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CHAPTER ONE:CHAPTER ONE:
INTRODUCTION TO OPTIMIZATIONINTRODUCTION TO OPTIMIZATION

The power of optimization methods 
to determine the best case without 
actually testing all possible cases 
comes through the use of a modest 
level of mathematics and at the cost 
of performing iterative numerical 
calculations using clearly defined 
logical procedures or algorithms 
implemented on computing 
machines.



The development of optimization methodology 
will therefore require some facility with basic 
vector–matrix manipulations, a bit of linear 
algebra and calculus, and some elements of real 
analysis. 

Cont.Cont.

Because of the scope of most engineering 
applications and the tedium of the numerical 
calculations involved in optimization algorithms, 
the techniques of optimization are intended 
primarily for computer implementation.



REQUIREMENTS FOR THE APPLICATION REQUIREMENTS FOR THE APPLICATION 
OF OPTIMIZATION METHODSOF OPTIMIZATION METHODS

11-- Defining the System BoundariesDefining the System Boundaries

Before undertaking any optimization study, it is 
important to clearly define the boundaries of the 
system under investigation.

The system boundaries are simply the limits that 
separate the system from the remainder of the 
universe.



They serve to isolate the system from its 
surroundings, because, for purposes of analysis, all 
interactions between the system and its surroundings 
are assumed to be frozen at selected representative 
levels. Nonetheless, since interactions always exist, 
the act of defining the system boundaries is the first 
step in the process of approximating the real system.

In many situations, it may turn out that the initial 
choice of boundary is too restrictive. To fully analyze 
a given engineering system, it may be necessary to 
expand the system boundaries to include other 
subsystems that strongly affect the operation of the 
system under study.



22-- Performance CriterionPerformance Criterion
Given that we have selected the system of interest and have 
defined its boundaries, we next need to select a criterion on the 
basis of which the performance or design of the system can be 
evaluated so that the best design or set of operating conditions
can be identified. In many engineering applications, an 
economic criterion is selectedeconomic criterion is selected. However, there is a considerable 
choice in the precise definition of such a criterion: total capital 
cost, annual cost, annual net profit, return on investment, cost–
benefit ratio, or net present worth. In other applications a 
criterion may involve some technological factors—for instance, 
minimum production time, maximum production rate, minimum 
energy utilization, maximum torque, maximum weight, and so 
on. Regardless of the criterion selected, in the context of 
optimization the best will always mean the candidate system 
with either the minimum or maximum value of the performance 
index.



It is important to note that within the context of the 
optimization methods discussed in this course, only one 
criterion or performance measure can be used to define the 
optimum. It is not possible to find a solution that, say, 
simultaneously minimizes cost and maximizes reliability and 
minimizes energy utilization. This again is an important 
simplification of reality, because in many practical situations it 
would be desirable to achieve a solution that is best with 
respect to a number of different criteria.

One way of treating multiple competing objectives is to 
select one criterion as primary and the remaining criteria as 
secondary. The primary criterion is then used as an 
optimization performance measure, while the secondary 
criteria are assigned acceptable minimum or maximum 
values and are treated as problem constraints. 



1.The shop foreman may seek a design that will 
involve long production runs with a minimum of 
color and part changes. This will maximize the 
number of parts painted per unit time.

2.The sales department would prefer a design that 
maximizes the inventory of parts of every type 
and color. This will minimize the time between 
customer order and order dispatch.

3.The company financial officer would prefer a 
design that will minimize inventories so as to 
reduce the amount of capital tied up in parts 
inventory.



3- Independent Variables
The third key element in formulating a problem for optimization 
is the selection of the independent variables that are adequate 
to characterize the possible candidate designs or operating 
conditions of the system. There are several factors to be 
considered in selecting the independent variables.

First, it is necessary to distinguish between variables whose 
values are amenable to change and variables whose values are 
fixed by external factors, lying outside the boundaries selected
for the system in question. 

Furthermore, it is important to differentiate between system 
parameters that can be treated as fixed and those that are 
subject to fluctuations influenced by external and uncontrollable 
factors. 



Second, it is important to include in the formulation all the 
important variables that influence the operation of the system or 
affect the design definition. 

Finally, another consideration in the selection of variables is the 
level of detail to which the system is considered. While it is 
important to treat all key independent variables, it is equally 
important not to obscure the problem by the inclusion of a large
number of fine details of subordinate importance. 



44-- System ModelSystem Model
Once the performance criterion and the independent 
variables have been selected, the next step in 
problem formulation is to assemble the model that 
describes the manner in which the problem variables 
are related and the way in which the performance 
criterion is influenced by the independent variables. 

Models are used because it is too expensive or time 
consuming or risky to use the real system to carry out 
the study. Models are typically used in engineering 
design because they offer the cheapest and fastest 
way of studying the effects of changes in key design 
variables on system performance.



From the preceding discussion, we observe that a 
problem suitable for the application of optimization 
methodology consists of a performance measure, a 
set of independent variables, and a model relating the 
variables. Given these rather general and abstract 
requirements, it is evident that the methods of 
optimization can be applied to a very wide variety of 
applications. In fact, the methods we will discuss have 
been applied to problems that include the optimum 
design of process and structures, the planning of 
investment policies, the layout of warehouse 
networks, the determination of optimal trucking 
routes, the planning of heath care systems, the 
deployment of military forces, and the design of 
mechanical components, to name but a few.



In considering the application of optimization 
methods in design and operations, keep in mind that 
the optimization step is but one step in the overall 
process of arriving at an optimal design or an 
efficient operation. Generally, that overall process 
will, as shown in Figure 1.1, consist of an iterative 
cycle involving synthesis or definition of the structure 
of the system, model formulation, model parameter 
optimization, and analysis of the resulting solution.
The final optimal design or new operating plan will be 
obtained only after solving a series of optimization 
problems, the solution to each of which will serve to 
generate new ideas for further system structures.



Design Applications

Operations and Planning Applications

Analysis and Data Reduction Applications

Classical Mechanics Applications

Types of Engineering 

Optimization Applications



Taguchi’s approach is based on an additive model or 
linear independence of factor effects. He seeks to find 
the control factor levels, which will attenuate variation 
propagation, so that the product will continue to 
perform at target even in the presence of internal and 
external variation. The emphasis is on finding better, 
more stable designs, not necessarily optimal designs. 
The approach employs direct sampling of system 
performance typically using prototypes and very 
compact sampling strategies. Orthogonal arrays are 
used to estimate system sensitivities. Taguchi’s work 
is beyond the scope of this book, but it is important 
work and the interested reader is advised to consult 
the many excellent references



All four can be expressed as problems requiring the 
minimization of a real-valued function ƒ(x) of an N-
component vector argument x=(x1, x2, . . . , xN) 
whose values are restricted to satisfy a number of 
real-valued equations hk(x)=0, a set of inequalities 
gj(x) ≥ 0, and the variable bounds xi

(U) ≥ xi ≥ xi
(L). In 

subsequent discussions we will refer to the function 
ƒ(x) as the objective function, to the equations hk(x)= 
0 as the equality constraints, and to the inequalities 
gj (x) ≥ 0 as the inequality constraints. For our 
purposes, these problem functions will always be 
assumed to be real valued, and their number will 
always be finite.



The general problem

is called the is called the constrained constrained optimization problem.optimization problem.

The problem in which there are no constraints, that is,

is called the is called the unconstrained unconstrained optimization problem.optimization problem.



Optimization problemsOptimization problems can be classified further based on 
the structure of the functions functions ƒƒ, h, hkk, and g, and gjj and on the 
dimensionality of xdimensionality of x. 

Unconstrained problems in which x is a one-component vector 
are called singlesingle--variable problemsvariable problems and form the simplest 
but nonetheless very important subclass. 

Constrained problems in which the function hk and gj are all 
linear are called linearly constrained problemslinearly constrained problems. 
This subclass can further be subdivided into those with a 
linear objective function linear objective function ƒƒ and those in which ƒƒ is nonlinearis nonlinear. 

The category in which all problem functions are linear in x 
includes problems with continuous variables, which are called 
linear programslinear programs, and problems in integer variables, which 
are called integer programsinteger programs.



Problems with nonlinear objectivenonlinear objective and linear constraintslinear constraints are 
sometimes called linearly constrained nonlinear programslinearly constrained nonlinear programs. 
This class can further be subdivided according to the 
particular structure of the nonlinear objective functionparticular structure of the nonlinear objective function. If ƒƒ((xx) is ) is 
quadraticquadratic, the problem is a quadratic programquadratic program; if it is a ratio it is a ratio 
of linear functionsof linear functions, it is called a fractional linear programfractional linear program; 
and so on. 

Subdivision into these various classes is worthwhile because 
the special structure of these problems can be efficiently 
exploited in devising solution techniques. 

We will consider techniques applicable to most of these 
problem structures in subsequent chapters.



unconstrained unconstrained 
optimization problemoptimization problem

constrained constrained 
optimization problemoptimization problem

optimization optimization 
problemproblem

singlesingle--variable variable 
problemsproblems

severalseveral--variable variable 
problemsproblems

linearly linearly 
constrained constrained 

problemsproblems
hk, gj are all linear

Nonlinearly Nonlinearly 
constrained constrained 

problemsproblems

linearly constrained linearly constrained 
linear programslinear programs
linear objective linear objective 

function function ƒƒ

linear programslinear programs
continuous variables

integer programsinteger programs
integer variables

linearly constrained linearly constrained 
nonlinear programsnonlinear programs

ƒƒ is nonlinearis nonlinear

fractional linear fractional linear 
programprogram

f(x)f(x) is a ratio of is a ratio of 
linear functionslinear functions

quadratic quadratic 
programprogram

ƒƒ((xx) is quadratic) is quadratic
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