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ABSTRACT

In this paper we consider the mixed Hs/H-control
problem for the class of discrete-time linear systems with
parameters subject to Markovian jumps (MILS). It is
assumed that both the state variable and the jump variable
are available to the controller. The transition probability
matrix may not be exactly known, but belongs to an
appropriated convex set. For this controlled discrete-time
Markovian jump linear system, the problem of interest can
be stated in the following way. Find a robust (with respect
to the uncertainty on the transition Markov probability
matrix) mean square stabilizing state and jump feedback
controller that minimizes an upper bound for the Hj-
norm, under the restriction that the H,-norm is less than
a pre-specified value §. The problem of the determination
of the smallest H,,-norm is also addressed. We present an
approximated version of these problems via LMI
optimization.

1. INTRODUCTION

A great deal of attention has been given nowadays to a
class of stochastic linear systems subject to abrupt
variations, namely, Markovian jump linear systems
(MJLS). This family of system is modeled by a set of
linear systems, with the transitions between the models
determined by a Markov chain taking values in a finite
set. Due to a large number of applications in control
engineering, several results on this field can be found in
the current literature, regarding applications, stability
conditions and optimal control problems (see, for instance,
[1]-[111.[13]-[18].[21]).

The mixed Hs/H, and H, control problems for
time-invariant discrete-time linear systems has been
studied in the current literature usually using a state space
approach, leading to non-standard algebraic Riccati
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equations and Lyapunov-like equations (see, for instance,
[12}, [19], [20]). The H, and H, control problems for
MILS have recently been analyzed in [S], [6], and [11].
For the H; control problem a convex programming
approach was applied in [5], and numerical algorithms
developed. In this paper we study the mixed Hy/H,,-
control and H,, control problems of a discrete-time MJLS.
We will assume that the transition probability matrix for
the Markov chain is not exactly known, but belongs to an
appropriated convex set. In this case a robust mean square
(state and jump feedback) stabilizing controller is defined
as a state-feedback controller, which also depends on the
jump Markov variable, that stabilizes in the mean square
sense the MJLS for every appropriated Markov transition
probability matrix. This kind of concept was first
introduced by Rami and El Ghaoui in [21] for continuous-
time MJLS. Under these conditions, the mixed Hs/H,,
control problem of a MJLS can be formulated as follows:
we are interested in finding a robust mean square
stabilizing controller that minimizes an upper bound for
the Hs-norm, under the restriction that the H. -norm is
less than a pre-specified value 6. The problem of
minimizing the Hy-norm is also addressed. We trace a
parallel with the discrete-time linear system theory of
Hy;/H,, and Hy control to derive our results. When
restricted to the case with no jumps, the equations
presented here can be seen as dual to the ones derived in
[12]. As in [12], we present an approximated version of
the mixed Hy/H,, and H control problems of MJLS
based on linear matrix inequalities (LMI) optimization.
The paper is organized in the following way. Section 2
presents the notation that will be used throughout the
work. Section 3 deals with previous results derived for
stability, Hy and H-control of MJLS, as well as some
other auxiliary results. Section 4 presents a sufficient
condition for the existence of a mean square stabilizing
controller that makes the Ho,-norm of the MILS less than
a pre-specified value §. The condition is written in terms
of the existence of a solution P = (Py,....Pn) and
K =(Ki,...,Ky) for a set of coupled Lyapunov-like
equations. This solution P leads to an upper bound for the
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H,-norm of the MJLS, so that an approximation for the
mixed Hs/Hy-control problem for the MILS can be
determined by minimizing this functional over the set of
solutions P and K. The H-control problem can also be
addressed through this Lyapunov-like equation. In section
5 we consider the case in which the transition probability
matrix belongs to an appropriated convex set and, using
the results of section 4, derive a LMI optimization
problem that leads to an approximation for the mixed
H;/Hy and Hg-control problems. Some numerical
examples are presented in section 6 and the paper is
concluded in section 7 with some final comments.

2. NOTATION

We shall write C* and R*® to denote the n-dimensional
complex and real spaces respectively, and M(C",C™) the
normed linear space of all m by n complex matrices. For
simplicity we set M(C*C") = M(C®). We write * to
indicate the adjoint operator and, for real matrices, ' will
indicate transpose. L > 0 and L>0 will be used if a self-
adjoint matrix is positive semi-definite or positive definite
respectively and we write M(C*)* = {Le M(C*); L =
L* > 0}. We denote by || .|| either the induced norm in
M(C®) or the standard norm in C®,

Let H™* be the linear space made up of all N-sequence of
matrices V = (V1,...,Vn), V; € M(C™,C"). For V € H™"
we define the following norm || . || 2:

1V = ( Du(viv))”

where tr(.) denotes the trace operator.

It is easy to verify that H™" equipped with the norm
Il .||z is a complex Hilbert space with inner product
given by:
N
<VH> = u(ViH)).
i=1

We set H™ = H* and H™ = {V = (Vy,...,.Vn) € HY;
V; e M(CY»*, i =1,.,N}. For H= (H,,...Hy) and V =
(V1,...,VN) in H™ the notation H < L (H < L) indicates
thatH; <L; (H; < L) foreachi=1,...,N.

For an increasing filtration {Fy} defined on a
probability space (Q,F,P), we set £,(Fy) as the Hilbert
space formed by the sequence of second order random
variables z = (z(0),z(1),...) with z(k) € R" and Fy-adapted
for each k=0,1,.., and such that

o0
lzll3= T lz®7 <
k=0

where
I zk) |3 = B(]| z®) | ).

For any complex Banach space Z we denote by B(Z)
the Banach space of all bounded linear operators of Z into
Z with the uniform induced norm represented by | . ||
and for L € B(Z) we denote by r,(L) the spectral radius of
L.
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Finally, the following well known result will be useful.

Remark 1: If R > 0 then W = [8, IS{] 2 0 if and only
if Q > SR’IS

3. AUXILIARY RESULTS

3.1. STABILITY RESULTS
Consider the following stochastic system on an
appropriated probability space (Q,{Fx}.F.P),

x(k+1) = Aggyx(K) (1.a)
x(0) =% , 6(0) =6, (Lb)

where {0(k); k=0,1,...} is a discrete-time Markov chain

with finite state space {1,..,N} and defined on the

probability space (Q2,{F},F,P), with transition

probability matrix IP = [ p; ]. We consider A= (At,....AN)

€ H" real, and X, a second order random variable in R®.
We set Qk) = (Q1(k),...,Qn(k)), where

Qi) := E(x(k) x(k) 1{s00=j)) € MERYH* (2)

and 1¢ ., stands for the Dirac measure.
For S = (51,...5n) € H* we define the operator
T € B(H") as: T(S) = (T1(S),..., Tn(S)) where
N

T(S) = Lpihi S, 3
1=
It is easy to verify that £ := 7" is given by:
wry N ~
£ =K Toss; ) A
=

In particular, r,(L) = 1,(7). The following result, shown
in Proposition 3 of [7], provides a connection between (2)
and (3):

Propeosition 1: For everyk =0,1,2,...
Qk+1) = T(Q(K)).

We make the following definitions:

Definition 1: Model (1) is mean square stable (MSS) if
lQk) |2 — Oask — oo for any initial condition xo
and initial distribution for 6,.
The next result is in Theorems 1 and 2 of [7]:

Proposition 2: The following assertions are equivalent:

a) Model (1) is MSS

b)yr, (7)< 1.

o1, (L) <1,

d) There exists o € (0,1) and a € R, a > 0, such that
for eachk =0,1,2,...

E(||xk)|? < aak

¢) (coupled Lyapunov equations) given any S =

(81,...,S8) > 0 in K™ there exists P = (Py,....Pn) > 0 in

Ho satisfying P - T(P) = S with P = $>7X(S).
k=0



) (adjoint coupled Lyapunov equations) given any S =
(81,....8N) > 0 in H™ there exists P = (Py,...,.PN) > 0 in

He* satisfying P - £(P) = S with P = 3°CX(S).
k=0

Moreover if 1,(7) <1 then for any S € H" there
exists a unique P € H" such that P - 7(P)=S. If S> T
>0 (> 0respectively) and P-T(P)=S,L-TM)=T
then P > L > 0 (> 0). These results also hold replacing 7
by L.

We present now the definition of mean square
stabilizability and detectability. Consider A = (Ay,...,AN)
€ H*, B = (B;,...,.BN) € H™" and C = (C,,...,CN) € H*P
real.

Definition 2: We say that (A,B) is mean square
stabilizable if there exists K = (Kj,....Kn) € H™™ such
that model (1) is MSS with A; = A, - BiK;. In this case we
say that K stabilizes (A,B) in the mean square sense and
set K = { K € H™™; K stabilizes (A,B) in the mean square
sense}. Similarly, we say that (C,A) is mean square
detectable if there exists H = (H;,...,Hy) € HP" such that
model (1) is MSS with A; = A; - H;C;, and we say that H
stabilizes (C,A).

The next proposition follows from Proposition 6 in [9].
Consider D = (Dy,...,Dn) € H™P such

N

that D!D; > 0 and set &(L) = »_pLy,i=1,..N, for L=
=1
La,....Ln).

Proposition 3: Suppose (C,A) is mean square detectable
and P = (Py,...Pn) 2 0, K= (Ky,..., KN) € H™™ satisfy
- P + (Ai-BiK;) &i(P)(Ai-BiK;) +

+ (C-DiK)Y (Ci-DiK) < 0. @
Then K = (Ky,...Kn) € K.

3.2. THE H3-NORM
Consider again on (2,{Fi}.F,P), the following system

x(k+1) = Aggyx(k) + Jw(k) (5.2)
G=<x(0)=0,60)=06; (5.b)
2(k) = Cogox(k) (5.0)

where A = (A,,....Ay) € H?, C = (Gy,...Cn) € H™ and J
€ M(C",C™), with A, C, Jreal and JV' > 0.

Suppose that r,(7) < 1 (that is, model (1) is MSS)
and w = (w(0),...) is an impulse input.
From Proposition 2.d) we have that z =
z(0),z(1),..) € &(F). The next definition is a
generalization of the Hp-norm from discrete-time
deterministic systems to the stochastic Markovian jump
case:

Definition 3;: We define the Hz-norm of system G as
n N
IIGIl%=213 Z;“st I3
= =
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where z; represents the output sequence (z(0),z(1),...)
given by (5.c) when

a) the input sequence is given by w = (w(0),w(1),...),
w(0) = ¢, wk) =0, k>0, e, €R" the unitary vector
formed by 1 at the s position and zero elsewhere, and

b) 6(0) = 6(1) =j.

For the deterministic case (N=1 and p;;=1) the above
definition reduces to the usual H,-norm. As in the
deterministic case, we have that the H,-norm as defined
above can be calculated as the solution of the discrete-time
coupled gramian of observability and controllability. For
this, defne ¢ = (C,G..0C00en", J =
ar,.JeH*, and L = (L;,..In)eH*, P =
(P1,....PN) € H™ the unique solution of the equations
(recall that r,(7 )=r,(L) < 1 and see Proposition 2)

L = L(L) + C (observability gramian) ©6)

P=T(P)+ J (controllability gramian). ¢)

The next result was proved in [S] and represents a
characterization of the Hs-norm in terms of the
solution of the observability and controllability gramians.

N N L
Proposition 4: || G || 3 = Y (VL)) = Ztr(CijCJ{).
j=1 j=1

3.3. THE H,,-NORM

Consider again system G as in (5) above with w =
(w(0),...) € £,(Fy). The following result was proved in
Proposition 2 of [6].

Proposition 5: r,(7)<1 if and only if x =

0,x(1),...) € £3(Fy) for every w = (W(0),w(1),...) € 25(F).
Suppose that r,(7) < 1. From the above Proposition, x

= (0,x(1),...) € £5(Fy) and thus z =

(0,z(1),...) € £5(Fx). The He,-norm of system G is defined

as:

Definition4: || G| 2, :=sup  sup
6y we Zg(fk)

lIwll2 -

Again, for the deterministic case (N = 1 and p;; = 1),
definition 4 reduces to the usual H,-norm.

4. MIXED H;/H,,-CONTROL PROBLEM

Consider now a controlled version of system G

x(k+1) = Ao(k)X(k) + Bg(k)u(k) + Jw(k) (83)
G =4 x(0)=0,6(0) =6 (8.b)
2(k) = Cygyx(k) + Dygyu(k) 8.0
where A = (Ay,...,An) € H*, B=(By,....By) € H®", C =
©C,..CneH", D = @Op,..DnN)E H™ and

J € M(C",C*) are real and: a) DD; > 0 for each i =
1,..N,b)CD;=0foreachi=1,.. N.



For K = (Kj,...,.Kn) set Gk as system (8) with u(k) =
— Koo x(k). We have the following result.

Theorem 1: Suppose (C,A) is mean square detectable and
6>0 fixed a real number. If there exists P =
(P1,....PN) > 0 and K = (Kj,...,.Kn) € H™™ such that for
eachi=1,...,N,

-P.+ (A-BK)E(P)A-BK) +

+(C-DKYCDK) + 2 PUR <0 O

then K = (K;,.. Ky) € Kand
| Ok |l % <81 -v) L8

N
where v € (0,7 Y_tr(’PJ)). Moreover,
=]

N
I Gk Il § < 2 w('R).

im]

Proof: Comparing (4) and (9) it is immediate from
Proposition (3) that K € K. Set A; = A; - BiK; and G = G;
- DiK;. Recalling from Proposition 5 that, for any w =
(W(0),...) € £(Fy) we have x = (0,x(1),...) € £(Fy), and
that x(k), 8(k) and w(k) are Fyi-measurable, we get from
(9) that

E(X(k+ 1 ),Pa(k+1)x(k+ 1 )) =
= E(x(k+1)E(Pygee1) | Fix(k+1))

~ o~ 1
< E(x(k)' (Po(k) - CoCow - 3 Pg(k)JJ’Pg(k))x(k) +
+ WK)'T 500 (P)Aggox (k) + x(k) Agqo Ea (PYIW(K) +
+ W(k)’J’fa(k)JW(k))
so that,
I Pa(k+1)x(k+1) 13- Pe(k)x(k) 13+ z® |3 <

< " J’Pg(k)x(k) ” 2 + " J,Pe(k+l)x(k+1) ” 2+t

: ﬁ | PanyxetD) || § - B(wO'T EaggPIx(0) +
+ 2 BW(K)'T E509 PY(Roqox(K) + TW(K)))
Thus,
" Pe(k+1)x(k+1) 13- Pa(k)x(k) Il 3+
|1 VPseenyx(k+1) || 3 1t 5 || TPapox(k) || 2 +
+ II z(k) || 3
< 51-2- || YPsgearyx(k+1) || %+ 2E(W(K)' Y Pogesnyx(k+1)) +

-8 || wk) || % + Bw(k) (61-Y Eggy (P))W(K))
< B(w(k) (621 - T £ PYNyw(K)).

Taking the sum for k = 0 to oo, and recalling that x(0) =
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0, || x(k) || 2 — 0 ask — oo, we get that

hz i< 522E(w(k) {a- J’PMJ)w(k»
< 52(1-1/) RAE
N
where v € (0,3 Y tr(’P,J)). Thus,
=l
| Gl 2 =sup sup m <81 -v)? < 6.

8 we &(F) | wlle

Finally notice from Proposition 4,

N
I Ge Il 2= (s,

jml

where §, = .3;’8 (A, + (~II(~Zl
From (9) and some V; > 0,i=1,..,N,

P =A&PA +CC+ 5 PJIP, + V'V,

so that, from Proposition 2, P, > §, for all i = 1,...,N. This
implies that

| Gk || 5= Ztr(J’SJ) < Ztr(J'PJ)

jm] im]

completing the proof of the Theorem. O

This suggests the following approximation for
the mixed H,/H-control problem: for § > 0 fixed, find
P=(Py,...Py) 2 0and K= (Kj,...,Kn) such that

N
min tr(3_JPJ)
i=1
subject to (9). For the case N=1, p,;= 1, equation (9) can
be seen as dual to the one obtained in [12], Lemma 3.1.

5. CONVEX APPROACH

We will assume now that the transition probability
matrix P is not exactly known, but belongs to a convex set

q []
D:={P;P=>al, o>0 a =1}, where P}, ( =
=] tml

1,...,q, are known transition probability matrices. We
make the following definition.

Definition 5: We say that K = (K,,...,.Ky) € H™™ robustly
stabilizes (A,B) in the mean square sense if system (1)
with A, = A, - BK, is MSS for every P € D, and we set K,
= { K € H*™; K robustly stabilizes (A,B) in the mean
square sense}.

We want to solve the following mixed Hy/H,, control
problem: given § > 0, find K € K, which minimizes ¢
subject to | Gk || 2 < ¢, || Ok || 0 < 6, for every P € D.
Let us show now that an approximation for this problem
can be obtained via a LMI optimization problem. Set I'l =



[P, I../py 1l € M(@C™C)fori=1,.,N,t=1,..4q,
and define the following problem:

Problem I : Set y = 8% Find P = (Py,...Py) >0, Q =
Q1,...Q0) >0, L = Ly,...Ly) >0, Y = (Y1,...,Yy) such
that

N
¢ = min tr(>_FP,))
=]

subject to
Q  QAXYE QC YD I
AQ+BY; L 0 0 0
C.Q 0 I 0 0 >0,
D.Y; 0 0 I 0
Y 0 0 0 ul
i=1,.,N (10)
L LD - .
{I‘;’L-l diag{QK}] >0,i=1,..,N,t=1,...q (11)
P I .
[ I Qi] >0,i=1,.,N 12)

where diag{Q.} is the matrix in M(C™) formed by
Q1....,Qy in the diagonal, and zero elsewhere.

Theorem 2 : Suppose Problem I has a solution P, Q, L

and Y. SetK = (Ky,...Ky) asK; =-Y,Q',i=1,...Nand
N

= Su(PJ). Then KekK, and| Gkl .<¢

=l
| Gk || 0 <6, for every P € D.

Proof: First of all notice that (10), (11) and (12) are
equivalent to (see Remark 1)

Q. > QA-BKYLMABKIQ +
+ Q(C-DK)Y (C-DK)Q; +

+ ' QQHIT(QHQ (13)
L > L(CpQOLy t= 1, (14)
“P>Q (15)

N
Since we are minimizing tr(}_JPJ) and JV >0 by
=]
hypothesis, we must have from (15) that P; = Q;'. Consider
q
any P € D. Then by definition we have that p; = ) a.p}
tul

q
for some a, > 0, 3 o =1. Thus from (14) we get that
b=l

L' > (OpQ)=60)
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and from (13),
P, =Q' > (A-BK)'L'(A-BK) +
+ (C-DK,Y (C-DK)) + w'PJI'P,
> (A-BKYEPXAFBK) + (16)
+(C-DK,)'(C-DK)) + u'PJIP..
The result follows from (16) and Theorem 1. a
Remark 2 : If we desire to minimize the H,,-norm, then

N
we just have to replace the value function tr(3_J'P.J) by .
]
Inequalities (12) can be eliminated.

6. NUMERICAL EXAMPLES

This example is adapted from [12] for the case in
which we have two modes of operation, with transition
probability matrix between the models given by P. The
matrices are:

A= Ag= [0.9974 0.0539] B, = [-0‘0013] ’

-0.1078  1.1591 -0.0539
-0.0013 1 11
By = [-0.1078} = [1]’(:1:(32: [0 0]’
0
oveme- 1]

We considered the following cases:

a.l) H,Hy-control problem with 6 = 80, and
transition probability matrix exactly known, given by:

P [0.7 0.3]
102 08"

For this case the solution obtained was K; = [1.3655
4.4281], Ko = [1.5999 4.6390], and the optimal value
function was £ = 726.4880.

a.2) the same as above but with P belonging to I,
where D is defined through the transition probability
matrices P! and P? defined below

pio 065 035) o, [075 025
025 075]° 0.15 085]"

For this case the solution obtained was K; = [2.1348
4.9492], Ky = [2.4056 6.0059], and the optimal value
function was £ = 980.7510.

b.1) H,-control problem with the same data as in a.1)
above. The minimal value obtained for p (= 6?) was
4366.8, with the controllers given by K; = [5.4713
7.0138], K, = [4.8935 5.9692].

b.2) the same as above but with P € D, where D is
defined as in a.2). The minimal value obtained for p was
5039.2, with the controllers given by K; = [5.8694
6.9641], Ky = [5.9746 7.3220].



7. CONCLUSIONS

In this paper we have considered the problem of mixed
H,/H,-control of discrete-time Markovian jump linear
systems (MJLS). It was assumed that both the state
variable and the jump variable are available to the
controller. The transition probability matrix may belong to
an appropriated convex set. We are interested in finding a
state and jump feedback controller that robustly stabilizes
a MJILS in the mean square sense and minimizes an upper
bound for the Hy norm, under the restriction that the H-
norm is less than a pre-specified value 5. This kind of
problem has been studied in the current literature for
discrete-time deterministic linear systems, usually using a
state space approach, leading to non-standards algebraic
Riccati and Lyapunov-like equations. We trace a parallel
with the discrete-time linear system theory of Hy/H,, and
H,, control to derive our results. An approximation for
the problem was proposed by minimizing a linear
functional over the positive semi-definite solutions of a set
of coupled Lyapunov-like equations. Furthermore it was
shown that this problem can be written in a convex
programming formulation, leading to numerical
algorithms. The H,-control problem was also addressed.

8. REFERENCES

[1] H. Abou-Kandil, G. Freiling and G. Jank, On the
solution of discrete-time Markovian jump linear
quadratic control problems, Automatica 31, (1995),
765-768.

[21 W.P. Jr. Blair and D.D. Sworder, Feedback control of
a class of linear discrete systems with jump
parameters and quadratic cost criteria, Int. J. Control
21, (1975), 833-844.

[3] H.AP. Blom and Y.Bar-Shalom, The interacting
multiple model algorithm for systems with
Markovian switching coefficients, IEEE Trans.
Automat. Control 33, (1988), 780-783.

[4] H.J. Chizeck, A.S. Willsky and D. Castano, Discrete-
time Markovian jump linear quadratic optimal
control, Int. J. Control 43, (1986), 213-231.

[5] OL.V. Costa, J.B.R. do Val and J.C. Geromel, A
convex programming approach to H;-control of
discrete-time Markovian jump linear systems, to
appear.

[6] O.L.V. Costa and J.B.R. do Val, Full information
H -control for discrete-time infinite Markov jump
parameter systems, J. Math. Analysis and Applic., to
appear.

[7} O.L.V. Costa and M.D. Fragoso, Stability results for
discrete-time linear systems with Markovian jumping
parameters, J. Math. Analysis and Applic. 179,
(1993), 154-178.

[8] O.L.V. Costa and M.D. Fragoso, Discrete-time LQ-
optimal control problems for infinite Markov jump

4183

parameter systems, IEEE Transactions on Automatic
Control 40, (1995), 2076-2088.

[9] O.LV. Costa, Discrete-time coupled Riccati
equations for systems with Markov switching
parameters, J. Math. Analysis and Applic. 194,
(1995), 197-216.

[10] X. Feng, K.A. Loparo, Y. Ji, and H.J. Chizeck,
Stochastic stability properties of jump linear systems,
IEEE Trans. Automat. Control 37, (1992), 38-53.

[11] M.D. Fragoso, J.B. Ribeiro do Val and D. L. Pinto Jr.
Jump linear H,-control: the discrete-time case,
Control Th. and Adv. Tech. 10, (1995), 1459-1474.

[12] J.C. Geromel, P.L.D. Peres and S.R. Souza, A convex
approach to the mixed H,/H-control problem for
discrete-time uncertain systems, SIAM J. on Control
and Optimization 33, (1995), 1816-1833.

[13] B.E. Griffiths and K.A. Loparo, Optimal control of
jump linear quadratic gaussian systems, Int. J.
Control 42, (1985), 791-819.

[14] Y. Ji and H.J. Chizeck, Controllability, observability
and discrete-time Markovian jump linear quadratic
control, Int. J. Control 48, (1988), 481-498.

[15] Y. Ji and H. Chizeck, Optimal quadratic control of
jump linear systems with separately controlled
transition probabilities, Int. J. Control 49, (1989),
481-491.

[16]1 Y. Ji and H.J. Chizeck, Jump linear quadratic
gaussian control: steady state solution and testable
conditions, Control-Theory and  Advanced
Technology 6, (1990), 289-319.

[171Y. Ji and H. J. Chizeck, Controllability,
stabilizability and continuous-time Markovian jump
linear quadratic control, IEEE Trans. Automat.
Control 35 (1990), 777-788.

[18] Y. Ji, H. J. Chizeck, X. Feng and K.A. Loparo,
Stability and control of discrete-time jump linear
systems, Control-Theory and Advanced Technology
7, (1991), 247-270.

[19] P.P. Khargonekar and M.A. Rotea, Mixed H,/H
control: a convex optimization approach, IEEE
Trans. Automatic Control 36, (1991), 824-837.

[20]1 I. Kaminer, P.P. Khargonekar and M.A. Rotea,
Mixed H,/H,, control for discrete-time systems via
convex optimization, in Proc. 1992 American
Control Conference, Chicago, USA, 392-396.

[21] M.A. Rami and L. El Ghaoui, Robust stabilization of
jump linear systems using linear matrix inequalities,
IFAC Symposium on Robust Control Design, Rio de
Janeiro, RJ, (1994), 148-151.



