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Notation
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Vector Space
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Vector Space (Cont.)
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Examples (Decision Boundaries)
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Other Vector Spaces
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Linear Independence
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Example (Banana and Apple)



18 شبکه های عصبی مصنوعی
P
re
p
a
re
d
 b
y
 K
a
z
im

 F
o
u
la
d
i  
| 
  
F
a
ll 
2
0
1
7
  
| 
2
n
d
  
E
d
it
io
n

 ¿x[ ل﹑﹆Fi0Ě¿x[ ¿﹍Fh?1±ę

LINEAR INDEPENDENCE

1J﹞Ě b³﹞ ¾]°? ·﹆>y ď=Âięل 



19 شبکه های عصبی مصنوعی
P
re
p
a
re
d
 b
y
 K
a
z
im

 F
o
u
la
d
i  
| 
  
F
a
ll 
2
0
1
7
  
| 
2
n
d
  
E
d
it
io
n

 ¿x[ ل﹑﹆Fi0Ě¿x[ ¿﹍Fh?1±ę

LINEAR INDEPENDENCE

﹝1Jل

 ¾1t﹁ `\ aÃb ¾1½`0\a?2P ]°Fh½ ¿x[ ¾ ·Fh?0²č

tx

ttx

ttx






1

22

1

3

2

2

2

1

0aÃbč

0

1,1,1

332211

321


⇓



xaxaxa

aaa



·﹊>m ¿︻³°p﹞ ¿>p︻ ¾1½ 

﹁Âi ²  ®b² ¾`0\a? ¾1½1t﹍°1ل 



5

21

Spanning a Space

A subset spans a space if every vector in the 

space can be written as a linear combination of 

the vectors in the subspace.
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Basis Vectors

• A set of basis vectors for the space X is a set 
of vectors which spans X and is linearly 
independent.

• The dimension of a vector space, Dim(X), is 
equal to the number of vectors in the basis 
set.

• Let X be a finite dimensional vector space, 
then every basis set of X has the same 
number of elements.
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Example
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Inner Product / Norm
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Example

x
T

y x1 y1 x 2y2
 x

n
y
n

+ + +=

Standard Euclidean Inner Product

Standard Euclidean Norm

Angle

||x|| = (x , x)1/2

||x|| = (xTx)1/2 = (x1
2 + x2

2 + ... + xn
2) 1/2 

cos() = (x,y)/(||x|| ||y||)
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Orthogonality
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Gram-Schmidt Orthogonalization

y1 y2    yn

Independent Vectors

v 1 v 2  v n  

Orthogonal Vectors
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Gram-Schmidt (Cont.)
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Example
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Example (Cont.)
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Vector Expansion
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Column of Numbers
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Reciprocal Basis Vectors
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Vector Expansion
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Example
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