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% This is the code block for problem1l. See the results bel ow.

clc

fprintf('Problem1 Results\n\n")

nF10; % Mean of the distribution
s=5; % St andard devi ati on

%enerate random nunbers froma normal distribution with nean of zero,
st andard deviation of 1. Then correct to what | want.
a=5*r andn( 1000, 1) +10;

% Check the properties of ny vector
fprintf(' The nean of the vector is: %\n', nean(a))
fprintf(' The standard deviation of the vector is: %g\n',std(a))

fprintf('\nThey are close to the distribution nmean and standard deviation\n')
fprintf('but are not exact because it is a finite sized vector\n')

fprintf('\nHere is the histogram showi ng the distribution of our vector\n')

%1 use 100 to have nore accurate histogram

figure

hi st(a, 100); % You can al so use ' hi st ogran

x|l abel (' Bin Center')

yl abel (" Counts')
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Problem 1 Results

The nmean of the vector is: 10.2648
The standard devi ati on of the vector is: 4.89943

They are close to the distribution nean and standard devi ation
but are not exact because it is a finite sized vector

Here is the histogram showi ng the distribution of our vector
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% This is the code block for problem?2. See the results bel ow
clc
fprintf(' Problem 2 Results\n\n")

%Cr eate function handl e.

f=@x) sum((x-a).”"2);

a' is the vector created in problem 1.

%l ot the function to take a | ook at where m ni rum m ght be

%-unction doesn't work if x is a vector, so calculate one at a tine

%Wnitialize variable (not necessary but good practice)
y=zer os(si ze(Xvec));

%Cal cul ate function val ues over a range.
Xvec=l i nspace( - 20, 20, 100) ;
for ii=1:1ength(Xvec)
y(ii)=f(Xvec(ii));
end

%Pl ot




figure

pl ot (Xvec, y,'r")

x| abel (" x") %Al ways | abel!
ylabel (" f(x)")

fprintf('Looks like minimnumis between O and 20 so | use that as bounds.\n")

% reate the starting values. A---X0--B
A=0;

B=20;

r=(1l+sqgrt(5))/2;

X0=(B- A) *r +A;

Utarting X interval positions and function values at those points
X=[A X0 B];
FX=[f(X(1)) f(X(2)) f(X(3))];

% r eat e obj ect and set properties
GR=HW'_Sol ut i on_Col denSecti on();
R F=f;

GR X=[ A X0 B];

GR. Tol X=1e- 16;

%Run the nethod that finds the m ni num
GR findM n()

%Note: W could watch the search finding using 'GR plotUpdateGS()'
%
%0i splay this property (Set by finMn() )

fprintf('\nThe found mnimumis %y. | showthis on the plot bel own', GR Found)
%l ot

figure

pl ot (Xvec, y,'r")

hol d on

pl ot ([ GR Found, GR Found], [mn(y) max(y)], k--")

x| abel (" x") %Al ways | abel!

ylabel (" f(x)")
| egend(' Function',' Found M ni muni)

fprintf('\nl notice the found mninum % is the same as the nean of a:%\n', GR Fo

% s this a coincidence?

Problem 2 Results
Looks like mnimumis between 0 and 20 so | use that as bounds.
The found mninumis 10.2648. | show this on the plot bel ow

| notice the found m ninum 10.2648 is the sane as the nean of a: 10.2648
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Problem 3

% This is the code block for problem?2. See the results bel ow.
clc
fprintf(' Problem 3 Results\n\n')

%Nunber of averages over the same ratio. Function mninmuns will vary.
Naver ages=1000;

%Nunber of different ratios to try between 0 and 1
Nrat i 0s=20;

% reate array of ratios to test.
Rati os=l i nspace(1, 2, Nrati os);

%Wntialize matri x for out put
Functi onCal | s=zeros(Nrati os, Naver ages) ;

%.oop over Ratios
for jj=1:Nratios

%Jnconment this line to show progress
%printf('Calculating for Ratio: %\n',Ratios(jj))

%Setup for this ratio
R=Ratios(jj);

A=0;

B=1;

r=R/ (1+R);

X0=(B- A) *r +A;

% r eat e obj ect and set properties
GR=HW_Sol ut i on_Gol denSection();
&R R=R;

GR X=[ A X0 B];

GR. Tol X=1e- 8;

% Nested' |oop over functions with different (randonm) m ninmuns
for ii=1:Naverages

% Cr eate new function with random m ni num
a=rand();
f = @x) (x-a)."2;

%Change object property to new function handle
CGR F=f;

%Reset Bounds
GR X=[ A X0 B];

%Run nethod to find m ni num
GR findM n()




uStore our result in the matrix
FunctionCal Il s(jj,ii)=GR NFunctionCalls;
end
end

%Pl ot the results

%lake average al ong the second di nmension
Aver ageFC=nean( FunctionCal |l s, 2);

%his is our main result:
fprintf('\nThe plot belowis our main result.\n")

figure

pl ot (Rati os, AverageFC, ' b")

hol d on

%l ot the position of the Golden Ratio

plot([1.618 1.618],[m n(AverageFC) max(AverageFQ) ], k--")
x|l abel (" Ratio')

yl abel (" Number of Function Calls")

fprintf('Interesting- the golden ratio is not optimal!\n")

Probl em 3 Results

The plot below is our main result.
Interesting- the golden ratio is not optimal
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Problem 4

% Notice the many 'fprintf' staments used to print text next to figures.
%

% 1 changed the output file format to ' PDF' and hit publish

%

%I1'"1l also print out the class definition for the class | am using:

type HW _Sol uti on_Gol denSecti on

cl assdef HW _Sol uti on_Gol denSection < handl e
%W _Col denRati o Find m ni num of fucntion using Golden Section search
% Detail ed expl anati on goes here

properties

F; %-uncti on Handl de

X %Current intervals (3 x 1);

FX; %-unction Evalulated at X

Tol X=. 001; %ol erance for stopping

R=(1+sqrt (5))/2; %efault Ratio (Col den)

Found; %-ound m ni mum

NFuncti onCal | s; %\Nunber of function calls required to find m ni mum
end
nmet hods




function findM n(obj)

end

% nterval size used to check convergence
dX=obj . X(3)-obj . X(1);

9%Cal cul ate the function at the initial X val ues
obj . FX( 1) =obj . F(obj . X(1));
obj . FX(2) =obj . F(obj . X(2));
obj . FX(3) =obj . F(obj . X(3));

%Nunmber of function calls (Three from above)
N=3;

%.oop until interval size is below tol erance.
whi | e dX>obj . Tol X

%Cet new i nterval

[ X out,FX out ] = obj.updateGRinterval (obj. X, obj.FX);

9%Cal cul ate new i nterval size
dX=X_out (3)-X out(1);

%update X and Function val ues
obj . X=X_out ;
obj . FX=FX_out ;

%updat e nunmber of function calls.
N=NHL;
end

%Set these object properties
obj . Found=( obj . X(3) +obj . X(1))/2;
obj . NFuncti onCal | s=N,;

function [ X out,FX out ] = updateGRInterval (obj, X, FX)

f =obj . F;

%Rati o of lengths of interval (a/b)
%|----- a----- | --b--]

R=0bj . R;

% al (at+b) is:
r=R/ (1+R);

%ind if the large interval is on right or left
it (X(2)-X(1)) > (X(3)-X(2))

oX1- - - - - X2---X3

I nt Si de=' Left"';
el se

OX1---X2----- X3




I nt Si de=" Ri ght";
end

switch I ntSide
case ' Left’
UX1- - - Xnew- - X2- - - X3

%-i nd new X position

IntSize=X(2)-X(1); %arge interval size
Xnew=X( 1) +l nt Si ze*r;

%vaul ate function at Xnew

F_Xnew=f ( Xnew) ;

%Return new i nterval X and FX dependi ng on F_Xnew
if F_Xnew<FX(2) %use left interval
X out (1) =X(1);
X_out (2) =Xnew,
X out (3) =X(2);
FX_out (1) =FX(1);
FX_out (2) =F_Xnew,
FX_out (3) =FX(2);
el se %use right interval
X_out (1) =Xnew,
X out (2) =X(2);
X_out (3) =X(3);
FX_out (1) =F_Xnew,
FX_out (2) =FX(2);
FX_out (3) =FX(3);
end

case 'Right'
UX1- - - X2- - Xnew- - - X3

%-i nd new X position

IntSize=X(3)-X(2); %arge interval size
Xnew=X(2) +lI nt Si ze*(1-r);

%vaul ate function at Xnew

F_Xnew=f ( Xnew) ;

%Return new i nterval X and FX dependi ng on F_Xnew
if F_Xnew<FX(2) %use right interval
X out (1) =X(2);
X_out (2) =Xnew;,
X_out (3) =X(3);
FX_out (1) =FX(2);
FX_out (2) =F_Xnew,
FX_out (3) =FX(3);
el se Ytse left interval
X out (1) =X(1);
X out (2) =X(2);
X_out ( 3) =Xnew,
FX_out (1) =FX(1);
FX_out (2) =FX(2);




FX_out ( 3) =F_Xnew,
end
end
end

function pl ot Updat eGS( obj , PauseTi ne)

%his is simlar to findMn() but shows updates.

i f nargin<2
PauseTi ne=1;
end

dX=obj . X(3) - obj . X(1);
obj . FX(1) =obj . F(obj . X(1));
obj . FX(2) =obj . F(obj . X(2));
obj . FX(3) =obj . F(obj . X(3));

G ayCQut =0;

%l ot function over interval
Xvec=l i nspace(obj . X(1), obj.X(3), 100);
Yvec=obj . F( Xvec);

figure

pl ot ( Xvec, Yvec, 'r')
hol d on

x| abel (" x")

ylabel (" f(x)")

whi | e dX>obj . Tol X

if GayQut %o it doesn't try to do this the first tinme
for jj=1:3
Pobj Vec(jj).Col or=[.75,.75,.75];
end
el se
G ayQut =1;
end

%l ot the new intervals
for jj=1:3

Pobj Vec(jj)=plot([obj.X(jj) obj.X(jj)],[mn(Yvec) max(Yvec)],'
end

%Jpdate the intervals

[ X out,FX out ] = obj.updateGRinterval (obj. X, obj.FX);
dX=X_out (3)-X out(1);

obj . X=X_out;

obj . FX=FX_out ;

Y%pause so we can see update
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pause( PauseTi ne)

end
end

end

end
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