
Optimization with constraints
The use of Lagrange multipliers

A simple problem
We consider the surface of rectangle, which is to be maximized subject to the constraint  that the 

sum of width and height is constant.

◼ This the surface of the rectangle 

In[1]:= A[x_, y_] = x * y

Out[1]= x y

◼ The the constraint  is of the form σ(x,y)=0, where 

In[2]:= σ[x_, y_] = x + y - L

Out[2]= -L + x + y

Use elimination of one variable 

For this example the problem can be easily solved by elimination of one variable. Use the condition 

x+y=L to write y=L-x  and maximize A(x,L-x)  with respect to x :

In[3]:= solx = Solve[D[A[x, L - x], x]  0, x]

Out[3]= x 
L

2


Use this solution to find y

In[4]:= soly = Solve[(σ[x, y] /. solx[[1]])  0, y]

Out[4]= y 
L

2


The surface of the  of the rectangle is thus maximized if x=y=L/2. This can be seen from the follow-
ing plot for A(x,L-x),  where L=1:



In[5]:= Plot[A[x, 1 - x], {x, 0, 1}, Frame  True, FrameLabel  {"x", "A(x,1-x)"}]

Out[5]=
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Method of Lagrange multipliers

Alternatively,  construct the extended  function to be optimized

In[6]:= Atilde[x_, y_, λ_] = A[x, y] - λ * σ[x, y]

Out[6]= x y - (-L + x + y) λ

and look for extreme values with respect of x,y, and λ

In[7]:= eq1 = D[Atilde[x, y, λ], x]  0

Out[7]= y - λ  0

In[8]:= eq2 = D[Atilde[x, y, λ], y]  0

Out[8]= x - λ  0

In[9]:= eq3 = D[Atilde[x, y, λ], λ]  0

Out[9]= L - x - y  0

In[10]:= Solve[{eq1, eq2, eq3}, {x, y, λ}]

Out[10]= x 
L

2
, y 

L

2
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L
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