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Multi-dimensional Optimization with Constraints
when n 2 or 3

S
scalar function 3 2
of 1dimensionalrector

constraints
n
scalads
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Multi-dimensional Optimization with Constraints
Find a rectangle withmie perimeter 20 having
the largest area out of
all possible s with
perimeter 20

f x y xy
Maximize
this

Perimeter must be 20
y

6
1124 20

satisfginthis

Let f xy f x y X g x y
X Lagrange multiplier
it's some scalar

Maximize f not f
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Multi-dimensional Optimization with Constraints
Maximize f with respect to x y and X

11 0 if derivatives of f are

linear in x y X
this can be solved as

0

I FI0
in general optimization problems

are nonlinear

Note f x ̅ 5 is hard in 1 d we did this Rootfinding

A x ̅ 5 is easier can do for n dimensions
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Strategy:

3

Multi-dimensional Optimization with Constraints
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Find the rectangle with perimeter 20 having the largest area.

4

Example: multi-dim. optim. with constr.
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Successively carry out 1-d optimizations in n 

directions.

e.g. if n = 3 design variables, your 3 directions 

could be:

Cycle through the n directions as many times as 

needed.

5

Numerical Technique:
Naive n-dimensional optimization

there is a more intelligent
way

I w̅
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1-d optimizations along specified directions:

Optimize along

Find α
min

 that minimizes

Using any 1-d 
optimization technique

Increment guess in 
direction 
using step size α

Optimize along

…
Guess

1 d optimize

using
that α
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1-d optimizations along specified directions:
w̅ w̅ w̅ w̅

say n 3 w̅

w̅ w̅
Iterative method

Terminate when xj̅ is not too different
from Xj

Check residual
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● Start from [-1,+2]

● Use the directions:
○ [0,1]

○ [1,0]

8

e.g. find the minimum of 
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Illustrating Naive n-d
optimization

First we'll do the direction 9
Then direction 1,0

x ̅

Calculate an expression

for f x y along this

particular

straightlineJ

t x ̅ 2 9
chosen direction x ̅ xt̅

Y
independentvariable thic.fm ofTx

y
It's a func of α

Fine
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Illustrating Naive n-d
optimization

x ̅

Next how muchdo we
step in
v2 direction
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Powell’s method is one of many 

n-dimensional optimization 

methods used today.

12

Powell’s Method

https://docs.scipy.org/doc/scipy/reference/generated/
scipy.optimize.minimize.html

https://docs.scipy.org/doc/scipy/reference/generated/scipy.optimize.minimize.html
https://docs.scipy.org/doc/scipy/reference/generated/scipy.optimize.minimize.html

