
1.3. Applications 

1. 3D plot: 
Example : 
Let 풛 = 풙ퟐ + 풚ퟐ, 풙, 풚 = −ퟏ, −ퟎ. ퟗퟗ, ⋯ , ퟎ, ퟎ. ퟎퟏ, ⋯ , ퟏ , Please write a program to 
plot this function. 
Example (Splus): 
x=y=seq(-1,1,by=0.01) 
n=length(x) 
z=matrix(0,n,n) 
for(i in 1:n) 
{ 
 for(j in 1:n) 
 { 
  z[i,j]=x[i]^2+y[j]^2 
 } 
} 
persp(x,y,z) 
2. Newton-Raphson method: 
Objective: Find the solutions for possibly nonlinear equations 

풇ퟏ(풙) = 풇ퟏ 풙ퟏ, ⋯ , 풙풑 = ퟎ 
 풇ퟐ(풙) = 풇ퟐ 풙ퟏ, ⋯ , 풙풑 = ퟎ  

⋮ 
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Newton-Raphson algorithm: 
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The converge criteria are: 
1. ‖풙푵 ퟏ − 풙푵‖ < 휺ퟏ, 휺ퟏ is some pre-specified small number. 
ퟐ. ‖풇(풙푵)‖ < 휺ퟐ, 휺ퟐ is some pre-specified small number. 

 
Example: 
풇(풙) = 풙ퟐ − ퟏ. Please find the solutions of 풇(풙) = ퟎ by Newton-Raphson 
method. 
 
Example (Splus): 
newton1=function(initial,error) 
{ 
 xold = initial 
 repeat 
 { 
  f=xold^2-1 
  df=2*xold 
  xnew=xold-f/df 
  cri1=abs(f) 
  cri2=abs(xnew-xold) 
  if(cri1 < error && cri2 < error) break 
  xold=xnew 
 } 
 list(xnew) 
} 
solution=c(newton1(10,0.000001),newton1(-10,0.000001)) 
solution 
 
Example: 
Please write a program to find all solutions to 7 decimal places of accuracy using 
Newton’s method 풇(풙) = 풙ퟑ − ퟒ. ퟓ풙ퟐ + ퟔ. ퟓ풙 − ퟑ = ퟎ.  
Example (Splus): 
x=seq(0.5,3,by=0.05) 
y=x^3-4.5*x^2+6.5*x-3 
plot(x,y,type="n") 
points(x,y) 
abline(h=0) 
 
newton=function(initial,error) 



{ 
 xold=initial 
 repeat 
 { 
  f=xold^3-4.5*xold^2+6.5*xold-3 
  df=3*xold^2-9*xold+6.5 
  xnew=xold-df^(-1)*f 
  if((abs(f) < error) && (abs(xnew-xold) < error))  break 
  xold=xnew 
 } 
 xnew 
} 
list(newton(0.9,1e-7), 
     newton(1.4,1e-7), 
     newton(2.1,1e-7)) 
 
Example: 
Please write a program to find all solutions of the following equations to 5 decimal  
places of accuracy using Newton-Raphson method: 

ퟕ풙ퟑ − ퟏퟎ풙 − 풚 − ퟏ = ퟎ 
ퟖ풚ퟑ − ퟏퟏ풚 + 풙 − ퟏ = ퟎ 

with starting point ퟏ
ퟎ , ퟏ

ퟏ , and ퟏ
−ퟏ  Please save the solutions as outputs in a list. 

 
Example (Splus): 
newton2=function(initial,error) 
{ 
 xold = initial 
 repeat 
 { 
  f=c(7*xold[1]^3-10*xold[1]-xold[2]-1, 
     8*xold[2]^3-11*xold[2]+xold[1]-1) 
  hm=matrix(c(21*xold[1]^2-10,1,-1,24*xold[2]^2-11),2,2) 
  xnew=xold-solve(hm)%*%f 
  cri1=sqrt(sum(f^2)) 
  cri2=sqrt(sum((xnew-xold)^2)) 
  if(cri1 < error && cri2 < error) break 
  xold=xnew 



 } 
 list(xnew) 
} 
solution=c(newton2(c(1,0),0.00001), 

newton2(c(1,1),0.00001), 
newton2(c(1,-1),0.00001)) 

solution 
 
Note:  
Fisher’s Scoring Method:  
Let 풍(휷) = 풍 휷ퟏ, ⋯ , 휷풑 = 풍풐품[풇(풚|휷)], where 풇(풚|휷) is the density function. 
Let  
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푼(휷) is called the score function while  
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is called the information matrix. 



If 휷 is the maximum likelihood estimate (MLE), then 푼 휷 = ퟎ.. 

Let 휷풕 =

⎣
⎢
⎢
⎢
⎡휷풕ퟏ

휷풕ퟐ
⋮

휷풕풑⎦
⎥
⎥
⎥
⎤
 and 휷풕 ퟏ =

⎣
⎢
⎢
⎢
⎡휷(풕 ퟏ)ퟏ

휷(풕 ퟏ)ퟐ
⋮

휷(풕 ퟏ)풑⎦
⎥
⎥
⎥
⎤
 be the maximum likelihood estimate at the 

풕’풕풉 and (풕 + ퟏ)’풕풉 iterations, respectively. 
1. Newton-Raphson method:  

휷풕 ퟏ = 휷풕 + 푨 ퟏ 휷풕 푼 휷풕 , 풕 = ퟎ, ퟏ, ퟐ, ⋯ 
2. Fisher’s scoring method: 

휷풕 ퟏ = 휷풕 + 푰 ퟏ 휷풕 푼 휷풕 , 풕 = ퟎ, ퟏ, ퟐ, ⋯ 
 

The converge criteria are: 
1. 휷푵 ퟏ − 휷푵 < 휺ퟏ, 휺ퟏ is some pre-specified small number. 
ퟐ. 푼 휷푵 < 휺ퟐ, 휺ퟐ is some pre-specified small number. 
 
 

Useful links: 

Wikipedia : http://en.wikipedia.org/wiki/Main_Page 
Taiwan R User Group : https://www.facebook.com/Tw.R.User 

R 語言翻轉教室:  

http://wush978.github.io/DataScienceAndR/ 
 


