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• If, Switch 
• Vector codes: Find 
• Line fitting

Lecture 3 II



Outline 
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• Conditional flow chart 
• Thresholding 
• Piece-wise function 
• Expression evaluation 
• Grading 
• Unit circle indication 
• Matlab find



Conditional structure
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statementif logic expression  
     Statements 
 end

statements

Logic 
expression 

T



Conditional structure
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statementif logic expression  
     Statements A 
else 
      Statements B 
 end

statements 
A

Logic 
expression 

T

Statem
ent B
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Threshold function

otherwise   0,         
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threshold

function y=my_threshold(h) 
 y=0; 
 if h > 0.5 
  y=1; 
 end



Circle support
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Support indication
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d=norm(x); 
 f=0

function f=i_circle(x)




    d <=1

f=1
T
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piece-wise function

x
x

xx

xxxf

≥=

>≥−=

>−=

2 if        
2

3
         

23 if     5        

3 if     1)(

3
2
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x>3

y=3*x/2

y=x-1

T

x<=3 & x > 2 y=5-x

T

function y=pwfun(x)
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function  y=f(x) 
 y=3*x/2; 
 if x>3 
  y=x-1; 
 end 
 if x <= 3 & x>2 
  y=5-x; 
 end
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Expression evaluation

• Evaluate an infix-order expression 
• It is required to apply an appropriate 

operation to two operands according to 
the operator

z=prefix('*',10,15)
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c==‘+’ z=x+y

T

c==‘-’ z=x-y

T

Input 
c,x,y

c==‘*‘ z=x*y
T

c==‘/’ z=x/y
T

function z=prefix(c,x,y)
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function z=prefix(c,x,y) 
if c==‘+’ 
 z=x+y; 
end 
if c==‘-’ 
 z=x-y; 
end 
if c==‘*’ 
 z=x*y; 
end 
If c==‘/’ 
 z=x/y; 
end  
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switch

case ‘+’ 
z=x+y

case ‘-’ 
z=x-y

case ‘*’ 
z=x*y

case ‘/’ 
z=x/y

end

switch c
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function z=prefix(c,x,y) 
    switch c 
        case '+' 
            z=x+y; 
        case '-' 
            z=x-y; 
        case '*' 
            z=x*y; 
        case '/' 
            z=x/y; 
    end
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Grading

• Grade scores 
• x : a score 
• Grade  

• g='D' if x <= 70 
• g='C' if x > 70 and x <= 80 
• g='B' if x > 80 and x <= 90 
• g='A' if x > 90 

function g=grading(x)
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g= ‘D’

T

 g= ‘C’

T

Input 
x,g

g= ‘B’
T

g= ‘A’
T

x <= 70

x > 70 & x <=80

x > 80 & x <=90

x > 90

function g=grading(x)
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Matlab find

• Seek indices of nonzero elements

>> x=[1 1 0 0 1 1] 

x = 

     1     1     0     0     1     1 

>> ind=find(x) 

ind = 

     1     2     5     6
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Find

• Return indices of nonzero elements in a 
vector 

• ind=find(x) 
• x: a vector  
• ind: indices of non-zero elements in x
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find(x>0)

• Find indices of positive elements
>> x=[-1 -2 0 1 2 3] 

x = 

    -1    -2     0     1     2     3 

>> find(x>0) 

ans = 

     4     5     6
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ind=find(x)

x = 

    -1    -2     0     1     2     3

ind = 

     1     2     4     5     6

Vector code
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Vector code

• Mathematical Manipulation of all 
elements or selected partial elements in 
vectors or matrices at a time
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Ind = find(x>0)

x = 

    -1    -2     0     1     2     3

Ind = 

     1     4     5     6

Indices of positive elements
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Thresholding 

z = 

     0     0     0     0     0     0

x = 

    0.9501    0.2311    0.6068    0.4860    0.8913    0.7621

Thresholding( 0.5 )

z = 

     1     0     1     0     1     1
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Thresholding by Matlab find 

z = 

     0     0     0     0     0     0

x = 

    0.9501    0.2311    0.6068    0.4860    0.8913    0.7621

ind = find(x > 0.5); 
z(ind)=1;

z = 

     1     0     1     0     1     1



軟體實作與計算實驗 �28

• Input : a vector
• Output: indices of elements that are greater than 
              a given threshold





•The function is evaluated in vector form

Vector Thresholding 

otherwise 0            

 if 1);(

=

>= θθ xxf

function z=v_threshold(x,t)
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x,t

ind=find(x>t) 
z(ind)=1

n=length(x); 
z=zeros(1,n);

function z=v_threshold(x,t)
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function z=v_threshold(x,t)
 n=length(x); 
 z=zeros(1,n); 
 ind=find(x>t); 
 z(ind)=1; 

return
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>> x=linspace(-1,1);
>> y=v_threshold(x,0.2);
>> plot(x,y)
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Sampling from a square

• Create uniform random points within [-1 
1]x[-1 1]

>> X=rand(2,5)*2-1 

X = 

    0.8709   -0.1795   -0.8842    0.6263   -0.7222 
    0.8338    0.7873   -0.2943   -0.9803   -0.5945
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find

Find points that belong the I, III quadrants

X = 

    0.8709   -0.1795   -0.8842    0.6263   -0.7222 
    0.8338    0.7873   -0.2943   -0.9803   -0.5945

    0.8709   -0.8842   -0.7222 
    0.8338   -0.2943   -0.5945
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Find points that belong the I, III quadrants
X = 

    0.8709   -0.1795   -0.8842    0.6263   -0.7222 
    0.8338    0.7873   -0.2943   -0.9803   -0.5945

    0.8709   -0.8842   -0.7222 
    0.8338   -0.2943   -0.5945

z= x(1,:).*x(2,:) 
z = 

    0.7262   -0.1413    0.2602   -0.6140    0.4293

Ind = find(z > 0)

Ind = 

     1     3     5

y = x(:,Ind)
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Find points that belong the I, III quadrants
X = 

    0.8709   -0.1795   -0.8842    0.6263   -0.7222 
    0.8338    0.7873   -0.2943   -0.9803   -0.5945

    0.8709   -0.8842   -0.7222 
    0.8338   -0.2943   -0.5945

z= x(1,:).*x(2,:) 
Ind = find(z > 0) 
y = x(:,Ind)
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X=rand(2,800)*2-1; 
Z=X(1,:).*X(2,:); 
ind=find(Z>0); 
Y=X(:,ind); 
plot(Y(1,:),Y(2,:),'.');
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•Find points within the unit circle
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find

Find points within the unit circle

X = 

    0.8709   -0.1795   -0.8842    0.6263   -0.7222 
    0.8338    0.7873   -0.2943   -0.9803   -0.5945

ans = 

   -0.1795   -0.8842   -0.7222 
    0.7873   -0.2943   -0.5945



軟體實作與計算實驗 �39

X = 

    0.8709   -0.1795   -0.8842    0.6263   -0.7222 
    0.8338    0.7873   -0.2943   -0.9803   -0.5945

   -0.1795   -0.8842   -0.7222 
    0.7873   -0.2943   -0.5945

RD=(X(1,:).^2+X(2,:).^2);
RD = 

    1.4537    0.6521    0.8684    1.3532    0.8750

Ind = find(RD < 1)

ind = 

     2     3     5

y = x(:,Ind)
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X = 

    0.8709   -0.1795   -0.8842    0.6263   -0.7222 
    0.8338    0.7873   -0.2943   -0.9803   -0.5945

   -0.1795   -0.8842   -0.7222 
    0.7873   -0.2943   -0.5945

RD=(X(1,:).^2+X(2,:).^2);  
Ind = find(RD < 1)  
y = x(:,Ind)
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X=rand(2,800)*2-1;
D=sqrt(sum(X.^2));
ind=find(D<=1);
Y=X(:,ind);
plot(Y(1,:),Y(2,:),'.');
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Demo_find3

• Generate a uniform sample from [-1 
1]x[-1 1] 

• Plot those within the 1st and 4th quadrants 
in red points and remains in blue points
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X=rand(2,800)*2-1;
ind=find(X(1,:)>0); XP=X(:,ind);
ind=find(X(1,:)<=0); XN=X(:,ind);
plot(XP(1,:),XP(2,:),'r.');hold on;
plot(XN(1,:),XN(2,:),'b.');
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•Generate a uniform sample from [-1 1]x[-1 1]
•Plot points 
   of different quadrants in different colors
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Dot product of two vectors

x=[1 2 3];y=[4 5 6]; 
>> x.*y 

ans = 

     4    10    18

yx

yyyy

xxxx

n

n

*.

],,,[

],,,[

21

21

Λ

Λ

=

= ...

...
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x.*y 

x=[1 2 3]; 
y=[4 5 6];

4    10    18
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z=x.*y 

x=[1 2 3]; 
y=[4 5 6];

4    10    18

∑
k

kk yx sum(z)

32
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z=x.*x 

x=[1 2 3];

1    4   9

∑
k

k
x
2

sum(z)

14
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Matrix form

















=
∑

∑∑
N

2

k

k

k

k

k

k

x

xx

C

x=[1 2 3];

c11=sum(x.*x) 
c12=sum(x) 

c21=c12 
c22=length(x) 

C=[c11 c12;c21 c22]

   14     6 
     6     3
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Form matrix

















=
∑

∑

k

k

k

kk

y

yx

d

x=[1 2 3]; 
y=[4 5 6];

d1=sum(x.*y) 
d2=sum(y) 
d=[d1 d2]

32    15
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Dot product of two matrices

>> A=reshape(1:9,3,3) 

A = 

     1     4     7 
     2     5     8 
     3     6     9 

>> A.*A 

ans = 

     1    16    49 
     4    25    64 
     9    36    81

[ ]

BA

bB

aA

ij

ij

*.

][=

=
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Line fitting

x = 

     1     2     3     4     5

y = 

     3     5     7     9    11

Line fitting 
Assume ax+b=y 

Find a and b

a=2, b=1
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Errors 

E minimizingby  b and a 

0)1,2(

0E

)(),E( 2

Find

baE

ybaxba
i

ii

===

≥

−+=∑
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Derivation of normal equations

0

0

=
∂

∂

=
∂

∂

b

E

a

E
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Normal equations for line fitting 
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Matrix form
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 Solve

dC
b

a
1−

=
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Matrix C

• C(1,1)=sum(x.^2) 
• C(1,2)=sum(x); 
• C(2,1)=C(1,2); 
• C(2,2)=length(x) 
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Vector d

• d=[ sum(x.*y) sum(y)] 
•  inv(C)*d'
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Noisy sample from a line

>> x=linspace(-1,1,100); 
>> y=2*x+1+rand(1,100)*0.2-.01; 
>> plot(x,y,'.');
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De-mean 

• Create random points 
• Shift them to have zero mean
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demean

x=rand(2,800);
plot(x(1,:),x(2,:),’r.’); hold on; 
mean_x=mean(x');
x=x-mean_x'*ones(1,800);
plot(x(1,:),x(2,:),’b.’);  
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Evaluation of vector inputs

x
x

xx

xxxf

≥=

>≥−=

>−=

2 if        
2

3
         

23 if     5        

3 if     1)(
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pw_linear

function y=pw_linear(x)
    y=x;
    ind=find(x>3);
    y(ind)=x(ind)-1;
    ind=find(x<=3 & x>2);
    y(ind)=5-x(ind);
    ind=find(x<=2);
    y(ind)=3*x(ind)/2;
return
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>> x=linspace(0,4);
>> y=pw_linear(x);
>> plot(x,y)


