
 

Cont'd Idea of the reduction to unconstrainted problem

F X X F X Xn d is of ntl variables

f x n g x ̅ c

critical pts

8 JF Ex En
Anti Entl variables

0 3 13 tibia

o 25 g c

juariables

E 3 i b n 85 489

g C

extreme of f under the constraint g c

by Lagrange multipliers Thm



eg2 cont'd minimize fix y x 1 icy 2 49 4

under constraint gexy x2 44 0

Solu Consider dst FÉ g
x

F X y N fix y N gexy o

154cg 2 x 4y

0 21 1 2x 11

0 Fy z y 21 41 2

o x24y 37

2 2X 2 y
Put into l 0 21 1 ca yl

y

Put into 3 x 1 0
3 8 2

hence y 1

i 12,1 is the only critical point

f has a minimum at 2,1 9 o

with value f 2,1 2 1 711 2 2



eg3 Maximize fix y xy on the ellipse 4444

f x y xy

m x
solu

guy 45

hence consider

F X y A Xy 44424

10 Ex
y xx

10 25 axy say

0 3K 4 x 4y

Ex By simple calculation we have

X y 12,0 a 3

12 5 13 3,13
5 13 65 13

are all critical points of the problem

Comparing values of f at all these 6 criticalpts

f 12,0 0

f V3 max

f 3 3 min



i For f x y ong xy 4 the

global max value at 3

global min value at 3,113

eg scatal Using Lagrangemultiplier find global maximin of
f x y 7292 3 on x4y

Step2 oftheoriginal globalmaxmin problem on x y 1

Solu let f x y x 2y 3

g x y x7y
F X y A X 292 3 N x y 1

0 3 2X 1 2x 1

10
35 49 214 a

0 25 Xty 1 3

2 2 1 y 0

y 0 or A 2

If 4 0 then 3 x 1 I

Hence x y 1 0 are critical pts

If y 0 then 1 2



1 2X 1 212 0

Putinto 131 y 1 y y E
i x y are critical pts

All together the criticalpts are

x y 11,0 F E

Comparing values f 1 E max on xy 1

f 1 0 3 min mXy 1
ff1 0 5

Globalmax of f on 4y I at C

global min of f on1 45 1 3 at 1,0



Classification of Quadratic Constraints

2 variables gixy Ax42Bxy C'y'tDX Ey F
ConicSection

Typicalexamples for levelcurve guys c

i
Y 1 a b o Ellipse circle if a b

b 1 1
closed bounded

a a

b

cii Y 1 a bso Hyperbola

unbounded

a

xy c co is also a hyperbola

C 10 01

s

x a it 94 1 5 Igy as ly too



ii's y ax ato parabola

only quadraticterm
y ax

unbounded
as o

iv Degenerate Cases Aso 630

0 a point 0,0

Y 1 emptyset

1
apairof

1 0
b intersectinglines

Xy 0
a pairof
parallellines if 0

x C X F a'double line if c o

empty set if CSO

Fact By a changeofcondinates any quadraticconstraint

gexy c can be transformed to one of the

form above

Proof Omitted



Hence level setsof quadratic constraints are ellipse
hyperbola parabola degenerated cases

eg 17
2
12 4 8y 16 Ex 8 By 0

u a

12

where U 21 1

v xtzy

check

Remark Ellipse is closedandbounded Any continuous f xy
restricted to an ellipse has global max min

Not the case for hyperbola parabola


