Seminéf Spiklad 1: a) UvaZujte problém minimalizace funkce 1 := (x,y)—x* + 1>
(x,y) = + 572

za podminky x + 2y = a (aje konstanta). ReSte problém tak, Ze ho transformujete na jednu

proménou.

solve(x +2y=a,y);
algsubs (y =%, {(x,y) );
extrema (%, { },x,bod")

bod

b)Vysvétlete FeSeni studiem vrstevnic funkce f(x, y) = x*2 + y"2a grafu primky x + 2y = a.
MiZete popsat problém geometricky? Ma odpovidajici maximaliza¢ni problém FeSeni?

with (pZOtS) s grafl = contourplot (x"2 + y"2,x=-5.5,y=-5
..5, contours = 30)

PLOT(...)

graf2 = implicitplot(x + 2y =5,x=-5.5,y=-5..5, color ='black")
PLOT(...)

Vykreslime napriklad pro a=>5
display ([grafl, graf2 ]);
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Piiklad 2: ReSte nasledujici problémy pievedenim na jednorozmérnou optimalizaci.

a) max F = (x,y) >4x 3
(x.y)—4Vx y'"?

zapodminky 2x + 4y=m

solve(2*x +4-y=m,y );

algsubs(y=%,4\/?3\/7 );
1 1 1/3
4\/? (— >~ + 4 mJ
extrema (%, { },x,bod")

{% J3 1016 ms/s}



bod

b) max F:= (x,y)—Vxy
(x,y)—>Jx Jy

za podminky 50000 x + 0,08 y = 1000000.

solve( 50000x + 0.08 y=100000Qy );
-6.2500010° x + 1.250000010’

algsubs (y=%,F(x,y) );

Jx  -6.2500010° x + 1.2500000107

extrema (%, { }, x,bod")
{7905.69415(

bod
{fx=10})
¢) max F:= (x,y)—12xy
(xy) = 12xy
za podminky 3x + 4y =12
solve(3x+4y=12y);
—% x+3
algsubs (y=%,F(x,y) );
IZxW
extrema (%, { }, x,bod")
{32}

bod

[{=31]

Priklad 3: Predpokladejme, Ze cena jednotky prvniho vyrobku je 2$ a Ze cena jednotky
druhého vyrobku je 48. Osoba s uzZitkovou funkei 4 = (x,y) — 100xy + x + 2
(x,y)—100xy + x + 2

, kde x, yjsou mnoZstvi nakoupenych vyrobkii, ma rozpocet 10008, ktery cely vynaloZi na
uvedené vyrobky. Vyfreste problém maximalizace uzitku.

extrema( u(x,y), {2 x +4y =1000}, {x,y} ,bod");
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Priklad 4: Uzitim metody Lagrangeovych multiplikatori FeSte problém:
a) max xy
za podminky x + 3y = 24

with(Student [ MultivariateCalculus 1) : LagrangeMultipliers (Xy , [x
+ 3y -24], [x,y], output = detailed );

PZILy:¢M24Jy:4q

b) min -40Q1 + Q1”2 - 201 Q2 - 2002 + Q22
za podminky QI + Q02=15

LagrangeMultipliers (-40 Q1 + Q12 -2 Q1 Q2 - 20Q2 + Q272,
[0 + Q2 - 15),[Q1, Q2], output = detailed ),

[Q1:1QQ2=ix1=—3Q—40Q1+—Qﬂ——2Q1Q2—20Q2

+ 027 = ~475]
c)ymax Uxl, x2)=In(l +x1)/2 + In(l + x2)/4
za podminky 2x7/ + 3x2=m

LagrangeMultipliers (In(1 + x1)/2 + In(1 + x2)/4,[2x] + 3x2
-m], [x1,x2], output = detailed );

2 1 4
1=+ = 2=-—
X 3 + 3m,)c 9
+iln(l+x2):iln

4 2

d)max 100 -x"2-y"2-z"2



zapodminky x+2y+z=a

LagrangeMultipliers (100 — x"2 — y"2 -z"2,[x + 2y + z-a], [«x,
v, |, output = detailed );

ah = - 4, 100— x2 — % — 2 =100

_1 _
X=gay= ! 3

Piiklad 5: a) Re§te problémmax f(x, y) = 24x - X2 + 16y - 2y"2
za podminky
g(x,y)=x"2+2y"2 =44

with(Student | MultivariateCalculus 1) : LagrangeMultipliers (24 x — x
N+ 16y = 2y72, [x"2 + 2y"2 -44], [x, y], output
= detailed ),
[ _ _ _ 2 _ 2 _ _ _
x=6y=2) =1,24x —x’ + 16y —2)* =132],[x= -6,y = -2,

A =-324x ="+ 16y —2)°= —220]

b) Jaka je priblizna zména v optimalni hodnoté funkce f(x, y), zvySi-li se prava strana
omezeni o 1?

Optimalni hodnota ucelové funkce se zméni ptriblizné o A*1=1
Piiklad 6: a) ReSte problémmax(min) f(x, y, z) =x"2 + y*2 + z
za podminky

g(x,y,z)=x"2+2y"2+4z"2 =1

with(Student | MultivariateCalculus 1) : LagrangeMultipliers (x"2 + )
N4z, [x"2 4+ 2y2 + 422 - 1], [x,y, z], output = detailed )

>



x=0,y=0,z=%,?»l=%,x +y —I—z=?, x=0,y=0,z=
—i,k =—i,xz—i-y2—i-z=—i , x=0,y=iRootOf(—3
271 4 2 2
2 Plabel= 14),z=+ 0 =+ 242 4=L
- - 4’71 2 4

2
+ % RootOf( -3 + 2 7% label = L4)" |, |x = % RootOf(_Z?

>

%,%1=1,x2+y2+z

b) Pfedpokladané omezeni je zménéno na x*2 +2y”*2 + 4z"2 = 1,02. Jaka je aproximace zmény v
maximalni hodnoté f(x, y, z)?

— 15, label = L6),y=0,z=

2
- % RootOf( 72 — 15, label = 16)" +

oo|~

Optimalni hodnota ucelové funkce se zméni pfiblizné o A*0,02=(-1/4)*0,02=-0,005 v ptipadé
minimalizace a A*0,02=(1)*0,02=0,02 v pfipadé maximalizace

LagrangeMultipliers (x"2 + y""2 + z , [x"2 + 2y"2 + 42z"2
- 1.02], [x, y, z], output = detailed );
[x =0,y =0.,2=0.5049752469 L =0.2475368857x" + »° + z
= 0.5049752469], [x =0,y =0.,z=-0.5049752469 % =
-0.2475368857x> + y° + z = —0.504975246%, [x =0,y
= 0.6204836823z = 0.2500000000 1 =0.5000000000x" + »* + :
= 0.635000000q, [x =0.,y = -0.6204836823z = 0.2500000000
=0.5000000000x> + % + z = 0.635000000@, [x
=0.9785192895y = 0., z = 012500000004, = 1.,x* + y* + z
= 1.08250000q, [x = -0.9785192895y = 0., z = 0.1250000000,

=1, 4+’ 4z= 1.08250000@

Piiklad 7: Reste problém
a) min(max) g := (x,y,z)—x +y
(x,y,z)=x +y

za podminekx"2 + 2 y"2 + z°2 =1
x+y+z=1



extrema( g(x,y,z), {(x2 +2y2 +z2=1Lx+y +z=1}, {x,»,
z} 'bod');

bod
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b) max g=(x,y,z)>x+4y+z
(x,y,z)=>x+4y+z

s podminkami

x"2 + y"2 + z72 =216
x+2y+3z=0

extrema( g(x,y,z), {x"2 +2y"2 + z2=216,x + 2-y + 3-z=1},
{x,y,z},bod");

[ 34
bod
{{x=-§m+%,y:-%m+%,z
:§m+ﬂ,{x:ém+%,y
=§m+%,z=-§m+ﬂ}

C) Max g := (x,y,z) >x"2 + y"2 + z/2
(x,v,2) —x* + y2 + 2

s podminkami
X2 4y + 4282 =1
x+3y+2z=0

extrema( g(x,y,z), {x"2 +2y2 +4 z2=1,x + 3.y +2-z=1},
{x,y,z},bod");
1
1 —_
{ ' 4}

bod
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