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NumPy		is	fundamental	package	for	scientific	
computing	with	Python

• powerful	N-dimensional	array	object	
• sophisticated	functions	
• basic	linear	algebra	functions	
• basic	Fourier	transforms	
• sophisticated	random	number	capabilities	
• tools	for	integrating	Fortran	code.	
• tools	for	integrating	C/C++	code.



	Numpy	provides	
•	extension	package	to	Python	for	multi-
dimensional	arrays	

•	closer	to	hardware	(efficiency)	

•	designed	for	scientific	computation	
(convenience)	
•	Also	known	as	array	oriented	computing



Numpy	Array	





Array	size



2	dimensional	array



3	dimensional	array



Array	initialization





3	dimensional	array



Data	type

Different	data-types	allow	us	to	store	data	more	compactly	in	memory,	
but	most	of	the	time	we	simply	work	with	floating	point	numbers.



	we	can	explicitly	specify	data



Other	data	types



Slices	in	list	vs	array



reshape

Ravel:	return	1-
D	array	of	input

	unspecified	(-1)	value	is	
inferred



Ravel	vs	Flatten

Flatten	always	returns	a	
copy	

Ravel	returns	a	view



Indexing



That is, each index specified selects the array corresponding to the rest of the dimensions selected. In the above example, 
choosing 0 means that the remaining dimension of length 5 is being left unspecified, and that what is returned is an array of 
that dimensionality and size. It must be noted that the returned array is not a copy of the original, but points to the same 
values in memory as does the original array. In this case, the 1-D array at the first position (0) is returned. So using a single 
index on the returned array, results in a single element being returned. That is:
>>> x[0][2]
2
So note that x[0,2] = x[0][2] though the second case is more inefficient as a new temporary array is created after the 
first index that is subsequently indexed by 2.







>>> a 
array([0, 1, 2, 3, 4, 5, 6, 7, 8, 9]) 
>>> b = a < 6 
>>> b 
array([ True,  True,  True,  True,  True,  True, False, False, 
False, False], dtype=bool) 
>>> c = a[b] 
>>> c 
array([0, 1, 2, 3, 4, 5]) 



Assignment

PROBLEMATIC!



views	versus	copy

http://scipy-cookbook.readthedocs.io/items/ViewsVsCopies.html

VIEW

VIEW

COPY







https://docs.scipy.org/doc/numpy-1.13.0/user/basics.indexing.html

http://scipy-cookbook.readthedocs.io/items/ViewsVsCopies.html

Read/Study		these	these	sections	







Assignment:	TWO	POSSIBLE	SOLUTIONS



Transpose	for	dimension	shuffling

• If	A	is	an	m	×	n	matrix	then	AT	is	an	n	x	m	matrix



ndenumerate	
• Multidimensional	index	iterator.	
• Return	an	iterator	yielding	pairs	of	array	coordinates	and	

values.



Adding	and	multiplying	element	wise



Matrix	multiplication

array

matrix
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Many	operations	work	with	arrays

• abs,	cos,	sin,	...	

• accumulate,	all	

• append,	arange,	argsort,	array_split,	matrix,		

• asmatrix	(not	copied)	

• average,	copy,	cross,delete	

• linear	algebra:	diagonal,	dot,	eye,	fill,	fix,	flat	(iterator),	
flatten,	indices,	inner,	insert,	item,	linspace,	mat,	maximum,	
ndim,	outer,	pinv,	repeat,	reshape,	shape,	swapaxis,	tile,	
tolist,	transpose,	zeros



Converting	numpy	array	to	python	list



Example	:	2D	Lapacian	equation  
 

Numerical	solution	using	finite	difference	

Regular	loop	vs	vectorization

@2 

@x2
+
@2 

@y2
=  xx +  yy = 0





N=10 N=100 N=1000

loop 0.000897000000002	 0.106809	 6.922471	

Vectorization 0.000724000000002	 0.00067	 0.023252	

comparison



Read	and	Write	files

• Loadtxt	:	Construct	an	array	from	data	in	a	text	or	
binary	file.	

• Savetxt:	save	as	delimitated	text
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Functions

• Functions	with	scalar	arguments	

– scalar:	float,	int	

• Functions	with	array	arguments	

– automatically	speedup




