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be tried. OSimplex is a strong optimization tool and can be applied to
several design situations.

For multistage ncnlinear functions, parametric or otherwlse,
dynamic programming often solves the problem by reducing the multi-
variable problem into a series of sequential single variable problems,
The calculations are usually lengthly znd hence computer memory increases
exponentially with the number of variables. The method, however, is
reliable and car be applied in both ordinary and variational problems.
Pontryagin's maximum principle in its special digitized form can be
successfully utilised to reduce the dynamic progracming defect of
rise in computer memory capacity. Uowever, this gives rise to a
cumulative error which in ordinary circumstances is very difficult to
determine,

The problem ofi optimization of guadratic functions subjected to
linear equality or inequality constraints can be handled by Seal's
extension of the simplex method. For linear equality or inequality
constraints and nonlinear critericn dJolfe's reduced pradient method,
Rosen's gradient projection method I and Kelley's cutting plane method
seem to be promising. FHconomic models are seid to have been suc .ess-
fully nandled by these methods but tne-ccmputations are not available
for common use.

Rosen's gradient projection method and Kelley's cutting plane
method along with the separable progromaming method and decomposition
method are applicable to problems where thie critericn as well as

constraints (ecualities or inequalities) arc ninlitnesr. Rosen's hethod

L
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seems more suited since it does not depend on the properties of the
criterion other than smoothness and computational experience is

available,

Conclusions

Choice of a particular method varies with the type of problem
and. hence it is very difficult to suggest one particular technique.
However, as soon as the problem is formulated, the nature of the
criterion and the constraints suggests a method to be preferred. Exp-
erience is limited in many of the newer techniques, making it diffi-
cult to give firm recommendations on choice of method.

For the sub-optimization problems such as the design of mech-
anical elements, synthesis of mechanisms, design of structures or
machine scheduling problems of production design, if the criterion and
the constraints happen to be linear, simplex can be selected. Since it
is generally sufficient to know the how's of it rather than the why's
of it, one can handle simplex by knowing just elementary matiaematical
principles. Many sub-optimization problems do not fall under linear
programming case. ln such cases, sub-optimizaticn problems can usually
be solved by Lagrange's method of undetermined multipliers with Klein's
extension and Newton-Raphson's ejuation solution procedure. For fairly
large number of variables Zcner's Method along with Charnes and Ccoper's
extenion and convex programming seem to be pfomising provided it satis-
“ies Zener's method's requirements. An alternative choice is Johnson's
approach which is more or less a graphical approximaticn technigue and

is particularly useful when the design problem involves a choice of

materials. Certain multivariable problems of decign can be handled by
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dynamic programming methods.

for the primary optimization problems such as the problem of
design of a machine, synthesis of systems, synthesis of electrical
networks and process equipment design problems, programming methods
are better. If such problems happen to be non-stochastic and criterion
can not easily be determined, which is generally the case with the
process system design, particularly with chemical process systems,
direct search methods can be used. If the problems are not error free,
such as control system design ;roblems, these can be handles by Kiefer
or Dvoretzky's method. Certain control system design problems can be
solved by dynamic programming or the digitized maximum principle. Some

of the electrical apparatus such as transformers or reactors can be

tiandled by Bedfords's finite increment technique where as electrical
network problems can generally be solved by the transportation method
or the convex progrumming methods. For a special type of problem which
may occur in process design Zener's method of minimizing system cost
in terms of sub-system cost can be used to reach the optimum with fewer
computations. When reliability is of paramount importance, such as in
. aerospace design, certain control system designs and some of the process
design problems, simulation techniques are the only choice for deter-
mining the behaviour of the system before it is actually designed and
manufactured.

Some of the nonlinear programming methods such as gradient proj-
ection method can handle the problem of finding the extremum whether it
lies in the interior or on the boundary of the given region. However,

generally such problems can first be tried by simpler method of ordin-
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ary calculus. If these methods fail, it is at once known that the extremum
does not lie in the interior of the region and hence the programming methods
can be applied for the location of the extremum at the boundary.

Certain fields in engineering design are more or less neglected
so far and depend mostly on cut and try methods; rationalization of such
methods by using standardization procedures and various statistical
techniiues such as statistical control method and_regression methods seems
advisable.

Since no experience with nonlinear programming in the design field
is so far reported, it would be worth while if further research were done
in this field. It would seem to be more appropriate to conduct such research
in one of the few promising nonlinear programming techniques with the
intension of evolving a simple code that could be handled by less experienceg
designers engaged in practical fields, rather than in research. This thesis
is prepared with the point of view of the designers and though some of the
recent techniques such as search methods, simulation, dynamic programming,
maximum principle and nonlinear programming are included, simulation and
search techniques are just touched, dynamic programming and maximum principls
are covered only in part, and nonlinear programming methods are dealt with
very briefly. On account of the rapid pace of development these days it is
very difficult to call any work comprehensive and up to date. However, it
is an attempt to provide an extensive up to date survey of optimization
tectiniques and their applications,

For the guide of the designers a comparative chart of various

methods is included at the end of this section.
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Lagrange's Method of Undetermined Mul.ipliers
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Solution of simultuneous equations-== Newtag;ﬂayhéqg's Method "

t

Solution of differential equations--- Method of finite differemces

ln the use chart of methods following abreviations are USQéﬁhi

i, Const. Constraints »?_
ii. Eq. Equations f“
jii. Comp. “xp. Computational Experience with Computers

iv. Comp. ¥rog. Computer Programme (nature of)

v. Prog. Programming

vi, Con. ineg. Convertable to eguality type ine uzlity
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