Module Optimization (several variable)

z=f(x,y)
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f has local minimum at P and Q

f(P)z flx), EBy(r)
fQ= fla), 2EBy(s)

f has local minimum at P and Q

f(P)s f(z), 2EB,(r)
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saddle point
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L V(z.y) = (0,0) (z,y) = (0,0)
0z 0
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Y l(2,y) = (0,0) (z,y) = (0,0)




Def g4 fO] Hessian determinant T+ discriminant ( &]|A] S§Z 9]
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P : critical point of f
= P ! local min
= P : local max
= P : saddle point
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f(x,y) =3 — 12xy+8y3
f,=32"—12y=0 2t =4y
f,=12z0+24 =0 20 =1

4yt =4y

(0,0) : saddle point
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Second derivative test
f is continuous on a disk centered at (a,b)

JosdpfoarSop,, exist and continuous on the same disk

D= Jor f‘w discriminant
f Ty f vy
® D>0, f,, <0 f has local max
® D>0, f,,>0 f has local min
® D<O0 f has a saddle point
@ D=0 test is inconclusive

Def Saddle point
The point (a,b) is saddle point of f
if (a,b) is critical pt of f on a disk and continous at (a,b). It satisfies that

there are points (z,,4,) and (z,,y,) in disk

such that f(xl,y1)> fla,b) and f(xQ,y2)< f(a,b)
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f(%y): 1'2 _y2

(0,0) is saddle point of f
f(1,0)=1> £(0,0)
f(0,1)=—1<£(0,0)
f,=2x=0, fy =—2y=0

= (0,0) is critical point.
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flz,y) =242z +2y—a* —
do R2 2=0y=0x+y=9 ZA= 7= o
max f,min f
R R
x+y=9

Sol) A1, boundaryof Al

fuy =0 fpy="2
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f has a local max at (1,1)
f,1)=24+2+2—-1—1=4

L :x=0 f0,y) =2+2y—1/ 0z 2= 9
=y@2—y)+2
f0,y)=2-2y=0
y=1
maxf=3,minf=9- (—7)=—63+2—=—61
Ll Ll
L, : y=0 f(x,0)22—2x—x2

maxf =3, minf =—61
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max = f =4, min =—61
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flx,y) =2x2—4x+y2—4y+1

triangular region enclosed by lines z =0,y =2,y =2z



f,=4r—4=0 x=1

fy=2y—4=() y=2

foo =40 foy =0, f, =2

D=8—0">0, f,, >0

local min
f(1,2)=2—4+4—8+1=—5
r=0 0<y<?2

FOy) =y —dy+1=(y—2)"—3

y=2 f(z,2)=22"—dz+4—8+1
=2(z*—22+1)—5

=2(x—1)P*-5

y=2x f=22—dr+42* —8x+1

0<z<l1 =622 —12z+1
=6(z*—2x+1)—5
=6(x—1)°—5

corners (Ovo)a (0a2)7 (172)
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fla,y) =a" —2zy+2y

R={(z,y)| 0s z= 3,0s ys 2}
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Least squares lines (Regressive line)

Find least square line for data points (1,1),(2,1), (3,3)

floom)=0b+m—1+0b+2m—1)*+{0+3m—3)
f,=2b+m—1)+2(b+2m—1)+20b+3m—3)

=6b+(2+4+6)m—2—2—6

=6b+12m—10
£, =—24+12b+28m

1
fi=0. £, =0, b==—, m=1 f,=6>0
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We want to fit the best line to some data in the plane. We measure the distance

from a line to the data points.

The smallest this sum of squares is the better the line fits the data general.
f= z](mxj-i—b—yj)2
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