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Abstract:

The essential feature of the dynamic-programming
approach is the structuring of optimization
problems into multiple stages, which are solved
sequentially one stage at a time. Although each
one-stage problem is solved as an ordinary
optimization problem, its solution helps to define
the characteristics of the next one-stage problem in
the sequence. Often, the stages represent different
time periods in the problem’s planning horizon.
For example, the problem of determining the level
of inventory of a single commodity can be stated as
a dynamic program. There are many cases in
practical applications where the variables of
optimization are not continuous. Some or all of the
variables must be selected from a list of integer or
discrete values.

Keywords:  General problems in  design,
mathematical functions, GA.

Introduction

The famous naturalist Charles Darwin
defined natural selection or survival of the
fittest in his book (Darwin, 1929) as the
preservation of favourable individual
differences and variations, and the
destruction of those that are injurious. In
nature, individuals have to adapt to their
environment in order to survive in a
process called evolution, in which those
features that make an individual more
suitable to compete are preserved when it
reproduces, and those features that make it
weaker are eliminated. Such features are
controlled by units called genes, which
form sets known as chromosomes. Over
subsequent generations not only the fittest
individuals survive, but also their genes

which are transmitted to their descendants
during the sexual recombination process,
which is called crossover.

A review of the methods for discrete
variable  optimization was recently
presented by Bremicker et al. (1990),
Vanderplaats and Thanedar (1991) and
Arora et al. (1994). Several algorithms for
discrete  optimization problems were
developed, among them branch and bound
method, penalty function approach,
rounding—off, cutting plane, simulated
annealing, genetic algorithms, neural
networks, and Lagrangian relaxation
methods. It is observed that some of the
methods for discrete variable optimization
use the structure of the problem to speed
up the search for the discrete solution. This
class of methods is not suitable for
implementation into a general purpose
application (Arora et al., 1994). The
branch and bound method, simulated
annealing, and genetic algorithm are the
most used methods. Herein, the literature
review will be focused on these methods in
the following sections.

Objectives

1. To check the developments in functional
mathematics with genetic algorithm based.

2. To find out the scope and need of
integral mathematics and GA in present
era.

Literature Review:
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Various researches have proposed different
methods for shape optimization. Bletzinger
[21 22] proposed inverse technique for
form finding of shell structures. Authors
such as Bennet and Botkin [23],
Rasmussen [24], Kimmich and Ramm
[25], Braibant and Fleury [26] developed
computer aided optimum design tools for
plane stress/strain problems. A good
introduction into shape optimization
problems can be found in Gotsis [27],
Botkin  [28], Zolesio [29], Ramm,
Bletzinger and Kimmich [30].

From the mathematical point of view, two
representations of variables - continuous
and discrete ones can be found within the
shape optimization area. The first
contributions to the analysis and theory of
shape  optimization of  continuum
structureswas by  Zienkiewicz  and
Campobell

A multi-criteria optimization approach was
utilized to select the optimal values of the
design variables that minimize the
maximum amplitude of vibration, sound
intensity level and weight of rings, as well
as the total cost of the structure.

Many of the researchers dealt with the
structural shape optimization with different
objectives and behaviour and geometric
constraints and much literature is available
on shape optimization. To the author’s
knowledge, probably no attempted is made
to optimize the mathematical inverse
models. Recently author has carried out
such investigations. The optimum shapes
of deflection free inverse shell models for
different objectives are investigated for
various support conditions is investigated
and the examples are presented. Besides
the inverse models optimum shape were
found for cylindrical shells with three

support conditions and prismatic shells i.e
box girder sections for bridges which are
straight and curved in plan

These different problems may require
different solution techniques, and solutions
may be of very different natures.
Bendshe,Diaz and Kikuchil25 applied the
technique to obtain dynamically stiff
structure. These problems were treated
based on the OC algorithm.

Optimization techiniques:

General formulation, that models questions
in terms of

e Decision variables: values under
our control, “knobs” that we can
change

e Constraints: restrict the values the
decision variables can take

e Possibly, objective function(s),
whose value we try to optimize

“Typical” form: minimize fO (x 1, ..., X
n)stfi(x1,...,xn)<01=1,...,m
The nature of variables xi and constraints
fi can be quite diverse: Variables may
represent individual values, or sets, or
functions, Constraints may be
deterministic, stochastic, logical,

Linear programming (LP)

A well-known and important case, where
both the objective and constraints are

affine functions minimize ¢ T x s.t. Ax <b
[156]

Well-developed, mature theory Algebraic
and geometry aspects are well understood
Many applications (e.g., flux balance
analysis)
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Efficiently solvable, both combinatorial
(simplex) and continuous (interior-point)
algorithms

Mathematical programming:

This is a synonym for finite-dimensional
optimization. Its usage predates “computer
programming,” which actually arose from
attempts at solving optimization problems
on early computers. “Programming,” in the
sense of optimization, survives in problem
classifications such as linear programming,
quadratic programming, convex
programming, integer programming, and
so forth. [7 10 11] When treating design
optimization problems of topology type
emanating from other physical domains
than linear elasticity, natural analogies of
compliance have been used. An almost
complete analogy is found in problems
based on Poisson’s equation, such as heat
flow and Darcy flow [12]. In Stokes flow
problems compliance type objectives have
also been used [9, 13, 14 15, 20].
However, a surprising property of these
formulations is that black and white
designs appear without the need for
penalizations such as that of SIMP. The
effect is similar to the self-penalization
property reported in, e.g., Wein et al. [16].
An optimization formulation for naturally
discrete state problems such as pipe flow
has also been formulated using an
objective of compliance type [17].
Contrary to truss optimization problems,
this formulation does not result in a
convex problem. Another area where
compliance-like design objectives have
been used is that of maximum degradation
or damage of a load-carrying structure [2,
3, 4]. However, in these problems the
objective is to maximizing compliance
instead of minimizing it. It also turns out

that, similarly to the self-penalization
property of Darcy flow problems, certain
parameterizations of damage results in
purely black and white solutions. The
present paper gives a unified theory that
covers all of these design problems from
different physical domains and in the
process gives a clear explanation for the
self-penalization property.[18]

A vector of design variables & ,which
belongs to a bounded, closed and convex
set A, is introduced. The constitutive
matrix is taken to depend on the design in
a specified manner, i.e., C = C(§). It is
assumed that C(§) is positive definite for
all & € A. However, as indicated in Section
2.1, an extension to the more general case
of a positive semi-definite C(§) is of
interest and indicated for some particular
examples in the following subsections.
The objective functions of the dual
optimization problems now become
functions of the design and we write I1(x,
¢) and II* (y, &). As an objective for our
design optimization we take the value
given, i.e., our design objective function is

¢(6) = max x {~TI(x, &)} =min y {II * (y,
Q) :ATy=1f}.(

itisshownthat $(§)=12e TO y(&) + 12
fTx(9),

where y(&) and x(§) are solutions of (3) for
a given design § € A. This expression for
0(§) is used for interpreting its physical
meaning in particular cases.

By direct calculations we may also find
other expressions for

0E): 9 =-12y TC-1y& +fT
x(€) = 1 2 (Ax(&) — €0) T C(AX(E) — e0) +
e T 0y(d),
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which shows that if f is zero, then ¢(§) is
always non-positive and if e0 is zero, then
d(&) is always non-negative. Since both of
the design goals of maximizing or
minimizing ¢(§) can be of interest in
different situations we investigate two
different design problems:

(Pmin-¢) min EEA ¢(&) and (Pmax-¢) max
CEA ¢(8).

Methodological issues and caveats:

Optimization formulations are great
(whenever they work), but their successful
application is not always straightforward.

e An optimization approach is only
as good as its formulation. Even if
mathematically correct, could be
nearly useless.

e Often many equivalent
formulations exist, that differ
substantially in efficiency and
solvability. (Moderate) expertise is
needed to choose appropriate
descriptions.

e Optimization methods only know
what they are told. All relevant
features of the desired solution
must be part of the model, either
implicitly or explicitly
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Sufficient condition for optimization
Conclusion:

Optimization techniques have many
applications in bioengineering Requires
careful thought at modeling time, no
“black box” (yet!?) Methods have enabled
many new applications Mathematical
structure must be exploited for reliability
and efficiency. The present paper achieves
such structure by extending to the domain
of design optimization the general model
of linear physical theories of Tonti. By
using state problem functionals in
formulating objective functions, properties
of convexity and concavity becomes
apparent and we are given concrete
guidance to which parameterizations
produces a particular property.

References:

1. W. Achtziger and M.P. Bendsge, Design
for maximal flexibility as a simple
computational model of  damage,
Structural and Multidisciplinary
Optimization, 10, 258-268, 1995.

2. W. Achtziger, M.P. Bendsge and J.E.
Taylor, Bounds on the effect of
progressive  structural  degradation,

Anveshana’s International Journal of Research in Engineering and Applied Sciences
EMAILID:anveshanaindia@gmail. QQ WEBSITE www.anveshanaindia.com


mailto:anveshanaindia@gmail.com
http://www.anveshanaindia.com/

RERF

AIJREAS

VOLUME 3, ISSUE 2 (2018, FEB)

(ISSN-2455-6300)ONLINE

Anveshana’s International Journal of Research in Engineering and Applied Sciences

10.

11.

12.

13.

Journal of Mechanics and Physics of
Solids, 46(6), 1055-1087, 1998.
W. Achtziger, M.P. Bendsge and J.E.

Taylor, An optimization problem for
predicting the maximal effect of
degradation of mechanical structures,

SIAM Journal of Optimization, 10(4), 982-
998, 2000.

M. Bendsge and O. Sigmund, Topology
Optimization, Theory, Methods and
Applications, Springer 2002.

A. Ben-Tal and M. Bendsge, A new
method for optimal truss topology design,
SIAM Journal of Optimization, 3(2), 322-
358, 1993.

J.F. Besseling, Finite element methods,
Trends in Solid mechanics, J.F. Besseling,
van der Heijden (eds.), Sijthoff and
Noordhoff 1979, 53-57.

T. Borrvall, Topology optimization of
elastic continua using restriction, Archives
of Computational Methods in Engineering,
8(4), 351-385, 2001.

T. Borrvall and J. Petersson, Topology
optimization of fluids in Stokes flow,
International Journal for Numerical
Methods in Fluids, 41, 77-107, 2003.

T. Borrvall, A. Klarbring, J. Petersson, B.
Torstenfelt and M. Karlsson, Topology
optimization in fluids, Proceedings of the
Fifth World Congress on Computational
Mechanics (WCCM V), July 7-12, 2002,
Vienna, Austria, H.A. Mang, F.G.
Rammerstorfer, J. Eberhardsteiner (Eds.)
P.W. Christensen and A. Klarbring, An
Introduction to Structural Optimization,
Springer 2009.

F.H. Clarke, Optimization and Nonsmooth
Analysis, Wiley, New York 1983. [13]
R.W. Cottle, J-S. Pang and R.E. Stone,
The Linear Complementarity Problem,
Academic Press, Boston 1992.

A. Donoso and O. Sigmund, Topology
optimization of multiple physics problems
modelled by Poisson’s equation, Latin

American  Journal of Solids and
Structures, 1(2), 169-189, 2004.
W.S. Dorn, Duality in quadratic

programming, Quarterly of Applied
Mathematics, 18(2), 155-162, 1960.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

I. Ekeland, R. Temam, Convex Analysis
and Variational Problems, NorthHolland
Publ. Company, Amsterdam-Oxford 1976.
H. Fredricson, T. Johansen, A. Klarbring
and J. Petersson, Topology optimization of
frame structures with flexible joints,
Structural and Multidisciplinary
Optimization, 25, 199214, 2003.

A. Gersborg-Hansen, O. Sigmund and
R.B. Haber, Topology optimization of
channel flow problems, Structural and
Multidisciplinary ~ Optimization, 30,
181192, 2005.

A. Gersborg-Hansen, M.P. Bendsge and
O. Sigmund, Topology optimization of
heat conduction problems using the finite
volume method, Structural and
Multidisciplinary  Optimization, 31(4),
251-259,, 2006.

J.K. Guest and J.H. Prevost, Topology
optimization of creeping fluid flows using
a DarcyStokes finite element,
International  Journal for Numerical
Methods in Enginering, 66, 461484, 2006.
JK. Guest, JH. Prevost and T.
Belytschko, Achiving minimim lenght scale
in topology optimization using nodal
design variables and projection functions,
International  Journal of Numerical
Methods in Engineering, 61(2), 238-254,
2004.

W.S.  Hemp, Optimum
Clarendon Press, Oxford 1973.
J.-B. Hiriart-Urrity and C. Lemar echal,

Structures,

Convex Analysis and Minimization
Algorithms I, Springer-Verlag, Berlin
1993

A. Klarbring, Quadratic programs in
frictionless contact problems,
International Journal of Engineering

Science, 24(7), 1207-1217, 1986.

A. Klarbring, J. Petersson and M.
R"onngvist, Truss Topology Optimization
Involving Unilateral Contact, Journal of
Optimization Theory and Applications,
87(1), 1-31, 1995.

A. Klarbring, J. Petersson, B. Torstenfelt
and M. Karlsson, Topology optimization
of flow networks, Computer Methods in
Applied Mechanics and Engineering, 192,
3909-3932, 2003.

Anveshana’s Internatlonal Journal of Research in Engineering and Applied Sciences
m,WEBSITE:www.anveshanaindia.com

EMAILID: naindi mail.

218


mailto:anveshanaindia@gmail.com
http://www.anveshanaindia.com/

L AlJREAS VOLUME 3, ISSUE 2 (2018, FEB) (ISSN-2455-6300)ONLINE
RERF Anveshana’s International Journal of Research in Engineering and Applied Sciences

25. A. Klarbring and N. Stromberg, A note on
the min-max formulation of stiffness
optimization including non-zero
prescribed displacements, Structural and
Multidisciplinary ~ Optimization, 45(1),
147-149, 2012.

26. A. Klarbring and N. Str'omberg Topology
optimization of hyperelastic bodies
including non-zero prescribed
displacements, Structural and
Multidisciplinary Optimization, 47(1), 37-
48, 2013.

27. D.G. Luenberger, Introduction to Linear
and Nonlinear Programming, Addison-
Wesley, Massachusetts 1973.

28. Z. Luo, N. Zhang, Y. Wang and W. Gao,
Topology optimization of structures using
meshless density variable approximants,
International  Journal for Numerical
Methods in Engineering, 93, 443464,
2013.

29. J.T. Oden and J.N. Reddy, On dual-
complementary variational principles in
mathematical  physics, International
Journal of Engineering Science, 12, 1-29,
1974,

30. J.T. Oden and J.N. Reddy, Variational
methods in  theoretical mechanics,
Springer-verlag, Berlin 1983.

Anveshana’s Internatlonal Journal of Research in Engineering and Applied Sciences
EMAILID: paindi mail, WEBSITE www.anveshanaindia.com


mailto:anveshanaindia@gmail.com
http://www.anveshanaindia.com/

