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Multi-dimensional Optimization with Constraints

Minimize f(X)
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Multi-dimensional Optimization with Constraints
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Multi-dimensional Optimization with Constraints
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Multi-dimensional Optimization with Constraints
Minimize f (%)
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Strategy:

FX(Z) = £(Z) + Ag [9(Z)]” + A\, [max{0, h(2)}]*



Example: multi-dim. optim. with constr.

Find the rectangle with perimeter 20 having the largest area.
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Naive n-dimensional optimization
Successively carry out 1-d optimizationsinn Minimize f (f)
directions.

T = |T1,L2,..., Tp]

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

could be: 'O' '0' 17
0|, |1/, |0
AU 0} o
Nio Vo N\ . {’lJl,’Uz,...,’Un}
Cycle through the n directions as many times as

needed.
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1-d optimizations along specified directions:
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1-d optimizations along specified directions:

6 —> I > T > T > I

Tterabve  mefeod

—Terminode when

5(2‘ ic  naf b_iahiw
J Proar XJ

— Checlc  cesiduod

ENGR 21 Fall 2025



e.g. find the minimum of (@) = f(z,y) = (@ - 1>+ (y+1)* + 2y

e Startfrom|[-1,+2]

e Usethedirections:
o [0,1]
o [1,0]
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ILlLustrating Naive n-d
optimization
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ILlLustrating Naive n-d
optimization
f(z,9]) = (@ = 1)* + (y+1)* + 2y

Minimize f(xo + av1)
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Powell's Method

Powell’s method is one of many
n-dimensional optimization
methods used today.

method : str or callable, optional

Type of solver. Should be one of

o 'Nelder-Mead' (see here)
e 'Powell’ (see here)

e 'CG' (see here)

o 'BFGS' (see here)

¢ '‘Newton-CG' (see here)
o 'L-BFGS-B' (see here)

e 'TNC' (see here)

e '‘COBYLA' (see here)

e 'COBYQA' (see here)

e 'SLSQP’ (see here)

o 'trust-constr’(see here)
¢ 'dogleg’ (see here)

e 'trust-ncg’ (see here)

¢ 'trust-exact’ (see here)
e 'trust-krylov' (see here)

e custom - a callable object, see below for description.

If not given, chosen to be one of BFGS, L-BFGS-B, SLSQP,
or not the problem has constraints or bounds.

scipy.optimize.
minimlize
minimize(fun, x0, args=(), method=None, jac=None, hess=None, hessp=None,

bounds=None, constraints=(), tol=None, callback=None, options=None)

Minimization of scalar function of one or more variables. [source]

Parameters:
fun : callable

The objective function to be minimized.

fun(x, *xargs) —> float

where x is a 1-D array with shape (n,) and args is a tuple of the fixed parameters
needed to completely specify the function.

X0 : ndarray, shape (n,)

Initial guess. Array of real elements of size (n,), where n is the number of
independent variables.

args : tuple, optional
Extra arguments passed to the objective function and its derivatives (fun, jac and
hess functions).

method : str or callable, optional

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