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fgoalattain

* Solve multiobjective goal attainmentproblems
(F'(x)—weight.y < goal

c(x)=<0
, ceq(x)=0
minimize
X, Ax=<b
Aeq.x =beq

b <x<ub



fgoalattain

Solve multiobjective goal attainment problems

minimize
X,y

Where

g,

(F'(x)—weight.y < goal

C(X) <0 Nonlinear inequality constraints
ceq(x)=0 Nonlinear equality constraints
Ax<b Linear inequality constraints
Aeq.x =beq Linear equality constraints

[b<x=ub Range of x

— weight, goal, b, and beg are vectors

— Aand Aeqg are-matrices

— ¢(x), ceq(x);;.and F(x) are functions that return vectors

— F(x), c(x), and ceqg(x) can be nonlinear functions



fgoalattain

 Example An outputfeedback controller, K.is designed
producinga closed loop system

= (A+BKC)x+ Bu

y=Cx
With design consideration, close loop poles [-5,-3,-1] and gain
-4< K <4




fgoalattain

* Example An outputfeedback controller, K.is designed
producinga closed loop system

= (A+BKC)x+ Bu
y=Cx
With design consideration, close loop poles [-5,-3,-1] and gain
A< K <4 =05 0 0] [1 0]
1 0 0
A= 0 =2 . 1|;B=|-2 2|;C= ]
0 0 1
0 O -2 0 1

goalz:—S -3 —1];Weight=abs(goal);




fgoalattain

* Create function file, eigfun.m.
function F = eigfun(K,A,B,C)
F = sort(eig(A+tB*K*C)); % Evaluate .objectives

* Next enter the system matrix and invoke an optimization routine
A= [-0.5 0 0; 0 -2 10; 0 1 -2¥X;

B = 1[10, -2 2; 01];

c =1[1020, 001];

KO = [-1 -1, -1 -1]; % Ihgtialize controller matrix

goal = [-5 -3 -17; % et goal values for the eigenvalues
weight = abs(goal); &X' Set welight for same percentage

1lb = -4*ones(size (KQY)’; S Set lower bounds

ub = 4*ones(size(KQY); % Set upper bounds



fgoalattain

* Create function file, eigfun.m.
function F = eigfun(K,A,B,C)
F = sort(eig(A+B*K*C)); % Evaluate .objectives

* Next enter the system matrix and ivoke an optimization routine
A= [-0.5 0 0; 0 -2 10, 0 1 -2}

B =[10;,; -2 2; 01];

C=1[100,; 0O017];

KO = [-1 -1, -1 -1]; % IMNrtialize controller matrix

goal = [-5 -3 -1]; s et goal values for the eigenvalues
weight = abs(goal); RSet weight for same percentage

1lb = -4*ones(size (KQ¥F); % Set lower bounds

ub = 4*ones(size (kY ); % Set upper bounds

options = optimoptions('fgoalattain', 'Display', 'iter');

[K, fval,attainfactor]=fgoalattain (@ (K)eigfun(K,A,B,C), ...
KO, goal,weight, [1,[]1,[],[],1b,ub, [],0ptions)



fgoalattain

e Result
K:
-4.0000 -0.2564
-4.0000 -4.0000

fval =
-6.9313
-4.1588
-1.4099

attainfactor =
-0.3863



fmincon

* Find minimum of constrained nonlinear multivariable function
c(x)=<0

ceq(x)=0

minignize f(x) I Ax<b

Aeq.x =beq

klbsxsub

* Syntex
[x,fval]l= fmincoen (fun,x0,A,b,Aeq, beq, 1b, ub)



fmincon

 Example Find the minimum value of Rosenbrock's function
2\? 2
100(x, =7 ) +(1-x,)
with following constraints
X +2x, <]

at starting point (-1,2)



fmincon

 Example Find the minimum value of Rosenbrock's function
2\? 2
100(x, =7 ) +(1-x,)
with following constraints
X +2x, <]

at starting point (-1,2)

e Matlab Code

XO =5 [_1/2];
L= [1/2];
b =1;

X = fmincon(fun,xO,A,b)



fmincon

e Example Find the minimum value of Rosenbrock's function
2\? 2

100(x, =7 ) +(1-x,)

with following constraints

X +2x, <]
at starting point (-1,2)
e Matlab Code
x0 = [-1,2];
A = [1/2];
b = 1;
X = fmincon(fun,xO,A,b)
e Solution
X =

0.5022 0.2489



fminimax

* Finds the minimum of a problem specifiedby
c(x)=<0

ceq(x)=0

mxin max f(x) I Ax=b

Aeq.x = beq

klbsxsub

* Syntex
[x,fval]l= fmindimax (fun,x0,A,b,Aeq, beqg, 1b, ub)



fminimax

e Example Find values of x that minimize the-maximum value of

[£,00), £500, £330, £,(0), £53)]
where /i(x)=2x] +x; —48x, —40x, +304

Rl == + 3,
fi(x)=x, +3x, - 18
fa(x) =-x, - x,

. fs(x)fx1 +x, =8
at starting point (0.1,0.1)




fminimax

* First, write a file that computes the five functions atx
function £ = myfun (x)
f(l)= 2*x (1) "2+x(2)"2-48*x(1)—-40>x(2)+304;
-x(1)"2 = 3*x(2)"2;
X (1) + 3*x(2) -18;
-x (1) - x(2);
x(1l) + x(2) - 8;

iR(G2)
(3)
(4)
(9)

Hh Hh Hh
g1 W



fminimax

* First, write a file that computes the five functions atx
function £ = myfun (x)
f(l)= 2*x (1) "2+x(2)"2-48*x(1)—-40>x(2)+304;

f(2)= -x(1)"2 - 3*x(2)"2;
f(3)= x(1) + 3*x(2) -18;
f(4)= -x(1)- x(2);

f(5)= x(1) + x(2) - 8;

* Next,invoke an optimizationroutine
x0 =[0.1; 0.1];, % ,M&ake a starting guess solution
[x,fval] = fminimax (dmyfun, x0);



fminimax

* First, write a file that computes the five functions at x
function £ = myfun (x)
f(l)= 2*x (1) "2+x(2)"2-48*x (1) -40*x(2)+304;

f(2)= -x(1)"2 - 3*x(2)"2;
f(3)= x(1) + 3*x(2) -18;
f(4)= -x(1)- x(2);

f(5)= x(1) + x(2) - 8;

* Next,invoke an optimization routine
x0 =[0.1; 0.1]; % Mgk a starting guess solution
[x,fval] = fminimax¢t@myfun, x0) ;
 Afterseveniterations, thé solutionis
x =
4.0000
4.0000

fval =
0.0000 -04.0000 -2.0000 -8.0000 -0.0000



fminunc

* Findsthe minimum of a problem specifiedby

min f (x)

where f(x) is a function that returns a scalar
X is a vector or a matrix

* Syntex

[x, fval]= fminunci(fun, x0)



fminunc

e Example Minimize the function
f(x)=3x +2x,x, + x; —4x+ 5x,
at starting point (1,1)




fminunc

e Example Minimize the function
f(x)=3x +2x,x, + x; —4x+ 5x,
at starting point (1,1)
* Matlab Code
fun = @ (x)3*x(1)"2 + 2*xf{X)*x(2) + x(2)"2 - 4*x(1)
S < (2) ;

x0 = [1,1];
[x, fval] = fminude (fun, x0);



fminunc

« Example Minimize the function
f(x)=3x +2x,x, + x; —4x¥5x,
at starting point (1,1)
* Matlab Code
fun = Q@(x)3*x(1)"2 + 2*x(I)*x(2) + x(2)72 - 4*x(1)
SRS *2 (2) ;

Ei= [1,1];
[x, fval] = fminuncd¢fun, x0) ;

e After a few iterations, fminuncreturns the solution
X —
2.2500 -4.7500

fval =
-16.3750



fseminf

 Finds the minimum of a problem specified by

(K.(x,w)=<0,l<i<n
c(x)=<0

ceq(x) =0
Ax=<b

Aeq.x = beq

Ib=x=ub

minimize f(x) .
X

Ki(x,w;) <0 are continuous functions of both x and an additional set
of variables w,,ws;:..,w,

* Syntex
[x, fval]= fseminf (fun, x0, ntheta, seminfcon,..
A,b,Aeq,beqg, 1b, ub)
— ntheta -Number of semi-infinite constraints
— Seminfcon - Semi-infinite constraint function



fseminf

e Example Minimizes the function

(x-1)
subject to the constraints
O<sx<?2

g(x,z‘)=(x—%)—(t—%)2 <O forall O=<s¢t=<l




fseminf

e Example Minimizes the function

(x-1)

subject to the constraints
O<sx<?2

g(x,t)=(x—%)—(t—%)2 <O forall O=<s¢t=<l

 The unconstrained objective function is minimized at x = 1.
However, the constraint,

o(x,t)’ <0 forall 0=r<1
implies x < %



fseminf

 Write the objective function as an anonymeus function
objfun = @ (x) (x-1)"2;

 Write the semi-infinite constraint function,
— Includesthe nonlinear constraints ([{iin this case)
— Initial samplinginterval fort (0 to2-in steps of 0.01 in this case)
— The semi-infinite constraint function g(x, t):

function [c, ceq, KI, s] = seminfcon(x, s)
% No finite nonldgear inequality and equality
constraints

c = [1; ceq soll7

5 Sample sen

o]

1f isnan(gP s Initial sampling interval
s = [KO01 0];

end

t = 0:s(1):1;

$ Evaluate the semi-infinite constraint
Kl = (x - 0.5) - (¢t - 0.5).72;



fseminf

* Call £seminf with initial point0.2, and view the result:

x = fseminf (objfun,0.2,1,@seminfeon)

0.5000



fsolve

* Solves anonlinear problem specified by
F(x)=0

where F(x) is a function that returns-a vector value

* Syntex

[x, fval]= fsolve (fun,x0)



fsolve

« Example Solve two nonlinear equationsin.two variables. The
equations are:-

_plu1n2)

e =x2(1+x12)

X, c:os()c2)+x2 sin(x1 ) =%



fsolve

« Example Solve two nonlinear equationsin.two variables. The
equations are:-

_plu1n2)

e =x2(1+x12)

X, c:os()c2)+x2 sin(xl)=%
e Convertingin F(x)=0

_e~1+2)

e —x2(1+x12)=0

X, Cos(x2)+x2 sin(xl)—% =0



fsolve

e Matlab Code for function file
function F = root2d(x)
F (1) exp (—exp (- (x(1)+x (2
F(2) X (1) *cos(x(2)) + x(

) 1))y x(2) * (1+x (1) °2) ;
2)*sin(x (1)) - 0.5;



fsolve

e Matlab Code for function file
function F = root2d (x)
F (1) exp (—exp (- (x(1)+x (2
F(2) X (1) *cos(x(2)) + x(

) 1))y x(2) * (1+x (1) °2) ;
2)*sin(x (1)) - 0.5;

* Solve the system of equationsstarting at the point[0,0].
fun = @root2d;
x0 = [0,0];
X = fsolve (fun, x0)



fsolve

e Matlab Code for function file
function F = root2d (x)
F (1) exp (—exp (- (x(1)+x (2
F(2) X (1) *cos(x(2)) + x(

) 1))y x(2) * (1+x (1) °2) ;
2)*sin(x (1)) - 0.5;

* Solve the system of equationsstarting at the point[0,0].
fun = @root2d;

x0 = [0,0];

X = fsolve (fun, x0)
 Results

X —

0.3532 0.6061



linprog

Solve linear programming problems
([ Ax=<b
min 1 x 1 Aeq.x = beq

Ib<x<ub

Syntax
x = linprog(fun,A, b, Aeq, beqg, 1b, ub)



linprog

e Example Linear programming

. 1 .
min(-x, — > x,) subject to

f

Xbx, =2

X
X + /sl

X —X,=2

—’%—xzsl

X —x, =-1

=X+ X, =2



linprog

e Example Linear programming

. 1 .
min(-x, — > x,) subject to

f

Xbx, =2

X
X + /sl

X —X,=2

—’%—xzsl

X —x, =-1

=X+ X, =2



linprog

 Example Linear programming

f

Xbx, =2

X
X + %sl

) 1 , X —X,=2
min(-x, — —x,) subject to.
x 3 X
= % -x, =1

X —x, =-1

* Matlab Code
Objective Fupktion =X+, <2

= [-1 -1/3]%

= [1 1; ¥*¥/4; 1 -1;-1/4 -1; -1 -1; -1 1];
= [2 1 221 -1 2];

calling linprog

= linprog(f,A,b, [1,[1,[1,[1])

o° 0 X Hh oo

X



linprog
s

 Results =
Optimal solution found. <§©

0.6667




intlinprog

 Mixed-integer linear programming (MILP)
(x(Intcon)are integers
Ax<b
Aeq.x = beq
[b < x=ub

min f” x
X

* Syntax
Xx = intlinprog(f,intcon,A,b,Aeq, beq, 1b, ub)

— 1intcon —-intéder variables



intlinprog

 Example Mixed-integer linear programming (MILP)

X, 1s‘an mteger

, , X+ 2x, =-14
min(8x, + x,) subject tod
x —4x, —x, =-33

2x,+x, <20



intlinprog

Example Mixed-integer linear programming (MILP)

X, 1s‘an mteger

, , X+ 2x, =-14
min(8x, + x,) subject tod
x —4x, —x, =-33

2x,+x, <20

Matlab Code

%5 Objective Functixdni and integer varilable
f = 1[8;11];

intcon = 2;

B [_11_2; 94, -1; 2/1];

= [14;-837;20];

calling intlinprog

= 1ntlinprog(f,intcon,A,b)

oc ™

X



intlinprog

N o

* Results @66'
LP: Optimal objective value 1is 59.000000

6.5000 L




Isqcurvefit

Solve nonlinear curve-fitting (data-fitting) problems in least-
squares sense

min HF (x, xdata) - ydataHj = min 2 (F (x, xdata) — ydata )2

Nonlinear least-squares solverfinds coefficients x that solve
the problem.

Where user defined data‘should be feed in vector form
[ F'(x,xdata(1)) |

F(x,xdata(2))
M
| F'(x, xdata(k))

F(x,xdata) =

Syntax
x = lsqgcurvefit (fun,x0,xdata, ydata, 1b, ub)



Isqcurvefit

xyxdata

e Example Simple exponential fit ~ ydata = xe

xdata = [0.9 1.5 13.8 19.8 24.1 28.2 35.2 60.3 74.6 81.3];
ydata =[455.2 428.6 124.167.3 43.2 28.1 13.1-0.4 -1.3 -1.5];



Isqcurvefit

xyxdata

Example Simple exponential fit  ydata = xe

xdata = [0.9 1.5 13.8 19.8 24.1 28.2 35.2 60.3 74.6 81.3];
ydata =[455.2 428.6 124.1 67.3 43:2'28.1 13.1-0.4 -1.3 -1.5];

Matlab code
xdata = [0.9 1.5 13.8(19.8 24.1 28.2 35.2 60.3 ..
74.6 81.3];
yvdata = [455.2 4289 124.1 67.3 43.2 28.1 13.1 ..

-0.4 -1.3 -1.5]¥

$ Create a simpyle exponential decay model
fun = (@ (x,xdata)x(1l) *exp (x(2) *xdata) ;

$ Fit thes®odel using the starting point
x0 = [100,-1]

x = lsgcurvefit (fun,x0,xdata,ydata, [],[])



Isqcurvefit

R

* Results et
Local minimum possible. Q'(,@
X = Qb,

498.8309 -0.1013 O




Isqlin

Solve constrained linear least-squares problems
([ Ax<b

min%HC.x — dHi ] Aeq.x = beq

Ib<=x=<ub
solves the linear system C*x=d" *

Syntax
x = 1lsglin(C,d,A,b,Aeq, beq, 1b, ub)



Isqlin

e Example Find the x that minimizes the normof C*x - d for an
over determined problem with linear eguality and inequality
constraints and bounds.

e Matlab code
C = [0.9501 0.7620 0.61L53 0.4057;
0.2311 0.4564 0.57919 0.9354;
0.6068 0.018520.9218 0.9169;
0.4859 0.8234 0.7382 0.4102;
0.8912 0.4447 0.1762 0.8936];
d = [0.0578;00.3528; 0.8131; 0.0098; 0.1388];
A =[0.2029~0.2721 0.7467 0.4659;
0.1987 0.1988 0.4450 0.4186;
0.6037 0.0152 0.9318 0.8462];



Isqlin

e Matlab code conti.
b =[0.5251; 0.2026; 0.6721];
EESEE 3 5 7 9];
beq = 4;
b = -0.1*ones (4,1);
ub = 2*ones(4,1);

% call 1lsglin to sol#%e the problem
x = 1lsglin(C,d, A, bpAeq, beqg, 1b, ub)



Isqlin

Matlab code conti.

b =[0.5251; 0.2026; 0.6721];
EESEE 3 5 7 9];

beq = 4;

b = -0.1*ones (4,1);

ub = 2*ones(4,1);

% call 1lsglin to sol#%e the problem
x = 1lsglin(C,d, A, bpAeq, beqg, 1b, ub)

Results
x = -0.1000 -0.1000 0.1599 0.4090



Isqnonlin

To solve nonlinear least-squares curve fitting problems
. 2 .
min | £ (x)], = min ' £(x)’
Trust region reflective algorithm or Lévenbu rg Marquardt (set in
Options)

Isqnonlin stops because the final change in the sum of squares
relative to its initial value isdess than the default value of the
function tolerance.

Syntax

X = lsgnonlin(fun, x0, 1b,ub)



Isqnonlin

 Example Fit a simple exponential decay curve to data. The
model considered is: _1.3
y=e "~ +&
where 0<t< 3, and € is normallydistributed noise, mean O
and standard deviation 0.05.




Isqnonlin

 Example Fit a simple exponential decay curve to data. The

model considered is: _1.3¢
y=e + &

where 0<t< 3, and € is normallydistributed noise, mean O
and standard deviation 0.05.

e Matlab code

rng default; % figb» reproducibility

d = linspace (0, 3);

y = exp(-1.3%d) + 0.05*randn (si1ize(d));
fun = Q(r)exp (-d*r) -

x0 = 4;

X = lsgnonlin (fun,x0, []1,1[])



Isqnonlin

 Results
plot(d,y, 'ko',d,exp (-x*d), 'b-")
legend ('Data', 'Best fit')
xlabel ("t")

1.2

ylabel ('exp (-tx) ') | | | | 5 Data

Bestfit| |




quadprog

Finds a minimum for a quadratic programming problem that is

specified by: DI
| <

min —x' Hx + ' x 1 Aeq.x < beq

Ib=x=ub

Syntax
X = quadprog (H, £,A;b,Aeq, beq, 1b,ub,options)

- options — optimtool options for specific function



quadprog

e Example Solve the giveln the quadratic programming problem:
f(x)= Exf + X2 — XX, — 2~ 6,

. =2

subject to =

—X, +2x,=2
2x, %, =3

0.=x;0=x,



quadprog

 Example Solve the given the quadratic programming problem:

1
f(x) =5x12 + X2 — XX, — 2~ 6,

. =2
subject to =
—X, +2x,=2

2x, %, =3

0.="x,;0=x,

* Matlab Code
H= [1 -1; -1 2\¥%Y
A= [11;, -1x» 2
lb = zeros(2y1);
options = wWptimoptions ('quadprog', 'Algorithm',
'"interior-point-convex', 'Display', 'off');
[x, fval]=
quadprog (H, £,A,b, [1,[]1,1b, []1,[],0options);

f = [-2; -6];
e e = 22 27 2.



quadprog
R

e Result 2




Genetic Algorithm (GA)

Genetic algorithm solver for mixed-integeror continuous-
variable optimization, constrained or unconstrained
Syntax

X = ga(fun,nvars,A,b,Aeq, beq, 1b, ub)

— nvars is the dimension (numberof design variables) of fun



Genetic Algorithm (GA)

 Example Use the genetic algorithm to minimize the
ps_example function {inbuiltin Matlab};with following

constraints :-

x +x,=1
X, =X +5
l<x =<6

—3=<x,s8

ps_example(x)




Genetic Algorithm (GA)

* Rearranging constraints

x +x, =1
-X, +Xx, =5
l<x =6
-3 <X, <8
e Matlab Code 2
a1 -1]; b = =M
Aeq = [-1 1], beg = 5
1b = [1 -3]; ub”"= [6 8];%Set bounds 1lb and ub

fun = (@ps example;

x = ga(funy2,/A,b,Aeq, beq)



Genetic Algorithm (GA)

e Results

X:

-2.0000 2.9990



particleswarm

Bound constrained optimization using Particle Swarm
Optimization (PSO)

Minimizes objective function subject'to constraints
MATLAB builtin function particleswarm

— May defineas an unconstrained problem or find solutionin a
range

— Allows to specify various options using optimoptions

Syntax

X = particleswarm(fun,nvars, lb,ub,options)



particleswarm

e Example the objective function.
fin = @(x)x(1) * exp(-norm(x)’)
Set bounds on the variables

Ib =[-10,—~15]andiib =[15,20]



particleswarm

Example the objective function.

fun = @(x)x(1) * exp(-noérm(x)*)

Set bounds on the variables

Ib =[-10,~15]andiib =[15,20]

Matlab Code
%Define the obja®tive function.
fun = @ (x)x (1) ¥exp (—-norm(x) "2);

$Call partXefeswarm to minimize the function.
rng default $ For reproducibility
nvars = 2;

X = particleswarm (fun,nvars)



particleswarm

Result

x =
629.4474 311.4814

$This solution 1s far from thAe true minimum, as

$you see 1n a function plgd.

fsurf (@ (x,y)x.*exp (- (x.28+y."2)))

x exp(-(x2+y?))




simulannealbnd

Finds the minimum of a given function using the Simulated
Annealing Algorithm.

May define upper and lower bounds

Useful in minimizing functions that may have many local
minima

Syntax

[x,fval] = simulannealbnd (fun,x0,1lb,ub,options)



simulannealbnd

e Example Minimize De Jong’s fifth function.= 2 D
function with many local minima.

» Starting point = [0,0]
e UBis64 and LBis -64

De Jong’s Fifth Function Plot — Many Local Minima



simulannealbnd (example)

No Lower and Upper Bounds

fun = @dejong5fen;
x0 =[0 0];
x = simulannealbnd(fun,x0)

Output

X:

-31.9785 -31.9797

With LB and UB

fun = @dejong5fen;

x0 =10 0];

Ib = [-64 -64]:

ub = [6464];

x = suntlannealbnd(fun,x0,1b,ub)
Output

o =

0.0009 -31.9644

Plot De Jong’s
function and assign
fcn = @dejongSfen

|

|

simulannealbnd with

In main program,
starting [0,0]

|

Call simlannealbnd

Set LB and UB.
with LB and UB

Note: The simulannealbnd algorithm uses the MATLAB® random number stream,
so different results may be obtained after each run



Multi-objective GA

Find Pareto front of multiple fitness functions using genetic
algorithm

Syntax
X = gamultiobj (fitnessfcn,nvars,A,b,Aeq,beq, 1b, ub)



Multi-objective GA

* Example Compute the Pareto front for a simple multi-
objective problem. There are two objectives and two decision

variables x f,(x) = HXHZ
[2
"
y

2

£,(x)=0.5 £2




Multi-objective GA

Example Compute the Pareto front for a simple multi-

objective problem. There are two objectives and two decision
I 2
variables x £ = x|

2
2
jﬂﬁ)=05.n—L] +2
Matlab code
fitnessfcn = @ (x){norm(x)"2,0.5*norm(x(:)-[2;-
NN A2+2 1] ;

rng defaul& s For reproducibility
x = gamultiobj (fitnessfen, 2, [1,11,01,01,0[1,11)



Multi-objective GA

Results
Optimization terminated:

average change 1n the spread of

Pareto solutions less than options.functionTolerance.

X

FNORRFRPOORRPHROFROORRPFPOO

.0072
.0947
.0217
.1254
.0072
.4489
.8039
.5115
.5164
. 7082
. 8330
. 7657
. 7671
.2080Q
.0075
.06281
.0040
.5314

.0003
.0811
. 0946
.0857
.0003
.2101
. 3394
.6314
L1277
. 70086
. Q387
©6695
.4882
.5407
.5348
.1454
.00064
.9184



Multi-objective GA

* Plot the solution points

plot(x(:,1),x(:,2),"'ko")
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patternsearch

Find a local minimum a given function usingpattern search
subject to

— linear equalities/inequalities,

— lower/upper bounds,

— non-linearinequalities/equalities

Specific options may be given-using optimoptions

Syntax

X = patternseazrch (fun,x0,A,b,Aeq,beqg, 1b, ub,nonlcon)



patternsearch

* Examplel Minimize an unconstrained problemusing a user

function and patternsearch solver Define a user
function (obj1) that
y = exp(-x(1)*-x(2)*)*(1+5x(1) + 6*x(2) + 12x(k)eos(x(2))); describes the
objective

Function Code l
function[y] = obj1(x)

: A ) . In main program, call
y = exp(-x(1)"2-x(2)"2)*(1+5*x(1) + 6*%(2) + 12*x(1)*cos(x(2))); the function obj and
Main Code define starting point
fun = @obj1;
x0 =10,0];
x = patternsearch(fun,x0) [USC.P“”Q’””S?“’?}’ to]

find the minima

Output
X =

-0.7037 -0.1860




patternsearch

 Example 2 Solving the previous problem with-lower bound (LB)
and upper bound (UB) specified and starting at [1,-5]:

O<sx =

-0 < x, -3

Main Code
fun = @objl; Output

Ib = [0,-Inf]; X =

ub = [Inf,-3]; 0.1880 -3.0000
s ];

b =[];
Aeq =[];

beq =[];
x0 =[1,-5];

X e
patternsearch(fun,x0,A,b,Aeq,beq,lb,ub)






