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OPTIMIZATION PROBLEMS FOR STATIC PLANTS
UNDER UNCERTAINTY CONDITIONS

Tatjana V.Evtushenko

This paper deals with optimization problems of static plants under inter-
val uncertainty and its relationship with the solution of the linear interval

system of equations.

3AIAYM OIITUMUBALINN CTATUYECKUX
OB'BEKTOB B YCJIOBUAX HEOIIPEJIEJEHHOCTU

T.B.EBTymenxo

PaccMaTpUBAIOTCA 3allaUy ONTUMM3AINY CTATUUECKUX 06beKToB B
YCIJIOBUMAX MHTEPBAJIbHOM HeonpeAe/JeHHOCTH Y MX CBA3b C pelieHUneM
VMHTEepBAJIbHOM CUMCTeMbl JIMHeHHBIX YpaBHeHWiA.

When controlling economic systems and technological plants, the prob-
lem of finding an optimal solution is often arised. Evidently, the opti-
mization of any technological process (TP) has as its ultimate goal finding
the optimal solution, implemented as optimal control.

Let us assume that a multi-dimensional plant is described by the sys-

tem of equations:

where 3° is a column vector of (m x 1) input parameters of the plant;
z is a colurnn vector of (n x 1) input actions, A° = [a?)] is 2 matrix of
(m x n) unknown parameters of the plant.

For plants with high uncertainty level, when is known only that
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gpown plant parameters of; lie inside some given set: A° € Q2 the
dispersiou of parameters a?j, i =1,m, j = 1,n, can be evaluated at the
iclentiﬁca,tion step by interval models

y = Az, (2)

where A € Qo +{o; i < aZ-, i=1,m, j =1,n}is a set of ordered
intervals of model parameters.
When the models of form (2), defining the investigated system, are

obtained and the scalar function F (7') describing the optimality principle
of the system is defined, then finding an optimum reduces to the solution
of the non-interval conditional extremum problem

F(7) — min (3)

X

under the constrains of the form
Y= Az, A€ O, YE an (4)

where Q, : yr <y < y¥ is an ordered set of intervals of technological
constrains on the process.

In other words, the classical problem of the mathematical prograi-
ming (3)-(4) can be reduced to the solution of the non-interval problem

F(T) - min . (5)

where the set Q% is a set of “inner” solutions [1] of an interval linear

gystem of the form

Az=yr. (6)

The properties of the set (2%, such as convexity, connectivity, bound-
ness, are described in papers 2], [3], [4]. Under the condition that F (z")
is a convex function, problem (5) is a convex programming problem which
has an unique solution

T = arg min F(7T),
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such that F(T) > F(To), for all T € 2 such that T # Ig. That is, in
the optimization problem for the given objective function, the obtained
set Q% is considered as the set of admissible solutions, i.e., solutions for
which constraints of the form (4) are satisfied for every implementation

T € of an object [7].

Models (2) considered above can be thought to be a special case of
more general model, where the plant is given by an intervally-valued

function of vector argument 7 :
y° = A%(7), (8)

. . . —\ v : . .
where 7 is an input action vector, ¢(Z’) is a given collection of basic
functions, A® are unknown parameters of the objective function. There-
fore, the behaviour of an plant is expressable in the form

n ~ n
’é hd L 3 « > . _’ b . - o ot . —’
yi(T) + {92 min 3 aijpi(T) Sy < max 3 aijo;(T) o (9)
1=1 g=1
where i = 1,m and Q, is a convex set of model plant parameters.

In this case for the solution of an unconditional optimization problem
with the quadratic criterion of the formn

!

TC% — min, (10)

r

where oq is an interval, « is an interval vector, C' is an interval matrix.
we propose an approach based on necessary existence conditions of an
extremum of the given function is proposed.

The solution is defined as values of variables 2, that guarantec the
minimum to a given quadratic function (10), i.e., such that for all T E
Q,, there exists C € Q¢, o € Q, for which the condition

2CF + @ =0 Y

that is necessary for a minimum is satisfied.

That is, the optimization problem of a technological process with re-
spect to an interval model of form (10) is formally reduced to the soluation

Ol

of the systerr
right-hand si

By a solutio:
account the s

Basic featt
2], (3], [6] an

For sets of
tween elermen
presence of th

In this cas
the following

Q;r b Q;,, 1.

The condit;
mnany engineel
equal to 0 bec:
Perature, mat.
this condition
gorithms for ¢
Unconditional

1. Neumaier, A.
algebra and
2. Kalmykov, S
analysis. Nav

3. Hansen. E. {
E. (ed.) “Top
York, 1969.

4 Shaydurev. V

Inf -operat. mw
USSR Acader
< Bochkov. A,
rates under u
{in R ussian).

T



. That is, i
the obtained
solutions for
lementation

ecial case of
vally-valued

(8)

ion of basic
sion. There-

). (9)

aters.

on problem

(10)

val matrix,
tions of an

wrantee the
or all @ €

Ss wWith re-
10 solution

Y

OPTIMIZATION PROBLEMS OF STATIC PLANTS ... 73

of the system of linear equations with interval coefficients and an interval

right-haud side A
—2C7 =7¢. (12)

By a solution we mean the set of “external” solutions [3] taking into
account the symmetry condition of the interval matrix C is the solution.

Basic features of the set of “external” solutions are described in papers
2], [3], [6] and others.
For sets of “external” solutions in the absence of the relationship be-

eween elements of different rows of the matrix of coefficients 2, and in the
presence of this relationship Q, the following inclusion is hold: Q, C Q7.

In this case the equivalence condition of these sets can be written in
the following form:

Q, =, if signz; ="+ or signz; =" —"foralli, i=1,n. (13)

The condition imposed on the sign of input values is not too severe. In
many engineering problems, the parameters values z; are greater than or
equal to 0 because of some physical reasons, e.g., pressure, flow rate, tem-
perature, material flow, etc., are always non-negative parameters. When
this condition is valid there is a possibility to use previously developed al-
gorithms for constructing sets of “external” solutions and thus solving an
unconditional optimization problem with the interval quadratic criterion.
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