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Chapter 1.
Introduction

1.1 What does optimization mean?

“* Literally: Among various possibilities, it
iIs to find the best possible solution of a
problem under a set of constraints.

“** In Mathematics: To optimize means -

to maximize or minimize a function
f(x), where the values of x have to
satisfy a set of prescribed
mathematical relations.
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Thus, given a real valued function f of several variable,

l.e.,
et

a problem of optimization is either a maximization or a

minimization problem : ) ]
* Maximization Problem: Find a point x*eS, at which

the value of f is maximum over the set S.

That is, find x*€S such that f(x*) > f(x) for all
XES .

This problem is writtenmsax f(x)
s.t xe$

Note: x = (x;, x,, ..., X,) in R",
°* Minimization Problem: Find a point x*eS, at which
the value of f is minimum over the set S.

That is, find x*€S such that f(x*) < f(x) for all
XES .

This problem is written as min f(x)
s.t xeS
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1.2 Problem Formulation and Basic
W_ Forﬂieﬁﬂﬂﬂﬂiﬂgleﬁm problem as an optimization
(Mig |

ﬁi-H'IE’}ﬁe area)

nd the dimension, I,w,h, of a top-

open rectangular box (container) that should have base
area of at least 6 m2 and volume of at least 12 m3 that
can be constructed from the least amount of material

(metal) .

Let x, = length, x, = width & x; = height of

thespggtions:
Base area:

Volume:

AIm: gyrface area: -
Min

The Problem

S Minx; X, + 2X7X3 + 2X5X3

s.t X1 X> =0

X1X2 X3 >12
X1, Xp, X3 =0
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(i1) Basic Definitions and
Terminologies

Consider an optimization problem

e Th?)compondRedPUariablel{X)i.e., X1y Xpy weep

x , are called decisios-tvaxEdhles

® The function f(x) is called objective function
of (P).

® The conditions (inequalities/equations)
describing S are called constraints

® The conditions that x; > 0 in optimization
problem is called non-negativity constraints
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ProblémsFormulation:
 Item B occupies M, for 8 minutes and M, for 4

minutes.
The machines can be used for at most 3 hour
per day.
The profit per unit of item A and B is 29 and
45, resp.
The problem is to find the number of daily
production of each item that maximizes the
net profit per day.
Dec. Let Xx,:= number of item A
Variables: (x, =

Constraints: Due tQ(N-L; anblé%f fii]ém B
&eg)é/l A +4x, =180

Objective Profit: 29x + 45x, — max
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Thus, the mathematical (optimization)
formulation of the above production planning
problem is:

max 29x + 45X,

st 2x+3x, <180
dx +H4x, <180
x,Xx, =0

X, ) & profit

Note: Techniques of calculus cannot directly help us
to solve such problems (There is no critical point as

Yf = 0.)
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Further Terminologies: Feasible and Optimal
Saationsx,, -.., X, ) is called a feasible solution

Canwsaidemaiv @ptoProlnf (M) ifmaog/njini.&x)if
the values of its components, x,, 8;f..., X€ES
satisfy the constraints.

(Note: Optimization problem may have infinitely many

feaxidd Jdolnmdiad maéenadvaiuido nis tofeasmRX
solgtiobleffPif )

® Optif(xk¥sotutipd arfdriOgdtimalS/alue:
* xx€S is called optimal solution for a min
problem if
f(xx) < f(x) forall xeS.
* If xx€S is optimal solution of (P), then

f(xx) is called its optimal (objective) value
of (P).
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@ (P) is said to be infeasible problem if S =
Q.

Example: Let (P) 108°2), 2X1+X2
be st x-x, =1

There is no value for x; & x, that satisfy the

CS‘%’ES‘@‘%‘)% R&x - x, =1, - x +x =1, x,X 20] =0

© TR aRY HPRLIRAT (TFFI5 50 t8b8nax
%Pbﬂl‘é'i'n‘i'“" if

* min f(x) tends to -« on S for min
problem

Example: IMaX OX, ( unbounded
St Xx+XxX = problem )
x,X%x, =0
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An optimization problem max (or min) f(x)
1.4 Linear Programming (LP): s.t xeS

iIs said to be a linear programming (LP)
problem if

the objective function f(x) is linear,

l.e., f(x)= c;x; + ¢, X, + ...+C X,

BRITENS eVviEly FIREHSH IRVIRARYS RARPIem

dAeRri ption of S is Imeaﬁ (of the form a,x, +
ove is_a linear programming
prb)iil-lém tanX, ?_’ — ? F

- The suface area problem given
above is not

an LP. It is a nonlinear
programming prob.

® The subject matter of this course is only LP
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Canonical (common) form of an LP

Problem:
max CX, +C,X, +...+ C. X

s.t. a,x +a,x, +...+a, x <b
a, X +a,,X, +...+d, X, sz ot nstrain
a X +a.,x +..+a,,.x, <b,
XJ ZO,j :1----;77 Non negativit¥|

Concise form:

ceR”", beR™, and A is an mxn matrix.

( m constraints & n variables. Usually m
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