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Python - Base Data Structures

np.array :

np.ones([m,n])

list :

dict :

np.array:

 x = [ 1, ’a’, func ]

X = { ‘key1’:  1,

      ‘key2’:  ‘a’,

      ‘key3’:  func }

A = np.array( [[1, 2, 3],

        [3, 2, 1], 
        [2, 1, 3]] )

np.zeros([m,n])

np.eye(n)

A = np.array( [[1, 2, 3], [3, 2, 1], [2, 1, 3]] )

A[np.newaxis,:] A[:,np.newaxis]

np.block([[A,B]

              [C,D]])

np.vstack([x,x,x]) …stack vertically

np.hstack([x,x,x]) …stack horizontally
…block matrix

np.arange(start,stop,step=1)
np.arange(start,stop,num=50)

np.reshape(A,newshape)
np.concatenate((A,B,C),axis=0) …must have same shape except along axis

…cycle through deepest axes first

np.stack([x,x,x]) …stack along new axis

np.flip(A,axis=None) …by default flips all axes

np.append(A,newarray)
np.insert(A,index,newarray)

…adds newarray to the end

…adds new array at index

np.where(A,axis=None)



A = np.array( [[1, 2, 3],

            [3, 2, 1]] )

np.array:

x[k1:k2:s1]  - from k1 to k2 step by s1

x[0]  - first element… 
x[1]  - second element…

zero indexed

slicing start : end : step

array indexing

boolean indexing

ind = [ 0, 2, 3];

x[ind]     - returns 0,2, and 3 elements

X[ np.ix_(ind1,ind2) ]  - returns the [0,2,3] x [3,2] block   

bool = [ True, True, False, True]; 
x[bool]        - returns 0,1, and 3 element.

x[-1] - last element…
negative indexing

ind1 = [ 0, 2, 3];  ind2 = [0,3,2];

X[ind1,ind2]    - returns [0,0],[2,3], and [3,2] elements

X[bool,bool]    - returns the [0,0], [1,1], and [3,3]

MUST BE ARRAY LENGTH

block indexing - np.ix_

X[ np.ix_(bool,bool) ]  - returns the [0,1,3] x [0,1,3] block   

Python - Indexing

1

index

x = np.array( [  1 , 1 , 1 , 1 , … , 1 , 1 ] )

0 1 2 n-1 or -13



A = np.array( [[1, 2, 3],

            [3, 2, 1]] )

np.array:

x[k1:k2:s1]  - from k1 to k2 step by s1

x[0]  - first element… 
x[1]  - second element…

zero indexed

slicing start : end : step

array indexing

boolean indexing

ind = [ 0, 2, 3];

x[ind]     - returns 0,2, and 3 elements

X[ np.ix_(ind1,ind2) ]  - returns the [0,2,3] x [3,2] block   

bool = [ True, True, False, True]; 
x[bool]        - returns 0,1, and 3 element.

x[-1] - last element…
negative indexing

ind1 = [ 0, 2, 3];  ind2 = [0,3,2];

X[ind1,ind2]    - returns [0,0],[2,3], and [3,2] elements

X[bool,bool]    - returns the [0,0], [1,1], and [3,3]

MUST BE ARRAY LENGTH

block indexing - np.ix_

X[ np.ix_(bool,bool) ]  - returns the [0,1,3] x [0,1,3] block   

Python - Indexing

index

x = np.array( [  1 , 1 , 1 , 1 , … , 1 , 1 ] )

0 1 2 n-1 or -1

np.array( [  1 , 1 , 1 , 1 , … , 1 , 1 ] )

1

x[1:4]

3

4

np.array( [  1 , 1 , 1 , 1 , … , 1 , 1 ] )x[1]

1

np.array( [  1 , 1 , 1 , 1 , … , 1 , 1 ] )x[:4]

4
np.array( [  1 , 1 , 1 , 1 , … , 1 , 1 ] )x[1:]

1

x[:-1] np.array( [  1 , 1 , 1 , 1 , … , 1 , 1 ] )
-1



A = np.array( [[1, 2, 3],

            [3, 2, 1]] )

np.array:

x[k1:k2:s1]  - from k1 to k2 step by s1

x[0]  - first element… 
x[1]  - second element…

zero indexed

slicing start : end : step

array indexing

boolean indexing

ind = [ 0, 2, 3];

x[ind]     - returns 0,2, and 3 elements

X[ np.ix_(ind1,ind2) ]  - returns the [0,2,3] x [3,2] block   

bool = [ True, True, False, True]; 
x[bool]        - returns 0,1, and 3 element.

x[-1] - last element…
negative indexing

ind1 = [ 0, 2, 3];  ind2 = [0,3,2];

X[ind1,ind2]    - returns [0,0],[2,3], and [3,2] elements

X[bool,bool]    - returns the [0,0], [1,1], and [3,3]

MUST BE ARRAY LENGTH

block indexing - np.ix_

X[ np.ix_(bool,bool) ]  - returns the [0,1,3] x [0,1,3] block   

Python - Indexing

np.array( [  1 , 1 , 1 , 1 , 1 , … , 1 , 1 , 1 ] )x[::2]

np.array( [  1 , 1 , 1 , 1 , 1 , … , 1 , 1 , 1 ] )x[::-2]

np.array( [  1 , 1 , 1 , 1 , 1 , … , 1 , 1 , 1 ] )x[::-1]

index

x = np.array( [  1 , 1 , 1 , 1 , … , 1 , 1 ] )

0 1 2 n-1 or -13

np.array( [  1 , 1 , 1 , 1 , 1 , 1, 1, … , 1 , 1 , 1 ] )x[1:4:2]



A = np.array( [[1, 2, 3],

            [3, 2, 1]] )

np.array:

x[k1:k2:s1]  - from k1 to k2 step by s1

x[0]  - first element… 
x[1]  - second element…

zero indexed

slicing start : end : step

array indexing

boolean indexing

ind = [ 0, 2, 3];

x[ind]     - returns 0,2, and 3 elements

X[ np.ix_(ind1,ind2) ]  - returns the [0,2,3] x [3,2] block   

bool = [ True, True, False, True]; 
x[bool]        - returns 0,1, and 3 element.

x[-1] - last element…
negative indexing

ind1 = [ 0, 2, 3];  ind2 = [0,3,2];

X[ind1,ind2]    - returns [0,0],[2,3], and [3,2] elements

X[bool,bool]    - returns the [0,0], [1,1], and [3,3]

MUST BE ARRAY LENGTH

block indexing - np.ix_

X[ np.ix_(bool,bool) ]  - returns the [0,1,3] x [0,1,3] block   

Python - Indexing

np.array( [[  1 , 1 , 1 , 1 , 1 ], 
   [  1 , 1 , 1 , 1 , 1 ],  

[  1 , 1 , 1 , 1 , 1 ], 
[  1 , 1 , 1 , 1 , 1 ], 
[  1 , 1 , 1 , 1 , 1 ]])

X = np.array( [[  1 , 1 , 1 , 1 , 1 ],  
[  1 , 1 , 1 , 1 , 1 ],  
[  1 , 1 , 1 , 1 , 1 ], 
[  1 , 1 , 1 , 1 , 1 ], 
[  1 , 1 , 1 , 1 , 1 ]])

2nd index

1st 
index 
(rows)

X[0,:]
or

X[0]
slicing

MUST BE ARRAY LENGTH



A = np.array( [[1, 2, 3],

            [3, 2, 1]] )

np.array:

x[k1:k2:s1]  - from k1 to k2 step by s1

x[0]  - first element… 
x[1]  - second element…

zero indexed

slicing start : end : step

array indexing

boolean indexing

ind = [ 0, 2, 3];

x[ind]     - returns 0,2, and 3 elements

X[ np.ix_(ind1,ind2) ]  - returns the [0,2,3] x [3,2] block   

bool = [ True, True, False, True]; 
x[bool]        - returns 0,1, and 3 element.

x[-1] - last element…
negative indexing

ind1 = [ 0, 2, 3];  ind2 = [0,3,2];

X[ind1,ind2]    - returns [0,0],[2,3], and [3,2] elements

X[bool,bool]    - returns the [0,0], [1,1], and [3,3]

MUST BE ARRAY LENGTH

block indexing - np.ix_

X[ np.ix_(bool,bool) ]  - returns the [0,1,3] x [0,1,3] block   

Python - Indexing

np.array( [[  1 , 1 , 1 , 1 , 1 ], 
   [  1 , 1 , 1 , 1 , 1 ],  

[  1 , 1 , 1 , 1 , 1 ], 
[  1 , 1 , 1 , 1 , 1 ], 
[  1 , 1 , 1 , 1 , 1 ]])

X = np.array( [[  1 , 1 , 1 , 1 , 1 ],  
[  1 , 1 , 1 , 1 , 1 ],  
[  1 , 1 , 1 , 1 , 1 ], 
[  1 , 1 , 1 , 1 , 1 ], 
[  1 , 1 , 1 , 1 , 1 ]])

2nd index

1st 
index 
(rows)

slicing

X[1,:]
or

X[1]



A = np.array( [[1, 2, 3],

            [3, 2, 1]] )

np.array:

x[k1:k2:s1]  - from k1 to k2 step by s1

x[0]  - first element… 
x[1]  - second element…

zero indexed

slicing start : end : step

array indexing

boolean indexing

ind = [ 0, 2, 3];

x[ind]     - returns 0,2, and 3 elements

X[ np.ix_(ind1,ind2) ]  - returns the [0,2,3] x [3,2] block   

bool = [ True, True, False, True]; 
x[bool]        - returns 0,1, and 3 element.

x[-1] - last element…
negative indexing

ind1 = [ 0, 2, 3];  ind2 = [0,3,2];

X[ind1,ind2]    - returns [0,0],[2,3], and [3,2] elements

X[bool,bool]    - returns the [0,0], [1,1], and [3,3]

MUST BE ARRAY LENGTH

block indexing - np.ix_

X[ np.ix_(bool,bool) ]  - returns the [0,1,3] x [0,1,3] block   

Python - Indexing

np.array( [[  1 , 1 , 1 , 1 , 1 ], 
   [  1 , 1 , 1 , 1 , 1 ],  

[  1 , 1 , 1 , 1 , 1 ], 
[  1 , 1 , 1 , 1 , 1 ], 
[  1 , 1 , 1 , 1 , 1 ]])

X = np.array( [[  1 , 1 , 1 , 1 , 1 ],  
[  1 , 1 , 1 , 1 , 1 ],  
[  1 , 1 , 1 , 1 , 1 ], 
[  1 , 1 , 1 , 1 , 1 ], 
[  1 , 1 , 1 , 1 , 1 ]])

2nd index

1st 
index 
(rows)

MUST BE ARRAY LENGTH

X[2,:]
or

X[2]



A = np.array( [[1, 2, 3],

            [3, 2, 1]] )

np.array:

x[k1:k2:s1]  - from k1 to k2 step by s1

x[0]  - first element… 
x[1]  - second element…

zero indexed

slicing start : end : step

array indexing

boolean indexing

ind = [ 0, 2, 3];

x[ind]     - returns 0,2, and 3 elements

X[ np.ix_(ind1,ind2) ]  - returns the [0,2,3] x [3,2] block   

bool = [ True, True, False, True]; 
x[bool]        - returns 0,1, and 3 element.

x[-1] - last element…
negative indexing

ind1 = [ 0, 2, 3];  ind2 = [0,3,2];

X[ind1,ind2]    - returns [0,0],[2,3], and [3,2] elements

X[bool,bool]    - returns the [0,0], [1,1], and [3,3]

MUST BE ARRAY LENGTH

block indexing - np.ix_

X[ np.ix_(bool,bool) ]  - returns the [0,1,3] x [0,1,3] block   

Python - Indexing

np.array( [[  1 , 1 , 1 , 1 , 1 ], 
   [  1 , 1 , 1 , 1 , 1 ],  

[  1 , 1 , 1 , 1 , 1 ], 
[  1 , 1 , 1 , 1 , 1 ], 
[  1 , 1 , 1 , 1 , 1 ]])

X = np.array( [[  1 , 1 , 1 , 1 , 1 ],  
[  1 , 1 , 1 , 1 , 1 ],  
[  1 , 1 , 1 , 1 , 1 ], 
[  1 , 1 , 1 , 1 , 1 ], 
[  1 , 1 , 1 , 1 , 1 ]])

2nd index

1st 
index 
(rows)

np.array:
zero indexed

slicing

X[3,:]
or

X[3]



A = np.array( [[1, 2, 3],

            [3, 2, 1]] )

np.array:

x[k1:k2:s1]  - from k1 to k2 step by s1

x[0]  - first element… 
x[1]  - second element…

zero indexed

slicing start : end : step

array indexing

boolean indexing

ind = [ 0, 2, 3];

x[ind]     - returns 0,2, and 3 elements

X[ np.ix_(ind1,ind2) ]  - returns the [0,2,3] x [3,2] block   

bool = [ True, True, False, True]; 
x[bool]        - returns 0,1, and 3 element.

x[-1] - last element…
negative indexing

ind1 = [ 0, 2, 3];  ind2 = [0,3,2];

X[ind1,ind2]    - returns [0,0],[2,3], and [3,2] elements

X[bool,bool]    - returns the [0,0], [1,1], and [3,3]

MUST BE ARRAY LENGTH

block indexing - np.ix_

X[ np.ix_(bool,bool) ]  - returns the [0,1,3] x [0,1,3] block   

Python - Indexing

np.array( [[  1 , 1 , 1 , 1 , 1 ], 
   [  1 , 1 , 1 , 1 , 1 ],  

[  1 , 1 , 1 , 1 , 1 ], 
[  1 , 1 , 1 , 1 , 1 ], 
[  1 , 1 , 1 , 1 , 1 ]])

X = np.array( [[  1 , 1 , 1 , 1 , 1 ],  
[  1 , 1 , 1 , 1 , 1 ],  
[  1 , 1 , 1 , 1 , 1 ], 
[  1 , 1 , 1 , 1 , 1 ], 
[  1 , 1 , 1 , 1 , 1 ]])

2nd index

1st 
index 
(rows)

slicing

X[4,:]
or

X[4]



A = np.array( [[1, 2, 3],

            [3, 2, 1]] )

np.array:

x[k1:k2:s1]  - from k1 to k2 step by s1

x[0]  - first element… 
x[1]  - second element…

zero indexed

slicing start : end : step

array indexing

boolean indexing

ind = [ 0, 2, 3];

x[ind]     - returns 0,2, and 3 elements

X[ np.ix_(ind1,ind2) ]  - returns the [0,2,3] x [3,2] block   

bool = [ True, True, False, True]; 
x[bool]        - returns 0,1, and 3 element.

x[-1] - last element…
negative indexing

ind1 = [ 0, 2, 3];  ind2 = [0,3,2];

X[ind1,ind2]    - returns [0,0],[2,3], and [3,2] elements

X[bool,bool]    - returns the [0,0], [1,1], and [3,3]

MUST BE ARRAY LENGTH

block indexing - np.ix_

X[ np.ix_(bool,bool) ]  - returns the [0,1,3] x [0,1,3] block   

Python - Indexing

np.array( [[  1 , 1 , 1 , 1 , 1 ], 
   [  1 , 1 , 1 , 1 , 1 ],  

[  1 , 1 , 1 , 1 , 1 ], 
[  1 , 1 , 1 , 1 , 1 ], 
[  1 , 1 , 1 , 1 , 1 ]])

X = np.array( [[  1 , 1 , 1 , 1 , 1 ],  
[  1 , 1 , 1 , 1 , 1 ],  
[  1 , 1 , 1 , 1 , 1 ], 
[  1 , 1 , 1 , 1 , 1 ], 
[  1 , 1 , 1 , 1 , 1 ]])

2nd index

1st 
index 
(rows)

slicing

X[:,0]



A = np.array( [[1, 2, 3],

            [3, 2, 1]] )

np.array:

x[k1:k2:s1]  - from k1 to k2 step by s1

x[0]  - first element… 
x[1]  - second element…

zero indexed

slicing start : end : step

array indexing

boolean indexing

ind = [ 0, 2, 3];

x[ind]     - returns 0,2, and 3 elements

X[ np.ix_(ind1,ind2) ]  - returns the [0,2,3] x [3,2] block   

bool = [ True, True, False, True]; 
x[bool]        - returns 0,1, and 3 element.

x[-1] - last element…
negative indexing

ind1 = [ 0, 2, 3];  ind2 = [0,3,2];

X[ind1,ind2]    - returns [0,0],[2,3], and [3,2] elements

X[bool,bool]    - returns the [0,0], [1,1], and [3,3]

MUST BE ARRAY LENGTH

block indexing - np.ix_

X[ np.ix_(bool,bool) ]  - returns the [0,1,3] x [0,1,3] block   

Python - Indexing

np.array( [[  1 , 1 , 1 , 1 , 1 ], 
   [  1 , 1 , 1 , 1 , 1 ],  

[  1 , 1 , 1 , 1 , 1 ], 
[  1 , 1 , 1 , 1 , 1 ], 
[  1 , 1 , 1 , 1 , 1 ]])

X = np.array( [[  1 , 1 , 1 , 1 , 1 ],  
[  1 , 1 , 1 , 1 , 1 ],  
[  1 , 1 , 1 , 1 , 1 ], 
[  1 , 1 , 1 , 1 , 1 ], 
[  1 , 1 , 1 , 1 , 1 ]])

2nd index

1st 
index 
(rows)

X[:,1]



A = np.array( [[1, 2, 3],

            [3, 2, 1]] )

np.array:

x[k1:k2:s1]  - from k1 to k2 step by s1

x[0]  - first element… 
x[1]  - second element…

zero indexed

slicing start : end : step

array indexing

boolean indexing

ind = [ 0, 2, 3];

x[ind]     - returns 0,2, and 3 elements

X[ np.ix_(ind1,ind2) ]  - returns the [0,2,3] x [3,2] block   

bool = [ True, True, False, True]; 
x[bool]        - returns 0,1, and 3 element.

x[-1] - last element…
negative indexing

ind1 = [ 0, 2, 3];  ind2 = [0,3,2];

X[ind1,ind2]    - returns [0,0],[2,3], and [3,2] elements

X[bool,bool]    - returns the [0,0], [1,1], and [3,3]

MUST BE ARRAY LENGTH

block indexing - np.ix_

X[ np.ix_(bool,bool) ]  - returns the [0,1,3] x [0,1,3] block   

Python - Indexing

np.array( [[  1 , 1 , 1 , 1 , 1 ], 
   [  1 , 1 , 1 , 1 , 1 ],  

[  1 , 1 , 1 , 1 , 1 ], 
[  1 , 1 , 1 , 1 , 1 ], 
[  1 , 1 , 1 , 1 , 1 ]])

X = np.array( [[  1 , 1 , 1 , 1 , 1 ],  
[  1 , 1 , 1 , 1 , 1 ],  
[  1 , 1 , 1 , 1 , 1 ], 
[  1 , 1 , 1 , 1 , 1 ], 
[  1 , 1 , 1 , 1 , 1 ]])

2nd index

1st 
index 
(rows)

slicing

X[:,2]



A = np.array( [[1, 2, 3],

            [3, 2, 1]] )

np.array:

x[k1:k2:s1]  - from k1 to k2 step by s1

x[0]  - first element… 
x[1]  - second element…

zero indexed

slicing start : end : step

array indexing

boolean indexing

ind = [ 0, 2, 3];

x[ind]     - returns 0,2, and 3 elements

X[ np.ix_(ind1,ind2) ]  - returns the [0,2,3] x [3,2] block   

bool = [ True, True, False, True]; 
x[bool]        - returns 0,1, and 3 element.

x[-1] - last element…
negative indexing

ind1 = [ 0, 2, 3];  ind2 = [0,3,2];

X[ind1,ind2]    - returns [0,0],[2,3], and [3,2] elements

X[bool,bool]    - returns the [0,0], [1,1], and [3,3]

MUST BE ARRAY LENGTH

block indexing - np.ix_

X[ np.ix_(bool,bool) ]  - returns the [0,1,3] x [0,1,3] block   

Python - Indexing

np.array( [[  1 , 1 , 1 , 1 , 1 ], 
   [  1 , 1 , 1 , 1 , 1 ],  

[  1 , 1 , 1 , 1 , 1 ], 
[  1 , 1 , 1 , 1 , 1 ], 
[  1 , 1 , 1 , 1 , 1 ]])

X = np.array( [[  1 , 1 , 1 , 1 , 1 ],  
[  1 , 1 , 1 , 1 , 1 ],  
[  1 , 1 , 1 , 1 , 1 ], 
[  1 , 1 , 1 , 1 , 1 ], 
[  1 , 1 , 1 , 1 , 1 ]])

2nd index

1st 
index 
(rows)

X[:,3]



A = np.array( [[1, 2, 3],

            [3, 2, 1]] )

np.array:

x[k1:k2:s1]  - from k1 to k2 step by s1

x[0]  - first element… 
x[1]  - second element…

zero indexed

slicing start : end : step

array indexing

boolean indexing

ind = [ 0, 2, 3];

x[ind]     - returns 0,2, and 3 elements

X[ np.ix_(ind1,ind2) ]  - returns the [0,2,3] x [3,2] block   

bool = [ True, True, False, True]; 
x[bool]        - returns 0,1, and 3 element.

x[-1] - last element…
negative indexing

ind1 = [ 0, 2, 3];  ind2 = [0,3,2];

X[ind1,ind2]    - returns [0,0],[2,3], and [3,2] elements

X[bool,bool]    - returns the [0,0], [1,1], and [3,3]

MUST BE ARRAY LENGTH

block indexing - np.ix_

X[ np.ix_(bool,bool) ]  - returns the [0,1,3] x [0,1,3] block   

Python - Indexing

np.array( [[  1 , 1 , 1 , 1 , 1 ], 
   [  1 , 1 , 1 , 1 , 1 ],  

[  1 , 1 , 1 , 1 , 1 ], 
[  1 , 1 , 1 , 1 , 1 ], 
[  1 , 1 , 1 , 1 , 1 ]])

X = np.array( [[  1 , 1 , 1 , 1 , 1 ],  
[  1 , 1 , 1 , 1 , 1 ],  
[  1 , 1 , 1 , 1 , 1 ], 
[  1 , 1 , 1 , 1 , 1 ], 
[  1 , 1 , 1 , 1 , 1 ]])

2nd index

1st 
index 
(rows)

X[:,4]



A = np.array( [[1, 2, 3],

            [3, 2, 1]] )

np.array:

x[k1:k2:s1]  - from k1 to k2 step by s1

x[0]  - first element… 
x[1]  - second element…

zero indexed

slicing start : end : step

array indexing

boolean indexing

ind = [ 0, 2, 3];

x[ind]     - returns 0,2, and 3 elements

X[ np.ix_(ind1,ind2) ]  - returns the [0,2,3] x [3,2] block   

bool = [ True, True, False, True]; 
x[bool]        - returns 0,1, and 3 element.

x[-1] - last element…
negative indexing

ind1 = [ 0, 2, 3];  ind2 = [0,3,2];

X[ind1,ind2]    - returns [0,0],[2,3], and [3,2] elements

X[bool,bool]    - returns the [0,0], [1,1], and [3,3]

MUST BE ARRAY LENGTH

block indexing - np.ix_

X[ np.ix_(bool,bool) ]  - returns the [0,1,3] x [0,1,3] block   

Python - Indexing
X = np.array( [[  1 , 1 , 1 , 1 , 1 ],  

[  1 , 1 , 1 , 1 , 1 ],  
[  1 , 1 , 1 , 1 , 1 ], 
[  1 , 1 , 1 , 1 , 1 ], 
[  1 , 1 , 1 , 1 , 1 ]])

2nd index

1st 
index 
(rows)

np.array( [[  1 , 1 , 1 , 1 , 1 ], 
   [  1 , 1 , 1 , 1 , 1 ],  

[  1 , 1 , 1 , 1 , 1 ], 
[  1 , 1 , 1 , 1 , 1 ], 
[  1 , 1 , 1 , 1 , 1 ]])

X[2,3]



A = np.array( [[1, 2, 3],

            [3, 2, 1]] )

np.array:

x[k1:k2:s1]  - from k1 to k2 step by s1

x[0]  - first element… 
x[1]  - second element…

zero indexed

slicing start : end : step

array indexing

boolean indexing

ind = [ 0, 2, 3];

x[ind]     - returns 0,2, and 3 elements

X[ np.ix_(ind1,ind2) ]  - returns the [0,2,3] x [3,2] block   

bool = [ True, True, False, True]; 
x[bool]        - returns 0,1, and 3 element.

x[-1] - last element…
negative indexing

ind1 = [ 0, 2, 3];  ind2 = [0,3,2];

X[ind1,ind2]    - returns [0,0],[2,3], and [3,2] elements

X[bool,bool]    - returns the [0,0], [1,1], and [3,3]

MUST BE ARRAY LENGTH

block indexing - np.ix_

X[ np.ix_(bool,bool) ]  - returns the [0,1,3] x [0,1,3] block   

Python - Indexing

np.array( [[  1 , 1 , 1 , 1 , 1 ], 
   [  1 , 1 , 1 , 1 , 1 ],  

[  1 , 1 , 1 , 1 , 1 ], 
[  1 , 1 , 1 , 1 , 1 ], 
[  1 , 1 , 1 , 1 , 1 ]])

X = np.array( [[  1 , 1 , 1 , 1 , 1 ],  
[  1 , 1 , 1 , 1 , 1 ],  
[  1 , 1 , 1 , 1 , 1 ], 
[  1 , 1 , 1 , 1 , 1 ], 
[  1 , 1 , 1 , 1 , 1 ]])

2nd index

1st 
index 
(rows)

X[2:4,3:5]



A = np.array( [[1, 2, 3],

            [3, 2, 1]] )

np.array:

x[k1:k2:s1]  - from k1 to k2 step by s1

x[0]  - first element… 
x[1]  - second element…

zero indexed

slicing start : end : step

array indexing

boolean indexing

ind = [ 0, 2, 3];

x[ind]     - returns 0,2, and 3 elements

X[ np.ix_(ind1,ind2) ]  - returns the [0,2,3] x [3,2] block   

bool = [ True, True, False, True]; 
x[bool]        - returns 0,1, and 3 element.

x[-1] - last element…
negative indexing

ind1 = [ 0, 2, 3];  ind2 = [0,3,2];

X[ind1,ind2]    - returns [0,0],[2,3], and [3,2] elements

X[bool,bool]    - returns the [0,0], [1,1], and [3,3]

MUST BE ARRAY LENGTH

block indexing - np.ix_

X[ np.ix_(bool,bool) ]  - returns the [0,1,3] x [0,1,3] block   

Python - Indexing

np.array( [[  1 , 1 , 1 , 1 , 1 ], 
   [  1 , 1 , 1 , 1 , 1 ],  

[  1 , 1 , 1 , 1 , 1 ], 
[  1 , 1 , 1 , 1 , 1 ], 
[  1 , 1 , 1 , 1 , 1 ]])

X = np.array( [[  1 , 1 , 1 , 1 , 1 ],  
[  1 , 1 , 1 , 1 , 1 ],  
[  1 , 1 , 1 , 1 , 1 ], 
[  1 , 1 , 1 , 1 , 1 ], 
[  1 , 1 , 1 , 1 , 1 ]])

2nd index

1st 
index 
(rows)

X[2:,3:]



A = np.array( [[1, 2, 3],

            [3, 2, 1]] )

np.array:

x[k1:k2:s1]  - from k1 to k2 step by s1

x[0]  - first element… 
x[1]  - second element…

zero indexed

slicing start : end : step

array indexing

boolean indexing

ind = [ 0, 2, 3];

x[ind]     - returns 0,2, and 3 elements

X[ np.ix_(ind1,ind2) ]  - returns the [0,2,3] x [3,2] block   

bool = [ True, True, False, True]; 
x[bool]        - returns 0,1, and 3 element.

x[-1] - last element…
negative indexing

ind1 = [ 0, 2, 3];  ind2 = [0,3,2];

X[ind1,ind2]    - returns [0,0],[2,3], and [3,2] elements

X[bool,bool]    - returns the [0,0], [1,1], and [3,3]

MUST BE ARRAY LENGTH

block indexing - np.ix_

X[ np.ix_(bool,bool) ]  - returns the [0,1,3] x [0,1,3] block   

Python - Indexing

np.array( [[  1 , 1 , 1 , 1 , 1 ], 
   [  1 , 1 , 1 , 1 , 1 ],  

[  1 , 1 , 1 , 1 , 1 ], 
[  1 , 1 , 1 , 1 , 1 ], 
[  1 , 1 , 1 , 1 , 1 ]])

X = np.array( [[  1 , 1 , 1 , 1 , 1 ],  
[  1 , 1 , 1 , 1 , 1 ],  
[  1 , 1 , 1 , 1 , 1 ], 
[  1 , 1 , 1 , 1 , 1 ], 
[  1 , 1 , 1 , 1 , 1 ]])

2nd index

1st 
index 
(rows)

X[:2,:3]



A = np.array( [[1, 2, 3],

            [3, 2, 1]] )

np.array:

x[k1:k2:s1]  - from k1 to k2 step by s1

x[0]  - first element… 
x[1]  - second element…

zero indexed

slicing start : end : step

array indexing

boolean indexing

ind = [ 0, 2, 3];

x[ind]     - returns 0,2, and 3 elements

X[ np.ix_(ind1,ind2) ]  - returns the [0,2,3] x [3,2] block   

bool = [ True, True, False, True]; 
x[bool]        - returns 0,1, and 3 element.

x[-1] - last element…
negative indexing

ind1 = [ 0, 2, 3];  ind2 = [0,3,2];

X[ind1,ind2]    - returns [0,0],[2,3], and [3,2] elements

X[bool,bool]    - returns the [0,0], [1,1], and [3,3]

MUST BE ARRAY LENGTH

block indexing - np.ix_

X[ np.ix_(bool,bool) ]  - returns the [0,1,3] x [0,1,3] block   

Python - Indexing
X = np.array([     [[  1 , 1 , 1 , 1 , 1 ],  

    [  1 , 1 , 1 , 1 , 1 ],  
    [  1 , 1 , 1 , 1 , 1 ]], 
   [[  1 , 1 , 1 , 1 , 1 ],  
    [  1 , 1 , 1 , 1 , 1 ],  
    [  1 , 1 , 1 , 1 , 1 ]], 
   [[  1 , 1 , 1 , 1 , 1 ],  
    [  1 , 1 , 1 , 1 , 1 ],  
    [  1 , 1 , 1 , 1 , 1 ]], 
   [[  1 , 1 , 1 , 1 , 1 ],  
    [  1 , 1 , 1 , 1 , 1 ],  
    [  1 , 1 , 1 , 1 , 1 ]]]) 

3rd index

1st 
index

2nd 
index

2nd 
index

2nd 
index

2nd 
index



A = np.array( [[1, 2, 3],

            [3, 2, 1]] )

np.array:

x[k1:k2:s1]  - from k1 to k2 step by s1

x[0]  - first element… 
x[1]  - second element…

zero indexed

slicing start : end : step

array indexing

boolean indexing

ind = [ 0, 2, 3];

x[ind]     - returns 0,2, and 3 elements

X[ np.ix_(ind1,ind2) ]  - returns the [0,2,3] x [3,2] block   

bool = [ True, True, False, True]; 
x[bool]        - returns 0,1, and 3 element.

x[-1] - last element…
negative indexing

ind1 = [ 0, 2, 3];  ind2 = [0,3,2];

X[ind1,ind2]    - returns [0,0],[2,3], and [3,2] elements

X[bool,bool]    - returns the [0,0], [1,1], and [3,3]

MUST BE ARRAY LENGTH

block indexing - np.ix_

X[ np.ix_(bool,bool) ]  - returns the [0,1,3] x [0,1,3] block   

Python - Indexing

   [[  1 , 1 , 1 , 1 , 1 ],  
    [  1 , 1 , 1 , 1 , 1 ],  
    [  1 , 1 , 1 , 1 , 1 ]], 

X = np.array([     [[  1 , 1 , 1 , 1 , 1 ],  
    [  1 , 1 , 1 , 1 , 1 ],  
    [  1 , 1 , 1 , 1 , 1 ]], 

3rd index

2nd 
index

   [[  1 , 1 , 1 , 1 , 1 ],  
    [  1 , 1 , 1 , 1 , 1 ],  
    [  1 , 1 , 1 , 1 , 1 ]]]) 

   [[  1 , 1 , 1 , 1 , 1 ],  
    [  1 , 1 , 1 , 1 , 1 ],  
    [  1 , 1 , 1 , 1 , 1 ]], 

1st 
index

2nd 
index

2nd 
index

2nd 
index



A = np.array( [[1, 2, 3],

            [3, 2, 1]] )

np.array:

x[k1:k2:s1]  - from k1 to k2 step by s1

x[0]  - first element… 
x[1]  - second element…

zero indexed

slicing start : end : step

array indexing

boolean indexing

ind = [ 0, 2, 3];

x[ind]     - returns 0,2, and 3 elements

X[ np.ix_(ind1,ind2) ]  - returns the [0,2,3] x [3,2] block   

bool = [ True, True, False, True]; 
x[bool]        - returns 0,1, and 3 element.

x[-1] - last element…
negative indexing

ind1 = [ 0, 2, 3];  ind2 = [0,3,2];

X[ind1,ind2]    - returns [0,0],[2,3], and [3,2] elements

X[bool,bool]    - returns the [0,0], [1,1], and [3,3]

MUST BE ARRAY LENGTH

block indexing - np.ix_

X[ np.ix_(bool,bool) ]  - returns the [0,1,3] x [0,1,3] block   

Python - Indexing

   [[  1 , 1 , 1 , 1 , 1 ],  
    [  1 , 1 , 1 , 1 , 1 ],  
    [  1 , 1 , 1 , 1 , 1 ]], 

X = np.array([     [[  1 , 1 , 1 , 1 , 1 ],  
    [  1 , 1 , 1 , 1 , 1 ],  
    [  1 , 1 , 1 , 1 , 1 ]], 

3rd index

2nd 
index

   [[  1 , 1 , 1 , 1 , 1 ],  
    [  1 , 1 , 1 , 1 , 1 ],  
    [  1 , 1 , 1 , 1 , 1 ]]]) 

   [[  1 , 1 , 1 , 1 , 1 ],  
    [  1 , 1 , 1 , 1 , 1 ],  
    [  1 , 1 , 1 , 1 , 1 ]], 

1st 
index

2nd 
index

2nd 
index

2nd 
index

X[1][2][3]

X[1,2,3]
or



A = np.array( [[1, 2, 3],

            [3, 2, 1]] )

np.array:

x[k1:k2:s1]  - from k1 to k2 step by s1

x[0]  - first element… 
x[1]  - second element…

zero indexed

slicing start : end : step

array indexing

boolean indexing

ind = [ 0, 2, 3];

x[ind]     - returns 0,2, and 3 elements

X[ np.ix_(ind1,ind2) ]  - returns the [0,2,3] x [3,2] block   

bool = [ True, True, False, True]; 
x[bool]        - returns 0,1, and 3 element.

x[-1] - last element…
negative indexing

ind1 = [ 0, 2, 3];  ind2 = [0,3,2];

X[ind1,ind2]    - returns [0,0],[2,3], and [3,2] elements

X[bool,bool]    - returns the [0,0], [1,1], and [3,3]

MUST BE ARRAY LENGTH

block indexing - np.ix_

X[ np.ix_(bool,bool) ]  - returns the [0,1,3] x [0,1,3] block   

Python - Indexing

   [[  1 , 1 , 1 , 1 , 1 ],  
    [  1 , 1 , 1 , 1 , 1 ],  
    [  1 , 1 , 1 , 1 , 1 ]]]) 

   [[  1 , 1 , 1 , 1 , 1 ],  
    [  1 , 1 , 1 , 1 , 1 ],  
    [  1 , 1 , 1 , 1 , 1 ]], 

   [[  1 , 1 , 1 , 1 , 1 ],  
    [  1 , 1 , 1 , 1 , 1 ],  
    [  1 , 1 , 1 , 1 , 1 ]], 

X = np.array([     [[  1 , 1 , 1 , 1 , 1 ],  
    [  1 , 1 , 1 , 1 , 1 ],  
    [  1 , 1 , 1 , 1 , 1 ]], 

3rd index

1st 
index

2nd 
index

2nd 
index

2nd 
index

2nd 
index

X[0,:]
or

X[0]

X[0,:,:]
or



A = np.array( [[1, 2, 3],

            [3, 2, 1]] )

np.array:

x[k1:k2:s1]  - from k1 to k2 step by s1

x[0]  - first element… 
x[1]  - second element…

zero indexed

slicing start : end : step

array indexing

boolean indexing

ind = [ 0, 2, 3];

x[ind]     - returns 0,2, and 3 elements

X[ np.ix_(ind1,ind2) ]  - returns the [0,2,3] x [3,2] block   

bool = [ True, True, False, True]; 
x[bool]        - returns 0,1, and 3 element.

x[-1] - last element…
negative indexing

ind1 = [ 0, 2, 3];  ind2 = [0,3,2];

X[ind1,ind2]    - returns [0,0],[2,3], and [3,2] elements

X[bool,bool]    - returns the [0,0], [1,1], and [3,3]

MUST BE ARRAY LENGTH

block indexing - np.ix_

X[ np.ix_(bool,bool) ]  - returns the [0,1,3] x [0,1,3] block   

Python - Indexing

   [[  1 , 1 , 1 , 1 , 1 ],  
    [  1 , 1 , 1 , 1 , 1 ],  
    [  1 , 1 , 1 , 1 , 1 ]]]) 

   [[  1 , 1 , 1 , 1 , 1 ],  
    [  1 , 1 , 1 , 1 , 1 ],  
    [  1 , 1 , 1 , 1 , 1 ]], 

   [[  1 , 1 , 1 , 1 , 1 ],  
    [  1 , 1 , 1 , 1 , 1 ],  
    [  1 , 1 , 1 , 1 , 1 ]], 

X = np.array([     [[  1 , 1 , 1 , 1 , 1 ],  
    [  1 , 1 , 1 , 1 , 1 ],  
    [  1 , 1 , 1 , 1 , 1 ]], 

3rd index

1st 
index

2nd 
index

2nd 
index

2nd 
index

2nd 
index

X[1]



A = np.array( [[1, 2, 3],

            [3, 2, 1]] )

np.array:

x[k1:k2:s1]  - from k1 to k2 step by s1

x[0]  - first element… 
x[1]  - second element…

zero indexed

slicing start : end : step

array indexing

boolean indexing

ind = [ 0, 2, 3];

x[ind]     - returns 0,2, and 3 elements

X[ np.ix_(ind1,ind2) ]  - returns the [0,2,3] x [3,2] block   

bool = [ True, True, False, True]; 
x[bool]        - returns 0,1, and 3 element.

x[-1] - last element…
negative indexing

ind1 = [ 0, 2, 3];  ind2 = [0,3,2];

X[ind1,ind2]    - returns [0,0],[2,3], and [3,2] elements

X[bool,bool]    - returns the [0,0], [1,1], and [3,3]

MUST BE ARRAY LENGTH

block indexing - np.ix_

X[ np.ix_(bool,bool) ]  - returns the [0,1,3] x [0,1,3] block   

Python - Indexing

   [[  1 , 1 , 1 , 1 , 1 ],  
    [  1 , 1 , 1 , 1 , 1 ],  
    [  1 , 1 , 1 , 1 , 1 ]]]) 

   [[  1 , 1 , 1 , 1 , 1 ],  
    [  1 , 1 , 1 , 1 , 1 ],  
    [  1 , 1 , 1 , 1 , 1 ]], 

X = np.array([     [[  1 , 1 , 1 , 1 , 1 ],  
    [  1 , 1 , 1 , 1 , 1 ],  
    [  1 , 1 , 1 , 1 , 1 ]], 

3rd index

1st 
index

2nd 
index

2nd 
index

2nd 
index

2nd 
index

   [[  1 , 1 , 1 , 1 , 1 ],  
    [  1 , 1 , 1 , 1 , 1 ],  
    [  1 , 1 , 1 , 1 , 1 ]], 

X[2]



A = np.array( [[1, 2, 3],

            [3, 2, 1]] )

np.array:

x[k1:k2:s1]  - from k1 to k2 step by s1

x[0]  - first element… 
x[1]  - second element…

zero indexed

slicing start : end : step

array indexing

boolean indexing

ind = [ 0, 2, 3];

x[ind]     - returns 0,2, and 3 elements

X[ np.ix_(ind1,ind2) ]  - returns the [0,2,3] x [3,2] block   

bool = [ True, True, False, True]; 
x[bool]        - returns 0,1, and 3 element.

x[-1] - last element…
negative indexing

ind1 = [ 0, 2, 3];  ind2 = [0,3,2];

X[ind1,ind2]    - returns [0,0],[2,3], and [3,2] elements

X[bool,bool]    - returns the [0,0], [1,1], and [3,3]

MUST BE ARRAY LENGTH

block indexing - np.ix_

X[ np.ix_(bool,bool) ]  - returns the [0,1,3] x [0,1,3] block   

Python - Indexing

   [[  1 , 1 , 1 , 1 , 1 ],  
    [  1 , 1 , 1 , 1 , 1 ],  
    [  1 , 1 , 1 , 1 , 1 ]]]) 

   [[  1 , 1 , 1 , 1 , 1 ],  
    [  1 , 1 , 1 , 1 , 1 ],  
    [  1 , 1 , 1 , 1 , 1 ]], 

   [[  1 , 1 , 1 , 1 , 1 ],  
    [  1 , 1 , 1 , 1 , 1 ],  
    [  1 , 1 , 1 , 1 , 1 ]], 

X = np.array([     [[  1 , 1 , 1 , 1 , 1 ],  
    [  1 , 1 , 1 , 1 , 1 ],  
    [  1 , 1 , 1 , 1 , 1 ]], 

3rd index

1st 
index

2nd 
index

2nd 
index

2nd 
index

2nd 
index

X[3]



A = np.array( [[1, 2, 3],

            [3, 2, 1]] )

np.array:

x[k1:k2:s1]  - from k1 to k2 step by s1

x[0]  - first element… 
x[1]  - second element…

zero indexed

slicing start : end : step

array indexing

boolean indexing

ind = [ 0, 2, 3];

x[ind]     - returns 0,2, and 3 elements

X[ np.ix_(ind1,ind2) ]  - returns the [0,2,3] x [3,2] block   

bool = [ True, True, False, True]; 
x[bool]        - returns 0,1, and 3 element.

x[-1] - last element…
negative indexing

ind1 = [ 0, 2, 3];  ind2 = [0,3,2];

X[ind1,ind2]    - returns [0,0],[2,3], and [3,2] elements

X[bool,bool]    - returns the [0,0], [1,1], and [3,3]

MUST BE ARRAY LENGTH

block indexing - np.ix_

X[ np.ix_(bool,bool) ]  - returns the [0,1,3] x [0,1,3] block   

Python - Indexing

   [[  1 , 1 , 1 , 1 , 1 ],  
    [  1 , 1 , 1 , 1 , 1 ],  
    [  1 , 1 , 1 , 1 , 1 ]]]) 

   [[  1 , 1 , 1 , 1 , 1 ],  
    [  1 , 1 , 1 , 1 , 1 ],  
    [  1 , 1 , 1 , 1 , 1 ]], 

   [[  1 , 1 , 1 , 1 , 1 ],  
    [  1 , 1 , 1 , 1 , 1 ],  
    [  1 , 1 , 1 , 1 , 1 ]], 

X = np.array([     [[  1 , 1 , 1 , 1 , 1 ],  
    [  1 , 1 , 1 , 1 , 1 ],  
    [  1 , 1 , 1 , 1 , 1 ]], 

3rd index

1st 
index

2nd 
index

2nd 
index

2nd 
index

2nd 
index

X[:,0]



A = np.array( [[1, 2, 3],

            [3, 2, 1]] )

np.array:

x[k1:k2:s1]  - from k1 to k2 step by s1

x[0]  - first element… 
x[1]  - second element…

zero indexed

slicing start : end : step

array indexing

boolean indexing

ind = [ 0, 2, 3];

x[ind]     - returns 0,2, and 3 elements

X[ np.ix_(ind1,ind2) ]  - returns the [0,2,3] x [3,2] block   

bool = [ True, True, False, True]; 
x[bool]        - returns 0,1, and 3 element.

x[-1] - last element…
negative indexing

ind1 = [ 0, 2, 3];  ind2 = [0,3,2];

X[ind1,ind2]    - returns [0,0],[2,3], and [3,2] elements

X[bool,bool]    - returns the [0,0], [1,1], and [3,3]

MUST BE ARRAY LENGTH

block indexing - np.ix_

X[ np.ix_(bool,bool) ]  - returns the [0,1,3] x [0,1,3] block   

Python - Indexing

   [[  1 , 1 , 1 , 1 , 1 ],  
    [  1 , 1 , 1 , 1 , 1 ],  
    [  1 , 1 , 1 , 1 , 1 ]]]) 

   [[  1 , 1 , 1 , 1 , 1 ],  
    [  1 , 1 , 1 , 1 , 1 ],  
    [  1 , 1 , 1 , 1 , 1 ]], 

   [[  1 , 1 , 1 , 1 , 1 ],  
    [  1 , 1 , 1 , 1 , 1 ],  
    [  1 , 1 , 1 , 1 , 1 ]], 

X = np.array([     [[  1 , 1 , 1 , 1 , 1 ],  
    [  1 , 1 , 1 , 1 , 1 ],  
    [  1 , 1 , 1 , 1 , 1 ]], 

3rd index

1st 
index

2nd 
index

2nd 
index

2nd 
index

2nd 
index

X[:,1]



A = np.array( [[1, 2, 3],

            [3, 2, 1]] )

np.array:

x[k1:k2:s1]  - from k1 to k2 step by s1

x[0]  - first element… 
x[1]  - second element…

zero indexed

slicing start : end : step

array indexing

boolean indexing

ind = [ 0, 2, 3];

x[ind]     - returns 0,2, and 3 elements

X[ np.ix_(ind1,ind2) ]  - returns the [0,2,3] x [3,2] block   

bool = [ True, True, False, True]; 
x[bool]        - returns 0,1, and 3 element.

x[-1] - last element…
negative indexing

ind1 = [ 0, 2, 3];  ind2 = [0,3,2];

X[ind1,ind2]    - returns [0,0],[2,3], and [3,2] elements

X[bool,bool]    - returns the [0,0], [1,1], and [3,3]

MUST BE ARRAY LENGTH

block indexing - np.ix_

X[ np.ix_(bool,bool) ]  - returns the [0,1,3] x [0,1,3] block   

Python - Indexing

   [[  1 , 1 , 1 , 1 , 1 ],  
    [  1 , 1 , 1 , 1 , 1 ],  
    [  1 , 1 , 1 , 1 , 1 ]]]) 

   [[  1 , 1 , 1 , 1 , 1 ],  
    [  1 , 1 , 1 , 1 , 1 ],  
    [  1 , 1 , 1 , 1 , 1 ]], 

   [[  1 , 1 , 1 , 1 , 1 ],  
    [  1 , 1 , 1 , 1 , 1 ],  
    [  1 , 1 , 1 , 1 , 1 ]], 

X = np.array([     [[  1 , 1 , 1 , 1 , 1 ],  
    [  1 , 1 , 1 , 1 , 1 ],  
    [  1 , 1 , 1 , 1 , 1 ]], 

3rd index

1st 
index

2nd 
index

2nd 
index

2nd 
index

2nd 
index

X[:,2]



A = np.array( [[1, 2, 3],

            [3, 2, 1]] )

np.array:

x[k1:k2:s1]  - from k1 to k2 step by s1

x[0]  - first element… 
x[1]  - second element…

zero indexed

slicing start : end : step

array indexing

boolean indexing

ind = [ 0, 2, 3];

x[ind]     - returns 0,2, and 3 elements

X[ np.ix_(ind1,ind2) ]  - returns the [0,2,3] x [3,2] block   

bool = [ True, True, False, True]; 
x[bool]        - returns 0,1, and 3 element.

x[-1] - last element…
negative indexing

ind1 = [ 0, 2, 3];  ind2 = [0,3,2];

X[ind1,ind2]    - returns [0,0],[2,3], and [3,2] elements

X[bool,bool]    - returns the [0,0], [1,1], and [3,3]

MUST BE ARRAY LENGTH

block indexing - np.ix_

X[ np.ix_(bool,bool) ]  - returns the [0,1,3] x [0,1,3] block   

Python - Indexing

   [[  1 , 1 , 1 , 1 , 1 ],  
    [  1 , 1 , 1 , 1 , 1 ],  
    [  1 , 1 , 1 , 1 , 1 ]]]) 

   [[  1 , 1 , 1 , 1 , 1 ],  
    [  1 , 1 , 1 , 1 , 1 ],  
    [  1 , 1 , 1 , 1 , 1 ]], 

   [[  1 , 1 , 1 , 1 , 1 ],  
    [  1 , 1 , 1 , 1 , 1 ],  
    [  1 , 1 , 1 , 1 , 1 ]], 

X = np.array([     [[  1 , 1 , 1 , 1 , 1 ],  
    [  1 , 1 , 1 , 1 , 1 ],  
    [  1 , 1 , 1 , 1 , 1 ]], 

3rd index

1st 
index

2nd 
index

2nd 
index

2nd 
index

2nd 
index

X[:,:,0]



A = np.array( [[1, 2, 3],

            [3, 2, 1]] )

np.array:

x[k1:k2:s1]  - from k1 to k2 step by s1

x[0]  - first element… 
x[1]  - second element…

zero indexed

slicing start : end : step

array indexing

boolean indexing

ind = [ 0, 2, 3];

x[ind]     - returns 0,2, and 3 elements

X[ np.ix_(ind1,ind2) ]  - returns the [0,2,3] x [3,2] block   

bool = [ True, True, False, True]; 
x[bool]        - returns 0,1, and 3 element.

x[-1] - last element…
negative indexing

ind1 = [ 0, 2, 3];  ind2 = [0,3,2];

X[ind1,ind2]    - returns [0,0],[2,3], and [3,2] elements

X[bool,bool]    - returns the [0,0], [1,1], and [3,3]

MUST BE ARRAY LENGTH

block indexing - np.ix_

X[ np.ix_(bool,bool) ]  - returns the [0,1,3] x [0,1,3] block   

Python - Indexing

   [[  1 , 1 , 1 , 1 , 1 ],  
    [  1 , 1 , 1 , 1 , 1 ],  
    [  1 , 1 , 1 , 1 , 1 ]]]) 

   [[  1 , 1 , 1 , 1 , 1 ],  
    [  1 , 1 , 1 , 1 , 1 ],  
    [  1 , 1 , 1 , 1 , 1 ]], 

   [[  1 , 1 , 1 , 1 , 1 ],  
    [  1 , 1 , 1 , 1 , 1 ],  
    [  1 , 1 , 1 , 1 , 1 ]], 

X = np.array([     [[  1 , 1 , 1 , 1 , 1 ],  
    [  1 , 1 , 1 , 1 , 1 ],  
    [  1 , 1 , 1 , 1 , 1 ]], 

3rd index

1st 
index

2nd 
index

2nd 
index

2nd 
index

2nd 
index

X[:,:,1]



A = np.array( [[1, 2, 3],

            [3, 2, 1]] )

np.array:

x[k1:k2:s1]  - from k1 to k2 step by s1

x[0]  - first element… 
x[1]  - second element…

zero indexed

slicing start : end : step

array indexing

boolean indexing

ind = [ 0, 2, 3];

x[ind]     - returns 0,2, and 3 elements

X[ np.ix_(ind1,ind2) ]  - returns the [0,2,3] x [3,2] block   

bool = [ True, True, False, True]; 
x[bool]        - returns 0,1, and 3 element.

x[-1] - last element…
negative indexing

ind1 = [ 0, 2, 3];  ind2 = [0,3,2];

X[ind1,ind2]    - returns [0,0],[2,3], and [3,2] elements

X[bool,bool]    - returns the [0,0], [1,1], and [3,3]

MUST BE ARRAY LENGTH

block indexing - np.ix_

X[ np.ix_(bool,bool) ]  - returns the [0,1,3] x [0,1,3] block   

Python - Indexing

   [[  1 , 1 , 1 , 1 , 1 ],  
    [  1 , 1 , 1 , 1 , 1 ],  
    [  1 , 1 , 1 , 1 , 1 ]]]) 

   [[  1 , 1 , 1 , 1 , 1 ],  
    [  1 , 1 , 1 , 1 , 1 ],  
    [  1 , 1 , 1 , 1 , 1 ]], 

   [[  1 , 1 , 1 , 1 , 1 ],  
    [  1 , 1 , 1 , 1 , 1 ],  
    [  1 , 1 , 1 , 1 , 1 ]], 

X = np.array([     [[  1 , 1 , 1 , 1 , 1 ],  
    [  1 , 1 , 1 , 1 , 1 ],  
    [  1 , 1 , 1 , 1 , 1 ]], 

3rd index

1st 
index

2nd 
index

2nd 
index

2nd 
index

2nd 
index

X[:,:,2]



A = np.array( [[1, 2, 3],

            [3, 2, 1]] )

np.array:

x[k1:k2:s1]  - from k1 to k2 step by s1

x[0]  - first element… 
x[1]  - second element…

zero indexed

slicing start : end : step

array indexing

boolean indexing

ind = [ 0, 2, 3];

x[ind]     - returns 0,2, and 3 elements

X[ np.ix_(ind1,ind2) ]  - returns the [0,2,3] x [3,2] block   

bool = [ True, True, False, True]; 
x[bool]        - returns 0,1, and 3 element.

x[-1] - last element…
negative indexing

ind1 = [ 0, 2, 3];  ind2 = [0,3,2];

X[ind1,ind2]    - returns [0,0],[2,3], and [3,2] elements

X[bool,bool]    - returns the [0,0], [1,1], and [3,3]

MUST BE ARRAY LENGTH

block indexing - np.ix_

X[ np.ix_(bool,bool) ]  - returns the [0,1,3] x [0,1,3] block   

Python - Indexing

   [[  1 , 1 , 1 , 1 , 1 ],  
    [  1 , 1 , 1 , 1 , 1 ],  
    [  1 , 1 , 1 , 1 , 1 ]]]) 

   [[  1 , 1 , 1 , 1 , 1 ],  
    [  1 , 1 , 1 , 1 , 1 ],  
    [  1 , 1 , 1 , 1 , 1 ]], 

   [[  1 , 1 , 1 , 1 , 1 ],  
    [  1 , 1 , 1 , 1 , 1 ],  
    [  1 , 1 , 1 , 1 , 1 ]], 

X = np.array([     [[  1 , 1 , 1 , 1 , 1 ],  
    [  1 , 1 , 1 , 1 , 1 ],  
    [  1 , 1 , 1 , 1 , 1 ]], 

3rd index

1st 
index

2nd 
index

2nd 
index

2nd 
index

2nd 
index

X[:,:,3]



A = np.array( [[1, 2, 3],

            [3, 2, 1]] )

np.array:

x[k1:k2:s1]  - from k1 to k2 step by s1

x[0]  - first element… 
x[1]  - second element…

zero indexed

slicing start : end : step

array indexing

boolean indexing

ind = [ 0, 2, 3];

x[ind]     - returns 0,2, and 3 elements

X[ np.ix_(ind1,ind2) ]  - returns the [0,2,3] x [3,2] block   

bool = [ True, True, False, True]; 
x[bool]        - returns 0,1, and 3 element.

x[-1] - last element…
negative indexing

ind1 = [ 0, 2, 3];  ind2 = [0,3,2];

X[ind1,ind2]    - returns [0,0],[2,3], and [3,2] elements

X[bool,bool]    - returns the [0,0], [1,1], and [3,3]

MUST BE ARRAY LENGTH

block indexing - np.ix_

X[ np.ix_(bool,bool) ]  - returns the [0,1,3] x [0,1,3] block   

Python - Indexing

   [[  1 , 1 , 1 , 1 , 1 ],  
    [  1 , 1 , 1 , 1 , 1 ],  
    [  1 , 1 , 1 , 1 , 1 ]]]) 

   [[  1 , 1 , 1 , 1 , 1 ],  
    [  1 , 1 , 1 , 1 , 1 ],  
    [  1 , 1 , 1 , 1 , 1 ]], 

   [[  1 , 1 , 1 , 1 , 1 ],  
    [  1 , 1 , 1 , 1 , 1 ],  
    [  1 , 1 , 1 , 1 , 1 ]], 

X = np.array([     [[  1 , 1 , 1 , 1 , 1 ],  
    [  1 , 1 , 1 , 1 , 1 ],  
    [  1 , 1 , 1 , 1 , 1 ]], 

3rd index

1st 
index

2nd 
index

2nd 
index

2nd 
index

2nd 
index

X[:,:,4]



A = np.array( [[1, 2, 3],

            [3, 2, 1]] )

np.array:

x[k1:k2:s1]  - from k1 to k2 step by s1

x[0]  - first element… 
x[1]  - second element…

zero indexed

slicing start : end : step

array indexing

boolean indexing

ind = [ 0, 2, 3];

x[ind]     - returns 0,2, and 3 elements

X[ np.ix_(ind1,ind2) ]  - returns the [0,2,3] x [3,2] block   

bool = [ True, True, False, True]; 
x[bool]        - returns 0,1, and 3 element.

x[-1] - last element…
negative indexing

ind1 = [ 0, 2, 3];  ind2 = [0,3,2];

X[ind1,ind2]    - returns [0,0],[2,3], and [3,2] elements

X[bool,bool]    - returns the [0,0], [1,1], and [3,3]

MUST BE ARRAY LENGTH

block indexing - np.ix_

X[ np.ix_(bool,bool) ]  - returns the [0,1,3] x [0,1,3] block   

Python - Indexing

   [[  1 , 1 , 1 , 1 , 1 ],  
    [  1 , 1 , 1 , 1 , 1 ],  
    [  1 , 1 , 1 , 1 , 1 ]]]) 

   [[  1 , 1 , 1 , 1 , 1 ],  
    [  1 , 1 , 1 , 1 , 1 ],  
    [  1 , 1 , 1 , 1 , 1 ]], 

X = np.array([     [[  1 , 1 , 1 , 1 , 1 ],  
    [  1 , 1 , 1 , 1 , 1 ],  
    [  1 , 1 , 1 , 1 , 1 ]], 

3rd index

2nd 
index

   [[  1 , 1 , 1 , 1 , 1 ],  
    [  1 , 1 , 1 , 1 , 1 ],  
    [  1 , 1 , 1 , 1 , 1 ]], 

1st 
index

2nd 
index

2nd 
index

2nd 
index

X[1:,2,3:]



A = np.array( [[1, 2, 3],

            [3, 2, 1]] )

np.array:

x[k1:k2:s1]  - from k1 to k2 step by s1

x[0]  - first element… 
x[1]  - second element…

zero indexed

slicing start : end : step

array indexing

boolean indexing

ind = [ 0, 2, 3];

x[ind]     - returns 0,2, and 3 elements

X[ np.ix_(ind1,ind2) ]  - returns the [0,2,3] x [3,2] block   

bool = [ True, True, False, True]; 
x[bool]        - returns 0,1, and 3 element.

x[-1] - last element…
negative indexing

ind1 = [ 0, 2, 3];  ind2 = [0,3,2];

X[ind1,ind2]    - returns [0,0],[2,3], and [3,2] elements

X[bool,bool]    - returns the [0,0], [1,1], and [3,3]

MUST BE ARRAY LENGTH

block indexing - np.ix_

X[ np.ix_(bool,bool) ]  - returns the [0,1,3] x [0,1,3] block   

Python - Indexing

   [[  1 , 1 , 1 , 1 , 1 ],  
    [  1 , 1 , 1 , 1 , 1 ],  
    [  1 , 1 , 1 , 1 , 1 ]]]) 

   [[  1 , 1 , 1 , 1 , 1 ],  
    [  1 , 1 , 1 , 1 , 1 ],  
    [  1 , 1 , 1 , 1 , 1 ]], 

X = np.array([     [[  1 , 1 , 1 , 1 , 1 ],  
    [  1 , 1 , 1 , 1 , 1 ],  
    [  1 , 1 , 1 , 1 , 1 ]], 

3rd index

2nd 
index

   [[  1 , 1 , 1 , 1 , 1 ],  
    [  1 , 1 , 1 , 1 , 1 ],  
    [  1 , 1 , 1 , 1 , 1 ]], 

1st 
index

2nd 
index

2nd 
index

2nd 
index

X[1:,:,3:]



A = np.array( [[1, 2, 3],

            [3, 2, 1]] )

np.array:

x[k1:k2:s1]  - from k1 to k2 step by s1

x[0]  - first element… 
x[1]  - second element…

zero indexed

slicing start : end : step

array indexing

boolean indexing

ind = [ 0, 2, 3];

x[ind]     - returns 0,2, and 3 elements

X[ np.ix_(ind1,ind2) ]  - returns the [0,2,3] x [3,2] block   

bool = [ True, True, False, True]; 
x[bool]        - returns 0,1, and 3 element.

x[-1] - last element…
negative indexing

ind1 = [ 0, 2, 3];  ind2 = [0,3,2];

X[ind1,ind2]    - returns [0,0],[2,3], and [3,2] elements

X[bool,bool]    - returns the [0,0], [1,1], and [3,3]

MUST BE ARRAY LENGTH

block indexing - np.ix_

X[ np.ix_(bool,bool) ]  - returns the [0,1,3] x [0,1,3] block   

Python - Indexing

   [[  1 , 1 , 1 , 1 , 1 , 1 , 1 ],  
    [  1 , 1 , 1 , 1 , 1 , 1 , 1 ],  
    [  1 , 1 , 1 , 1 , 1 , 1 , 1 ]] ], 

X = np.array([  [  [[  1 , 1 , 1 , 1 , 1 , 1 , 1 ],  
 [  1 , 1 , 1 , 1 , 1 , 1 , 1 ],  
 [  1 , 1 , 1 , 1 , 1 , 1 , 1 ]],

2nd 
index

3rd 
index

   [[  1 , 1 , 1 , 1 , 1 , 1 , 1 ],  
    [  1 , 1 , 1 , 1 , 1 , 1 , 1 ],  
    [  1 , 1 , 1 , 1 , 1 , 1 , 1 ]] ], 

[ [[  1 , 1 , 1 , 1 , 1 , 1 , 1 ],  
[  1 , 1 , 1 , 1 , 1 , 1 , 1 ],  
[  1 , 1 , 1 , 1 , 1 , 1 , 1 ]],

   [[  1 , 1 , 1 , 1 , 1 , 1 , 1 ],  
    [  1 , 1 , 1 , 1 , 1 , 1 , 1 ],  
    [  1 , 1 , 1 , 1 , 1 , 1 , 1 ]] ], 

[ [[  1 , 1 , 1 , 1 , 1 , 1 , 1 ],  
[  1 , 1 , 1 , 1 , 1 , 1 , 1 ],  
[  1 , 1 , 1 , 1 , 1 , 1 , 1 ]],

1st 
index

2nd 
index

2nd 
index

3rd 
index

3rd 
index

3rd 
index

3rd 
index

3rd 
index

4th index



A = np.array( [[1, 2, 3],

            [3, 2, 1]] )

np.array:

x[k1:k2:s1]  - from k1 to k2 step by s1

x[0]  - first element… 
x[1]  - second element…

zero indexed

slicing start : end : step

array indexing

boolean indexing

ind = [ 0, 2, 3];

x[ind]     - returns 0,2, and 3 elements

X[ np.ix_(ind1,ind2) ]  - returns the [0,2,3] x [3,2] block   

bool = [ True, True, False, True]; 
x[bool]        - returns 0,1, and 3 element.

x[-1] - last element…
negative indexing

ind1 = [ 0, 2, 3];  ind2 = [0,3,2];

X[ind1,ind2]    - returns [0,0],[2,3], and [3,2] elements

X[bool,bool]    - returns the [0,0], [1,1], and [3,3]

MUST BE ARRAY LENGTH

block indexing - np.ix_

X[ np.ix_(bool,bool) ]  - returns the [0,1,3] x [0,1,3] block   

Python - Indexing

   [[  1 , 1 , 1 , 1 , 1 , 1 , 1 ],  
    [  1 , 1 , 1 , 1 , 1 , 1 , 1 ],  
    [  1 , 1 , 1 , 1 , 1 , 1 , 1 ]] ], 

X = np.array([ [   [[  1 , 1 , 1 , 1 , 1 , 1 , 1 ],  
  [  1 , 1 , 1 , 1 , 1 , 1 , 1 ],  
  [  1 , 1 , 1 , 1 , 1 , 1 , 1 ]],

4th index

3rd 
index

   [[  1 , 1 , 1 , 1 , 1 , 1 , 1 ],  
    [  1 , 1 , 1 , 1 , 1 , 1 , 1 ],  
    [  1 , 1 , 1 , 1 , 1 , 1 , 1 ]] ], 

[   [[  1 , 1 , 1 , 1 , 1 , 1 , 1 ],  
  [  1 , 1 , 1 , 1 , 1 , 1 , 1 ],  
  [  1 , 1 , 1 , 1 , 1 , 1 , 1 ]],

   [[  1 , 1 , 1 , 1 , 1 , 1 , 1 ],  
    [  1 , 1 , 1 , 1 , 1 , 1 , 1 ],  
    [  1 , 1 , 1 , 1 , 1 , 1 , 1 ]] ] ]) 

[   [[  1 , 1 , 1 , 1 , 1 , 1 , 1 ],  
  [  1 , 1 , 1 , 1 , 1 , 1 , 1 ],  
  [  1 , 1 , 1 , 1 , 1 , 1 , 1 ]],

1st 
index

3rd 
index

3rd 
index

3rd 
index

3rd 
index

3rd 
index

2nd 
index

2nd 
index

2nd 
index



A = np.array( [[1, 2, 3],

            [3, 2, 1]] )

np.array:

x[k1:k2:s1]  - from k1 to k2 step by s1

x[0]  - first element… 
x[1]  - second element…

zero indexed

slicing start : end : step

array indexing

boolean indexing

ind = [ 0, 2, 3];

x[ind]     - returns 0,2, and 3 elements

X[ np.ix_(ind1,ind2) ]  - returns the [0,2,3] x [3,2] block   

bool = [ True, True, False, True]; 
x[bool]        - returns 0,1, and 3 element.

x[-1] - last element…
negative indexing

ind1 = [ 0, 2, 3];  ind2 = [0,3,2];

X[ind1,ind2]    - returns [0,0],[2,3], and [3,2] elements

X[bool,bool]    - returns the [0,0], [1,1], and [3,3]

MUST BE ARRAY LENGTH

block indexing - np.ix_

X[ np.ix_(bool,bool) ]  - returns the [0,1,3] x [0,1,3] block   

Python - Indexing

   [[  1 , 1 , 1 , 1 , 1 , 1 , 1 ],  
    [  1 , 1 , 1 , 1 , 1 , 1 , 1 ],  
    [  1 , 1 , 1 , 1 , 1 , 1 , 1 ]] ], 

X = np.array([ [   [[  1 , 1 , 1 , 1 , 1 , 1 , 1 ],  
  [  1 , 1 , 1 , 1 , 1 , 1 , 1 ],  
  [  1 , 1 , 1 , 1 , 1 , 1 , 1 ]],

4th index

3rd 
index

   [[  1 , 1 , 1 , 1 , 1 , 1 , 1 ],  
    [  1 , 1 , 1 , 1 , 1 , 1 , 1 ],  
    [  1 , 1 , 1 , 1 , 1 , 1 , 1 ]] ], 

[   [[  1 , 1 , 1 , 1 , 1 , 1 , 1 ],  
  [  1 , 1 , 1 , 1 , 1 , 1 , 1 ],  
  [  1 , 1 , 1 , 1 , 1 , 1 , 1 ]],

   [[  1 , 1 , 1 , 1 , 1 , 1 , 1 ],  
    [  1 , 1 , 1 , 1 , 1 , 1 , 1 ],  
    [  1 , 1 , 1 , 1 , 1 , 1 , 1 ]] ] ]) 

[   [[  1 , 1 , 1 , 1 , 1 , 1 , 1 ],  
  [  1 , 1 , 1 , 1 , 1 , 1 , 1 ],  
  [  1 , 1 , 1 , 1 , 1 , 1 , 1 ]],

1st 
index

3rd 
index

3rd 
index

3rd 
index

3rd 
index

3rd 
index

2nd 
index

2nd 
index

2nd 
index

X[0]



A = np.array( [[1, 2, 3],

            [3, 2, 1]] )

np.array:

x[k1:k2:s1]  - from k1 to k2 step by s1

x[0]  - first element… 
x[1]  - second element…

zero indexed

slicing start : end : step

array indexing

boolean indexing

ind = [ 0, 2, 3];

x[ind]     - returns 0,2, and 3 elements

X[ np.ix_(ind1,ind2) ]  - returns the [0,2,3] x [3,2] block   

bool = [ True, True, False, True]; 
x[bool]        - returns 0,1, and 3 element.

x[-1] - last element…
negative indexing

ind1 = [ 0, 2, 3];  ind2 = [0,3,2];

X[ind1,ind2]    - returns [0,0],[2,3], and [3,2] elements

X[bool,bool]    - returns the [0,0], [1,1], and [3,3]

MUST BE ARRAY LENGTH

block indexing - np.ix_

X[ np.ix_(bool,bool) ]  - returns the [0,1,3] x [0,1,3] block   

Python - Indexing

   [[  1 , 1 , 1 , 1 , 1 , 1 , 1 ],  
    [  1 , 1 , 1 , 1 , 1 , 1 , 1 ],  
    [  1 , 1 , 1 , 1 , 1 , 1 , 1 ]] ], 

X = np.array([ [   [[  1 , 1 , 1 , 1 , 1 , 1 , 1 ],  
  [  1 , 1 , 1 , 1 , 1 , 1 , 1 ],  
  [  1 , 1 , 1 , 1 , 1 , 1 , 1 ]],

4th index

3rd 
index

   [[  1 , 1 , 1 , 1 , 1 , 1 , 1 ],  
    [  1 , 1 , 1 , 1 , 1 , 1 , 1 ],  
    [  1 , 1 , 1 , 1 , 1 , 1 , 1 ]] ], 

[   [[  1 , 1 , 1 , 1 , 1 , 1 , 1 ],  
  [  1 , 1 , 1 , 1 , 1 , 1 , 1 ],  
  [  1 , 1 , 1 , 1 , 1 , 1 , 1 ]],

   [[  1 , 1 , 1 , 1 , 1 , 1 , 1 ],  
    [  1 , 1 , 1 , 1 , 1 , 1 , 1 ],  
    [  1 , 1 , 1 , 1 , 1 , 1 , 1 ]] ] ]) 

[   [[  1 , 1 , 1 , 1 , 1 , 1 , 1 ],  
  [  1 , 1 , 1 , 1 , 1 , 1 , 1 ],  
  [  1 , 1 , 1 , 1 , 1 , 1 , 1 ]],

1st 
index

3rd 
index

3rd 
index

3rd 
index

3rd 
index

3rd 
index

2nd 
index

2nd 
index

2nd 
index

X[1]



A = np.array( [[1, 2, 3],

            [3, 2, 1]] )

np.array:

x[k1:k2:s1]  - from k1 to k2 step by s1

x[0]  - first element… 
x[1]  - second element…

zero indexed

slicing start : end : step

array indexing

boolean indexing

ind = [ 0, 2, 3];

x[ind]     - returns 0,2, and 3 elements

X[ np.ix_(ind1,ind2) ]  - returns the [0,2,3] x [3,2] block   

bool = [ True, True, False, True]; 
x[bool]        - returns 0,1, and 3 element.

x[-1] - last element…
negative indexing

ind1 = [ 0, 2, 3];  ind2 = [0,3,2];

X[ind1,ind2]    - returns [0,0],[2,3], and [3,2] elements

X[bool,bool]    - returns the [0,0], [1,1], and [3,3]

MUST BE ARRAY LENGTH

block indexing - np.ix_

X[ np.ix_(bool,bool) ]  - returns the [0,1,3] x [0,1,3] block   

Python - Indexing

   [[  1 , 1 , 1 , 1 , 1 , 1 , 1 ],  
    [  1 , 1 , 1 , 1 , 1 , 1 , 1 ],  
    [  1 , 1 , 1 , 1 , 1 , 1 , 1 ]] ], 

X = np.array([ [   [[  1 , 1 , 1 , 1 , 1 , 1 , 1 ],  
  [  1 , 1 , 1 , 1 , 1 , 1 , 1 ],  
  [  1 , 1 , 1 , 1 , 1 , 1 , 1 ]],

4th index

3rd 
index

   [[  1 , 1 , 1 , 1 , 1 , 1 , 1 ],  
    [  1 , 1 , 1 , 1 , 1 , 1 , 1 ],  
    [  1 , 1 , 1 , 1 , 1 , 1 , 1 ]] ], 

[   [[  1 , 1 , 1 , 1 , 1 , 1 , 1 ],  
  [  1 , 1 , 1 , 1 , 1 , 1 , 1 ],  
  [  1 , 1 , 1 , 1 , 1 , 1 , 1 ]],

   [[  1 , 1 , 1 , 1 , 1 , 1 , 1 ],  
    [  1 , 1 , 1 , 1 , 1 , 1 , 1 ],  
    [  1 , 1 , 1 , 1 , 1 , 1 , 1 ]] ] ]) 

[   [[  1 , 1 , 1 , 1 , 1 , 1 , 1 ],  
  [  1 , 1 , 1 , 1 , 1 , 1 , 1 ],  
  [  1 , 1 , 1 , 1 , 1 , 1 , 1 ]],

1st 
index

3rd 
index

3rd 
index

3rd 
index

3rd 
index

3rd 
index

2nd 
index

2nd 
index

2nd 
index

X[2]



A = np.array( [[1, 2, 3],

            [3, 2, 1]] )

np.array:

x[k1:k2:s1]  - from k1 to k2 step by s1

x[0]  - first element… 
x[1]  - second element…

zero indexed

slicing start : end : step

array indexing

boolean indexing

ind = [ 0, 2, 3];

x[ind]     - returns 0,2, and 3 elements

X[ np.ix_(ind1,ind2) ]  - returns the [0,2,3] x [3,2] block   

bool = [ True, True, False, True]; 
x[bool]        - returns 0,1, and 3 element.

x[-1] - last element…
negative indexing

ind1 = [ 0, 2, 3];  ind2 = [0,3,2];

X[ind1,ind2]    - returns [0,0],[2,3], and [3,2] elements

X[bool,bool]    - returns the [0,0], [1,1], and [3,3]

MUST BE ARRAY LENGTH

block indexing - np.ix_

X[ np.ix_(bool,bool) ]  - returns the [0,1,3] x [0,1,3] block   

Python - Indexing

   [[  1 , 1 , 1 , 1 , 1 , 1 , 1 ],  
    [  1 , 1 , 1 , 1 , 1 , 1 , 1 ],  
    [  1 , 1 , 1 , 1 , 1 , 1 , 1 ]] ], 

X = np.array([ [   [[  1 , 1 , 1 , 1 , 1 , 1 , 1 ],  
  [  1 , 1 , 1 , 1 , 1 , 1 , 1 ],  
  [  1 , 1 , 1 , 1 , 1 , 1 , 1 ]],

4th index

3rd 
index

   [[  1 , 1 , 1 , 1 , 1 , 1 , 1 ],  
    [  1 , 1 , 1 , 1 , 1 , 1 , 1 ],  
    [  1 , 1 , 1 , 1 , 1 , 1 , 1 ]] ], 

[   [[  1 , 1 , 1 , 1 , 1 , 1 , 1 ],  
  [  1 , 1 , 1 , 1 , 1 , 1 , 1 ],  
  [  1 , 1 , 1 , 1 , 1 , 1 , 1 ]],

   [[  1 , 1 , 1 , 1 , 1 , 1 , 1 ],  
    [  1 , 1 , 1 , 1 , 1 , 1 , 1 ],  
    [  1 , 1 , 1 , 1 , 1 , 1 , 1 ]] ] ]) 

[   [[  1 , 1 , 1 , 1 , 1 , 1 , 1 ],  
  [  1 , 1 , 1 , 1 , 1 , 1 , 1 ],  
  [  1 , 1 , 1 , 1 , 1 , 1 , 1 ]],

1st 
index

3rd 
index

3rd 
index

3rd 
index

3rd 
index

3rd 
index

2nd 
index

2nd 
index

2nd 
index

X[:,0]



A = np.array( [[1, 2, 3],

            [3, 2, 1]] )

np.array:

x[k1:k2:s1]  - from k1 to k2 step by s1

x[0]  - first element… 
x[1]  - second element…

zero indexed

slicing start : end : step

array indexing

boolean indexing

ind = [ 0, 2, 3];

x[ind]     - returns 0,2, and 3 elements

X[ np.ix_(ind1,ind2) ]  - returns the [0,2,3] x [3,2] block   

bool = [ True, True, False, True]; 
x[bool]        - returns 0,1, and 3 element.

x[-1] - last element…
negative indexing

ind1 = [ 0, 2, 3];  ind2 = [0,3,2];

X[ind1,ind2]    - returns [0,0],[2,3], and [3,2] elements

X[bool,bool]    - returns the [0,0], [1,1], and [3,3]

MUST BE ARRAY LENGTH

block indexing - np.ix_

X[ np.ix_(bool,bool) ]  - returns the [0,1,3] x [0,1,3] block   

Python - Indexing

   [[  1 , 1 , 1 , 1 , 1 , 1 , 1 ],  
    [  1 , 1 , 1 , 1 , 1 , 1 , 1 ],  
    [  1 , 1 , 1 , 1 , 1 , 1 , 1 ]] ], 

X = np.array([ [   [[  1 , 1 , 1 , 1 , 1 , 1 , 1 ],  
  [  1 , 1 , 1 , 1 , 1 , 1 , 1 ],  
  [  1 , 1 , 1 , 1 , 1 , 1 , 1 ]],

4th index

3rd 
index

   [[  1 , 1 , 1 , 1 , 1 , 1 , 1 ],  
    [  1 , 1 , 1 , 1 , 1 , 1 , 1 ],  
    [  1 , 1 , 1 , 1 , 1 , 1 , 1 ]] ], 

[   [[  1 , 1 , 1 , 1 , 1 , 1 , 1 ],  
  [  1 , 1 , 1 , 1 , 1 , 1 , 1 ],  
  [  1 , 1 , 1 , 1 , 1 , 1 , 1 ]],

   [[  1 , 1 , 1 , 1 , 1 , 1 , 1 ],  
    [  1 , 1 , 1 , 1 , 1 , 1 , 1 ],  
    [  1 , 1 , 1 , 1 , 1 , 1 , 1 ]] ] ]) 

[   [[  1 , 1 , 1 , 1 , 1 , 1 , 1 ],  
  [  1 , 1 , 1 , 1 , 1 , 1 , 1 ],  
  [  1 , 1 , 1 , 1 , 1 , 1 , 1 ]],

1st 
index

3rd 
index

3rd 
index

3rd 
index

3rd 
index

3rd 
index

2nd 
index

2nd 
index

2nd 
index

X[:,1]



A = np.array( [[1, 2, 3],

            [3, 2, 1]] )

np.array:

x[k1:k2:s1]  - from k1 to k2 step by s1

x[0]  - first element… 
x[1]  - second element…

zero indexed

slicing start : end : step

array indexing

boolean indexing

ind = [ 0, 2, 3];

x[ind]     - returns 0,2, and 3 elements

X[ np.ix_(ind1,ind2) ]  - returns the [0,2,3] x [3,2] block   

bool = [ True, True, False, True]; 
x[bool]        - returns 0,1, and 3 element.

x[-1] - last element…
negative indexing

ind1 = [ 0, 2, 3];  ind2 = [0,3,2];

X[ind1,ind2]    - returns [0,0],[2,3], and [3,2] elements

X[bool,bool]    - returns the [0,0], [1,1], and [3,3]

MUST BE ARRAY LENGTH

block indexing - np.ix_

X[ np.ix_(bool,bool) ]  - returns the [0,1,3] x [0,1,3] block   

Python - Indexing

   [[  1 , 1 , 1 , 1 , 1 , 1 , 1 ],  
    [  1 , 1 , 1 , 1 , 1 , 1 , 1 ],  
    [  1 , 1 , 1 , 1 , 1 , 1 , 1 ]] ], 

X = np.array([ [   [[  1 , 1 , 1 , 1 , 1 , 1 , 1 ],  
  [  1 , 1 , 1 , 1 , 1 , 1 , 1 ],  
  [  1 , 1 , 1 , 1 , 1 , 1 , 1 ]],

4th index

3rd 
index

   [[  1 , 1 , 1 , 1 , 1 , 1 , 1 ],  
    [  1 , 1 , 1 , 1 , 1 , 1 , 1 ],  
    [  1 , 1 , 1 , 1 , 1 , 1 , 1 ]] ], 

[   [[  1 , 1 , 1 , 1 , 1 , 1 , 1 ],  
  [  1 , 1 , 1 , 1 , 1 , 1 , 1 ],  
  [  1 , 1 , 1 , 1 , 1 , 1 , 1 ]],

   [[  1 , 1 , 1 , 1 , 1 , 1 , 1 ],  
    [  1 , 1 , 1 , 1 , 1 , 1 , 1 ],  
    [  1 , 1 , 1 , 1 , 1 , 1 , 1 ]] ] ]) 

[   [[  1 , 1 , 1 , 1 , 1 , 1 , 1 ],  
  [  1 , 1 , 1 , 1 , 1 , 1 , 1 ],  
  [  1 , 1 , 1 , 1 , 1 , 1 , 1 ]],

1st 
index

3rd 
index

3rd 
index

3rd 
index

3rd 
index

3rd 
index

2nd 
index

2nd 
index

2nd 
index

X[:,:,0]



A = np.array( [[1, 2, 3],

            [3, 2, 1]] )

np.array:

x[k1:k2:s1]  - from k1 to k2 step by s1

x[0]  - first element… 
x[1]  - second element…

zero indexed

slicing start : end : step

array indexing

boolean indexing

ind = [ 0, 2, 3];

x[ind]     - returns 0,2, and 3 elements

X[ np.ix_(ind1,ind2) ]  - returns the [0,2,3] x [3,2] block   

bool = [ True, True, False, True]; 
x[bool]        - returns 0,1, and 3 element.

x[-1] - last element…
negative indexing

ind1 = [ 0, 2, 3];  ind2 = [0,3,2];

X[ind1,ind2]    - returns [0,0],[2,3], and [3,2] elements

X[bool,bool]    - returns the [0,0], [1,1], and [3,3]

MUST BE ARRAY LENGTH

block indexing - np.ix_

X[ np.ix_(bool,bool) ]  - returns the [0,1,3] x [0,1,3] block   

Python - Indexing

   [[  1 , 1 , 1 , 1 , 1 , 1 , 1 ],  
    [  1 , 1 , 1 , 1 , 1 , 1 , 1 ],  
    [  1 , 1 , 1 , 1 , 1 , 1 , 1 ]] ], 

X = np.array([ [   [[  1 , 1 , 1 , 1 , 1 , 1 , 1 ],  
  [  1 , 1 , 1 , 1 , 1 , 1 , 1 ],  
  [  1 , 1 , 1 , 1 , 1 , 1 , 1 ]],

4th index

3rd 
index

   [[  1 , 1 , 1 , 1 , 1 , 1 , 1 ],  
    [  1 , 1 , 1 , 1 , 1 , 1 , 1 ],  
    [  1 , 1 , 1 , 1 , 1 , 1 , 1 ]] ], 

[   [[  1 , 1 , 1 , 1 , 1 , 1 , 1 ],  
  [  1 , 1 , 1 , 1 , 1 , 1 , 1 ],  
  [  1 , 1 , 1 , 1 , 1 , 1 , 1 ]],

   [[  1 , 1 , 1 , 1 , 1 , 1 , 1 ],  
    [  1 , 1 , 1 , 1 , 1 , 1 , 1 ],  
    [  1 , 1 , 1 , 1 , 1 , 1 , 1 ]] ] ]) 

[   [[  1 , 1 , 1 , 1 , 1 , 1 , 1 ],  
  [  1 , 1 , 1 , 1 , 1 , 1 , 1 ],  
  [  1 , 1 , 1 , 1 , 1 , 1 , 1 ]],

1st 
index

3rd 
index

3rd 
index

3rd 
index

3rd 
index

3rd 
index

2nd 
index

2nd 
index

2nd 
index

X[:,:,1]



A = np.array( [[1, 2, 3],

            [3, 2, 1]] )

np.array:

x[k1:k2:s1]  - from k1 to k2 step by s1

x[0]  - first element… 
x[1]  - second element…

zero indexed

slicing start : end : step

array indexing

boolean indexing

ind = [ 0, 2, 3];

x[ind]     - returns 0,2, and 3 elements

X[ np.ix_(ind1,ind2) ]  - returns the [0,2,3] x [3,2] block   

bool = [ True, True, False, True]; 
x[bool]        - returns 0,1, and 3 element.

x[-1] - last element…
negative indexing

ind1 = [ 0, 2, 3];  ind2 = [0,3,2];

X[ind1,ind2]    - returns [0,0],[2,3], and [3,2] elements

X[bool,bool]    - returns the [0,0], [1,1], and [3,3]

MUST BE ARRAY LENGTH

block indexing - np.ix_

X[ np.ix_(bool,bool) ]  - returns the [0,1,3] x [0,1,3] block   

Python - Indexing

   [[  1 , 1 , 1 , 1 , 1 , 1 , 1 ],  
    [  1 , 1 , 1 , 1 , 1 , 1 , 1 ],  
    [  1 , 1 , 1 , 1 , 1 , 1 , 1 ]] ], 

X = np.array([ [   [[  1 , 1 , 1 , 1 , 1 , 1 , 1 ],  
  [  1 , 1 , 1 , 1 , 1 , 1 , 1 ],  
  [  1 , 1 , 1 , 1 , 1 , 1 , 1 ]],

4th index

3rd 
index

   [[  1 , 1 , 1 , 1 , 1 , 1 , 1 ],  
    [  1 , 1 , 1 , 1 , 1 , 1 , 1 ],  
    [  1 , 1 , 1 , 1 , 1 , 1 , 1 ]] ], 

[   [[  1 , 1 , 1 , 1 , 1 , 1 , 1 ],  
  [  1 , 1 , 1 , 1 , 1 , 1 , 1 ],  
  [  1 , 1 , 1 , 1 , 1 , 1 , 1 ]],

   [[  1 , 1 , 1 , 1 , 1 , 1 , 1 ],  
    [  1 , 1 , 1 , 1 , 1 , 1 , 1 ],  
    [  1 , 1 , 1 , 1 , 1 , 1 , 1 ]] ] ]) 

[   [[  1 , 1 , 1 , 1 , 1 , 1 , 1 ],  
  [  1 , 1 , 1 , 1 , 1 , 1 , 1 ],  
  [  1 , 1 , 1 , 1 , 1 , 1 , 1 ]],

1st 
index

3rd 
index

3rd 
index

3rd 
index

3rd 
index

3rd 
index

2nd 
index

2nd 
index

2nd 
index

X[:,:,2]



A = np.array( [[1, 2, 3],

            [3, 2, 1]] )

np.array:

x[k1:k2:s1]  - from k1 to k2 step by s1

x[0]  - first element… 
x[1]  - second element…

zero indexed

slicing start : end : step

array indexing

boolean indexing

ind = [ 0, 2, 3];

x[ind]     - returns 0,2, and 3 elements

X[ np.ix_(ind1,ind2) ]  - returns the [0,2,3] x [3,2] block   

bool = [ True, True, False, True]; 
x[bool]        - returns 0,1, and 3 element.

x[-1] - last element…
negative indexing

ind1 = [ 0, 2, 3];  ind2 = [0,3,2];

X[ind1,ind2]    - returns [0,0],[2,3], and [3,2] elements

X[bool,bool]    - returns the [0,0], [1,1], and [3,3]

MUST BE ARRAY LENGTH

block indexing - np.ix_

X[ np.ix_(bool,bool) ]  - returns the [0,1,3] x [0,1,3] block   

Python - Indexing

   [[  1 , 1 , 1 , 1 , 1 , 1 , 1 ],  
    [  1 , 1 , 1 , 1 , 1 , 1 , 1 ],  
    [  1 , 1 , 1 , 1 , 1 , 1 , 1 ]] ], 

X = np.array([ [   [[  1 , 1 , 1 , 1 , 1 , 1 , 1 ],  
  [  1 , 1 , 1 , 1 , 1 , 1 , 1 ],  
  [  1 , 1 , 1 , 1 , 1 , 1 , 1 ]],

4th index

3rd 
index

   [[  1 , 1 , 1 , 1 , 1 , 1 , 1 ],  
    [  1 , 1 , 1 , 1 , 1 , 1 , 1 ],  
    [  1 , 1 , 1 , 1 , 1 , 1 , 1 ]] ], 

[   [[  1 , 1 , 1 , 1 , 1 , 1 , 1 ],  
  [  1 , 1 , 1 , 1 , 1 , 1 , 1 ],  
  [  1 , 1 , 1 , 1 , 1 , 1 , 1 ]],

   [[  1 , 1 , 1 , 1 , 1 , 1 , 1 ],  
    [  1 , 1 , 1 , 1 , 1 , 1 , 1 ],  
    [  1 , 1 , 1 , 1 , 1 , 1 , 1 ]] ] ]) 

[   [[  1 , 1 , 1 , 1 , 1 , 1 , 1 ],  
  [  1 , 1 , 1 , 1 , 1 , 1 , 1 ],  
  [  1 , 1 , 1 , 1 , 1 , 1 , 1 ]],

1st 
index

3rd 
index

3rd 
index

3rd 
index

3rd 
index

3rd 
index

2nd 
index

2nd 
index

2nd 
index

X[:,:,:,0]



A = np.array( [[1, 2, 3],

            [3, 2, 1]] )

np.array:

x[k1:k2:s1]  - from k1 to k2 step by s1

x[0]  - first element… 
x[1]  - second element…

zero indexed

slicing start : end : step

array indexing

boolean indexing

ind = [ 0, 2, 3];

x[ind]     - returns 0,2, and 3 elements

X[ np.ix_(ind1,ind2) ]  - returns the [0,2,3] x [3,2] block   

bool = [ True, True, False, True]; 
x[bool]        - returns 0,1, and 3 element.

x[-1] - last element…
negative indexing

ind1 = [ 0, 2, 3];  ind2 = [0,3,2];

X[ind1,ind2]    - returns [0,0],[2,3], and [3,2] elements

X[bool,bool]    - returns the [0,0], [1,1], and [3,3]

MUST BE ARRAY LENGTH

block indexing - np.ix_

X[ np.ix_(bool,bool) ]  - returns the [0,1,3] x [0,1,3] block   

Python - Indexing

   [[  1 , 1 , 1 , 1 , 1 , 1 , 1 ],  
    [  1 , 1 , 1 , 1 , 1 , 1 , 1 ],  
    [  1 , 1 , 1 , 1 , 1 , 1 , 1 ]] ], 

X = np.array([ [   [[  1 , 1 , 1 , 1 , 1 , 1 , 1 ],  
  [  1 , 1 , 1 , 1 , 1 , 1 , 1 ],  
  [  1 , 1 , 1 , 1 , 1 , 1 , 1 ]],

4th index

3rd 
index

   [[  1 , 1 , 1 , 1 , 1 , 1 , 1 ],  
    [  1 , 1 , 1 , 1 , 1 , 1 , 1 ],  
    [  1 , 1 , 1 , 1 , 1 , 1 , 1 ]] ], 

[   [[  1 , 1 , 1 , 1 , 1 , 1 , 1 ],  
  [  1 , 1 , 1 , 1 , 1 , 1 , 1 ],  
  [  1 , 1 , 1 , 1 , 1 , 1 , 1 ]],

   [[  1 , 1 , 1 , 1 , 1 , 1 , 1 ],  
    [  1 , 1 , 1 , 1 , 1 , 1 , 1 ],  
    [  1 , 1 , 1 , 1 , 1 , 1 , 1 ]] ] ]) 

[   [[  1 , 1 , 1 , 1 , 1 , 1 , 1 ],  
  [  1 , 1 , 1 , 1 , 1 , 1 , 1 ],  
  [  1 , 1 , 1 , 1 , 1 , 1 , 1 ]],

1st 
index

3rd 
index

3rd 
index

3rd 
index

3rd 
index

3rd 
index

2nd 
index

2nd 
index

2nd 
index

X[:,:,:,1]



A = np.array( [[1, 2, 3],

            [3, 2, 1]] )

np.array:

x[k1:k2:s1]  - from k1 to k2 step by s1

x[0]  - first element… 
x[1]  - second element…

zero indexed

slicing start : end : step

array indexing

boolean indexing

ind = [ 0, 2, 3];

x[ind]     - returns 0,2, and 3 elements

X[ np.ix_(ind1,ind2) ]  - returns the [0,2,3] x [3,2] block   

bool = [ True, True, False, True]; 
x[bool]        - returns 0,1, and 3 element.

x[-1] - last element…
negative indexing

ind1 = [ 0, 2, 3];  ind2 = [0,3,2];

X[ind1,ind2]    - returns [0,0],[2,3], and [3,2] elements

X[bool,bool]    - returns the [0,0], [1,1], and [3,3]

MUST BE ARRAY LENGTH

block indexing - np.ix_

X[ np.ix_(bool,bool) ]  - returns the [0,1,3] x [0,1,3] block   

Python - Indexing

   [[  1 , 1 , 1 , 1 , 1 , 1 , 1 ],  
    [  1 , 1 , 1 , 1 , 1 , 1 , 1 ],  
    [  1 , 1 , 1 , 1 , 1 , 1 , 1 ]] ], 

X = np.array([ [   [[  1 , 1 , 1 , 1 , 1 , 1 , 1 ],  
  [  1 , 1 , 1 , 1 , 1 , 1 , 1 ],  
  [  1 , 1 , 1 , 1 , 1 , 1 , 1 ]],

4th index

3rd 
index

   [[  1 , 1 , 1 , 1 , 1 , 1 , 1 ],  
    [  1 , 1 , 1 , 1 , 1 , 1 , 1 ],  
    [  1 , 1 , 1 , 1 , 1 , 1 , 1 ]] ], 

[   [[  1 , 1 , 1 , 1 , 1 , 1 , 1 ],  
  [  1 , 1 , 1 , 1 , 1 , 1 , 1 ],  
  [  1 , 1 , 1 , 1 , 1 , 1 , 1 ]],

   [[  1 , 1 , 1 , 1 , 1 , 1 , 1 ],  
    [  1 , 1 , 1 , 1 , 1 , 1 , 1 ],  
    [  1 , 1 , 1 , 1 , 1 , 1 , 1 ]] ] ]) 

[   [[  1 , 1 , 1 , 1 , 1 , 1 , 1 ],  
  [  1 , 1 , 1 , 1 , 1 , 1 , 1 ],  
  [  1 , 1 , 1 , 1 , 1 , 1 , 1 ]],

1st 
index

3rd 
index

3rd 
index

3rd 
index

3rd 
index

3rd 
index

2nd 
index

2nd 
index

2nd 
index

X[:,:,:,2]



A = np.array( [[1, 2, 3],

            [3, 2, 1]] )

np.array:

x[k1:k2:s1]  - from k1 to k2 step by s1

x[0]  - first element… 
x[1]  - second element…

zero indexed

slicing start : end : step

array indexing

boolean indexing

ind = [ 0, 2, 3];

x[ind]     - returns 0,2, and 3 elements

X[ np.ix_(ind1,ind2) ]  - returns the [0,2,3] x [3,2] block   

bool = [ True, True, False, True]; 
x[bool]        - returns 0,1, and 3 element.

x[-1] - last element…
negative indexing

ind1 = [ 0, 2, 3];  ind2 = [0,3,2];

X[ind1,ind2]    - returns [0,0],[2,3], and [3,2] elements

X[bool,bool]    - returns the [0,0], [1,1], and [3,3]

MUST BE ARRAY LENGTH

block indexing - np.ix_

X[ np.ix_(bool,bool) ]  - returns the [0,1,3] x [0,1,3] block   

Python - Indexing

   [[  1 , 1 , 1 , 1 , 1 , 1 , 1 ],  
    [  1 , 1 , 1 , 1 , 1 , 1 , 1 ],  
    [  1 , 1 , 1 , 1 , 1 , 1 , 1 ]] ], 

X = np.array([ [   [[  1 , 1 , 1 , 1 , 1 , 1 , 1 ],  
  [  1 , 1 , 1 , 1 , 1 , 1 , 1 ],  
  [  1 , 1 , 1 , 1 , 1 , 1 , 1 ]],

4th index

3rd 
index

   [[  1 , 1 , 1 , 1 , 1 , 1 , 1 ],  
    [  1 , 1 , 1 , 1 , 1 , 1 , 1 ],  
    [  1 , 1 , 1 , 1 , 1 , 1 , 1 ]] ], 

[   [[  1 , 1 , 1 , 1 , 1 , 1 , 1 ],  
  [  1 , 1 , 1 , 1 , 1 , 1 , 1 ],  
  [  1 , 1 , 1 , 1 , 1 , 1 , 1 ]],

   [[  1 , 1 , 1 , 1 , 1 , 1 , 1 ],  
    [  1 , 1 , 1 , 1 , 1 , 1 , 1 ],  
    [  1 , 1 , 1 , 1 , 1 , 1 , 1 ]] ] ]) 

[   [[  1 , 1 , 1 , 1 , 1 , 1 , 1 ],  
  [  1 , 1 , 1 , 1 , 1 , 1 , 1 ],  
  [  1 , 1 , 1 , 1 , 1 , 1 , 1 ]],

1st 
index

3rd 
index

3rd 
index

3rd 
index

3rd 
index

3rd 
index

2nd 
index

2nd 
index

2nd 
index

X[:,:,:,3]



A = np.array( [[1, 2, 3],

            [3, 2, 1]] )

np.array:

x[k1:k2:s1]  - from k1 to k2 step by s1

x[0]  - first element… 
x[1]  - second element…

zero indexed

slicing start : end : step

array indexing

boolean indexing

ind = [ 0, 2, 3];

x[ind]     - returns 0,2, and 3 elements

X[ np.ix_(ind1,ind2) ]  - returns the [0,2,3] x [3,2] block   

bool = [ True, True, False, True]; 
x[bool]        - returns 0,1, and 3 element.

x[-1] - last element…
negative indexing

ind1 = [ 0, 2, 3];  ind2 = [0,3,2];

X[ind1,ind2]    - returns [0,0],[2,3], and [3,2] elements

X[bool,bool]    - returns the [0,0], [1,1], and [3,3]

MUST BE ARRAY LENGTH

block indexing - np.ix_

X[ np.ix_(bool,bool) ]  - returns the [0,1,3] x [0,1,3] block   

Python - Indexing

   [[  1 , 1 , 1 , 1 , 1 , 1 , 1 ],  
    [  1 , 1 , 1 , 1 , 1 , 1 , 1 ],  
    [  1 , 1 , 1 , 1 , 1 , 1 , 1 ]] ], 

X = np.array([ [   [[  1 , 1 , 1 , 1 , 1 , 1 , 1 ],  
  [  1 , 1 , 1 , 1 , 1 , 1 , 1 ],  
  [  1 , 1 , 1 , 1 , 1 , 1 , 1 ]],

4th index

3rd 
index

   [[  1 , 1 , 1 , 1 , 1 , 1 , 1 ],  
    [  1 , 1 , 1 , 1 , 1 , 1 , 1 ],  
    [  1 , 1 , 1 , 1 , 1 , 1 , 1 ]] ], 

[   [[  1 , 1 , 1 , 1 , 1 , 1 , 1 ],  
  [  1 , 1 , 1 , 1 , 1 , 1 , 1 ],  
  [  1 , 1 , 1 , 1 , 1 , 1 , 1 ]],

   [[  1 , 1 , 1 , 1 , 1 , 1 , 1 ],  
    [  1 , 1 , 1 , 1 , 1 , 1 , 1 ],  
    [  1 , 1 , 1 , 1 , 1 , 1 , 1 ]] ] ]) 

[   [[  1 , 1 , 1 , 1 , 1 , 1 , 1 ],  
  [  1 , 1 , 1 , 1 , 1 , 1 , 1 ],  
  [  1 , 1 , 1 , 1 , 1 , 1 , 1 ]],

1st 
index

3rd 
index

3rd 
index

3rd 
index

3rd 
index

3rd 
index

2nd 
index

2nd 
index

2nd 
index

X[:,:,:,4]



A = np.array( [[1, 2, 3],

            [3, 2, 1]] )

np.array:

x[k1:k2:s1]  - from k1 to k2 step by s1

x[0]  - first element… 
x[1]  - second element…

zero indexed

slicing start : end : step

array indexing

boolean indexing

ind = [ 0, 2, 3];

x[ind]     - returns 0,2, and 3 elements

X[ np.ix_(ind1,ind2) ]  - returns the [0,2,3] x [3,2] block   

bool = [ True, True, False, True]; 
x[bool]        - returns 0,1, and 3 element.

x[-1] - last element…
negative indexing

ind1 = [ 0, 2, 3];  ind2 = [0,3,2];

X[ind1,ind2]    - returns [0,0],[2,3], and [3,2] elements

X[bool,bool]    - returns the [0,0], [1,1], and [3,3]

MUST BE ARRAY LENGTH

block indexing - np.ix_

X[ np.ix_(bool,bool) ]  - returns the [0,1,3] x [0,1,3] block   

Python - Indexing

   [[  1 , 1 , 1 , 1 , 1 , 1 , 1 ],  
    [  1 , 1 , 1 , 1 , 1 , 1 , 1 ],  
    [  1 , 1 , 1 , 1 , 1 , 1 , 1 ]] ], 

X = np.array([ [   [[  1 , 1 , 1 , 1 , 1 , 1 , 1 ],  
  [  1 , 1 , 1 , 1 , 1 , 1 , 1 ],  
  [  1 , 1 , 1 , 1 , 1 , 1 , 1 ]],

4th index

3rd 
index

   [[  1 , 1 , 1 , 1 , 1 , 1 , 1 ],  
    [  1 , 1 , 1 , 1 , 1 , 1 , 1 ],  
    [  1 , 1 , 1 , 1 , 1 , 1 , 1 ]] ], 

[   [[  1 , 1 , 1 , 1 , 1 , 1 , 1 ],  
  [  1 , 1 , 1 , 1 , 1 , 1 , 1 ],  
  [  1 , 1 , 1 , 1 , 1 , 1 , 1 ]],

   [[  1 , 1 , 1 , 1 , 1 , 1 , 1 ],  
    [  1 , 1 , 1 , 1 , 1 , 1 , 1 ],  
    [  1 , 1 , 1 , 1 , 1 , 1 , 1 ]] ] ]) 

[   [[  1 , 1 , 1 , 1 , 1 , 1 , 1 ],  
  [  1 , 1 , 1 , 1 , 1 , 1 , 1 ],  
  [  1 , 1 , 1 , 1 , 1 , 1 , 1 ]],

1st 
index

3rd 
index

3rd 
index

3rd 
index

3rd 
index

3rd 
index

2nd 
index

2nd 
index

2nd 
index

X[:,:,:,5]



A = np.array( [[1, 2, 3],

            [3, 2, 1]] )

np.array:

x[k1:k2:s1]  - from k1 to k2 step by s1

x[0]  - first element… 
x[1]  - second element…

zero indexed

slicing start : end : step

array indexing

boolean indexing

ind = [ 0, 2, 3];

x[ind]     - returns 0,2, and 3 elements

X[ np.ix_(ind1,ind2) ]  - returns the [0,2,3] x [3,2] block   

bool = [ True, True, False, True]; 
x[bool]        - returns 0,1, and 3 element.

x[-1] - last element…
negative indexing

ind1 = [ 0, 2, 3];  ind2 = [0,3,2];

X[ind1,ind2]    - returns [0,0],[2,3], and [3,2] elements

X[bool,bool]    - returns the [0,0], [1,1], and [3,3]

MUST BE ARRAY LENGTH

block indexing - np.ix_

X[ np.ix_(bool,bool) ]  - returns the [0,1,3] x [0,1,3] block   

Python - Indexing

   [[  1 , 1 , 1 , 1 , 1 , 1 , 1 ],  
    [  1 , 1 , 1 , 1 , 1 , 1 , 1 ],  
    [  1 , 1 , 1 , 1 , 1 , 1 , 1 ]] ], 

X = np.array([ [   [[  1 , 1 , 1 , 1 , 1 , 1 , 1 ],  
  [  1 , 1 , 1 , 1 , 1 , 1 , 1 ],  
  [  1 , 1 , 1 , 1 , 1 , 1 , 1 ]],

4th index

3rd 
index

   [[  1 , 1 , 1 , 1 , 1 , 1 , 1 ],  
    [  1 , 1 , 1 , 1 , 1 , 1 , 1 ],  
    [  1 , 1 , 1 , 1 , 1 , 1 , 1 ]] ], 

[   [[  1 , 1 , 1 , 1 , 1 , 1 , 1 ],  
  [  1 , 1 , 1 , 1 , 1 , 1 , 1 ],  
  [  1 , 1 , 1 , 1 , 1 , 1 , 1 ]],

   [[  1 , 1 , 1 , 1 , 1 , 1 , 1 ],  
    [  1 , 1 , 1 , 1 , 1 , 1 , 1 ],  
    [  1 , 1 , 1 , 1 , 1 , 1 , 1 ]] ] ]) 

[   [[  1 , 1 , 1 , 1 , 1 , 1 , 1 ],  
  [  1 , 1 , 1 , 1 , 1 , 1 , 1 ],  
  [  1 , 1 , 1 , 1 , 1 , 1 , 1 ]],

1st 
index

3rd 
index

3rd 
index

3rd 
index

3rd 
index

3rd 
index

2nd 
index

2nd 
index

2nd 
index

X[:,:,:,6]



A = np.array( [[1, 2, 3],

            [3, 2, 1]] )

np.array:

x[k1:k2:s1]  - from k1 to k2 step by s1

x[0]  - first element… 
x[1]  - second element…

zero indexed

slicing start : end : step

array indexing

boolean indexing

ind = [ 0, 2, 3];

x[ind]     - returns 0,2, and 3 elements

X[ np.ix_(ind1,ind2) ]  - returns the [0,2,3] x [3,2] block   

bool = [ True, True, False, True]; 
x[bool]        - returns 0,1, and 3 element.

x[-1] - last element…
negative indexing

ind1 = [ 0, 2, 3];  ind2 = [0,3,2];

X[ind1,ind2]    - returns [0,0],[2,3], and [3,2] elements

X[bool,bool]    - returns the [0,0], [1,1], and [3,3]

MUST BE ARRAY LENGTH

block indexing - np.ix_

X[ np.ix_(bool,bool) ]  - returns the [0,1,3] x [0,1,3] block   

Python - Indexing

np.array( [[  1 , 1 , 1 , 1 , 1 ], 
   [  1 , 1 , 1 , 1 , 1 ],  

[  1 , 1 , 1 , 1 , 1 ], 
[  1 , 1 , 1 , 1 , 1 ], 
[  1 , 1 , 1 , 1 , 1 ]])

X = np.array( [[  1 , 1 , 1 , 1 , 1 ],  
[  1 , 1 , 1 , 1 , 1 ],  
[  1 , 1 , 1 , 1 , 1 ], 
[  1 , 1 , 1 , 1 , 1 ], 
[  1 , 1 , 1 , 1 , 1 ]])

2nd index

1st 
index 
(rows)

X[[1,3,4]]



A = np.array( [[1, 2, 3],

            [3, 2, 1]] )

np.array:

x[k1:k2:s1]  - from k1 to k2 step by s1

x[0]  - first element… 
x[1]  - second element…

zero indexed

slicing start : end : step

array indexing

boolean indexing

ind = [ 0, 2, 3];

x[ind]     - returns 0,2, and 3 elements

X[ np.ix_(ind1,ind2) ]  - returns the [0,2,3] x [3,2] block   

bool = [ True, True, False, True]; 
x[bool]        - returns 0,1, and 3 element.

x[-1] - last element…
negative indexing

ind1 = [ 0, 2, 3];  ind2 = [0,3,2];

X[ind1,ind2]    - returns [0,0],[2,3], and [3,2] elements

X[bool,bool]    - returns the [0,0], [1,1], and [3,3]

MUST BE ARRAY LENGTH

block indexing - np.ix_

X[ np.ix_(bool,bool) ]  - returns the [0,1,3] x [0,1,3] block   

Python - Indexing

np.array( [[  1 , 1 , 1 , 1 , 1 ], 
   [  1 , 1 , 1 , 1 , 1 ],  

[  1 , 1 , 1 , 1 , 1 ], 
[  1 , 1 , 1 , 1 , 1 ], 
[  1 , 1 , 1 , 1 , 1 ]])

X = np.array( [[  1 , 1 , 1 , 1 , 1 ],  
[  1 , 1 , 1 , 1 , 1 ],  
[  1 , 1 , 1 , 1 , 1 ], 
[  1 , 1 , 1 , 1 , 1 ], 
[  1 , 1 , 1 , 1 , 1 ]])

2nd index

1st 
index 
(rows)

X[[1,3,4],[2,4,0]]



A = np.array( [[1, 2, 3],

            [3, 2, 1]] )

np.array:

x[k1:k2:s1]  - from k1 to k2 step by s1

x[0]  - first element… 
x[1]  - second element…

zero indexed

slicing start : end : step

array indexing

boolean indexing

ind = [ 0, 2, 3];

x[ind]     - returns 0,2, and 3 elements

X[ np.ix_(ind1,ind2) ]  - returns the [0,2,3] x [3,2] block   

bool = [ True, True, False, True]; 
x[bool]        - returns 0,1, and 3 element.

x[-1] - last element…
negative indexing

ind1 = [ 0, 2, 3];  ind2 = [0,3,2];

X[ind1,ind2]    - returns [0,0],[2,3], and [3,2] elements

X[bool,bool]    - returns the [0,0], [1,1], and [3,3]

MUST BE ARRAY LENGTH

block indexing - np.ix_

X[ np.ix_(bool,bool) ]  - returns the [0,1,3] x [0,1,3] block   

Python - Indexing

np.array( [[  1 , 1 , 1 , 1 , 1 ], 
   [  1 , 1 , 1 , 1 , 1 ],  

[  1 , 1 , 1 , 1 , 1 ], 
[  1 , 1 , 1 , 1 , 1 ], 
[  1 , 1 , 1 , 1 , 1 ]])

X = np.array( [[  1 , 1 , 1 , 1 , 1 ],  
[  1 , 1 , 1 , 1 , 1 ],  
[  1 , 1 , 1 , 1 , 1 ], 
[  1 , 1 , 1 , 1 , 1 ], 
[  1 , 1 , 1 , 1 , 1 ]])

2nd index

1st 
index 
(rows)

X[ np.ix_([1,3,4],[2,4,0])]



A = np.array( [[1, 2, 3],

            [3, 2, 1]] )

np.array:

x[k1:k2:s1]  - from k1 to k2 step by s1

x[0]  - first element… 
x[1]  - second element…

zero indexed

slicing start : end : step

array indexing

boolean indexing

ind = [ 0, 2, 3];

x[ind]     - returns 0,2, and 3 elements

X[ np.ix_(ind1,ind2) ]  - returns the [0,2,3] x [3,2] block   

bool = [ True, True, False, True]; 
x[bool]        - returns 0,1, and 3 element.

x[-1] - last element…
negative indexing

ind1 = [ 0, 2, 3];  ind2 = [0,3,2];

X[ind1,ind2]    - returns [0,0],[2,3], and [3,2] elements

X[bool,bool]    - returns the [0,0], [1,1], and [3,3]

MUST BE ARRAY LENGTH

block indexing - np.ix_

X[ np.ix_(bool,bool) ]  - returns the [0,1,3] x [0,1,3] block   

Python - Indexing

np.array( [[  1 , 1 , 1 , 1 , 1 ], 
   [  1 , 1 , 1 , 1 , 1 ],  

[  1 , 1 , 1 , 1 , 1 ], 
[  1 , 1 , 1 , 1 , 1 ], 
[  1 , 1 , 1 , 1 , 1 ]])

X = np.array( [[  1 , 1 , 1 , 1 , 1 ],  
[  1 , 1 , 1 , 1 , 1 ],  
[  1 , 1 , 1 , 1 , 1 ], 
[  1 , 1 , 1 , 1 , 1 ], 
[  1 , 1 , 1 , 1 , 1 ]])

2nd index

1st 
index 
(rows)

X[bools]
bools = [False,True,False,True,True]



A = np.array( [[1, 2, 3],

            [3, 2, 1]] )

np.array:

x[k1:k2:s1]  - from k1 to k2 step by s1

x[0]  - first element… 
x[1]  - second element…

zero indexed

slicing start : end : step

array indexing

boolean indexing

ind = [ 0, 2, 3];

x[ind]     - returns 0,2, and 3 elements

X[ np.ix_(ind1,ind2) ]  - returns the [0,2,3] x [3,2] block   

bool = [ True, True, False, True]; 
x[bool]        - returns 0,1, and 3 element.

x[-1] - last element…
negative indexing

ind1 = [ 0, 2, 3];  ind2 = [0,3,2];

X[ind1,ind2]    - returns [0,0],[2,3], and [3,2] elements

X[bool,bool]    - returns the [0,0], [1,1], and [3,3]

MUST BE ARRAY LENGTH

block indexing - np.ix_

X[ np.ix_(bool,bool) ]  - returns the [0,1,3] x [0,1,3] block   

Python - Indexing

X[bools,bools]

X = np.array( [[  1 , 1 , 1 , 1 , 1 ],  
[  1 , 1 , 1 , 1 , 1 ],  
[  1 , 1 , 1 , 1 , 1 ], 
[  1 , 1 , 1 , 1 , 1 ], 
[  1 , 1 , 1 , 1 , 1 ]])

2nd index

1st 
index 
(rows)

bools = [False,True,False,True,True]

np.array( [[  1 , 1 , 1 , 1 , 1 ], 
   [  1 , 1 , 1 , 1 , 1 ],  

[  1 , 1 , 1 , 1 , 1 ], 
[  1 , 1 , 1 , 1 , 1 ], 
[  1 , 1 , 1 , 1 , 1 ]])



A = np.array( [[1, 2, 3],

            [3, 2, 1]] )

np.array:

x[k1:k2:s1]  - from k1 to k2 step by s1

x[0]  - first element… 
x[1]  - second element…

zero indexed

slicing start : end : step

array indexing

boolean indexing

ind = [ 0, 2, 3];

x[ind]     - returns 0,2, and 3 elements

X[ np.ix_(ind1,ind2) ]  - returns the [0,2,3] x [3,2] block   

bool = [ True, True, False, True]; 
x[bool]        - returns 0,1, and 3 element.

x[-1] - last element…
negative indexing

ind1 = [ 0, 2, 3];  ind2 = [0,3,2];

X[ind1,ind2]    - returns [0,0],[2,3], and [3,2] elements

X[bool,bool]    - returns the [0,0], [1,1], and [3,3]

MUST BE ARRAY LENGTH

block indexing - np.ix_

X[ np.ix_(bool,bool) ]  - returns the [0,1,3] x [0,1,3] block   

Python - Indexing

X[np.ix_(bools,bools)]

np.array( [[  1 , 1 , 1 , 1 , 1 ], 
   [  1 , 1 , 1 , 1 , 1 ],  

[  1 , 1 , 1 , 1 , 1 ], 
[  1 , 1 , 1 , 1 , 1 ], 
[  1 , 1 , 1 , 1 , 1 ]])

X = np.array( [[  1 , 1 , 1 , 1 , 1 ],  
[  1 , 1 , 1 , 1 , 1 ],  
[  1 , 1 , 1 , 1 , 1 ], 
[  1 , 1 , 1 , 1 , 1 ], 
[  1 , 1 , 1 , 1 , 1 ]])

2nd index

1st 
index 
(rows)

bools = [False,True,False,True,True]



A = np.array( [[1, 2, 3],

            [3, 2, 1]] )

np.array:

x[k1:k2:s1]  - from k1 to k2 step by s1

x[0]  - first element… 
x[1]  - second element…

zero indexed

slicing start : end : step

array indexing

boolean indexing

ind = [ 0, 2, 3];

x[ind]     - returns 0,2, and 3 elements

X[ np.ix_(ind1,ind2) ]  - returns the [0,2,3] x [3,2] block   

bool = [ True, True, False, True]; 
x[bool]        - returns 0,1, and 3 element.

x[-1] - last element…
negative indexing

ind1 = [ 0, 2, 3];  ind2 = [0,3,2];

X[ind1,ind2]    - returns [0,0],[2,3], and [3,2] elements

X[bool,bool]    - returns the [0,0], [1,1], and [3,3]

MUST BE ARRAY LENGTH

block indexing - np.ix_

X[ np.ix_(bool,bool) ]  - returns the [0,1,3] x [0,1,3] block   

Python - Indexing 2nd index

1st 
index 
(rows)

np.where(X==4) = [ (0,1,2,3,), (3,2,1,0) ]

…returns all elements of array satisfying condition collapsed

Finding Elements:

X[np.where(X==4)] = [ 4 , 4 , 4 , 4 ]

X = np.array( [[  1 , 2 , 3 , 4 , 5 ],  
 [  2 , 3 , 4 , 5 , 6 ],  
 [  3 , 4 , 5 , 6 , 7 ], 
 [  4 , 5 , 6 , 7 , 8 ], 
 [  5 , 6 , 7 , 8 , 9 ]])



A = np.array( [[1, 2, 3],

            [3, 2, 1]] )

np.array:

x[k1:k2:s1]  - from k1 to k2 step by s1

x[0]  - first element… 
x[1]  - second element…

zero indexed

slicing start : end : step

array indexing

boolean indexing

ind = [ 0, 2, 3];

x[ind]     - returns 0,2, and 3 elements

X[ np.ix_(ind1,ind2) ]  - returns the [0,2,3] x [3,2] block   

bool = [ True, True, False, True]; 
x[bool]        - returns 0,1, and 3 element.

x[-1] - last element…
negative indexing

ind1 = [ 0, 2, 3];  ind2 = [0,3,2];

X[ind1,ind2]    - returns [0,0],[2,3], and [3,2] elements

X[bool,bool]    - returns the [0,0], [1,1], and [3,3]

MUST BE ARRAY LENGTH

block indexing - np.ix_

X[ np.ix_(bool,bool) ]  - returns the [0,1,3] x [0,1,3] block   

Python - Indexing 2nd index

1st 
index 
(rows)

np.where(condition, X, Y)

…chooses elements from X if true…
…chooses elements from Y if false…

Finding Elements:

Y = np.array( [[  1 , 1 , 1 , 1 , 1 ], 
[  1 , 1 , 1 , 1 , 1 ],  
[  1 , 1 , 1 , 1 , 1 ], 
[  1 , 1 , 1 , 1 , 1 ], 
[  1 , 1 , 1 , 1 , 1 ]])

X = np.array( [[  1 , 2 , 3 , 4 , 5 ],  
 [  2 , 3 , 4 , 5 , 6 ],  
 [  3 , 4 , 5 , 6 , 7 ], 
 [  4 , 5 , 6 , 7 , 8 ], 
 [  5 , 6 , 7 , 8 , 9 ]])

= np.array( [[  1 , 1 , 1 , 1 , 5 ],  
     [  1 , 1 , 1 , 5 , 6 ],  
     [  1 , 1 , 5 , 6 , 7 ], 
     [  1 , 5 , 6 , 7 , 8 ], 
     [  5 , 6 , 7 , 8 , 9 ]])

np.where( X >= 5, X, Y)

…respects array structure…

np.where( X >= 5, X, 1)
or…



vector: 

row vector:

matrix

x = np.array([1,2,3]) 

A = np.array([[ 1, 1, 1 ],

[ 1, 1, 1 ],

[ 1, 1, 1 ]])

1D

2D

x = np.array([[ 1 ],

[ 1 ],

[ 1 ]])

x = np.array([[ 1 , 1 ,1 ]])
col vector:

Matrix multiplication:

A@x = A.dot(x) = np.dot(A,x) 

A@x   - A times col vector x

x@A   - row vector x times A

x = np.array([1,1,1]) 

x = np.array([ 1 , 1 ,1 ])

BOTH

Tranpose A.T

Python - Matrix Multiplication

A = np.array( [[  1 , 1 , 1 , 1 , 1 ],  
[  1 , 1 , 1 , 1 , 1 ],  
[  1 , 1 , 1 , 1 , 1 ], 
[  1 , 1 , 1 , 1 , 1 ], 
[  1 , 1 , 1 , 1 , 1 ]])

x = np.array( [ 1 , 1 , 1 , 1 , 1 ] ) 

A @ x

<latexit sha1_base64="ugWnW6y1in5WG1fOmztPCGIEMVQ=">AAAB73icbVBNSwMxEJ2tX7V+VT16CRbBU9kVUS9C1YvHCvYD2qVk02wbmmTXJCsuS/+EFw+KePXvePPfmLZ70NYHA4/3ZpiZF8ScaeO6305haXllda24XtrY3NreKe/uNXWUKEIbJOKRagdYU84kbRhmOG3HimIRcNoKRjcTv/VIlWaRvDdpTH2BB5KFjGBjpXaK0CW6Qk+9csWtulOgReLlpAI56r3yV7cfkURQaQjHWnc8NzZ+hpVhhNNxqZtoGmMywgPasVRiQbWfTe8doyOr9FEYKVvSoKn6eyLDQutUBLZTYDPU895E/M/rJCa88DMm48RQSWaLwoQjE6HJ86jPFCWGp5Zgopi9FZEhVpgYG1HJhuDNv7xImidV76zq3Z1Watd5HEU4gEM4Bg/OoQa3UIcGEODwDK/w5jw4L8678zFrLTj5zD78gfP5AynUjr8=</latexit>

y = Ax

<latexit sha1_base64="cT84ZsA0iwhCO+xokrnbYwu8wDE=">AAACDXicbZC7TsMwFIYdrqXcAowsFgWJqUoQApZKBRbGItGL1EaR4zqtW9uJbAcRRX0BFl6FhQGEWNnZeBvcNgO0/JKlz/85R/b5g5hRpR3n21pYXFpeWS2sFdc3Nre27Z3dhooSiUkdRyySrQApwqggdU01I61YEsQDRprB8Hpcb94TqWgk7nQaE4+jnqAhxUgby7cPU59CWIEdlXB/AC/9jA5G8MFgJb8Y9u2SU3YmgvPg5lACuWq+/dXpRjjhRGjMkFJt14m1lyGpKWZkVOwkisQID1GPtA0KxInyssk2I3hknC4MI2mO0HDi/p7IEFcq5YHp5Ej31WxtbP5Xayc6vPAyKuJEE4GnD4UJgzqC42hgl0qCNUsNICyp+SvEfSQR1ibAognBnV15HhonZfes7N6elqpXeRwFsA8OwDFwwTmoghtQA3WAwSN4Bq/gzXqyXqx362PaumDlM3vgj6zPH2OFmoY=</latexit>

yi =
X

j

Aijxj = Aijxj

np.einsum(‘ij,j’,A,x)



vector: 

row vector:

matrix

x = np.array([1,2,3]) 

A = np.array([[ 1, 1, 1 ],

[ 1, 1, 1 ],

[ 1, 1, 1 ]])

1D

2D

x = np.array([[ 1 ],

[ 1 ],

[ 1 ]])

x = np.array([[ 1 , 1 ,1 ]])
col vector:

Matrix multiplication:

A@x = A.dot(x) = np.dot(A,x) 

A@x   - A times col vector x

x@A   - row vector x times A

x = np.array([1,1,1]) 

x = np.array([ 1 , 1 ,1 ])

BOTH

Tranpose A.T

Python - Matrix Multiplication

A = np.array( [[  1 , 1 , 1 , 1 , 1 ],  
[  1 , 1 , 1 , 1 , 1 ],  
[  1 , 1 , 1 , 1 , 1 ], 
[  1 , 1 , 1 , 1 , 1 ], 
[  1 , 1 , 1 , 1 , 1 ]])

x = np.array( [ 1 , 1 , 1 , 1 , 1 ] ) 

x @ A

<latexit sha1_base64="PfGtl54fUfz3p1THW3APzl7lqxo=">AAACDXicbZC7TsMwFIYdrqXcAowsFgWJqUoQApZKBRbGItGL1EaR4zqtW9uJbAcRRX0BFl6FhQGEWNnZeBvcNgO0/JKlz/85R/b5g5hRpR3n21pYXFpeWS2sFdc3Nre27Z3dhooSiUkdRyySrQApwqggdU01I61YEsQDRprB8Hpcb94TqWgk7nQaE4+jnqAhxUgby7cPU38AYQV2VMJ9Ci/9jA5G8MFgJb8Y9u2SU3YmgvPg5lACuWq+/dXpRjjhRGjMkFJt14m1lyGpKWZkVOwkisQID1GPtA0KxInyssk2I3hknC4MI2mO0HDi/p7IEFcq5YHp5Ej31WxtbP5Xayc6vPAyKuJEE4GnD4UJgzqC42hgl0qCNUsNICyp+SvEfSQR1ibAognBnV15HhonZfes7N6elqpXeRwFsA8OwDFwwTmoghtQA3WAwSN4Bq/gzXqyXqx362PaumDlM3vgj6zPH2B7moQ=</latexit>

yj =
X

i

Aijxi = Aijxi

<latexit sha1_base64="3J8jKtbM+AwSgw6/J5VjHac2tgU=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqheh6sVjhX5hm5bNdtMu3WzC7kYMof/CiwdFvPpvvPlv3LY5aOuDgcd7M8zM8yLOlLbtbyu3srq2vpHfLGxt7+zuFfcPmiqMJaENEvJQtj2sKGeCNjTTnLYjSXHgcdryxrdTv/VIpWKhqOskom6Ah4L5jGBtpIenXv0aXaGkV+8XS3bZngEtEycjJchQ6xe/uoOQxAEVmnCsVMexI+2mWGpGOJ0UurGiESZjPKQdQwUOqHLT2cUTdGKUAfJDaUpoNFN/T6Q4UCoJPNMZYD1Si95U/M/rxNq/dFMmolhTQeaL/JgjHaLp+2jAJCWaJ4ZgIpm5FZERlphoE1LBhOAsvrxMmmdlp1J27s9L1ZssjjwcwTGcggMXUIU7qEEDCAh4hld4s5T1Yr1bH/PWnJXNHMIfWJ8/NgGP9w==</latexit>

xTA = yT

np.einsum(‘ij,i’,A,x)

np.einsum(‘i,ij’,x,A)



vector: 

row vector:

matrix

x = np.array([1,2,3]) 

A = np.array([[ 1, 1, 1 ],

[ 1, 1, 1 ],

[ 1, 1, 1 ]])

1D

2D

x = np.array([[ 1 ],

[ 1 ],

[ 1 ]])

x = np.array([[ 1 , 1 ,1 ]])
col vector:

Matrix multiplication:

A@x = A.dot(x) = np.dot(A,x) 

A@x   - A times col vector x

x@A   - row vector x times A

x = np.array([1,1,1]) 

x = np.array([ 1 , 1 ,1 ])

BOTH

Tranpose A.T

Python - Matrix Multiplication
x = np.array( [ 1 , 1 , 1 , 1 , 1 ] ) 

np.einsum(‘ijk,k’,A,x)

   [[  1 , 1 , 1 , 1 , 1 ],  
    [  1 , 1 , 1 , 1 , 1 ],  
    [  1 , 1 , 1 , 1 , 1 ]]]) 

   [[  1 , 1 , 1 , 1 , 1 ],  
    [  1 , 1 , 1 , 1 , 1 ],  
    [  1 , 1 , 1 , 1 , 1 ]], 

   [[  1 , 1 , 1 , 1 , 1 ],  
    [  1 , 1 , 1 , 1 , 1 ],  
    [  1 , 1 , 1 , 1 , 1 ]], 

A = np.array([     [[  1 , 1 , 1 , 1 , 1 ],  
    [  1 , 1 , 1 , 1 , 1 ],  
    [  1 , 1 , 1 , 1 , 1 ]], 

1st 
index

3rd index

2nd 
index

2nd 
index

2nd 
index

2nd 
index

<latexit sha1_base64="msmhke5jjqmMGNsFjjtANB9eG4g=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPVi8cK9gPbEDbbTbtmswm7G7GE/AsvHhTx6r/x5r9x2+agrQ8GHu/NMDPPTzhT2ra/rdLS8srqWnm9srG5tb1T3d1rqziVhLZIzGPZ9bGinAna0kxz2k0kxZHPaccPryd+55FKxWJxp8cJdSM8FCxgBGsj3V96GXsI8ycv9Ko1u25PgRaJU5AaFGh61a/+ICZpRIUmHCvVc+xEuxmWmhFO80o/VTTBJMRD2jNU4IgqN5tenKMjowxQEEtTQqOp+nsiw5FS48g3nRHWIzXvTcT/vF6qgws3YyJJNRVktihIOdIxmryPBkxSovnYEEwkM7ciMsISE21CqpgQnPmXF0n7pO6c1Z3b01rjqoijDAdwCMfgwDk04Aaa0AICAp7hFd4sZb1Y79bHrLVkFTP78AfW5w/E/pD8</latexit>

Aijkxk



vector: 

row vector:

matrix

x = np.array([1,2,3]) 

A = np.array([[ 1, 1, 1 ],

[ 1, 1, 1 ],

[ 1, 1, 1 ]])

1D

2D

x = np.array([[ 1 ],

[ 1 ],

[ 1 ]])

x = np.array([[ 1 , 1 ,1 ]])
col vector:

Matrix multiplication:

A@x = A.dot(x) = np.dot(A,x) 

A@x   - A times col vector x

x@A   - row vector x times A

x = np.array([1,1,1]) 

x = np.array([ 1 , 1 ,1 ])

BOTH

Tranpose A.T

Python - Matrix Multiplication
x = np.array( [ 1 , 1 , 1 ] ) 

np.einsum(‘ijk,j’,A,x)

   [[  1 , 1 , 1 , 1 , 1 ],  
    [  1 , 1 , 1 , 1 , 1 ],  
    [  1 , 1 , 1 , 1 , 1 ]]]) 

   [[  1 , 1 , 1 , 1 , 1 ],  
    [  1 , 1 , 1 , 1 , 1 ],  
    [  1 , 1 , 1 , 1 , 1 ]], 

   [[  1 , 1 , 1 , 1 , 1 ],  
    [  1 , 1 , 1 , 1 , 1 ],  
    [  1 , 1 , 1 , 1 , 1 ]], 

A = np.array([     [[  1 , 1 , 1 , 1 , 1 ],  
    [  1 , 1 , 1 , 1 , 1 ],  
    [  1 , 1 , 1 , 1 , 1 ]], 

1st 
index

3rd index

2nd 
index

2nd 
index

2nd 
index

2nd 
index

<latexit sha1_base64="NY8viRjywKBKPu3b+8BbhoY8S6c=">AAAB8XicbVBNSwMxEJ34WetX1aOXYBE8lV0R9Vj14rGC/cB2WbJptk2bzS5JVixL/4UXD4p49d9489+YtnvQ1gcDj/dmmJkXJIJr4zjfaGl5ZXVtvbBR3Nza3tkt7e03dJwqyuo0FrFqBUQzwSWrG24EayWKkSgQrBkMbyZ+85EpzWN5b0YJ8yLSkzzklBgrPVz5GR8Mx0/+wC+VnYozBV4kbk7KkKPml7463ZimEZOGCqJ123US42VEGU4FGxc7qWYJoUPSY21LJYmY9rLpxWN8bJUuDmNlSxo8VX9PZCTSehQFtjMipq/nvYn4n9dOTXjpZVwmqWGSzhaFqcAmxpP3cZcrRo0YWUKo4vZWTPtEEWpsSEUbgjv/8iJpnFbc84p7d1auXudxFOAQjuAEXLiAKtxCDepAQcIzvMIb0ugFvaOPWesSymcO4A/Q5w/DepD7</latexit>

Aijkxj



vector: 

row vector:

matrix

x = np.array([1,2,3]) 

A = np.array([[ 1, 1, 1 ],

[ 1, 1, 1 ],

[ 1, 1, 1 ]])

1D

2D

x = np.array([[ 1 ],

[ 1 ],

[ 1 ]])

x = np.array([[ 1 , 1 ,1 ]])
col vector:

Matrix multiplication:

A@x = A.dot(x) = np.dot(A,x) 

A@x   - A times col vector x

x@A   - row vector x times A

x = np.array([1,1,1]) 

x = np.array([ 1 , 1 ,1 ])

BOTH

Tranpose A.T

Python - Matrix Multiplication
x = np.array( [ 1 , 1 , 1 , 1 ] ) 

np.einsum(‘ijk,i’,A,x)

   [[  1 , 1 , 1 , 1 , 1 ],  
    [  1 , 1 , 1 , 1 , 1 ],  
    [  1 , 1 , 1 , 1 , 1 ]]]) 

   [[  1 , 1 , 1 , 1 , 1 ],  
    [  1 , 1 , 1 , 1 , 1 ],  
    [  1 , 1 , 1 , 1 , 1 ]], 

   [[  1 , 1 , 1 , 1 , 1 ],  
    [  1 , 1 , 1 , 1 , 1 ],  
    [  1 , 1 , 1 , 1 , 1 ]], 

A = np.array([     [[  1 , 1 , 1 , 1 , 1 ],  
    [  1 , 1 , 1 , 1 , 1 ],  
    [  1 , 1 , 1 , 1 , 1 ]], 

1st 
index

3rd index

2nd 
index

2nd 
index

2nd 
index

2nd 
index

<latexit sha1_base64="JQdnYY440d+l5Ji/Cl2vWecCbjs=">AAAB83icbVBNSwMxEJ31s9avqkcvwSJ4Krsi6rHqxWMF+wHtUrJp2sZms0syK5Zl/4YXD4p49c9489+YtnvQ1gfDPN6bIZMXxFIYdN1vZ2l5ZXVtvbBR3Nza3tkt7e03TJRoxusskpFuBdRwKRSvo0DJW7HmNAwkbwajm4nffOTaiEjd4zjmfkgHSvQFo2ilzlU3FQ+j7Mm2rFsquxV3CrJIvJyUIUetW/rq9CKWhFwhk9SYtufG6KdUo2CSZ8VOYnhM2YgOeNtSRUNu/HR6c0aOrdIj/UjbUkim6u+NlIbGjMPAToYUh2bem4j/ee0E+5d+KlScIFds9lA/kQQjMgmA9ITmDOXYEsq0sLcSNqSaMrQxFW0I3vyXF0njtOKdV7y7s3L1Oo+jAIdwBCfgwQVU4RZqUAcGMTzDK7w5ifPivDsfs9ElJ985gD9wPn8AjJuSBg==</latexit>

Aijkxi



vector: 

row vector:

matrix

x = np.array([1,2,3]) 

A = np.array([[ 1, 1, 1 ],

[ 1, 1, 1 ],

[ 1, 1, 1 ]])

1D

2D

x = np.array([[ 1 ],

[ 1 ],

[ 1 ]])

x = np.array([[ 1 , 1 ,1 ]])
col vector:

Matrix multiplication:

A@x = A.dot(x) = np.dot(A,x) 

A@x   - A times col vector x

x@A   - row vector x times A

x = np.array([1,1,1]) 

x = np.array([ 1 , 1 ,1 ])

BOTH

Tranpose A.T

Python - Matrix Multiplication
x = np.array( [[ 1 , 1 , 1 , 1 , 1 ], 

[ 1 , 1 , 1 , 1 , 1 ], 
[ 1 , 1 , 1 , 1 , 1 ], 
[ 1 , 1 , 1 , 1 , 1 ]])

np.einsum(‘ijk,jk’,A,x)

   [[  1 , 1 , 1 , 1 , 1 ],  
    [  1 , 1 , 1 , 1 , 1 ],  
    [  1 , 1 , 1 , 1 , 1 ]]]) 

   [[  1 , 1 , 1 , 1 , 1 ],  
    [  1 , 1 , 1 , 1 , 1 ],  
    [  1 , 1 , 1 , 1 , 1 ]], 

   [[  1 , 1 , 1 , 1 , 1 ],  
    [  1 , 1 , 1 , 1 , 1 ],  
    [  1 , 1 , 1 , 1 , 1 ]], 

A = np.array([     [[  1 , 1 , 1 , 1 , 1 ],  
    [  1 , 1 , 1 , 1 , 1 ],  
    [  1 , 1 , 1 , 1 , 1 ]], 

1st 
index

3rd index

2nd 
index

2nd 
index

2nd 
index

2nd 
index

RESULT: 

y = np.array( [ 15 , 15, 15, 15 ] )

<latexit sha1_base64="V/goBZgqMHTi/ASsK2qv9xeoK1g=">AAAB9HicbVDLTsMwENzwLOVV4MjFokLiVCUIAccCF45Fog+pjSLHdVpT2wm2U1FF/Q4uHECIKx/Djb/BbXOAlpF2NZrZldcTJpxp47rfztLyyuraemGjuLm1vbNb2ttv6DhVhNZJzGPVCrGmnElaN8xw2koUxSLktBkObiZ+c0iVZrG8N6OE+gL3JIsYwcZK/lWQsYfB+CnIbA9KZbfiToEWiZeTMuSoBaWvTjcmqaDSEI61bntuYvwMK8MIp+NiJ9U0wWSAe7RtqcSCaj+bHj1Gx1bpoihWtqRBU/X3RoaF1iMR2kmBTV/PexPxP6+dmujSz5hMUkMlmT0UpRyZGE0SQF2mKDF8ZAkmitlbEeljhYmxORVtCN78lxdJ47TinVe8u7Ny9TqPowCHcAQn4MEFVOEWalAHAo/wDK/w5gydF+fd+ZiNLjn5zgH8gfP5A1pSknw=</latexit>

Aijkxjk



vector: 

row vector:

matrix

x = np.array([1,2,3]) 

A = np.array([[ 1, 1, 1 ],

[ 1, 1, 1 ],

[ 1, 1, 1 ]])

1D

2D

x = np.array([[ 1 ],

[ 1 ],

[ 1 ]])

x = np.array([[ 1 , 1 ,1 ]])
col vector:

Matrix multiplication:

A@x = A.dot(x) = np.dot(A,x) 

A@x   - A times col vector x

x@A   - row vector x times A

x = np.array([1,1,1]) 

x = np.array([ 1 , 1 ,1 ])

BOTH

Tranpose A.T

Python - Matrix Multiplication
x = np.array( [[ 1 , 1 , 1 , 1 , 1 ], 

[ 1 , 1 , 1 , 1 , 1 ], 
[ 1 , 1 , 1 , 1 , 1 ], 
[ 1 , 1 , 1 , 1 , 1 ]])

np.einsum(‘ijk,ik->ij’,A,x)

   [[  1 , 1 , 1 , 1 , 1 ],  
    [  1 , 1 , 1 , 1 , 1 ],  
    [  1 , 1 , 1 , 1 , 1 ]]]) 

   [[  1 , 1 , 1 , 1 , 1 ],  
    [  1 , 1 , 1 , 1 , 1 ],  
    [  1 , 1 , 1 , 1 , 1 ]], 

   [[  1 , 1 , 1 , 1 , 1 ],  
    [  1 , 1 , 1 , 1 , 1 ],  
    [  1 , 1 , 1 , 1 , 1 ]], 

A = np.array([     [[  1 , 1 , 1 , 1 , 1 ],  
    [  1 , 1 , 1 , 1 , 1 ],  
    [  1 , 1 , 1 , 1 , 1 ]], 

1st 
index

3rd index

2nd 
index

2nd 
index

2nd 
index

2nd 
index

y = np.array( [[ 5 , 5, 5 ], 
[ 5 , 5 , 5 ], 
[ 5 , 5 , 5 ], 
[ 5 , 5 , 5 ]])

RESULT: 


