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ME128 Computer-Aided Mechanical Design
Supplemental Notes
Matlab Optimization Toolbox

Matlab includes an optimization toolbox that implements various numerical optimization
routines, including sequential quadratic programming agorithm to solve for constrained
optima. The two Matlab functionsf m nunc andf m ncon solve the unconstrained and
constrained problems, respectively. These are some brief notes and examples on using the
f m ncon function. For complete information, type“hel p f m ncon” at the Matlab
prompt.

FMINCON solves problems of the form (using notation consistent with Matlab)

min FUN(X)

subject to: A*X <=B
Aeg* X = Beq (linear constraints)
C(X)<=0
Ceq(X) =0 (nonlinear constraints)
LB<=X<=UB

A typical use of thef m ncon function is shown below.

[ X, FVAL, EXI TFLAG, OUTPUT, LAMBDA, GRAD, HESSI AN] =FM NCON( FUN, X0
, A, B, Aeq, Beq, LB, UB, NONLCON)

where

X = solution vector
FVAL = optimal value of the objective function at the optimal solution point
EXITFLAG
> 0 then FMINCON converged to asolution X
= 0 then the maximum number of function evaluations was reached
< 0 then FMINCON did not converge to asolution
OUTPUT isastructure containing some information about the algorithm performance
OUTPUT.iterations = with the number of iterations taken
OUTPUT .funcCount = the number of function evaluations
OUTPUT.a gorithm = the algorithm used
OUTPUT .cgiterations = number of CG iterations (if used)
OUTPUT firstorderopt = the first-order optimality (if used)
LAMBDA returns the Lagrange multipliers at the solution X
LAMBDA .lower for LB
LAMBDA .upper for UB
LAMBDA.ineglinisfor the linear inequalities
LAMBDA .eqglinisfor thelinear equalities
LAMBDA .inegnonlin isfor the nonlinear inequalities
LAMBDA .egnonlinisfor the nonlinear equalities
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GRAD returns the value of the gradient of FUN at the solution X. Note, thisisNOT the
gradient of the Lagrangian.
HESSIAN returns the value of the HESSIAN of FUN at the solution X.

FUN is the objective function to optimize.

FUN acceptsinput X and returns a scalar function value F evaluated at X.FUN
should either be a function specified using @, e.g. [X,...] = fmincon(@myfun,...) where
F = myfun(X) returns the scalar function value F of the MY FUN function evaluated at X
and there exists a.m file myfun.m. FUN can aso be aninline object [X,...] =
fmincon(inline(* 3*sin(x(1))+exp(x(2))’,...).

X0 istheinitia starting point. X0 may be a scalar, vector, or matrix.

A, B are the matrices defining the linear inequalities A* X <= B.

Aeq, Beq are the matrices defining the linear equalitiesAeg* X = Beq. (Set Aeg=[] and
Beqg=[] if no equalities exist.)

UB, L B define a set of lower and upper bounds on the design variables, X, so that the
solutionisintherange LB <= X <= UB. Use empty matricesfor L B and UB if no
bounds exist. Set LB(i) = -Inf if X(i) is unbounded below; set UB(i) = Inf if X(i) is
unbounded above.

NLCON isafunction that accepts X and returns the vectors C and Ceq, representing the
nonlinear inequalities and equdities, respectively. FMINCON minimizes FUN such that
C<=0 and Ceg=0.

To demonstrate how to usef m ncon, here are some sample formulations.
Example 1: The shipping box optimization problem

min FUN(X) = 2c(xy + Xz + yz)
such that xyz=V

In this problem, let’s assumethat ¢ = 10, V = 6 and an initial point of X0 =[1;1;1]. We
will let x© x(1), y° x(2) and z° x(3).

>>
[ X, FVAL, EXI TFLAG, OUTPUT, LAMBDA, GRAD, HESSI AN] =FM NCON( i nl i ne
(" 2¢10*(x(1)*x(2) +x(1) *x(3) +x(2)*x(3)) "), [1;1;1],[].[1.[1.1
1,[0;0;0],[Inf;Inf;Inf], @lcon)

nlcon.m

function [C, Ceq] =nl con(x)

C[1];
Ceq=[ x(1) *x(2)*x(3)-6];

Theresponseis:

War ni ng: Large-scale (trust region) nethod does not currently solve this type of problem
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switching to nmediumscale (line search)
> In C\matlabR12\t ool box\opti Mfm ncon.mat |ine 213
Optim zation term nated successful ly:
Magni t ude of directional derivative in search direction
| ess than 2*options. Tol Fun and maxi mum constraint violation
is less than options. Tol Con
Active Constraints:
1

1.817114036486411e+000
1.817114036486465e+000
1.817133705446913e+000

FVAL =

1.981156349255286e+002

EXI TFLAG =

1

QUTPUT =

iterations: 5
funcCount: 29
st epsi ze: 2.500000000000000e- 001
al gorithm 'nmediumscale: SQP, Quasi-Newton, |ine-search
firstorderopt: []
cgiterations: []

LAVBDA =

| ower: [3x1 doubl e]
upper: [3x1 doubl €]
eglin: [0x1 doubl €]
eqgnonlin: 2.201284842268431e+001
ineglin: [0x1 doubl e]
inegnonlin: 0

GRAD =
7.268499854815508e+001
7.268499854815508e+001
7.268447405972370e+001
HESSI AN =
4.778571206995651e+000 3.778571207061813e+000  -5. 740008549488353e+000

3.778571207061813e+000 4.778571207127976e+000  -5.740008549699711e+000
-5.740008549488353e+000 - 5. 740008549699711e+000 1.424272617162578e+001

Note that based on the sign of LAMBDA .egnonlin, Matlab uses the positive null form.
Try thisssimple problem for other initia pointsto test if Matlab converges to the solution.

Example 2: maximization

max X1X2 + XoX3 + X1X3
such that X1+ X2+X3=0
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Wewill let x4 © x(1), X2° x(2) and x3° Xx(3).

>>[ X, FVAL, EXI TFLAG, QUTPUT, LAMBDA, GRAD, HESSI AN] =FM NCON( i nl i
ne(' -

(x(1)*x(2) +x(2) *x(3) +x(1)*x(3))"). [1;1; 1], []1.[].[1,1,1],[3]
y[-Inf;-Inf;-Inf],[Inf;Inf;Inf])

Example 3: minimization with inequality constraints

min 2X1% + 2X1Xo + X522 — 10X; — 10X
such that X2 +%X,2£5
X1+X2£6

Wewill let x4 © x(1) and X2 ° x(2).

>>[ X, FVAL, EXI TFLAG OQUTPUT, LAMBDA] =FM NCON(i nli ne("' 2*x(1)."2
+2*x(1) *x(2) +x(2) . *2-10*x(1) -10*x(2) "), [1; 1], [1.[1.[1.[1.[-
Inf;-Inf;-Inf],[Inf;Inf;Inf], @lcon)

nlcon.m

function [C, Ceq] =nl con(x)

C=[x(1).72+x(2)."2-5; 3*x(1) +x(2)-6];
Ceq=[];



