Seminar 4psikiad 1: Naértnéte uvedené mnoZiny a rozhodnéte, zda jsou konvexni:
a){ (x,y): x"2+y"2<2}

with ( plots) : implicitplot(x"2 + y"2 < 2,x =-2..2,y ==2..2,
filled = true)

b) { (xy): x"2+y"2>8}

implicitplot(x™2 + y"2 > 8, x =-4 .4,y =-4 .4, filled = true)



O (xy): xy <=1}

implicitplot(x y < 1,x=-4 .4,y =-4 .4, filled = true)



d){ x.y): x>=0, y >= 0}

implicitplot(y > 0,x=0..4,y =0 .4, filled = true)



e)l (xy): x>=0,y>=0,xy>=1}

implicitplot(x y > 1,x=0..4,y=0.4, filled = true)



D (Xy): sqrt(x)+sqrt(y) <= 2}

implicitplot( sqrt(x) + sqrt(y) < 2,x=0..4,y =0..4, filled = true)



Priklad 2: Rozhodnéte o konvexité/konkavnosti uvedenych funkei:
a) z:= (x,y)—=x+y— exp(x) — exp(x +y)

(x,y)—ox+y—e —e Y

H = VectorCalculus [ Hessian (z(x, ), [x,¥]);

_ex_ex-i-y _ex+y
—&* +y —&* +y
with(LinearAlgebra ) : Determinant (H )
e* +y e

b) 2= (x,y) = exp(x +y) + explx-y) = &

() et + e = 2y



H := VectorCalculus [Hessian][exp(x +vy) + exp(x-y) — %, [x,

y]];

ex+y+ex—y ex+y_ex—y

ex+y_ex—y ex+y+ex—y

Determinant (H)
4"ty

C) wi= (x,y,z)= (x+2y+32)"2
(x,y,z)—>()c—|—2y-|—3z)2

H = VectorCalculus [ Hessian ]((x + 2y + 32)"2, [x,,2]);
2 4 6
4 812
6 12 18

H|[1, 1], Determinant (H[1..2,1..2]), Determinant (H)
2,0,0

Priklad 3: UkaZzZte, Ze funkce g(x, y)= x"3 + y*2 - 3x - 2ydefinovana pro x>0, y>0Oje ryze
konvexni a najdéte jeji minimum.
g=(xy) > x3+y"2-3x-2y

(x,y)—>x3 +y2 —3x—2y

with (Student| MultivariateCalculus |) : Gradient (g(x,y),
[x, »])
3x7—3
2y —2

solve( [dd_x g(x,y) =0, % g(x,y)=0|, [XJ])
[[x=1y=1][x=-1y=1]]

H = VectorCalculus [ Hessian |(g(x, ), [x,¥]);
6x 0

0 2

Priklad 4: Funkce f(x 1,x 2,x 3)=x 1"2+x 2"2+3x 32 -x Ix 2+2x 1x 3+x 2x 3ma



jeden stacionarni bod. UkaZte, Ze tento stacionarni bod je bodem lokdlniho minima.

f=x1,x2,x3)>x 12 +x2"2+3x32~-x1Ix2
+2x Ix 3 +x 2x 3

(x I,x 2,x3)>x 1> +x 22 +3x 3> —x Ix 2 +2x Ix 3
+x 2x 3

Gradient (f(x_1,x 2,x 3),[x 1,x 2,x 3])
2x 1
2x 2
6x 3

H = VectorCalculus [ Hessian |(f (x_1,x 2,x 3),[x _I,x 2,x_3]);
200
020
006

Priklad 5: Necht f=(x,y)=>x"3 +y"3-3xy
(x,y)=x" +3° = 3xy
je funkce definovana pro kazdé realné x, y.

a) Ukazte, ze body [0, 0] a [1, 1] jsou jediné realné stacionarni body.
d 0L -
SOlve( Ef(xvy)_o’ dy f(X,J’) 0’[x’y])

[[x=0,y=0],[x=1,y=1], [x= -1 — RootOf(_Z*> + Z+ 1, label
= 12),y=RootOf( Z*>+ Z+ 1,label = L2)]]

b) Ovéite definitnost Hessovy matice v téchto bodech
H = VectorCalculus [ Hessian |(f (x,y), [x,¥]);

6x -3
-3 6y

h = unapply (%,x,y)
(x,y)—=rtable(1..2,1..2,{(1,2) =-3,(2,1)=-3,(1,1) =6x, (2,2
=6y}, datatype = anything , subtype = Matrix, storage
= rectangular , order = Fortran_order )

h(1,1)



6 -3 |
-3 6
1(0,0) 7

0 -3
-3 0

c¢) Urcete, jakého typu jednotlivé stacionarni body jsou.
Priklad 6: Urcete stacionarni body nasledujicich funkci.

a) fi= (x,,z) >x"2+x"2y + y 2z + y2+ 22 -4z
(x,y,z)—>x2 —|—x2y +yzz —|—y2 +22— 4z

extrema( f(x,y,2),{}, {x,y,z},bod");

{-4z,1—4z}
bod
{{ZZO,yZO,x=0}, [x=—1,y= -1l,z= —%}, {y=V2,z=-1,x
:0}’ {y: _\/7’2: _lﬂx:O}’ [leay: _1>Z: —%}]

H = VectorCalculus [ Hessian |(f (x,y,2), [x,,2]);
2+2y 2x 0
2x 2z+2 2y
0 2y 2
h = unapply (%,x,y,z)
(x,y,z)—=rtable(1.3,1..3,{(3,3)=2,(3,2) =2y, (1, 1) =2+ 2y,
(1,2)=2x,(2,1)=2x,(2,2) =2z + 2,(2,3) =2y}, datatype
= anything , subtype = Matrix, storage = rectangular , order

= Fortran_order )

h(0,0,0)
200
020
002



2 0
1 -2
-2 2

S NN O

p(-1e1-1)
0-2 0
-2 1 =2
0 -2 2
h(0,sqrt(2),-1)
2+2J2 0 0

0 0 2J2
0 22 2
h(0,—-sqrt(2),-1)
2—-2J2 0 0
0 0 -2J2
0 2J2 2

b) fi= (x 1,x 2,x 3,x 4)—> 20x 2 + 48x 3 + 6x 4 + 8x _Ix 2
—4x 172 - 12x 372 - x 472 —4x 273

(x I,x 2,x 3,x 4)—>20x 2 +48x 3 +6x 4 +8x Ix 2
—4x 1P —12x 3% —x 42 —4x 2
extrema( f(x_ 1,x 2,x 3,x 4),{},{x 1,x 2,x 3,x 4} bod")
{—% V15 +57+8x Ix 2, % V15 +57+ 8x_1x_2]

bod

Hx_Z -1 V15,x 4=3,x 3=2,x 1 =O}, {x_Z -1 Vv15,x 4

3 3
=3,x3=2,x 1 :0”

H = VectorCalculus [ Hessian |(f (x_1,x 2,x 3,x 4),[x _1,x 2,
x 3,x 4]);
-8 0 0 0
0 -24x2 0 0
0 0 -24 0
0 0 0 -2



Priklad 7: Firma produkuje dva vyrobky, ozna¢me je A a B. Niklady na den jsou
C:= (x,y)— 0.04x"2 - 0.0lxy + "2+ 4x + 2y + 500
(x,7)—0.04x% + (=1)-0.01xy + 1> + 4x + 2y + 500

kde x je pocet jednotek A ay je pocet jednotek B (x>0, y>0). Firma prodava vyrobek A za
13 K¢ a
vyrobek B za 8 K¢. Najdéte funkci zisku pi(x, y) a hodnoty x , y pro které nastava
maximalni zisk.
pi= (x,y)—=13x + 8y - C(x,y)
(x,y)—=13x + 8y — C(x,y)
extrema( pi(x,y), { }, {x,y} ,bod");
{18.9493432(¢
bod
{{x=112.945591Qy = 3.564727953 }

: [x,y])
[[x = 112.9455910 y = 3.564727959]

solve (

d . o 4 _
dx pl(x>y)_03 dy PI(X,)/) 0



