
5 
 

 2 

 

 

 

2.1 K-Nearest Neighbors 

 
  K  

 
  K   Vote   

 outlier  
 1 

 1 
 K-Nearest Neighbors 

 

 1  K-Nearest Neighbors 
 

 
    outlier  
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  (Lee, 1991)  (Golub et al., 1999) 

 (Chaovalitwongse, Fan, & Sachdeo, 2007)  (Weiss et 

al., 1999) 

2.2  (Moving Average) 

 

 moving window  

  

(pattern)  

 

2.3  

 (series)    

2.3.1 Mean Absolute Error (MAE) 

 Mean Absolute Error 

  N   MAE  

 

  

      

      

 MAE    

 

( 2 – 1 ) 
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3.3.2 Root Mean Square Error (RMSE) 

 Root Mean Square Error 

  N   RMSE  

 

  

      

      

 RMSE    

 

2.3.3 Mean Absolute Percentage Error (MAPE) 

 Mean Absolute Percentage Error 

 

 N   MAPE  

 

  

      

      

 MAPE   

  

( 2 – 3 ) 

( 2 – 2 ) 
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2.4 Dynamic Programming 

Dynamic Programming  

Richard Bellman  1950 (Bellman & Dreyfus, 1962) Dynamic Programming 

 optimization  Divide-and-Conquer 

  

(Recursive Function)   

   

  

 

  Fibonacci 

 Fibonacci      (    

)        code 

 

 

 
 

   

  

 
int fi (int n){ 

if(n==0) 
return 0; 

if(n==1) 
return 1; 

return fi(n-1) + fi(n-2); 
} 
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 2 

 fi(4) 

 
 2  fi(n)  fi(n-

1)  fi(n-2)   

 
 

 

 

fi(4)

fi(3) fi(2) 

fi(1)fi(2) fi(1)

fi(1) fi(0)

fi(0)

 
int fi (int n){ 

F[0] = 0; 
F[1] = 1; 
 
for(i=2; i<=n; i++) 

F[i] = F[i-1] + F[i-2]; 
 

return F[n]; 
} 
 

 
F[0] = 0; 

F[1] = 1; 

F[2] = F[1] + F[0] = 1; 

F[3] = F[2] + F[1] = 2; 

F[4] = F[3] + F[2] = 3; 
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2.5  

 (Time Series Data)   

    

    

   (Speech Recognition) 

 (Finance)  (Robotics)  (Medicine) 

 (Gesture Recognition)  (Biometrics)  

   Euclidian Distance  Dynamic Time Warping 

2.5.1 Euclidian Distance 

Euclidean Distance  Euclidean Metric   2  

 

 Pythagorean 

 1  

 1      

  

 

  

( 2 – 4 ) 
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 2  

 2      

 

 

 3  

 3     

  

 

   

      

   

 

 

2.5.2 Dynamic Time Warping (DTW) 

Dynamic Time Warping (Niels, 2004) 

 2    (Alignment) 

 /   

 Dynamic Time Warping 

 (Dynamic programming)   

Code  

( 2 – 5 ) 

( 2 – 6 ) 

( 2 – 7 ) 
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Dynamic Time Warping  

(Speech Recognition)   (Handwriting Recognition)   

  (Berndt & Clifford, 1994; Keogh & Pazzani, 2000; 

Kovacs-Vajna, 2000; Mongeau & Sankoff, 1990) 

   

DTW (s[1..n], t[1..m]) { 

  float cell[1..n+1, 1..m+1] 
  int i, j, 
  float cost, min 
 

  cell [0, 0] := 0 

  for i := 1 to m 
    cell [0, i] := infinity 

  for i := 1 to n 
    cell [i, 0] := infinity 

 

  for i := 1 to n 

    for j := 1 to m 
      cost:= d(s[i], t[j]) 
      min = minimum(cell [i-1, j  ],    // insertion 
                    cell [i  , j-1],    // deletion 
                    cell [i-1, j-1])    // match 
      cell [i, j] := cost + min 
 

  return cell [n, m] 

} 
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 3 

 Euclidean Distance  Dynamic Time Warping 

 

 

 3  Dynamic Time Warping /

  Euclidean Distance 

 

2.6  

 

 edit  operation  

  operation    

  A  3   2 operations      
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 4 

 (A),  (X,Y,Z)  operation  edit

           

     

 

 operations   edit  X, Y, Z  A   

 5 

 edit  operation  

    

 X   1   Y  2   Z  1  

 operation  operation  Z 

   

 =  

=   

Operations 

 

 

 

 

 

 

 

  

  

   

 

 

 

 

 

 

 

 

  

  

  

  

 

 

 

A 

X Y Z 
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 X  cost   1  cost 

 3  X  Z  

 edit  operation 

  

   ,  DNA, ,  

 

2.6.1 Edit Distance 

Edit Distance (Morgan, H. L. 1970) 

  operation 

 

 complier  token  1974  Wagner  

Fischer (Wagner & Fischer, 1974)  edit 

  

 Edit Distance  sequence  

sequence   3 operation  insertion deletion substitution 

 sequence    

Insertion Operation 

Operation 

  

 

Insert ( B )  

 

AA ABA
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Deletion Operation 

Operation  insertion operation 

  

 

Delete ( B )  

 

Substitution Operation 

Operation    

  

 

Substitute B to C  

 

   

ABCF      ACBE 

 Edit Distance  ABCF  ACBE  

 B  ABCF  ACF,  B  F  ACBF,  F 

 E  ACBE  deletion  1 , insertion  1 ,  

substitution  1   

 operation    edit 

 sequence   

ABA AA

AB AC
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 Richard Bellman  Dynamic Programming 

 Dynamic Programming  

Paradigm  Computer programming  

 

 Distance  Edit Distance  Dynamic programming 

:  Distance  S=[a,c,b]  T=[a,b,c]  

1.  Dynamic Programming 

 (S+1)  (T+1)  

a b c 

a 

c 

b 
 

2. Initialize  

   recurrent 

relation  
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T[j] a b c 

S[i] 0 1 2 3 

a 1 

c 2 

b 3 
 

3. Fill in Cell  

  recurrence relation  

 

  

for i from 0 to m 

     cell[i, 0] := i  

for j from 0 to n 

     cell[0, j] := j  

if s[i] = t[j] then  
   cell[i, j] := cell [i-1, j-1] 
else 
   cell[i, j] := minimum 
           ( 
             cell [i-1,  j ] + cost of insertion,   
             cell [ i , j-1] + cost of deletion,   
             cell [i-1, j-1] + cost of substitution  
            ) 
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[ j ] a b c 

[ i ] 0 1 2 3 

a 1 0 1 2 

c 2 1 2 1 

b 3 2 1 2 
 

 cost of insertion  cost of deletion  1   cost of 

substitution  2    

4. Trace back 

     

                       edit 

 operation  Distance  

 distance  2   edit  operation 

 2  

2.6.2 Run-Length Encoded Edit Distance 

Run-Length Encode   

 

     

  data compression 

   bitmap pixel, , icon, animation  

 (Lemire, Kaser, & Aouiche, 2009) 
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  6  Run-Length 

Encode   3A 6B 4C 4B 

2C 5B 6A 

 6 

 

 

 1992 Bunke  Csirik  Edit Distance  Run-Length 

Encode (Bunke & Csirik, 1992)  Edit Distance 

 Run-Length Encode  1995 

(Bunke & Csirik, 1995) 

 Run-Length Encode  

 

 2004  (algorithm)  

Longest Common Subsequence  Run-Length Encode 

 (parallelism)  (Freschi & Bogliolo, 2004)  Run-Length 

Encode  (   characters  run)   (   characters  run)  

  

 

2.6.3 Event sequence 

Event  

 (event)  (time)  , 

 (user interface), , 

 

A A A B B B B B B C C C C B B B B C C B B B B B A A A A A A 
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 event  

  

 1997 Mannila  Ronkainen  Event sequence 

 (Mannila & Ronkainen, 1997)  3 operations  edit   

1. Insertion operation ( ) 

2. Deletion operation ( ) 

3. Moving operation ( ) 

 dynamic programming   recurrence 

relation  

 

 

 

 

  

   cost  insert  delete  

  

( 2 – 8 ) 
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2.6.4 Timed String 

Timed String (Dobrišek, Zibert, Paveši, & Miheli, 2009) 

 sequence  sequence 

    symbol  Timed String  Edit 

Distance  cost  operation  

 cost   

sequence    symbol 

  

 Timed String  Edit Distance  

 cost  cost   Timed String 

 sequence  (Symbol, Start time, End time)  

Timed Symbol  

 (Null Symbol)  symbol  Empty Symbol 

   ( , Start time, End time )  Null Symbol  

   Null Symbol  sequence   

sequence  

 Timed String  Dynamic Programming  

Edit Distance  Recurrence Equation  Initialized  

 
 

     Null Symbol       ,    cost 

 sequence,    cost  Timed Symbol, 

   cost  Timed Symbol 

( 2 – 9 ) 
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 Recurrence Equation  Fill in  

 

 

 

    cost  

  Event   

 

 Fill in   2 Timed String 

  recurrence equation   cost   

cost  Event  weight  cost  edit 

 Edit Distance  

  

( 2 – 10 ) 


