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Vectorization and broadcasting
• Vectorization: store numerical data in 

arrays to use batch operations 
(applied to all values in array)
• Avoids explicit loops
• Makes code easier to maintain / more 

concise, better performance
• Binary op well-defined if two arguments

ae same shape

• Broadcasting: effective array 
expansion
• Array + scalar – scalar distributed (& op 

applied) to each element in array
• Unequal shape arrays – if smaller array 

can be broadcasted to larger array (rule: if 
array axes on 1-on-1 basis have same 
length or length of 1)
• If an array has fewer axes, dummy axes 

are padded on until dimensions of arrays 
agree
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Adding a 3x3 matrix to a 1x3 row vector:

Adding a 3x3 matrix to a 3x1 column vector:

True elements Broadcasted elements



Elementwise / broadcasted mathematics

• Addition “+” ( + )

• Subtraction “-” ( - )
• Multiplication (Hadamard product) “*”  (      )

• Division “/” ( / )
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0.5 -0.7

-0.69 1.8

0.5 0.7

-0.69 1.8

.5 * .5 = .25 -.7 * .7 = -.49

-.69 * -.69 = .4761 1.8 * 1.8 = 3.24=

0.5 -0.7

-0.69 1.8

0.5 0.7

-0.69 1.8

.5 + .5 = 1.0 -.7 - .7 = -0.0

-.69 - .69 = -1.38 1.8 + 1.8 = 3.6+ =



Elementwise arithmetic 

• Arithmetic result => yields new independent array w/ own memory (complex 
expressions can trigger memory allocation/copy ops)

• In-place operations:
• x = x + y  (more readable)  versus  x += y (reduced memory footprint / updates x in-place) 5



Tensor logical expressions
• Standard base logical ops: <, >, <=, >=, ==, !=
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NumPy aggregation functions (aggregators)
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Σ = summation (capital sigma)
Π = product (capital pi)



Elementwise composed functions
• Can build from simple routines:

 cos(.), sin(.), exp(.), etc.  (the “.” means argument)

Softmax: Sigmoid:

Let’s write these out to 
our Python interpreter!



Questions?
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?
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