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ABSTRACT. The problem of the construction of an object functioning in the regime of optimum performance at
the design stage is reduced to the solution of the problem of multicriterion optimization, where the quality criteria
are chosen to be its most essential characteristics (parameters). At the same time in all methods of multicriterion
optimization the vector quality criterion is considered basically in the linear Euclidean space. Actually, in most
cases, the criterion space is non-Euclidean - it is curved. Therefore, such setting cannot give results adequately
reflecting the processes running in real systems.

In order for the design system to really satisfy the optimality requirements the authors of the given paper offer
an absolutely new approach to the solution of the problems of multicriterion optimization based on the definition of
the quality criteria space and on finding an invariant corresponding to the distance between any two points of that
space.

The idea of the study of the metric properties of the quality criteria space and their use in solving problems of
optimization was offered in the work [1]. But that idea, due to its complexity, has not been completely realized until
now. When solving such problems the quality criteria space was automatically identified with the Euclidean space
with corresponding metrics. In the general case this couldn’t give results adequately reflecting the processes
occurring in real systems.

In the present paper metric properties of space criteria are studied for the first time, using as the main
instrument the mathematical apparatus of tensor analysis, Riemannian geometry, differential equations in partial
derivatives etc. Boundary problems relative to the components of the metric tensor of the n-dimensional space of the
phenomenon states enabling to determine its metric properties are posed. The knowledge of the metric tensor
furthers the objective appraisal of the phenomenon state and the definition of the optimal state. © 2009 Bull. Georg.
Natl. Acad. Sci.

Key words: multicriterion optimization, non-Euclidean space of criteria, metric properties, tensor analysis, Ri-
emannian geometry, differential equations in partial derivatives, boundary problem.

Introduction. In our daily life we very often estimate the states of different phenomena taking place around us.
These phenomena can be: physical, biological, economic, social, etc. In the proposed paper the notion of a phenom-
enon is elementary, and it is not to be determined by more elementary notions.

The phenomena observed by us are characterized by definite parameters pk (k=1,2,...,n). Such parameters can
assume continuous or discrete values (a case of continuous parameters is considered below). Geometrically, in the n-
dimensional space, to the change of these parameters corresponds some finite or infinite domain Vn- a domain of
states. The form of the limiting hypersurface S of that domain completely depends on the essence of the observed
phenomenon and on the limits of change of the characteristic parameters pk (k=1,2,...,n).
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The choice of the characteristic parameters pk (k=1,2,...,n) represents a nontrivial problem; they can be determined
only by highly qualified and experienced specialists in the corresponding field. For example, when estimating the
colour, such parameters can be the intensities of separate constituent components of colour - red, green and yellow,
and when estimating the quality of alloys - concentrations of separate constituents of the alloy, etc.

Henceforth we suppose that the system of characteristic parameters for that phenomenon is complete. The
complete system of parameters pk (k=1,2,...,n) should satisfy two conditions:

1. They unambiguously characterize the given phenomenon; to each separate state of the phenomenon corre-
spond definite particular values of these parameters, and vice versa;

2. The parameters are independent, i.e. the following inequality takes place:

( )1 2, ,..., 0nF p p p ≠ , (1)

where F is a certain function.

In other respects, the choice of these parameters is random. If ˆ kp  (k=1,2,...,n) is another complete system of

characteristic parameters, then between pk and ˆ kp  (k=1,2,...,n) there should exist a functional unique connection

( )1 2ˆ , ,...,k k np f p p p=  (k=1,2,...,n). (2)

Due to the unambiguousness of the functional dependence (2) the condition
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is true. The equality (2) is called a transformation of characteristic parameters. We shall give an example.
As is well known, any colour can be realized by mixing three rainbow colours, e.g. red, green and yellow. The

corresponding parameters p1, p2 and p3 indicate quotas of these colours in the total colour. If orange, blue and violet

colours are used in the colour realization, then to the total colour will correspond other parameters 1p̂ , 2p̂  and 3p̂

unambiguously dependent on p1, p2 and p3.
To one certain state of the observed phenomenon correspond certain values of the parameters pk (k=1,2,...,n), i.e.

one definite point in the domain Vn of the n-dimensional space of the state corresponds to it. Generally speaking, the
n-dimensional space of the state is curved. Some line of such space represents a system of points, whose coordinates
(k=1,2,...,n) depend on one scalar parameter t

( )k kp p t= . (4)

There can be an infinite number of lines between two points 1
kp  and 2

kp  (k=1,2,...,n). The space between these

points is determined by the length of the shortest arch between 1
kp  and 2

kp  (k=1,2,...,n). The line to which corre-

sponds the shortest arch is usually called a geodesic line [2].
The m-dimensional hypersurface of the n-dimensional (m < n) space represents a set of points, the coordinates of

which are determined by the equalities
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( )1 2, ,...,k k mp p t t t=   ( )2 1m n≤ ≤ − , (5)

where 1 2, , ..., mt t t  are some parameters.

The study of all metric questions of the geometry of an n-dimensional space is reduced to the construction of the
metric tensor of space [2-4].

1. Criteria of estimation of the phenomenon state. The state of phenomena taking place around us in itself is of
no value; the estimation of the phenomenon state is a purely subjective notion. In the process of estimating the
phenomenon state the following points are of decisive importance:

1. knowledge of the complete system of characteristic parameters;
2. knowledge of the criterion of the observed phenomenon state estimate.
It may occur that with the given values of the parameters pk (k=1,2,...,n) the value of one parameter positively

characterizes the phenomenon under consideration and the value of the other parameter - negatively (positivity and
negativity are estimated from the viewpoint of the subject). For example:

1. The study of a student is estimated by marks in different subjects pk (k=1,2,...,n). Here n is the number of
subjects. Let us assume that the progress of a student in mathematics is estimated by the parameter p1, and in history
- by the parameter p2. If p1=5 and p2=2 in the 5-point marks system, then it is evident that the value of the parameter
p1 positively characterizes the progress and the value of the parameter p2 - negatively.

2. In a democratic society public matters are solved with the assistance of members of society. Among all the
parameters characterizing the process of solving a certain public matter let us choose some: p1 - the number of
members of society taking part in solving the given problem; p2 - the number of  members of society having one vote
each; p3 - the number of  members of society having two votes each, and so on. If the state of the phenomenon under
consideration is characterized by the following values of these parameters: p1=N, where N is the number of the
population of the country whose age is over 16, p2=N, p3=p4=...=0, then the value of the parameter p1 positively
characterizes the phenomenon under consideration, and the values of the parameter p2, p3,…- negatively, since,
according to the value of the parameters p2, p3,... all members of society are equitable subjects independently of their
abilities, merits and other characteristics. An analogous circumstance takes  place in such phenomena as the protec-
tion of human rights, lawsuits, etc.

If a perfect objective method of estimating the phenomenon state is lacking, in most cases the estimate of the
phenomenon state is carried out either by positive characteristics, or by negative ones; in one case positive estimates
are taken into account, and in another - negative. The question why that occurs in such a way is beyond the scope
of the present work. Actually such differentiation of views and lack of the criterion in estimating the phenomenon
state cause a conflict between opposite sides.

The noted differentiation does not always take place. For example, in case of the colour analysis all the param-
eters p1, p2 and p3 are of equal rights.

The objective estimate of the phenomenon state should concurrently take into account both positive and nega-
tive characteristics of that phenomenon.

The phenomenon state estimate can be carried out by introducing a numerical feature of the states’ distinction,
i.e. by introducing a distance between different states. In the Riemannian geometry [2] the distance between two
points of the n-dimensional space is determined by the n-dimensional symmetric tensor of the second rank gik, gik=gki

(i,k =1,2,...,n). The components of that metric tensor represent functions of the parameters pk (k=1,2,...,n).
Let pk and pk +dpk (k=1,2,...,n) be two infinitesimal closely approximated states of the phenomenon under consid-

eration. Here dpk (k=1,2,...,n) are arbitrary infinitesimals. Then the distance dl between these states of the phenomenon
under consideration equals [2-4]:

i k
ikdl e g dp dp= . (6)

(If the upper and the lower indices are repeated, then the summation from 1 to n is carried out by that index. In (6) the

summation is fulfilled by the indices i  and k,  in  particular, 
21 1 2

11 122i k
ikg dp dp g dp g dp dp= + +

21 3
132 n

nng dp dp g dp+ + +" )
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Here

1, 0,

1, 0.

i k
ik

i k
ik

if g dp dp
e

if g dp dp

⎧ ≥⎪= ⎨
− <⎪⎩

If the increments dpk (k=1,2,...,n) of the parameters pk (k=1,2,...,n) are carried out along a certain line pk=pk(t)
(k=1,2,...,n), then

( )1,2,...,k kdp p dt k n= =� ,

where 
k

k dp
p

dt
=�   (k=1,2,...,n). Then (6) is as follows

i k
ikdl e g p p dt= � � . (7)

Besides, if a line (4) runs between two points

( )1 1
k kp p t=  and ( )2 2

k kp p t=  (k=1,2,...,n),

the finite length of the line arch between these points equals [2]:

2

1

t

i k
ik

t

l e g p p dt= ∫ � � . (8)

If such line is geodesic, then l is minimal and thus represents the distance between the considered points, i.e.

characterizes the degree of distinction between the two states 1
kp  and  2

kp  (k=1,2,...,n) of the phenomenon under

consideration.
Equations of the geodesic line are determined especially from the principle of minimum of the functional (8). As is

well known, the system of differential equations of the geodesic line is as follows [2-4]:

2

2 0k k i j k
ij

d l dl
p p p p

dtdt

⎛ ⎞
+ Γ + =⎜ ⎟⎝ ⎠

�� � � �   (k=1,2,...,n). (9)

Here

( )
2

2
1, 2,...,

k
k d p

p k n
dt

= =�� .

Besides

( )1
, , 1,2,...,

2
jr ijk kr ir

i j j i r

g gg
g i j k n

p p p

∂ ∂⎛ ⎞∂
Γ = + − =⎜ ⎟∂ ∂ ∂⎝ ⎠

. (10)

k
i jΓ  are denoted by the Kristoffel symbols of the second type [2-4]. From (10) it is evident that

k k
i j jiΓ = Γ , (11)

( )ln
, , 1, 2,...,k

ki i

g
i j k n

p

∂
Γ = =

∂
, (12)

where g is a determinant composed of the elements of the metric tensor
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If we use the arch length t as a parameter, i.e. if t = l then the system (9) will be simplified, and will be as follows:

0k k i j
i jp p p+ Γ =�� � �   (k=1,2,...,n). (14)

In that case, according to (7) we have

1i k
i keg p p =� � . (15)

That equality represents the first integral of the system of differential equations (14) can be directly proved [3,4].
Thus, if the metrics of the n-dimensional states space of the considered phenomenon is known, then by solving

the system of differential equations (14) in the corresponding boundary conditions

( ) ( ) ( )0 1 00 , 1,2,...,k k k kp p p p l k n= = =

we shall determine the geodesic line pk=pk(l) running through the points 0
kp  and 1

kp  (k=1,2,...,n) (here l is counted

out from the first point 0
kp  (k=1,2,...,n)). Substituting the functions pk=pk(l) in (15), and assuming that l=l0 we shall get

the equation relative to l0, by the solution of which the arch length of the geodesic line between the points 0
kp  and

1
kp  is determined, i.e. the measure of discrepancy between the two states 0

kp  and 1
kp  of the considered phenomenon

is determined.
In some cases among the states of the observed phenomenon, in the view of the researcher, there exists the best

state 0
kp  (k=1,2,...,n). The best state (we shall designate it “ideal”) can be practically realizable and practically

unrealizable (utopian). In the first case the point ( )1 2
0 0 0 0, ,..., nM p p p  belongs to the domain nV , i.e.

( )1 2
0 0 0 0, ,..., n

nM p p p V∈ , and in the second case it lies out of the domain nV ,  i.e. ( )1 2
0 0 0 0, ,..., n

nM p p p V∉ . For example:

1. In the process of the student’s study the best state is the state under which all 0
kp  (k=1,2,...,n) equal five, i.e.

0
kp =5 (k=1,2,...,n). That best state is practically realizable, i.e. ( )0 5,5,...,5 nM V∈ ;

2. Communism, being one of the best states of the social phenomenon (social order), is a utopian state. No social
order can satisfy all desires of the people, since life itself is a tireless competition among people. In that case the point

0M , corresponding to the best state, lies out of the domain nV .

Criteria of the state estimate. Estimate of the given state pk (k=1,2,...,n) of the phenomenon under consideration
is determined by the distance between the “ideal” and the given states, i.e. by the distance in the n-dimensional

states space between the two points 0
kp  and pk (k=1,2,...,n) corresponding to both the “ideal”  state and the given

state.
In the case of the phenomena when the estimation of the phenomenon state is not required as it is, for example,

for colour, the space (distinction) between two arbitrary states of the observed phenomenon can be determined on the
basis of the above-cited method.

The estimation of the phenomenon state allows to choose from the set of several states 1 2, ,...,k k k
Np p p  (k=1,2,...,n)

the best one among that great number. To the best state among all the states corresponds the least distance to the

“ideal” state 0
kp  (k=1,2,...,n), i.e.

( )0 0,1 0,2 0,min , ,..., Nl l l l= . (16)
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Remark 1. The assessment criterion of the state can be formed proceeding from the worst state of the phenom-

enon under consideration. Here the parameters 0
kp  (k=1,2,...,n) characterize the worst state of the phenomenon.

Remark 2. When forming the characteristic parameters pk (k=1,2,...,n) of the phenomenon under consideration
some parameters, especially those having integral character, can be formed while using the above indicated criterion
of the phenomenon state estimate.

2. The system of differential equations relative to the components of the metric tensor. It was noted that the
method of the state estimation of some phenomenon is completely based on using the metric tensor of space of the
phenomenon states. Here we shall try to give the most general method of forming a system of differential equations
and corresponding boundary conditions, by the solution of which separate components of the metric tensor in
different particular cases can be determined. The essence of that method is taken from Einstein’s relativistic theory of
the gravitational field [6]. At the same time, we shall try to prove axiomatically the problem posed in the given section.

Axiom 1. The system of differential equations relative to the components of the metric tensor of  space of the
states of the phenomenon under consideration should be of the second order relative to the derivatives of these
components by the variables pk (k=1,2,...,n) .

Axiom 2. The system of differential equations relative to the components of the metric tensor of the space should
be invariant relative to the choice of the complete characteristic parameters pk (k=1,2,...,n)  of the phenomenon under
consideration, i.e. it should be invariant relative to the transformation (2).

Axiom 3. The solutions of the system of differential equations relative to the components of the metric tensor of
space of the phenomenon states represent minimizing functions of some invariant (relative to the transformation (2))

functional 

nV

L dp∫ , i.e.

0

nV

L dpδ =∫ , (17)

where 11 12
11 12, ,..., ; , ,...,

nn
nn k k k

gg g
L L g g g

p p p

∂⎛ ⎞∂ ∂
= ⎜ ⎟∂ ∂ ∂⎝ ⎠

 is some invariant function of the components of the metric tensor

and their partial derivatives of the first order by the variables pk (k=1,2,...,n), and dp is the element of the volume of the
n-dimensional space of the phenomenon states.

From these three axioms it is evident that the procedure of forming the system of differential equations of the
indicated type is reduced to forming the function L and the elementary volume dp of the n-dimensional space under
consideration. The formation of L and dp, for its part, is closely connected with the main issues of the Riemannian
geometry. We shall quote the statement of such problems without proofs within the framework of that work.

The curvature tensor (the Riemannian tensor) of the n-dimensional curved space with the metric tensor gij

(k=1,2,...,n) is as follows [2-4]:

( ), , , 1, 2,...,
k k
i l i jk p k p k

i j l i l p j i j p lj lR = i j k l n
p p

∂Γ ∂Γ
− + Γ Γ − Γ Γ =

∂ ∂
. (18)

From it we can form a lower order tensor - Levy-Chivit tensor:

( ), 1,2,...,
k k
i k i jk p k p k

i j i j k i k p j i j p kj k
R = R i j n

p p

∂Γ ∂Γ
= − + Γ Γ −Γ Γ =
∂ ∂ (19)

and a scalar curvature:

k k
i k i ji j k i j p k p k

i j k i k p j i j p kj k
R = g R = g

p p

⎛ ⎞∂Γ ∂Γ
− + Γ Γ −Γ Γ⎜ ⎟∂ ∂⎝ ⎠

. (20)
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From the expression (20) it is evident that it contains the components of the metric tensor and their derivatives of
the first and second orders, but it contains the derivatives of the second order as a summand of a divergence type.
Taking into account that for the n-dimensional space under consideration other invariant values of L type don’t exist,
and the circumstance that in the expression L the summand of a divergence type does not affect the formation of the
Euler-Lagrange differential equations [5], we shall determine L by the equality:

L=R. (21)

Let us introduce antisymmetric symbols 
1 2 ... ni i iε  on all indices [4] for determining the volume element dp of the n-

dimensional space of the phenomenon state. If two arbitrary indices are equal, then the corresponding symbol equals

zero. We equate the symbol 1,2,...,nε  with the unit 1,2,...,nε =1, then the nonzero elements are determined by the following

equalities:

( )
( )1 2

1 2
...

1 2

1, , ,..., ,

1, , ,..., .n

n
i i i

n

if p i i i even number

if p i i i odd number
ε

⎧ −⎪= ⎨
− −⎪⎩

Here ( )1 2, ,..., np i i i  is the number of permutations necessary for reducing the sequence of numbers 1 2, ,..., ni i i  to

the sequence 1,2,...,n. By the definition of the determinant formed from the number aik (i,k = 1,2,...,n) it is evident that

( )1 2 1 21 2

1 2

1,1 1,2 1,

2,1 2,2 2,
, ,...,

...

,1 ,2 ,

...

...
( 1)

........................

...

n kk k nn

n

n

n
ii i p k k k

i i i

n n n n

a a a

a a a
a a a

a a a

ε = −" , (22)

when all the numbers 1 2, ,..., nk k k  differ from each other, and otherwise the given expression equals zero.

The symbols 
1 2 ... ni i iε  don’t constitute a tensor. The tensor is a set of values [4]:

1 2 1 2... ...n ni i i i i ie g ε= . (23)

Let us introduce the following n linear-independent vectors

1 2, , ,k k k
ndp dp dpi i i… .

The lower indices indicate vector numbers. They represent numbers of the vectors' components, therefore they
are designated by dots.

According to (22) it is evident that

1 2

1 2

1 2
1 1 1

1 2
2 2 2

... 1 2

1 2

...

...

........................

...

n

n

n

n
i i i

i i i n

n
n n n

dp dp dp

dp dp dp
dp e dp dp dp g

dp dp dp

= =

i i i

i i i
ii i

i i i

… . (24)

From the last expression it is evident that it represents an invariant element of the volume of the n-dimensional
space of the phenomenon states under consideration [4]. When using this equality, we can carry out the reduction of
the volumetric integral from the value of the divergence type to the surface integral.

Let us consider the integral
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( ) ( )
1 2

1 2 ... 1 2
1

n

n

n n

k k

i i i
i i i nk k

V V

g A g A
dp dp dp dp

p pg
ε

∂ ∂
=

∂ ∂∫ ∫ ii i … , (25)

where Ak (k=1,2,...,n) is a certain vector depending on the variables pk (k=1,2,...,n). For calculating the first summand in
the right part of that equality we assume that

1 1
1dp dp=i ,  2 3

1 1 1 0ndp dp dp= = = =i i i" ,

and 32
2 3, , , nii i

ndp dp dp ii i …  are arbitrary infinitely small vectors, whose values on the hypersurface S of the n–1 dimen-

sion, bounding the domain Vn we designate by 32
2 3, , , ni ii

S S n Sdp dp dpi i i… ,  i.e.

3 32 2
2 2 3 3, , , nni i ii i i

nS S n Sdp dp dp dp dp dp= = =ii i i i i…  on S. At that, the vectors 32
2 3, , , ni ii

S S n Sdp dp dpi i i…  completely lie on S (the

tangent vectors to S). Then the first summand in the right part of the equality (25) will be as follows:

( )
32 2

2 2

1

1 1
1, ... 1, ...2 2 31

nn

n n

n

i ii ii
i i n i i S S n S

V S

g A
e dp dp dp A g dp dp dp

p
ε

∂
=

∂∫ ∫ii i i i… … .

By analogy, if we assume that 1
1 0dp =i , 2 2

1dp dp=i , 3 4
1 1 1 0ndp dp dp= = = =i i i" , then for the second summand

in the right part of the equality (25) we get:

( )
3 32 2

2 2

2

2 2
2, ... 2, ...2 3 2 32

nn

n n

n

i i ii ii
i i n i i S S n S

V S

g A
dp dp dp dp A g dp dp dp

p
ε ε

∂
=

∂∫ ∫ii i i i i… … .

Proceeding with this process, the equality (25) will assume the following form:

( )
32

2 ... 2 3
1

n

n

n

k

i iik
k i i S S n Sk

V S

g A
dp A g dp dp dp

pg
ε

∂
=

∂∫ ∫ i i i… . (26)

The last equation establishes the connection between volumetric and surface integrals.
Let us introduce the designations:

( )32

2 ... 2 3 1, 2,...,n

n

i ii
k k i i S S n SdS g dp dp dp k nε= =i i i… . (27)

Taking into account that 32
2 3

ni ii
S S n Sdp dp dpi i i…  is a contravariant tensor of the n–1 order, then it is evident that

according to (23) dSk (k=1,2,...,n) represents a covariant vector. It is called a dual vector of the tensor

32
2 3

ni ii
S S n Sdp dp dpi i i… . From the vector structure dSk (k=1,2,...,n) it is evident that it is orthogonal to all vectors

32
2 3, , , ni ii

S S n Sdp dp dpi i i… , i.e.

2 3 0k k k
S k S k n S kdp dS dp dS dp dS= = = =i i i" .

In these expressions we have:

( )1

n

k

k
kk

V S

g A
dp A dS

pg

∂
=

∂∫ ∫ . (28)

Here we don’t give a detailed elucidation of these questions. Those wishing can refer to [2,4].
For the aim of extracting the summand of the divergence type from the expression R, let us transform and rewrite

it as follows:
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( ) ( ) ( ) ( )1 1
i j

i j k p k k p k i j p k p k
j i p i j j i p i j i k p j i j p kk k

g g
R = g g - g

p pg g

∂∂ ⎡ ⎤δ Γ − Γ δ Γ − Γ + Γ Γ − Γ Γ⎣ ⎦∂ ∂
. (29)

Here k
iδ  is the Kroneker symbol (the mixed tensor of the second order):

1, ,

0, .
k
i

at i k

at i k
δ

=⎧
= ⎨ ≠⎩

From this expression of the scalar curvature R it is obvious that the first summand in the right part, looking like
a divergence, contains the second derivatives of the components of the metric tensor gik (k=1,2,...,n) from the vari-
ables pk (k=1,2,...,n), and the remaining summands contain only the first derivatives.

For convenient recording we shall use the following designations:

( )k i j k p k
j i p i jA g= δ Γ −Γ ,

( ) ( ) ( )1* k p k ij ij p k p k
j i p i j i k p j ij p kk

L = g g g
pg

∂
− δ Γ − Γ + Γ Γ −Γ Γ

∂ . (30)

Then, according to (20), we have

( )
*1

k

k

g A
L = L

pg

∂
+

∂
. (31)

So, according to (17) and (24), we should minimize the following functional:

1 2 1 2

1 2 1 2

*
... ...1 2 1 2

1
n n

n n

n n

k
i i i ii i

i i i n i i i nk
V V

g A
I e dp dp dp L e dp dp dp

pg

∂
= +

∂∫ ∫i ii i i i… … . (32)

From the condition δI=0 we have

( ) ( )
1 2

1 2

*

... 1 2
n

n

n

i i ik
i i i nk

V
k

g L
g A g dp dp dp

gp

p

αβ
αβ

δ δ ε

⎡ ⎤
⎢ ⎥∂∂ ⎢ ⎥+ +⎢ ⎥∂⎛ ⎞∂ ⎢ ⎥∂ ⎜ ⎟⎢ ⎥∂⎝ ⎠⎣ ⎦

∫ ii i…

( ) ( )
1 2

1 2

* *

... 1 2 0n

n

n

i i i
i i i nk

V
k

g L g L
g dp dp dp

gg p

p

αβ
αβαβ

δ ε

⎡ ⎤⎛ ⎞
⎢ ⎥⎜ ⎟∂ ∂∂⎢ ⎥⎜ ⎟+ − =⎢ ⎥⎜ ⎟∂∂ ⎛ ⎞∂⎢ ⎥⎜ ⎟∂ ⎜ ⎟⎜ ⎟⎢ ⎥∂⎝ ⎠⎝ ⎠⎣ ⎦

∫ ii i… . (33)

Here the summation from 1 to n is carried out by the indices k, α, β . The integrand of the first summand in the
left part of that equality looks like a divergence, therefore, according to (28) the latter equality will be as follows:
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( ) *
k

k

S
k

L
g A g g dS

g

p

αβ
αβ

δ δ

⎡ ⎤
⎢ ⎥

∂⎢ ⎥+ +⎢ ⎥∂⎛ ⎞⎢ ⎥∂ ⎜ ⎟⎢ ⎥∂⎝ ⎠⎣ ⎦

∫

( ) ( )
1 2

1 2

* *

... 1 2 0n

n

n

i i i
i i i nk

V
k

g L g L
g dp dp dp

gg p

p

αβ
αβαβ

δ ε

⎡ ⎤⎛ ⎞
⎢ ⎥⎜ ⎟∂ ∂∂⎢ ⎥⎜ ⎟+ − =⎢ ⎥⎜ ⎟∂∂ ⎛ ⎞∂⎢ ⎥⎜ ⎟∂ ⎜ ⎟⎜ ⎟⎢ ⎥∂⎝ ⎠⎝ ⎠⎣ ⎦

∫ ii i… . (34)

The second integral in the left part of this equality covers the n-dimensional domain Vn, and the first  –  the
bounding domain Vn of the hypersurface n–1 of the dimension S, therefore

( ) ( )
1 2

1 2

* *

... 1 2 0n

n

n

i i i
i i i nk

V
k

g L g L
g dp dp dp

gg p

p

αβ
αβαβ

δ ε

⎡ ⎤⎛ ⎞
⎢ ⎥⎜ ⎟∂ ∂∂⎢ ⎥⎜ ⎟− =⎢ ⎥⎜ ⎟∂∂ ⎛ ⎞∂⎢ ⎥⎜ ⎟∂ ⎜ ⎟⎜ ⎟⎢ ⎥∂⎝ ⎠⎝ ⎠⎣ ⎦

∫ ii i… ,

( ) *

0k
k

S
k

L
g A g g dS

g

p

αβ
αβ

δ δ

⎡ ⎤
⎢ ⎥

∂⎢ ⎥+ =⎢ ⎥∂⎛ ⎞⎢ ⎥∂ ⎜ ⎟⎢ ⎥∂⎝ ⎠⎣ ⎦

∫ . (35)

From the first equation of that system we have:

( ) ( ) ( )
* *

0 , 1,2,...,
k

i j i j
k

g L g L
i j n

g gp

p

⎛ ⎞
⎜ ⎟∂ ∂∂ ⎜ ⎟ − = =⎜ ⎟∂ ∂⎛ ⎞∂
⎜ ⎟∂ ⎜ ⎟⎜ ⎟∂⎝ ⎠⎝ ⎠

. (36)

If here we substitute the value L* from (30), then after some transformation we shall finally get

( )1
0 , 1,2,...,

2ij i jR g R i j n− = = . (37)

The expression (37) represents a system of differential equations of the second order relative to the required

components of the metric tensor i jg  ( ), 1,2,...,i j n= . The system can be simplified. To this end we shall multiply it

by gij and sum over indices i and j from one to n, and we shall get R=0. So (37) will become:

R
ij 
= 0 ( ), 1,2,...,i j n=  in V. (38)

Thus, (37) and (38) are equivalent systems of differential equations relative to i jg  ( ), 1,2,...,i j n= .

The second equality of the system (35) contains various boundary conditions, and the components of the metric
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tensor on the hypersurface S should satisfy them. That equality requires special analysis.
3. Boundary conditions relative to the metric tensor components. In the left part of the second equality of the

system (35) the integrand contains the arbitrary functions gαβδ  ( ), 1,2,...,nα β =  and their partial derivatives relative

to the variables pk (k=1,2,...,n) defined on the hypersurface S. The derivatives 
( )

k

g

p

αβδ∂

∂
 ( ), 1,2,...,nα β =  partially

depend on ( )gαβδ  ( ), 1,2,...,nα β = , and partially on other arbitrary functions. In order to explain this functional

dependence we shall introduce internal coordinates 1 2 1, , , nq q q −…  on the hyperspace S. Corresponding coordinate

lines belong to S, analogously to the case of the Euclidean space of three dimensions, where on the  spherical surface
are used geographic coordinates (internal coordinates) ϑ  and ϕ , which with the Cartesian coordinates are connected
by the equalities:

sin cos , sin sin ,

cos , 0 , 0 2 .

x R y R

z R

ϑ ϕ ϑ ϕ
ϑ ϑ π ϕ π

= =
= ≤ ≤ ≤ ≤ (39)

Here R is a spherical surface radius. Meridians and parallels are coordinate lines.
Let us represent the hypersurface S by the parametric equations

( ) ( )1 2 1, , , 1,2,...,k k np p q q q k n−= =… . (40)

It is evident that

( )1,2,..., ; 1,2,..., 1
k

k
l l

p
k n l n

q
τ ∂= = = −

∂
i i (41)

for every fixed value of the index l are components of the tangent vector lτ i
G

 of the l-th coordinate line lying on S.

Since the functions ( )gαβδ  ( ), 1,2,...,nα β =  are defined on S, it is impossible to define derivatives of those func-

tions by the directions issuing from S. By such values of the functions under consideration derivatives by tangent
directions of the surface S can be determined, in particular, by the directions defined by the equalities of (41)

( ) ( ), 1, 2,..., ; 1, 2,..., 1
l

g
n l n

αβδ
α β

τ
∂

= = −
∂ i

,

i.e.

( ) ( ) ( ), 1, 2,..., ; 1, 2,..., 1
k

k l
l

g gp
n l n

p q

αβ αβδ δ
α β

τ
∂ ∂∂⋅ = = = −

∂∂ ∂
i

i
. (42)

For every fixed value of the indices α and β (42) represents a linear system consisting of n–1 equations relative

to unknown 
( )

k

g

p

αβδ∂

∂
 (k=1,2,...,n), the number of which equals n. We assume that internal coordinate lines are

nowhere tangent with each other, i.e. the matrix rank of the system (42), 
k

l

p

q

∂

∂
i , is equal to n–1. In such conditions the

solution of the system (42) relative to 
( )

k

g

p

αβδ∂

∂
 (k=1,2,...,n) for each fixed value of the indices α, β is ambiguously
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determined. For a unique determination of the sought unknowns we should also know the derivative of the function

gαβδ  by some direction deriving from the surface S. If lk (k=1,2,...,n) is a unit contravariant vector ( )1i j
i jg l l =  not

lying on S (issuing from S), the condition

1 2

1 2

1 1 1

1 1 1

0

n

n

n n n

n n n

l l l

p p p

q q q

p p p

q q q− − −

∂ ∂ ∂
∂ ∂ ∂ ≠

∂ ∂ ∂
∂ ∂ ∂

…

"

"""""""""

"

. (43)

should take place. The derivative in the line of this vector equals

( ) ( )k
k

g g
l

lp

αβ αβδ δ∂ ∂
=

∂∂
. (44)

The right part of this equality is independent of the values gαβδ  on S and represents an arbitrary function. The

solution of the system consisting of (42) and (44), taking into account (43), uniquely defines the derivatives 
( )

k

g

p

αβδ∂

∂

( ), , 1,2,...,k nα β =  depending on the arbitrary functions gαβδ  and 
( )g

l

αβδ∂

∂
 ( ), 1,2,...,nα β = , the number of which

equals n(n+1).

In the first place let us consider the case when the arbitrary functions gαβδ  and 
( )g

l

αβδ∂

∂
 ( ), 1,2,...,nα β =  are

not bounded by additional conditions. In this case the second equality of the system (35) is satisfied automatically if

( )

,

, , 1, 2,..., .

S

S

g the given function

g
the given function n

l

αβ

αβ α β

⎧
⎪⎪
⎨ ∂

=⎪
∂⎪⎩

(45)

Really, at that

0gαβδ = ,  
( )

0
g

l

αβδ∂
=

∂
 on S  ( ), 1,2,..., nα β = (46)

and the homogeneous system implying (42) and (44), in accordance with the condition (43) has only a trivial solution

( )
0

k

g

p

αβδ∂
=

∂
 on S  ( ), , 1,2,...,k nα β = . (47)

Therefore, from (46) and (47) the validity of the second equality of the system (35) is evident.
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(38) and (45) form the following boundary problem relative to the components of the metric tensor gαβ

( ), 1,2,..., nα β = : to find in the V domain a regular solution (in the sense of the existence of the required order

derivatives) of the system of differential equations (38) relative to unknown gαβ  ( ), 1,2,..., nα β = , satisfying bound-

ary conditions (45).
In accordance with the results of the theory of differential equations of mathematical physics [6] the problem in

the estimation theory most likely can be used in the case of open surfaces S (in case of infinite domains).
Depending on concrete additional conditions relative to the arbitrary functions

gαβδ  and  
( )g

l

αβδ∂

∂
 ( ), 1,2,...,nα β = , (48)

from the second equation of the system (35) we shall get corresponding boundary conditions relative to the compo-

nents of the metric tensor gαβ  ( ), 1,2,..., nα β = . Here we shall consider one of such additional conditions, in

particular, we shall assume that the arbitrary functions (48) satisfy the following  nonholonomic additional conditions:

( )
,

1
0

2
pk k p

p
g g g g gαβ α β

αβδ⎛ ⎞− =⎜ ⎟⎝ ⎠
  ( )1,2,...,k n= , (49)

where

( ) ( ) ( ) ( )
,

l l
l p lpp

g
g g g

p

αβ
αβ αβ β β α

δ
δ δ δ

∂
= − Γ −Γ

∂
 ( ), , 1,2,...,p nα β = (50)

represent a covariant derivative of the tensor gαβδ . ( )
, p

gαβδ  is a covariant tensor of the third order. The conditions

(49) do not limit the degree of freedom of the arbitrary functions gαβδ  ( ), 1,2,..., nα β =  since the total amount of the

arbitrary functions (48) equals n(n+1), and the number of the boundary conditions (49) equals n, at that n(n+1)>n. The

degree of freedom of the arbitrary functions (48) n(n+1)–n=n2 is not less than 
( )1

2

n n +
.

Moreover, the conditions (49) are invariant, they keep their image in all systems of complete parameters pk

(k=1,2,...,n), i.e. they change their image when transforming

( )1 2, , ,k k np p p p p=′ ′ …   (k=1,2,...,n). (51)

This is evident from the fact that 
1

2
pk k pg g g gαβ α β−  ( ), , , 1,2,...,k p nα β =  is a contravariant tensor of the fourth

order, and ( )
, p

gαβδ  ( ), , 1,2,...,p nα β =  is a contravariant tensor of the third order. The left part of the condition (49)

represents  the composition and the convolution of tensors.
Taking into account the value Ak (k=1,2,...,n) (30) it is easy to show that
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( )

( )

1

2

1
0 .

2

k
k

S
k

k p k p
k

S
k

k p k p
kk

S

L
g A g g dS

g

p

L
g g g g g g g dS

g p

p

g
g g g g g dS

p

αβ
αβ

αβ α β
αβ

αβ

αβαβ α β

δ δ

δ

δ

⎡ ⎤
⎢ ⎥

∂⎢ ⎥+ =⎢ ⎥∂⎛ ⎞⎢ ⎥∂ ⎜ ⎟⎢ ⎥∂⎝ ⎠⎣ ⎦
⎧ ⎫
⎪ ⎪

⎡ ⎤∂ ∂ ⎛ ⎞⎪ ⎪= − − −⎨ ⎬⎜ ⎟⎢ ⎥⎝ ⎠∂ ∂⎛ ⎞ ⎣ ⎦⎪ ⎪∂ ⎜ ⎟⎪ ⎪∂⎝ ⎠⎩ ⎭

∂⎛ ⎞− − =⎜ ⎟⎝ ⎠ ∂

∫

∫

∫

i

i
(52)

Let us multiply (49) by kg dS , sum by index k from one to n, and integrate the received equality by S. Then

we shall get

( )
,

1
0

2
k p k p

kp
S

g g g g g g dSαβ α β
αβδ⎛ ⎞− =⎜ ⎟⎝ ⎠∫ . (53)

The sum of the equalities (52) and (53) gives

1

2
k p k p

p
S

k

L
g g g g g g

g p

p

αβ α β

αβ

⎧
⎡ ⎤∂ ∂ ⎛ ⎞⎪ − − −⎨ ⎜ ⎟⎢ ⎥⎝ ⎠∂⎛ ⎞ ∂ ⎣ ⎦⎪ ∂⎩ ⎜ ⎟∂⎝ ⎠

∫
i

1 1
0

2 2
k p l kl p k p l k pl

lp klpg g g g g g g g g g dSββ β α α α
αβδ

⎫
⎡ ⎤⎛ ⎞ ⎛ ⎞ ⎪− − Γ + − Γ =⎬⎜ ⎟ ⎜ ⎟⎢ ⎥⎝ ⎠ ⎝ ⎠⎣ ⎦ ⎪

⎭

. (54)

That equality is fulfilled automatically if:

1) all gαβ  ( ), 1,2,..., nα β =  are given functions on the surface S -

( ), 1, 2,...,
S

g the given function nαβ α β = (55)

(at that 0
S

gαβδ =  ( ), 1,2,..., nα β =  and (54) is true), or

2)                             
1 1

2
k p k p

k

L
g g g g g

g g

p

αβ α β

αβ

⎧
⎡ ⎤∂ ⎛ ⎞⎪ − − −⎨ ⎜ ⎟⎢ ⎥⎝ ⎠∂⎛ ⎞ ⎣ ⎦⎪ ∂⎩ ⎜ ⎟∂⎝ ⎠

i

1 1
0

2 2
k p l k l p k p l k pl

l p kl pg g g g g g g g nββ β α α α
⎫

⎛ ⎞ ⎛ ⎞ ⎪− − Γ − − Γ =⎬⎜ ⎟ ⎜ ⎟⎝ ⎠ ⎝ ⎠ ⎪
⎭

, (56)
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where

k
k

dS
n

dS
=   ( )1,2,...,k n= (57)

is a unit covariant normal vector to the hypersurface S, and

pq
p qdS g dS dS=  – (58)

is an elementary area of the hypersurface S.
Using the boundary conditions (55) and (56) we can pose the following boundary problems:

1) To find a regular solution of the system of differential equations (38) relative to the unknown functions gαβ

( ), 1,2,..., nα β = , satisfying the boundary conditions of (55) in the domain V.

2) To find a regular solution of the system of differential equations of (38) relative to the unknown functions gαβ

( ), 1,2,..., nα β = , satisfying the boundary conditions of (56) in the domain V.

Using other limiting conditions relative to the arbitrary functions of (48) we can build other boundary conditions

which satisfy the functions gαβ  ( ), 1,2,..., nα β =  on the hypersurface, and pose corresponding boundary problems.

informatika

xarisxis kriteriumTa sivrcis metrikuli Tvisebebis
gamokvleva mravalkriteriuli optimizaciis amocanebis
amoxsnis SemTxvevaSi

m. saluqvaZe*, r. gogsaZe**, n. jiblaZe**

* akademikosi, a. eliaSvilis marTvis sistemebis instituti, Tbilisi
** a. eliaSvilis marTvis sistemebis instituti, Tbilisi

maTematikuri TvalsazrisiT, optimalur reJimSi funqcionirebadi realuri obieqtis
daproeqtebis problema daiyvaneba mravalkriteriuli optimizaciis amocanis amoxsnaze, sadac
xarisxis kriteriumebad misi ZiriTadi maxasiaTeblebi (parametrebi) SeirCeva. amasTan,
mravalkriteriuli optimizaciis dReisaTvis arsebul yvela meTodSi xarisxis veqtoruli
kriteriumi, ZiriTadad, ganixileba evklides wrfiv sivrceSi. realurad, umravles SemTxvevaSi,
kriteriumTa sivrce araevkliduria – igi gamrudebulia. amitom mravalkriteriuli optimizaciis
amocanebis gadawyveta evklides sivrceSi ar iZleva Sedegebs, romlebic adekvaturad asaxavs
realur sistemebSi mimdinare procesebs.

imisaTvis, rom dasaproeqtebeli obieqti optimalur moTxovnebs realurad akmayofilebdes,
avtorebis mier SemoTavazebulia mravalkriteriuli optimizaciis amocanebis amoxsnis sruliad
axali midgoma, romelic efuZneba xarisxis kriteriumTa sivrcis metrikis gansazRvrasa da am
sivrcis nebismier or wertils Soris manZilis Sesabamisi invariantis moZebnas.
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xarisxis kriteriumTa sivrcis metrikuli Tvisebebis gamokvlevisa da mravalkriteriuli
optimizaciis amocanebis gadawyvetis procesSi maTi gamoyenebis idea pirvelad SemoTavazebul iqna
naSromSi [1], magram aRniSnuli idea, Tavisi sirTulis gamo, dRemde srulad ver iqna realizebuli.
msgavsi amocanebis gadawyvetis dros xarisxis kriteriumTa sivrce avtomaturad gaigivebulia
Sesabamisi metrikis evklides wrfiv sivrcesTan, rac, Tavis mxriv, ver uzrunvelyofs realur
sistemebSi mimdinare procesebis adekvaturobas.

winamdebare naSromSi xarisxis kriteriumTa sivrcis metrikuli Tvisebebi pirveladaa
gamokvleuli, risTvisac gamoyenebulia tenzoruli analizis, rimanis geometriis, kerZowarmo-
ebuliani diferencialuri gantolebebisa da sxvaTa maTematikuri aparati. dasmulia sasazRvro
amocanebi movlenis mdgomareobis n-ganzomilebiani sivrcis metrikuli tenzoris komponentebis
mimarT, romlebic misi Tvisebebis gansazRvris saSualebas iZleva. metrikuli tenzoris codna
uzrunvelyofs movlenis mdgomareobis obieqtur Sefasebasa da optimaluri mdgomareobis
gansazRvras.
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