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In one dimension
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In n dimension
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2ⁿᵈderivative test D2fleftxright0
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Equality constraints

min fleftxright
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Lagrange Multiplier
min_xlambdafleftxrightlambdagleftxright

only 1
constraint

gleftxright0
nablaxRightarrownablafleftxrightlambdanablagleftxright0
partialxRightarrowgleftxright0

nablaflambdanablagie If Mg
Multiple constraints
min fleftxrightlambda1g1leftxrightldotslambdamgleftxright
fXlambda1ldotslambdam no constraints

nablaxRightarrownablafleftxrightlambda1nablagleftxrightldotslambdamnablagleftxright0partiallambdaiRightarrowgileftxright0



With inequality constraints
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Interior vs Boundarypts
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Convexity
fmathbbRnrightarrowmathbbR is convex if

fleftlambdaxleft1lambdarightyrightleqlambdafleftxrightleft1lambdarightfleftyright
for any xyinmathbbRn 0leqlambdaleq1
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A set OmegasubseteqmathbbRn is convex
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yOmega

xlambdaxleft1lambdarighty
If a convex function has
a critical point nablafleftxright0
then the critical point is
unique and it is

global min
fleftxright
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Linear programming
Objective functions fleftxright and
constraints gleftxright are all linear

Dietary Problem

Vitamin A Price

2

3

Vitamin C

11mg

31mg

Sing

Carrot g
Cabbage g
Min Daily

2 mg

11mg

61mg
consumption

I
g of carrot contains 2mg A 1mg C

How much carrot cabbageto
consume so as to min cost



Let x carrot leftgright y cabbage g

obj min z2x3y price cost

constraints
begincases2xygeq6x3ygeq8xgeq0ygeq0endcases
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polygon
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Objectivefunction

zfleftxyright2x3y
Ii nablafleftpartialxfpartialyfrightleft23right
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intersection between x2

2xy6
x3y8
5x10Rightarrowx2

Rightarrowy2
But at left22right1 nablafleft22rightleft23rightneq0
Hence left22right is not a critical pt
Note left22right is at the boundary of
the feasible set not aninteriorpt

left22right is at cornerpt

fleft22right2left2right3left2right10nless
min valueminpt



Dual Problem

Pharmaceutical company
develop VitaminA C pills to replace

carrot
cabbagedetermine the pricesof

A Cpills
Let p price of A

q price of c
max

objectivefunction z6p8q
constraint

beginmatrix2pqleq2leftarrowcarrotpricep3qleq3leftarrowcabbageprpqgeq0endmatrix

O
ia

Thepriceof carrot from the company'sptofview
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2pq2
p3g3
5p3Rightarrowpfrac35
qfrac45



Optvalue z6p8q
6leftfrac35right8leftfrac45right
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the same as the originproblem

primal
opt trade opt dual

value



I Change of Parameters

Vitamin A Price

24
3

Vitamin C

11mgCarrot g
Cabbage g
Min Daily

2 mg

11mg

61mg

31mg

Singconsumption

what if the priceof cabbage has changed
min z2xcy

2xygeq6
x3ygeq8

Forwhat range of C is 22 still
the opt.pt
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z2xcy
If c1Rightarrowy0

frac2cfrac13Rightarrowc6
If cll1Rightarrowx0
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TransportationProblem

5unit

2

7
production

A Cij Xij D 10

B
E 4

C jDE
consumption

1527104 productionbalances

iABC

consumption

xij amountoftransportation from i toj

Ci unit costoftransportation from
i to



Total cost zsum_ijGijxij
Constraints

leftbeginmatrixforallisum_jxijpiforalljsum_ixijqjendmatrixright

XADXAE5XBDXBE2XCDXCE7XADXBDXCD10chiAEchiBEchiCE4Xijgeq0


