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Abstract

It is known that stability of a model predictive con-
trol system is ensured if the terminal conditions of the
optimal control problem solved online satisfy certain
criteria. The usual requirement is that the terminal
cost function is a control Lyapunov function de�ned
on the terminal constraint set. Conventionally the ter-
minal cost function is chosen, when the system being
controlled is linear, to be the value function for the
in�nite horizon unconstrained optimal control problem
and the terminal constraint set is chosen to be the out-
put admissible set for the closed-loop system using the
optimal unconstrained controller u = �Kx. The pur-
pose of this paper is to relax these terminal conditions
thereby facilitating online solution of the optimal con-
trol problem. Using some recent results, we present al-
ternative conditions that employ, as the terminal cost,
the in�nite horizon cost resulting from a nonlinear con-
troller u = �sat(Kx) and, as the terminal constraint
set, the set in which this controller is optimal for the
in�nite horizon constrained optimal control problem.
It is shown that this solution provides a considerably
larger terminal constraint set.

1 Introduction

This paper is concerned with closed-loop stability of
constrained linear systems when model predictive con-
trol is employed. Model predictive control is a form
of control in which the current control is obtained by
solving, at each sampling instant, a �nite horizon open-
loop optimal control problem and applying the �rst ele-
ment of the optimal control sequence so obtained. Ob-
viously, model predictive control of constrained systems

is nonlinear so that stability is, in general, a nontriv-
ial issue. After the pioneering work of Chen and Shaw
[1], and of Keerthi and Gilbert [5], the value function
of the �nite-horizon optimal control problem has been
used, almost universally, as a Lyapunov function for
analysing closed-loop stability [6].

Several `ingredients' of the online optimal control prob-
lem directly a�ect closed-loop stability; these are: the
terminal cost F (�), the terminal constraint set Xf (both
of which are employed in the optimal control problem
solved online), and the local controller �f (�) that en-
sures existence of feasible solutions to the optimal con-
trol problem (see, e.g., [1, 5, 6]). Ideally, the terminal
cost F (�) is the in�nite horizon value function V 0

1
(�)

(for the constrained optimal control problem), in which
case, the �nite horizon value function is V 0

N (�) = V 0
1
(�).

With this choice, online optimisation is unnecessary
and the advantages of an in�nite horizon problem auto-
matically accrue. However, constraints generally render
this approach impossible. Usually, then, Xf is chosen to
be an appropriate neighbourhood of the origin in which
V 0
1
(�) is exactly (or approximately) known, and F (�) is

set equal to V 0
1
(�) or its approximation. When the sys-

tem being controlled is linear, F (�) is often chosen to
be the value function of the in�nite horizon, uncon-
strained optimal control problem, �f (�) is chosen to be
the optimal controller (�f (x) = �Kx) for this problem,
and Xf the maximal output admissible set O1 (de�ned
in [3]) for the closed-loop system using the local con-
troller �f (�). In this case, V 0

1
(x) = F (x) = xTPx for

all x 2 Xf (P is the solution of an algebraic Riccati
equation) [8].

The purpose of this paper is to provide new terminal
ingredients for model predictive control of constrained
linear systems. The ingredients are an improvement



over those previously used in that the terminal con-
straint set Xf is strictly larger than O1, thus facili-
tating the solution of the optimal control problem. To
obtain the improved terminal conditions we employ re-
cent results [2] that show that the nonlinear controller
�nl(x) = �sat(Kx) is optimal in a region which in-
cludes the maximal output admissible set O1. The
proposed terminal cost function F (�) is the in�nite hori-
zon value function V 0

1
(�) which is proved, for stable

plants, to be �nitely parameterisable in Xf . However,
the proposed terminal cost function F (�), while still
convex (thus ensuring solvability of the optimal control
problem) is no longer quadratic (which implies that the
problem is not a quadratic program, and needs to be
solved using convex programming or conventional non-
linear programming). Some of these results are estab-
lished for the case of stable plants. However examples
indicate that the results may hold more generally.

2 De�nitions and notation

The system considered is

x(k + 1) = Ax(k) +Bu(k) (1)

or, more concisely, x+ = f(x; u) := Ax + Bu; where
x 2 IRn and u 2 IR are, respectively, the current state
and control and x+ is the successor state. The pair
(A;B) is assumed controllable. The control is required
to satisfy the constraint

u(k) 2 
 (2)

for all k, where 
 := [�1; 1]. The following nota-
tion will be employed. The solution of (1) at time
k, when the initial state is x at time i and the con-
trol sequence is u, is xu(k;x; i); to simplify notation,
xu(k;x) := xu(k;x; 0), i.e. the initial time is dropped
when it is zero. I := f0; 1; 2; : : :g is the set of non-
negative integers, I+ := f1; 2; 3; : : :g the set of positive
integers, and IR+ := fx 2 IR j x > 0g. For all � > 0,
B� := fx j jxj � �g. For any set X in, say, IRn, Xc de-
notes the complement of X (in IRn). For each � 2 IR+,
the function sat�(�) is de�ned by

sat�(u) :=

8<
:

u if juj � �
� if u > �

�� if u < ��
(3)

The function sat(�) is de�ned to be sat1(�). In the se-
quel we consider both a linear controller u = �Kx and
a nonlinear controller u = sat(�Kx) = �sat(Kx). The
closed-loop satis�es x+ = �`(x) when the linear con-
troller is used and x+ = �nl(x) when the nonlinear con-
troller is employed, where the mappings �` : IR

n ! IRn

and, �nl : IR
n ! IRn are de�ned by

�`(x) := AKx; AK := A�BK (4)

�nl(x) := Ax�Bsat(Kx) (5)

In the sequel Æ denotes concatenation, i.e. (a Æ b)(x) :=
a(b(x)), a0(x) := x and, for all i 2 I+, ai(x) := (ai�1 Æ
a)(x) = (a Æ ai�1)(x). For all i 2 I+, the function Æi(�)
is de�ned by

Æi(x) := Kx� sat�i
(Kx) (6)

where the saturation bounds �i are de�ned by

�1 := 1; �i := 1 +
i�2X
j=0

jKAjBj; i = 2; 3; : : : (7)

Hence, �nl(x) = AKx + BÆ1(x). The set X0 := fx j
Æ1(x) = 0g = fx j jKxj � 1g and, for each i 2 I+, the
set Xi � IRn is de�ned by

Xi := fx j Æi(A
i�1AKx) = 0g = fx j j �Kixj � �ig (8)

where

�Ki := KAi�1AK (9)

We also require the sets Yi and Zi de�ned by

Y0 := Y1 := IRn (10)

Yi := X1 \X2 : : : \Xi�1; i = 2; 3; : : : (11)

Z1 := Y1 = IRn (12)

Zi := fx j �knl(x) 2 Yi�k ; k = 0; : : : ; i� 2g;(13)

i = 2; 3; : : : ; so that Z1 = Y1, Z2 = Y2, Z3 = fx j
x 2 Y3; �nl(x) 2 Y2g, Z4 = fx j x 2 Y4; �nl(x) 2
Y3; �

2
nl(x) 2 Y2g, etc. The set sequence fZig is mono-

tonically non-increasing (with respect to inclusion), i.e.

Zi+1 � Zi; 8i 2 I
+ (14)

and

Zi+1 = Yi+1 \ fx j �nl(x) 2 Zig; 8i 2 I
+ (15)

3 Model predictive control

In model predictive control, a �nite horizon optimal
control problem PN (x) de�ned below is repeatedly
solved. Because of time invariance, the initial time in
the optimal control problem may be taken to be zero.
Thus PN(x) is de�ned by

PN (x) : V 0
N (x) = min

u

VN (x;u) (16)

subject to the control constraint u 2 
N , and the ter-
minal constraint x(N) 2 Xf , where

u := fu(0); u(1); : : : ; u(N � 1)g (17)

is a sequence of N control actions,

VN (x;u) :=
N�1X
k=0

`(x(k); u(k)) + F (x(N)) (18)



`(x; u) := jxj2Q + juj2R (19)

and x(k) := xu(k;x), k = 0; 1; : : : ; N . We as-
sume that Q and R are positive de�nite. At
event (x; k) (at state x, time k), problem PN (x) is
solved yielding the optimal control sequence u0(x) =
fu0(0;x); u0(1;x); : : : ; u0(N � 1;x)g, the optimal state
sequence x0(x) = fx0(0;x); x0(1;x); : : : ; x0(N ;x)g
(where x0(0;x) = x, the initial state), and the value
function V 0

N (x) = VN (x;u
0(x)). The �rst control

u0(0;x) is applied to the plant so that the (implicit)
model predictive control law is

u = �N (x) := u0(0;x) (20)

If F (�) and Xf are chosen appropriately (see, for exam-
ple, [6]), the control law can be shown to be stabilising.

For any function � : IRn ! IRn, let
�

�(�) be de�ned by

�

�(x; u) := �(f(x; u)) � �(x) (21)

where f(x; u) = Ax+Bu. We have [6]

Theorem 1 Suppose the terminal cost function F :
Xf ! IR, the terminal constraint set Xf and the lo-
cal control law �f : Xf ! IR satisfy:

A1: Xf is closed and 0 2 Xf ,

A2: �f (x) 2 
, 8x 2 Xf (control constraint satis�ed
in Xf ),

A3: Xf is positively invariant for the system, x+ =
f(x; �f (x)),

A4: [
�

F + `](x; �f (x)) � 0, 8x 2 Xf (F (�) is a local
Lyapunov function).

Then

[
�

V 0
N + `](x; �N (x)) � 0

for all x 2 XN , the (compact, convex) set of states steer-
able to Xf by an admissible control in time N or less.
Also XN is positively invariant for the closed-loop sys-
tem x+ = f(x; �N (x)) where �N (�) is the model predic-
tive control law.

Corollary 1 Suppose Q > 0 and R > 0, that
(F (�);Xf ; �f (�)) satisfy A1{A4 and that, in addition,
there exists a �nite c such that F (x) � cjxj2 for all
x 2 Xf . Then the origin is exponentially stable for the
closed-loop system x+ = f(x; �N (x)) with a region of
attraction XN .

Proof: Since Q > 0 it follows from Theorem
1 that there exists a �nite positive constant a such

that V 0
N (x) � ajxj2; 8x 2 XN and

�

V 0
N (x; �N (x)) �

�ajxj2; 8x 2 XN . Next V 0
N (x) � F (x) for all x 2 Xf

[4]. This is easily shown. Let x is an arbitrary point
in Xf and let fxf (k;x); k = 0; 1; 2; : : :g be the state
sequence resulting from initial state x and controller
�f (�). Then, by A4

F (x) �
N�1X
k=0

`(xf (k;x); �f (x
f (k;x))) + F (xf (N ;x))

where (byA3) xf (k;x) 2 Xf for all k = 0; 1; : : : ; N and
(by A2) �f (x

f (k;x)) 2 
 for all k = 0; 1; : : : ; N � 1.
But, by optimality (since xf (N ;x) 2 Xf ),

V 0
N (x) �

N�1X
k=0

`(xf (k;x); �f (x
f (k;x))) + F (xf (N ;x))

Hence V 0
N (x) � F (x) � cjxj2 for all x 2 Xf . Exponen-

tial stability, with a region of attraction XN , follows.

For future reference we de�ne the constrained in�nite
horizon optimal control problem as follows:

P1(x) : V 0
1
(x) = min

u

V1(x;u) (22)

subject to the control constraint u(k) 2 
; 8k 2 I;
where, now, u is the in�nite sequence fu(k) j k 2 Ig
and V1(x;u) :=

P
1

k=0 `(x(k); u(k)), with x(k) :=
xu(k;x). Note that P1(�) does not have either a termi-
nal cost nor a terminal constraint; both are irrelevant
since, if a solution to the problem exists, x0(k;x) ! 0
as k !1.

4 Terminal conditions

4.1 Preliminaries

A triple (F (�);Xf ; �f (�)) satisfying A1{A4 and F (x) �
cjxj2 for all x 2 Xf ensures exponential stability as
shown above. A useful choice of terminal conditions
[8] for the problem considered is to choose F (�) to be
the value function V 0

uc(�) for the unconstrained in�nite
horizon optimal control problem Puc(x) for the same
system (1) and cost

Vuc(x;u) :=

1X
k=0

`(x(k); u(k)) (23)

where `(x; u) = jxj2Q + juj2R as before. Thus

F (x) = xTPx (24)

where P > 0 is the (unique positive semi-de�nite) so-
lution of the algebraic Riccati equation

P = ATPA+Q�KT �RK (25)

where

K := �R�1BTPA; �R := R+BTPB (26)



The local controller is de�ned by

�f (x) := �Kx (27)

and is, therefore, the optimal controller for the uncon-
strained in�nite horizon problem Puc(�). The set Xf is
usually taken to be the maximal output admissible set
O1 de�ned in [3], i.e.

O1 := fx j KAj
Kx 2 
; j 2 Ig: (28)

An interesting consequence of this choice for
(F (�);Xf ; �f (�)) is that V 0

1
(x) = F (x) for all x

in Xf and that V 0
N (x) = V 0

1
(x) for all x 2 XN such

that the terminal constraint is not active (i.e. x0(N ;x)
lies in the interior of Xf ); if N is so chosen, the
terminal constraint may be omitted from PN (�).

4.2 Characterisation of the value function

It is the purpose of this paper to propose a larger Xf ,
thus simplifying optimisation (or reducing N in those
variants that omit the terminal constraint from the op-
timal control problem but increase the horizon N until
this constraint is satis�ed). To this end we employ some
recent results [2] that show that the nonlinear controller
�nl(�) de�ned by

�nl(x) := sat(�Kx) = �sat(Kx) (29)

is optimal in a region which includes the output admis-
sible set O1 de�ned above.

We next state the main result of [2]:

Theorem 2 The optimal value function V 0
N (�) for

problem PN with F (x) := xTPx and Xf := IRn sat-
is�es

V 0
N (x) = JN (x) := xTPx+ �R

NX
k=1

Æk(A
k�1x)2; (30)

for all x 2 ZN , and the optimal control law �N (�) sat-
is�es

�N(x) = �nl(x) = �sat(Kx); 8x 2 ZN (31)

Since the functions x 7! Æk(A
k�1x)2 are convex, so is

the value function V 0
N (�).

4.3 Speci�cation of (F (�);Xf ; �f (�))
We cannot employ (JN (�); ZN ; �nl(�)) for the triple
(F (�);Xf ; �f ) because, being the solution of a �nite
horizon optimal control problem (in a speci�ed region
ZN ), this triple does not satisfy conditions A1{A4. To
obtain a suitable triple we allow N to tend to in�nity.
First we note

Proposition 1 For all i 2 I+, Yi is closed and convex
and contains the origin in its interior. If (K;A) is an
observable pair and AK non-singular, Yi is a (convex,
compact) polytope for all i � n.

Proof: The �rst statement is obvious. The sec-
ond follows from the linear independence of KAi, i =
1; 2; : : : ; n.

This result does not necessarily hold if 
 is not bounded
(as it is for our problem). Let J1(�); Y1 and Z1 be
de�ned by

J1(x) := xTPx+ �R

1X
k=1

Æk(A
k�1x)2 (32)

Y1 := \1j=1Xj (33)

Z1 := fx j �knl(x) 2 Y1; k 2 Ig (34)

The function J1(�) is well de�ned if A is asymptotically
stable. The value function V 0

1
(�) for problem P1(�)

satis�es

V 0
1
(x) = J1(x); 8x 2 Z1 (35)

The set Z1 is a candidate for Xf , but for this use it
is necessary that it be �nitely determined. To establish
this we require:

Proposition 2 Assume A is asymptotically stable (i.e.
all of its eigenvalues lie in the open unit disc). Then Y1
is �nitely determined (Y1 = Yi1 for some integer i1),
and Y1 is a (compact, convex) polytope that contains
the origin in its interior.

Proof: The sequence f�ig is monotonically non-
decreasing. Because A is asymptotically stable, the se-
quence f�ig is bounded above and therefore converges
to �� < 1 so that �i 2 [1; ��] for all i 2 I+. Secondly
(following [3]), there exists a c1 2 IR+ such that the
induced norm jj �Kijj < c1 for all i 2 I

+. Let c2 < 1=c1
so that j �Kixj < 1 � �i (which implies x 2 Xi) for
all x 2 Bc2 , all i 2 I+. Hence Bc2 � Y1 so that
Y1 contains the origin in its interior. To show that
Y1 is �nitely determined, let c3 2 IR+ be such that
Yn � Bc3 . Clearly Y1 � Yn � Bc3 . There exists an
integer i1 � n such that the induced norm jj �Kijj < 1=c3
for all i � i1 and j �Kixj � (1=c3)jxj � 1 � �i for all
x 2 Bc3 , all i � i1; this implies Bc3 � \1i=i1Xi. Hence

Yn � \1i=i1Xi and Y1 = Yn \
�
\i1�1i=n Xi

�
\
�
\1i=i1Xi

�
=

Yn \
�
\i1�1i=n Xi

�
= Yi1 and Y1 is �nitely determined.

We also have

Proposition 3 Assume A is asymptotically stable.
Then: (i) The set Z1 is positively invariant for the
system x+ = �nl(x). (ii) Z1 � Y1. (iii) Z1 is com-
pact and contains the origin in its interior.

Proof: (i) This follows from the de�nition (34) of
Z1 if Z1 is not empty. Let c > 0 be such that the



level set L := fx j xTPx � cg � O1 \ Y1; since both
O1 [3] and Y1 contain the origin in their interiors and
since P > 0, such a c exists. Since �nl(x) = �Kx and
�nl(x) = AKx inO1, and since L is positively invariant
for x+ = AKx = �nl(x), it follows that L � Z1. But
L contains the origin in its interior (since P > 0). (ii)
From de�nition (34), x 2 Z1 implies x 2 Y1. (iii)
Since Y1 is compact and �nl(�) is continuous, each set
Wk := fx j �knl(x) 2 Y1g, k 2 I, is compact. Hence
Z1 is compact.

Proposition 4 Assume A is asymptotically stable.
Then there exist a �nite integer N1 such that

J1(x) = JN1(x) := xTPx+ �R

N1X
i=1

Æi(A
i�1x)2; (36)

for all x 2 Z1 � Yi1 .

Proof: Arguing as in the proof of Proposition 2 we
can establish the existence of a �nite integer N1 such
that jKAi�1xj � 1 � �i (which implies Æi(A

i�1x) = 0)
for all i � N1, all x 2 Yi1 .

For all j 2 I+, let Wj be de�ned by

Wj := fx j�inl(x) 2 Y1 for i = 1; 2; : : : ; j � 1

and �jnl(x) 2 Lg
(37)

where L is de�ned in the proof of Proposition 3.

Proposition 5 Assume A is asymptotically stable.
Then there exists an integer i2 such that Z1 = Wi2 ,
i.e. Z1 is �nitely determined.

Proof: (i) Let

maxfJN1(x) j x 2 Y1 = Yi1g = c1 <1

By (35) and proposition 4, V 0
1
(�) = J1(�) = JN1(�)

in Z1 so that there exists an c2 2 (0;1) such that
�

JN1(x; �nl(x)) = �`(x; �nl(x)) � �jxj2Q � �c2jxj
2, for

all x 2 Z1. There exists a c3 2 (0;1) such that
�

JN1(x; �nl(x)) � �c3, for all x 2 Z1 \ closure(Lc).
Hence for all x 2 Z1 there exists an integer i2 � c1=c3
such that �i2nl(x) 2 L. Hence x 2 Z1 implies x 2 Wi2 .
(ii) Suppose x 2 Wi2 so that �nl(x) 2 Y1 for i =
0; 1; : : : ; i2 � 1 and �i2nl 2 L. Since L is positively

invariant for x+ = �nl(x), �jnl(x) 2 L � Y1 for
j = i2; i2 + 1; i2 + 2; : : : . Hence x 2 Z1.

We now establish that O1 is a subset of Z1.

Proposition 6 O1 � Z1.

Proof: By de�nition Z1 is the maximal positively
invariant set in Y1 for the closed-loop system x+ =
�nl(x). The set O1 is also a positively invariant set for
x+ = �nl(x) (since �nl(�) = �`(�) in O1). It suÆces,
therefore, to establish that O1 � Y1. Since Y1 = Yi1
we need only prove O1 � Xi for i = 1; 2; : : : ; i1 � 1.
Assume, therefore, that x 2 O1, so that

jKAj
Kxj � 1; j 2 I (38)

For any i 2 I+

Ai
K = (A�BK)Ai�1

K = AAi�1
K �BKAi�1

K

= A(A�BK)Ai�2
K �BKAi�1

K

= A2Ai�2
K �ABKAi�2

K �BKAi�1
K

...

= Ai�1AK �

i�2X
j=0

AjBKAi�1�j
K

which implies

KAi�1AKx = KAi
Kx+

i�2X
j=0

KAjBKAi�1�j
K x (39)

From (38) and (39), we obtain the inequality

jKAi�1AKxj � 1 +

i�2X
j=0

jKAjBj = �i

This implies x 2 Xi for all i 2 I
+ yielding the desired

result.

Example 1 In this example, the relative size of the
sets O1, Y1 and Z1 is illustrated. Consider the sys-
tem x+ = Ax+Bu, y = Cx with

A =

�
1 0
0:4 1

�
; B =

�
0:4
0:08

�
; C =

�
0 1

�
;

which is the zero-order hold discretisation, with a sam-
pling period of 0:4 sec., of the double integrator _x1(t) =
u(t), _x2(t) = x1(t), y(t) = x2(t). In Eqs. (18)-(19) we
take: Q = I2�2 and R = 0:25. The matrix P and the
gain K were computed from (25)-(26).

In Figure 1 we show the sets: Y1, the maximal output
admissible set O1, and an ellipsoidal set E which is
positively invariant for x+ = �nl(x) (the derivation of
E can be found in [2]). In this example i1 = 7, so that
Y1 = Y7. An estimate of the set Z1 is given by:

O1 [ E � Z1 � Y1:

The trajectory of the closed-loop system with controller
�nl(x) = �sat(Kx) is also shown; this trajectory co-
incides with the optimal trajectory (Theorem 2). The
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Figure 1: Set boundaries for the example.

initial condition, x0 = [0.25 4.7]T , has been chosen so
that a better estimate of the size of Z1 can be inferred
from the simulated trajectory.

Notice that this example indicates that the assumption
that A is asymptotically stable (made for the results
of this paper) is not a necessary condition, and con-
sequently, the results hold more generally than formally
established here.

We can now state the main result of this paper.

Theorem 3 Assume A is asymptotically stable. Then
the triple (F (�);Xf ; �f (�)) where F (�) := J1(�) =
JN1(�), Xf := Z1 = Wi2 and �f (�) := �nl(�), satis-
�es conditions A1{A4.

Proof: (i) It is established above that Xf := Z1 is
closed and contains the origin in its interior, thus sat-
isfying A1.
(ii) �f (�) := �nl(�) satis�es A2 by de�nition.
(iii) That Xf := Z1 is positively invariant for the sys-
tem x+ = f(x; �f (x)) = �nl(x) is established above.
(iv) Because F (�) := J1(�) is the value function V 0

1
(�),

and �nl(�) the optimal control law, for the in�nite hori-
zon optimal control problem P1(�), it satis�es

�

F (x; �nl(x)) = �`(x; �nl(x))

for all x 2 Xf , thus satisfying A4.

4.4 Implementation

Since Z1 is not de�ned by linear inequalities and F (�)
is not quadratic, problem PN (�) with F (�) = JN1(�),
Xf = Z1 and �f (�) = �nl(�) is not a quadratic pro-
gram. Indeed it is not even necessarily a convex pro-
gram since there is no guarantee that Z1 is convex.

However, because Z1 is �nitely speci�ed, the variant
of model predictive control in which the terminal con-
straint is omitted from PN(�) and N is chosen (either
a priori or online) to ensure that the terminal con-
straint is satis�ed (despite its omission from PN (�)) is
easily implemented. The resultant problem is convex
because F (�) is convex and positive de�nite and may
be solved using convex programming or, indeed, con-
ventional non-linear programming (e.g., [7]).

5 Conclusions

We have shown how to obtain terminal ingredients
F (�);Xf ; �f (�) (for the optimal control problem em-
ployed in model predictive control) that ensure closed-
loop stability. The ingredients provide a larger termi-
nal constraint set than that provided by previous ap-
proaches thus facilitating online solution of the optimal
control problem. Examples show that the new con-
straint set Xf may be considerably larger than the out-
put admissible set O1 conventionally employed. The
main result, though proven only for the case of stable
systems, is believed to hold more generally.

References

[1] Chen, C.C. and L.Shaw (1982). \On receding horizon
feedback control". Automatica. 18:349-352.

[2] De Don�a, J.A. and G.C.Goodwin (1999). \Char-
acterisation of regions in which model predictive control
policies have a �nite dimensional parameterisation". Sub-
mitted to SIAM Journal on Control and Optimization.
(Available at: http://www.ee.newcastle.edu.au/reports
/reports_index.html; Report Number: EE99044.)

[3] Gilbert, E.G. and K.T.Tan (1991). \Linear systems
with state and control constraints: the theory and applica-
tion of maximal output admissible sets", IEEE Transactions

on Automatic Control, AC-36: 1008-1020.

[4] Jadbabaie, A., J.Yu and J.Hauser (1999). \Uncon-
strained receding horizon control of nonlinear systems".
IEEE Transactions on Automatic Control. Submitted.

[5] Keerthi, S.S. and E.G.Gilbert (1988). \Optimal, in�-
nite horizon feedback laws for a general class of constrained
discrete time systems: Stability and moving-horizon ap-
proximations", Journal of Optimization Theory and Appli-

cations, 57:265-293.

[6] Mayne, D.Q., J.B.Rawlings, C.V.Rao and
P.O.M.Scokaert (2000). \Constrained model predic-
tive control: Stability and optimality", Automatica 36, pp.
789{814.

[7] Polak, E. (1997). Optimization: Algorithms and Con-

sistent Approximations, Springer Verlag, New York.

[8] Scokaert, P.O.M. and J.B.Rawlings (1998). \Con-
strained linear quadratic regulation". IEEE Transactions on

Automatic Control. 43(8):1163-1169.


