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a  b  s  t  r  a  c  t

We  describe  a partial  enumeration  (PE)  method  for  fast computation  of  a suboptimal  solution  to linear
MPC  problems  [1]  with  robust  stability  properties.  Given  that  the  suboptimal  PE-based  control  law  is
non-unique  (that  is, a set-valued  map)  and (possibly)  discontinuous,  we  treat  the  closed-loop  system,
appropriately  augmented,  as  a difference  inclusion.  We  derive  novel  robust  exponential  stability  results
for  difference  inclusions  of this  type.  In particular  we show  that Strong Robust  Exponential  Stability  (SRES)
holds,  for any sufficiently  small  but  otherwise  arbitrary  perturbation.  Such  approach  allows  us  to show
SRES  of the  closed-loop  system  under  PE-based  MPC.  Application  to a  simulated  open-loop  unstable  CSTR
with  separation  unit  and  recycle  is  presented  to show  performance  and  timing  results  for  PE-based  MPC,
as  well  as  to  highlight  its  robustness  to process/model  mismatch,  disturbances  and  measurement  noise.
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1. Introduction

During the past decade, significant research activity in Model
Predictive Control (MPC) has been devoted to the implementation
of efficient methods for solving the associated constrained opti-
mal control problem, which in the case of linear systems subject
to linear constraints and quadratic performance function can be
cast as a quadratic program (QP). Several methods rely exclusively
on efficient on-line calculations [2–5], whereas explicit control law
methods [6–9] move the most expensive calculations offline, lim-
iting the online computations to a table lookup involving simple
matrix/vector multiplications and inequality checks. Because of the
exponential explosion of the number of table entries required as a
function of the problem size (number of inputs, states, and con-
straints), explicit methods are limited to small systems. A method
that can be considered in the middle ground between explicit
methods and online optimization is partial enumeration [1,10], in
which a table (with entries equivalent to those of explicit meth-
ods) of fixed size is scanned online to find the optimal control
input. If none of the entries is optimal, a quick suboptimal input
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is computed, and the table is updated to include the new optimal
entry for future decision times. (The least-recently used optimal
entry is discarded if necessary to make room in the table). In
this way, as time goes on, the table adapts to new operating
conditions and contains only the entries that are currently most
likely to be optimal. There have been other proposals to com-
bine online optimization with explicit methods; see for example
[11,12].

The objective of this paper is to revise the partial enumera-
tion (PE) approach and to make appropriate modifications with
the goal of showing its inherent robust stability. To this end,
we derive novel results for inherent robust stability of difference
inclusions of the type that arise with suboptimal MPC, in gen-
eral, and partial enumeration MPC, in particular. The rest of this
paper is organized as follows. In Section 2 we  revise the PE-MPC
method. In Section 3, we derive from scratch novel robust stability
results and apply such results to PE-MPC. A simulated application
to the control of an unstable CSTR with separation and recycle
is presented in Section 5, conclusions are drawn in Section 6,
and additional derivations and proofs are reported in Appendix
A.

Notation. Given a vector x ∈ R
n, |x| denotes the 2-norm;

given a sequence of vectors xk := {x(j)}k−1
j=0 , we define ||xk|| :=

sup
j=0,1,...,k−1

|x(j)|. The superscript′ indicates the transpose oper-

ator, B denotes the closed unit ball, B := {x ∈ R
n, |x| ≤ 1}, I≥0

indicates the set of nonnegative integers; and the symbols I
and 0 indicate the identity and zero matrices of appropriate
dimensions.
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