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Recap numpy



Conventions for numpy

Three approaches to importing the package

Write at the top of any Python file that will use numpy one of the following

import numpy Must use numpy . <function>
from numpy import * Can simply use <function>
import numpy as np Must use np . <function>
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Features of the numpy package

Regwla.r ny‘lum:

e Datatypes for numerical

computing )

o float16  yink: unsigned inkeg
o float32 . .

o floatb64 \ﬂl’- m‘-ejer

o 1nt8, int16, 1int32, int64

(@)

uint8, uint16, uint32,
uint64

e Vast library of functions useful for
engineering
e Everythingis ‘array-native’ -

O

works seamlessly on large sets of
numbers

“Flogt’

>>> import numpy

>>> import math

QI;>> numpy.linspace(1,5,9)

array([1. , 1.5, 2.
4.5, 5. 1)

, 2.5, 3., 3.5, 4. ,

>>> numpy.logspace(1,3,3)
array([ 1., 100., 1000.])
>>> math.sqrt(range(1,10))

TypeError: must be real number, not range

>>> numpy.sqrt(range(1,10))

array([1. , 1.41421356, 1.73205081,
2. , 2.23606798,

2.44948974, 2.64575131, 2.82842712, 3.
1)
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Recap pip, Python's native
package manager



Installing Packages for Python

Inside a Terminal (NOT Python REPL):

pip install <package name>

AuMPy
Options for Terminals: MGX‘P‘OH'b

£ practice

2 ol R s v () O T E21_code — -zsh — 78x18
v PRACTICE > test.py

emad@Emads-MacBook-Air E21_code % pip install numpyl
> .venv 1 print('hello world')

@ test.py

TERMINAL -+ bJpython 4+~ (I @ -+ ~ X

(.venv) emad@Emads-MacBook-Air practice
(.venv) emad@Emads—MacBook-Air practice % install numpy

> OUTLINE
> TIMELINE
XN ®0A0 ®Wo @ Ln1,Col19 Spaces:4 UTF-8 LF {) Python 3.12.6 (‘venv') [ ENGR 21 Fall 2025




What does pip do, exactly?

A ‘package manager’ for Python

Looks up packages on the official Python Package Index https://pypi.org/

<« @ O 8 https://pypi.org N % O L 9 O G

U Help Sponsors Login Register

Find, install and publish Python packages

« > C O & https://pip.pypa.io/en/stable/ B <% With the Python PaCkage |ndeX

pip documentation
v24.2

Q_ Search

Getting Started
Installation
User Guide
Topic Guides
Reference

Commands

PROJECT
Development

UX Research & Design

o Ry S

Search projects Q

Or browse projects

°
pip is the package installer for Python. You can use it to install packages fro

Index and other indexes.

If you want to learn about how to use pip, check out the following resources 572,879 projects 6,126,654 releases 12,131,383 files 860,534 users

e Getting Started

¢ Python Packaging User Guide
The Python Package Index (PyPl) is a repository of software for the

If you find bugs, need help, or want to talk to the developers, use our mailing g ‘t hon Python programming language.
. Package PyPI helps you find and install software developed and shared by the Python

e GitHub Issues ’ Index community. Learn about installing packages (2.

* Discourse channel Package authors use PyPI to distribute their software. Learn how to package your
thon code for PyPI (2.

e User IRC Python code for PyPI (2

¢ Development IRC Tipapaaghg e oA

If you find any security issues, please report to security@python.org ENGR 21 Fall 2025


https://pypi.org/

Some useful pip commands

pip3 install <package name>
nip3 list
pip3 uninstall <package name>
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Install numpy on your computer

1. Runpip3 install numpy froma

terminal
a. Eitherinside VS Code or in your operating
system’s terminal.
2. Check that numpy works
a. Enter Python REPL (enter python3 intoa
terminal window)
b. Enter import numpy atthe REPL
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Back to numpy



Conventions for numpy

Three approaches to importing the package

Write at the top of any Python file that will use numpy one of the following

import NUMPy Must use numpy . <function>

from numpy import * Can simply use <function>

import numpy as np Must use np . <function>
? Only a convention!

Can choose any name
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Why does it matter how packages are imported?

>>> import math

Three choices: >>> import numpy

import numpy >>> sqrt(4)
Traceback (most recent call last):
from numpy import * File "<stdin>", line 1, in <module>

NameError: name 'sqrt' is not defined

<built-in function sqrt>

>>> numpy.sqrt
<ufunc ‘'sqrt'>

>>> math.sqrt(4)
2.0

>>> numpy.sqrt(4)
np.float64(2.0)
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Arrays in numpy

e Like apython list, but better
e Canbe multidimensional

Native Python approach:

[True, False, False, True, False, False,
False, True, False, False, True, True,
True, True, False, True, False, False,
False, False, True, False, True, True,
True, False, True, False, False, True,
False, True, False, True, True, False]

Or, we could have made a list of lists ...

| O (] [ | O
O | (] O | |
| | (] [ | O
O O i O | |
| O = O O |
O | (] [ | O

Numpy approach

array([[ True, False, False,

True, False, False],

[False, True, False, False,

[ True, True, False,

[False, False, True, False,
[ True, False, True, False, F

[False, True, False,

True, F
True,
ENGR 21

True,
alse,
True,
alse,
True,

True],
False],

True],

True],
False]])
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Exploring the ‘ndarray’ type Wj/' L"f |,

N-dimensional array

Lst — 1-d Qfma

list of lsts —s 2-d Mf@

2D array
1D array i
il 523045
71 2] 9|10 910103
axiso ais1
shape: (4, shape: (2, 3)

https://www.oreilly.com/library/view/elegant-scipy/9781491922927/ch01.html

;Mernoj liSf"

JC 7]

>>> a = np.array([[1,2,3],[1.2,3.4,5.6]])
«~
>>> type(a) l

<class 'numpy.ndarray'>
>>> numpy.shape(a)

(2,3)

a1 4]
J/

tow

Ca|urvm

—> atf

(1-d)

af2]11) — 297 demeat
oF Mug ofrey
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Common NumPy functions

Write correct NumPy expressions using
each of these functions

numpy .
numpy .
numpy .
numpy .
numpy .
numpy .
numpy .
numpy .
numpy .
numpy .
numpy .
numpy .
numpy .
numpy .
numpy .
numpy .
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Resources

array()
zeros()

ones()

empty()

arange()
linspace() ¢ \OSCPMC.
random.rand()
random. randint()
reshape()
transpose()
concatenate()
flatten()
resize()

shape()
savetxt()
loadtxt()
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jithub.io/E21-F25/Resour
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Resources

* Resources
o External Guides and Tutorials

o Instructor’s Circuit Playground Guide for E21
o Links and Code Snippets

ec 1.1, Tue Sep 2

= Lec 2.1, Tue Sep 9

w Lec 2.2, Thu Sep 11

c 3.1, Tue Sep 16

c 3.2, Thu Sep 18

c 4.1, Tue Sep 23

ec 4.2, Thu Sep 25

Floating Point Error Accumulation

P el el el el el
o 0 0 0 @

in 16-0iF  Floaks. Hiaha-f’:ec«'siﬂn Mook haue dhe fvf‘v"r"i_,:

import numpy as np Y ém :
Floating-point numbers have some 1”“1’3!
inherent limitations. # Use NumPy's W
a = np.float16(1e-3) # A small number
\0,3‘00 t‘-{mes @F n =!1GBOGI # Large number of iterations
result = np.float16(0) # Start with 0@ in
0.001 + .. + 6.001 = 4.0 ? float16

# Add the small number 'a' to 'result' n

times ofa+-+a, n Hmes
10000 * 0.001 = 10.0 ? for i in range(n):
result += a nNX a
. print("Expected result:",|a * n)s # Correct
- T'Y C‘w‘"J lﬂ 0. result with full precisio‘n

print("Result with float16:", result) #
Result with float16
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Breaking floating-point numbers

Floating-point numbers have some
inherent limitations.

16 + 0.2 + 0.2 + 0.2 = 128.8 [6.6|

128 + 0.2 + 0.2 + 0.2 = TG
129, &

*ryr N 29 (lﬂtl 0:2

/

def showFloat(number):
if str(type(number)) == "<class 'numpy.floatl16'>":
x = np.float16(number)
bits = x.view(np.uint16)
return f"{bits:016b}"

github.io/E21-F25/Resour
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Resources

* Resources
o External Guides and Tutorials
o Instructor’s Circuit Playground Guide for E21
o Links and Code Snippets

ec 1.1, Tue Sep 2

= Lec 2.1, Tue Sep 9

= Lec 2.2, Thu Sep 11

c 3.1, Tue Sep 16

ec 3.2, Thu Sep 18

= Lec 4.1, Tue Sep 23

= Lec 4.2, Thu Sep 25

P el el el el el
)

—l

import numpy as np

# Declare some 16-bit floating-point numbers
a = np.float16(128)

c = np.float16(16)

ep = np.float16(0.2)

# Add them together and print them out:

12%:5

print('128 + 0.2 = a+ep) >
print('128 + 0.2 + 0.2 = a+ep+ep)
print('128 + 0.2 + 0.2 + 0.2 = a+ep+ep+ep)

print('128 + (0.2 + 0.2 + 0.2) =
# View the internals
print(showFloat(a+(ep+ep+ep)))
print(showFloat(a+ep+ep+ep))

pélna/u., rs H:,‘\s beflr 7

,a+(epteptep))

print('16 + 0.2 =',c+ep)

print('16 + 0.2 + 0.2 =',c+ep+ep)

print('16 + 0.2 + 0.2 + 0.2 =',c+ep+ep+ep)
print('16 + (0.2 + 0.2 + 0.2) =',c+(ep+ep+ep))

Q:W[M/ odloes Pmueu Show up
foc 129 earlier thow fo¢ 16 2
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