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Today Let us discussdifferenttypesof nonlinearprogrammingproblems

1 Unconstrained optimization

Objective maximize fat over all x e IR No constraints

Assuming f is differentiable then a necessaryconditionfor x x tobeoptimal is

0 at x x for all j 1 in

If f is additionally concave then thiscondition isalsosufficient

If there are nonnegativityconstraints x2 0 lie xn xu 01 thenthecondition
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Note 0 canbesolvednumerically if no analytic solutioncanbefound

Goodnumericalalgorithms are thebisectionmethodand Newton'smethod or combinations

of both



2 General nonlinear
programs

withdifferentiableconstraintandobjective functions

Here one can derivenecessarycondition for x tobe an optimalsolutionThese

are called KKT Karush KuhnTucker conditions

SeeChapter12.6 in HillierLieberman

31 Quadratic programming
quadraticobjectivefat

Maximize fix Ex ExTQx celt QeIR x IR luxumatrix

subject to Axebi x 0 A linearconstraints

Here the KKT conditions lead to a linearprogrammingproblemwithan additional

complementarityconstraint nonlinear forwhich amodifiedsimplexmethod is available

4 Convexprogramming

Maximize f x forconcave f
subject to

g
x ebi X20 for convex gi

Then the KKT conditions are also sufficientThenalsosolverssuch as ipoptworkwell

151Fractional
programming

Maximize f x Heresomespecialmethods are available let us discuss linear

fractional
programming maximize f x
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We can write flat ct fed t
codify Ty cot

EF
and Axeb s A Eid I batted Ayebt

The newdecisionvariables arerelatedby

dty t dot d afd do gfed died
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Thus we onlyneed to solvethe CPproblem

Maximize fly t cty cot
subject to Aye bt dry t d t 1 and yetso

6 Separableprogramming

Here flat Ii fix i.e thecontributions to objectivefat e.gprofit from
each activity xj are independent

Aspecial case is wheneach fi is piecewiselinear
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This is an CP problem upto thespecialrestriction thatcan bedealtwith1

Note piecewiselinearfunctions canbeusedto approximateany preferablyconcave
function Al
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