hi(u;) € R,

hl(ul) = EQlul = ﬁlwﬂui S \SR, ul(t) = Kixi(t), 7 =
1, 2, 3.

This mean that the control designer allows a failure of
the order of 80% in the actuator of subsystem 7 = 1 with
an error of the order of 10%. The tolerances assumed for
the order actuators are interpreted in the same way. That is,
using the above notation, the control failure can be described
appropriately.

Second, taking the norm of g;;(x;, ;) yields
lgij (i, @)| = lzl2la;|? < 0.5(lw* + Jo;17). Hence,
there exists V; = W;; = 0.5, i, j =1, 2, 3, i # j.
The design parameter is selected as 7; = 2 tentatively.
By applying Theorem 3 and solving the corresponding
optimization problem (22), the decentralized linear optimal
state feedback controllers are given as

Ky = [ —1.0076e+01 —7.6097 |,
Ky, = [ —6.0261 —52210 |,
K3 = [ —8.9032 —2.8391e—01 |.

Consequently, the optimal guaranteed cost of the closed-loop

uncertain stochastic systems is J = 4.76287775e+01, where

H}(in J1 = 2.8208888¢ + 01, n}(in Jo =1.0721752¢ 4 01 and
2

n}(iln Js = 8.6981375.

:it should be noted that although the stochastic uncertainty
exists as compared with the existing results [5], [8], [9], the
decentralized robust controller can be constructed. Therefore,
the proposed design method is very useful in the sense
that the resulting decentralized robust controller can be
implemented to more practical large-scale interconnected
stochastic systems.

From Theorem 2 the initial states of (1) must hold in-
equahty \/Amax(P)/Amm(P)”331(0)” < Vi = 2. Thus the
stability region of (1) is |z;(¢)| < 4.954702¢ — 01 because

VAmax(P)Amim(P) = 1/6.527155/4.005890¢ — 01 =
4.036570.

VI. CONCLUSION

In this paper, the stochastic GCC problem for uncertain
nonlinear large-scale interconnected systems under gain per-
turbations has been addressed. Particularly, the high-order
interconnections are considered for a different model in
[8], [9]. A concept for the reliable controllers is based on
the practical case of the model of actuator failures. The
decentralized robust controller which minimizes the value
of the guaranteed cost for the closed-loop uncertain large-
scale interconnected stochastic systems can be computed by
means of a feasible LMI optimization problem. Moreover it
is easy to solve the decentralized guaranteed cost controller
by using software such as MATLAB’s LMI control Toolbox.
Finally, the proposed design synthesis is useful in that the
resulting reliable decentralized linear feedback controller at-
tains EMSS and the optimal cost bound against the uncertain
large-scale interconnected stochastic systems with high-order
nonlinearity and the actuator failure.
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