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APPLICATION OF NEURAL NETWORK TO SHAPE
OPTIMIZATION PROBLEM

In the present paper we consider shape optimizairoblem and reduce it to the integer
programming by discretization of the original prebi. This formulation of the
considered problem allows applying the neural neksdor its solving.
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1. Introduction

Identification of non-linear systems is an impotttask for model based control,
system design, simulation, prediction and faulgdasis. For investigating this kind of
guestion or problem, we can use neural networksrekbent years artificial neural
networks have gained a wide attention in contrgliaptions. It is the ability of the
artificial neural networks to model non-linear st that can be the most readily
exploited in the synthesis of non-linear contralleArtificial neural networks have been
used to formulate a variety of control strategie<?].

In present paper, we consider minimization of tfemdin dependant integral
functional. But since such type problems are shape optimizapooblems, their
investigation is connected with some mathematidéicdities [3—7]. This difficulty is
related mainly to the mathematical definition of trariation of the domain characterized
by its boundary variation. The new approach intosdlin [5-7] tends to avoid these
difficulties. It consists of representing a conwvdamain by its support function. The
variation of the domain then is naturally replatgdthe variation of the corresponding
support function. In the numerical simulation presa@fter each iteration we get not only
a set of boundary points, but also a support fonctThe domain is reconstructed as a
sub-differential of its support function at the pod [8]. We see this technique allowed to
solve such type problems when the considered dam@aaconvex. But, convexity of the
domains is a very hard condition from the practmaiht of view. Therefore, in order to
solve this problem we reduce it to the integer progning problem by its discretization.
We applied aneural network for solving thiateger programming problem

2. Statement of the problem

By K we denote a set of domaimsir?. K may be determined for example, by
fixing the area, the length of the boundary or hg telationp, Db 0 Db, and etc. Here

D,,D, O R* are the given domains. Suppose that there existstangleQ such that if
DUK, thenDOQ. We consider the following functional

J(D) = j f (x)dx (1)

Here, f (x) is a function continuous oQ. If f(x)=1, xOQ, thenJ(D) = mesD.
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Let it be required to minimize the functional @) the se . For solving of this
problem we discretize the rectang{e with respect to uniform small stefp>0. We

denote the obtained lattice lgy .
3. Discretization and solving of the problem
Itis clear that in this case we can oppmseachD 0 Q its discrete analog® [ Q,

lattice. By d,,i=1m, j=1m, we denote the square of the lattiQe corresponding to

the ith row and j th column. Herem andm, are the numbers of vertical and horizontal
partition points, respectively. Now, we discretibe functional (1).

We denote
1 xtdD
Ho(X) = .
o0 {QXDD
Then, it is clear that
J(D):If(wHD(mdx. (2)
Q
We introduce the following denotation
NN
22104, 00
Then we can discretize functional (2) as follows
m m
Q) =h*>"> £7(Q) 3)

i=1 j=1
Here, f; are the values of the functioi(x) at any point of the squarg 0Q,. In
this case, we can give the discrete analogy ofdktiction QU K, . For example, if the

sectionK is a set of domains whose area equal the nurmpéren its discrete analogy
consists of the set of lattic&® satisfying the condition

m m c
2.2.%(Q e 4)(
i=1 j=1

Here we’ll assume that is such a step that the numtmth—c2 is natural. In the

same way, the other restrictions also may be writighe discrete form. For definiteness,
suppose that the restricitidf is as mesD=c.

Thus, the problem on minimization of functional ftpvidedD OK is reduced to integer
programming problem

ii fz,(Q) - min (5)
¥z =0 6) (
z, {01} (7)

To solve the integer programming problem (5) —W#) can use the MATLAB
program packets. Assume that we have solved prof@¢m (7) and found the variables

z,,i=1m, j=1m,. Then the approximately solved latticeis defined as follows:

48 www.jpit.az



Informasiya texnologiyalari problesni, Ne2, 2010

Q={d;:z, =Li=1m,j=1m,} (8)

Reduction of minimization of domain dependent tioral (1) to problem (5)-(7)
allows to apply the artificial neural network tdwethis problem. It is seen, having given
the m xm, dimensional matrix = (f,), i=1m, j=1m,, we get the matriZ = (z) as
a solution of problem (5) — (7). In the solutionprbblem (5) — (7) matriZ changes due
to change of the matri¥ . So the latticeo giving minimum to functional (1) also
changes.

Using this fact we give the scheme of majlon of the artificial neural network to
solve the problem on minimization of functional.(1)

1. The problem on minimization of functional providé@d1K (1) is reduced to integer
programming problem (5) — (7).

2. Having solved problem (5)—(7) foN number matrices F =(f"),F, =(f?),...,

Fy = (") we find the matriceg, = (z),Z,=(Z),.... Zy, =(z}') .

3. We must create such an artificial neural netwowrt ih could associate the output
matrices Z,,7,,...,Z, to input matricesF,F,,...,F,. Assume that the artificial
neural network corresponding to these input anduwiuhas been established.
Denote this artificial neural network kgy(N) .

4. Assume that our aim it is find the matr&=(z) being the solution of problem
(5)-(7) according to the given matrix = (f;), i =1,m_, j=1m,. For that we give
the matrix- =(f,) as input variables of the constructed artificiaural network

C(N). As an output variable this latticg(N) will give us a new matrixZ =(z) .

We’'ll accept this matrix as an approximate solutdproblem (5)-(7).
5. The latticeQ corresponding to the matrix = (z) is established by formula (8).

Notice that the establishment of the lattice cqroesling to the matrix may be
realized by the application of the artificial nelunetwork. Notice that as the numbr
of the input matrices increases, the exactness @paroximate solution determined by
the artificial neural network will be also improved
Now, using this scheme, we solve problem (1) omesanodel example and
analyze the obtained results.
2 2
lﬁﬁ+%—l. In this case solution of the problem (1) is elép

with axesa=4, b=2. Applying the considered algorithm, we obtain N%fi§urel)and
N=25 (figure 2).

Thus, applying a neural network we can solve thapshoptimization problem
approximately and as seen this solution is clogbda@xact solution.

Example Let f(X)=

www.jpit.az 49



Informasiya texnologiyalari probleari, Ne2, 2010

25

25 —
2 4 /;*_\ ] 2t - = o—
f = g =W
15 ¥ %, Ty, 1 15¢ [P [
7 e / NN
ol # B N A 1 R
/ & \ ' / X
osff / \ 0sh \ \.‘
o of N y of \ \,
05 ““,\ | ;!- -05 >\\\ i ‘/A
| X /// 48 At \\ y/
NOY e v
15 S 57 1 EE13
% SRS e ol
25 . : . 25 - : : . . . .
-4 3 -2 1 0 1 2 3 -4 3 -2 1 0 1 2 3 4
x1 x1
Figure 1.N=15 Figure. N=2¢

4. Conclusion

Using new approach shape optimization problem reduc integer programmir

problem. This allowed applyinneural networks to solve the problem. We consid
some model examples which show the effectivenesisegbroposed approa
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Formaya gore optimallasma masslasinae neyron sabakanin tatbiqi

Mogabds optimal formanin tapilmasi smlasino baxilir w mosolo diskretbsdirilarok
tam qiymotli optimallasma mvsolasine gatirilir. M asolonin beb goyulusu onun hllina
neyronsobakoanin totbigina imkan verir.

Acar sozbr: forma optimallama, suni neyronsabokolar, aproksimasiya sweoriyyasi,
sobakanin 6ymdilmasi.
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IIpumMeHeHUe HEHMPOHHOM CETH K 3a/1aUe ONTUMU3ALMH 110 popme

B nacrosiieit pabote paccMaTpuBaeTCsl 3ajada HaXOKJICHUS ONTUMAIbHOW (QOpMBI, U
OHa C JMCKPETU3ALMEN CBOJUTCS K 3a/ade LEIOYUCIEHHOTO IporpaMmmMupoBanus. Takoi
MOJXO/I MO3BOJISIET NPUMEHUTh HEUPOHHBIE CETH ISl PELIEHUS] IOCTABIIEHHOM 3a/1a4H.
Knwouegwvle cnosa. onmumuzayus ¢opmul, UCKYCCMBEHHblE HEUpPOHHble Cemu, Meopusl
annpokcumayuu, ooyueHue cemel.
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