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3 4 NonlinearProgramming

Ageneral nonlinear programmingproblemhasthestandard form

Maximize f x subjectto gilt
ebi for it 1 im and x 20 where x An im

A fewexamples how non linear for g
can arise

Wyndor GlassCo productmix problem unitprofitoftennotfixedbutthereis a

price demand curvee.g principal

E
constant

demandx

Thenprofit Z x xpix c x

Iitproductioncost sometimesalsoa functionof x

Portfolio selectionforinvestments Suppose n stocks orothersecurities are considered

Xj of sharesofstock j inportfolio Supposestock j hasaveragereturnMj thenthe
expectedvalue of portfolio is Rix ÉMix But we shouldalsotrytominimizerisk
If Gjare thecovariances o varianceofstock j thenwe

shouldalsominimize

V x FI GjXix Thene.g wecouldsetupthe nonlinear programming problem
Minimize Vex subject to Iimix 2 minimalacceptableexpectedreturn and

ÉPjx E B withPjpriceofstock j B budget X20



Next let us lookat specificexamplesthathighlightthedifferences to linearProgramming

let us use WyndorGlassCo as underlyingexampleRecallthe LPversion

I
g

optimal CPIsolution
Maximize 2 3 5 2

11
14

subject to x e4
2 3 5 22 2 E 12 121

3 2 2118

xxx 0 I x

feasibleregion

Nonlinearvariations

A Nonlinear constraint replaceCaland131by grit 5 5 216

at yPgt
ofanellipse

F
optimalsolution Optimalsolutionis 2,61

36 bat theboundaryof feasibleregion
butnot a cornerpointanymore

x x simplexmethod whichgoesthroughCPF
solutions

only doesnotworkanymore



121 Nonlinear objectivefunction linear constraints

Maximize 7 126 1 9 7 182 2 13 2 subjectto e 121,131

F
o

ly Optimalsolution is atboundaryof feasibleregion
butnotat a cornerpoint

1,7
80,787
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X

3 Maximize 7 54 1 97 78 2 13 5 subject to 111,121,131

letus checkwhatthemaximumof Z withoutconstraints is

54 18x I 0 x 3

78 26 2 0 x 3

Since Z xx is a downwardopenparabola thereis only onemaximum xx 3,31This

is withinthefeasibleregion Here2 198

5 I

147 120 Optimalsolutionmightbeinsidefeasibleregion

X



Another problem A localmaximummightnotbe a globalmaximum

Fhl

jawn
onlythismaximumisalsoglobal

I

x

Nonlinear
Programmingalgorithms are generally

unable todistinguishbetween localandglobal
maxima sotheymightgetstuck in alocalmaximum andnotfindtheglobalone

But there are reasonable sufficient conditions for a maximumtobe global

lil Formaxima objective function is always curvingdownward i.e concave

For minima objectivefunctionis always curvingupward i.e convex

iit The feasibleregion is convex i.e foranytwopointsinthefeasibleregion the
line segmentbetweenthem isalsoin thefeasibleregion

Convex notconvex

For such convex optimization problems solverssuch as ipopt workwell



141Feasible
regionnotconvex Maximize 2 34 5 2

subject to x e4

Fx it 14 2 xis49
XnXz70
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7 35
Therearetwolocalmaxima 4,31and10171

Only10,7 is globalbutalgorithmmightgetstuckat 14,31
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notconvex


