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1 Lernschritt im Perzeptron-Lernalgorithmus

(a)

w1 · x1 + w2 · x2 + w0 = 0

⇔ x2 = −w1 · x1 + w0
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(b)

w∗ =

 1
2
−1


x∗ =

2
2
1


(c) w1 in rot, w−1 in blau

x

y

−3 −2 −1 0 1 2 3

−3

−2

−1

0

1

2

3

w x

Separierungslinie

(d) Überprüfen ob bereits korrekt klassi�ziert:

(w∗)T · x∗ = 2 + 4− 1 = 5 ≥ 0

⇒ x∗ ∈ ω1

Lernschritt durchführen:

w̃∗ = w∗ − η · x∗ =

−10
−2


⇒ w̃ =

(
−1
0

)
w̃0 = −2

(e) w1 in rot, w−1 in blau
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(f) Überprüfen ob bereits korrekt klassi�ziert:

(w̃∗)T · x∗ = −2 + 0− 2 = −4
⇒ x∗ ∈ ω−1

Kein Lernschritt ist notwendig ⇒ w wird nicht verändert

2 Perzeptron-Lernalgorithmus

Matlab script:

1 %% I n i t i a l i z a t i o n
2 data = [−3 1 −1;
3 −3 3 1 ;
4 −2 1 −1;
5 −2 4 1 ;
6 −1 3 1 ;
7 −1 4 1 ;
8 2 2 −1;
9 2 4 1 ;

10 3 2 −1;
11 4 1 −1 ; ] ;
12

13

14 % Create a l l v e c t o r s
15 inputs = data ( : , 1 : 2 ) ;
16 inputsExtended = [ inputs ones ( s i z e ( inputs , 1 ) , 1 ) ] ;
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17 c l a s s e s = data ( : , 3 ) ;
18 w = [ 0 , 0 , 0 ] ;
19

20 % Extended weight ve c t o r s ; each i t e r a t i o n adds one more row
21 % Since we don ' t know the exact number o f rows in advance , we

p r e a l l o c a t e the matrix with a maximum s i z e and crop the
r e s u l t in the end

22 maxVectors = 100 ;
23 vectorDimension = 3 ;
24 wExtendedMat = ze ro s (maxVectors , vectorDimension ) ;
25 L = s i z e ( data , 1) ;
26 numberOfOptimizations = 1 ;
27 wExtendedMat ( numberOfOptimizations , : ) = w;
28

29 change s InLas t I t e r a t i on = 1 ;
30 whi le change s InLas t I t e r a t i on > 0
31 change s InLas t I t e r a t i on = 0 ;
32 f o r c = 1 : s i z e ( inputs , 1 )
33 current Input = inputsExtended ( c , : ) ;
34 de s i r edC l a s s = c l a s s e s ( c , : ) ;
35 ca lcu latedOutput = w ∗ t ranspose ( cur rent Input ) ;
36

37 % Wrong c l a s s
38 i f ca lcu latedOutput <= 0 && de s i r edC l a s s > 0
39 w += current Input ;
40 e l s e i f ca lcu latedOutput >= 0 && de s i r edC l a s s < 0
41 w −= current Input ;
42 end
43

44 % Plot the updated weights
45 i f ca lcu latedOutput ∗ de s i r edC l a s s <= 0
46 change s InLas t I t e r a t i on += 1 ;
47 numberOfOptimizations += 1 ;
48 wExtendedMat ( numberOfOptimizations , : ) = w;
49

50 x = y = 0 ;
51 i f w(2 ) == 0
52 y = −6 : 0 . 1 : 6 ;
53 x = −w(3) /w(1) ∗ ones ( s i z e ( y ) ) ;
54 e l s e
55 x = −6 : 0 . 1 : 6 ;
56 y = −(w(1) ∗x + w(3) ) /w(2) ;
57 end
58 c l f ( ) ;
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59 p = p lo t (x , y ) ;
60 s e t (p , " l i n ew id th " , 1 . 5 , " c o l o r " , " green ") ;
61 hold on ;
62 s c a t t e r ( data ( : , 1 ) , data ( : , 2 ) , [ ] , data ( : , 3 ) , ' f i l l e d '

) ;
63 x l ab e l ("x_1") ;
64 y l ab e l ("x_2") ;
65 t i t l e ("Punkte in der Ebene und S ep a r i e r u n g s l i n i e ") ;
66 ax i s ([−6 6 −6 6 ] ) ;
67 g r id on ;
68

69 i f numberOfOptimizations <= 2
70 pr in t (" i n i t i a l " , "−depsc " , "−c o l o r ") ;
71 pr in t ( gcf , " i n i t i a l . epsc ") ;
72 e l s e
73 pr in t (" separated " , "−depsc " , "−c o l o r ") ;
74 pr in t ( gcf , " separated . epsc ") ;
75

76 end
77

78 whi le wa i t f o rbu t tonpr e s s ~= 1
79 end
80 end
81

82 end
83 end
84

85 % Remove unused weight vec to r e n t r i e s
86 wExtendedMat = wExtendedMat ( 1 : numberOfOptimizations , : ) ;
87 L = 0 ;
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