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Introduction

Jupgter Notebooks can contain computer cocle, equations, text and images. The computer code can be

run right from the notebook. Over 40 Coml:)uter Ianguages are suPPortecl. You can tr9 ditferent things

out ancl document w]ﬁat you are doing SO that you can go back ancl ﬁncl t]’wings la’ter. You can run your
model multiple times and Put the results in your notebook. Writinga rePort or Presentation is much easier

bgjust going back to your notebook. Notebooks can be shared.

TiP: As you write ana upclate your comPuter code get in the habit of cutting and Pasting d intoa

notebook. Add the date and the reason for the Change. Even it itis a code sniPPCt that cannot be run on

its own, havinga record of your changes allow going back to Previous versions if you run into Proolems. 1

you do this Properlg then it will give you much more freedom to try ditferent things without worrying about
breaking things.




Google Colab

Google Colab is Jupgter Notebooks hosted in the cloud. We will be using Google Colab for sessions in
the expericncecl track since it makes it easy for students to Par':icil:)ate remotelg. It also allows

students to KEep a” their work From tlﬂe l<i<:|<oF1C to refer to later. Google Colab makes it casy to share

code and other information with team members, mentors and others.

To use Google Colab you will need a Google account. Most students will alreaclg have a Google account

but if you clo not alreaclg have an account:

Creat nga Google Account



https://support.google.com/accounts/answer/27441?hl=en

Accessing Google Colab

There are a couple of ways to access Google Colab. The first is by going to:
v Y S Yy gomng

htt!:)s: //colab.research. google.com /notebooks/i ntro.ipgnb

Then click the blue button at the toP right to sign into your Google account. Then you should be able
to open notebook in a new tab bg going to File => New notebook.

or

Sign into your Google account and Paste in the link: htt!:): I colab.research.google.com /#create=true



https://colab.research.google.com/notebooks/intro.ipynb
http://colab.research.google.com/#create=true

or

add Google Colab to your apps

e Click onthe Google apps icon on the upper right next to your Jdecotint icon.

e Click on Google Drive

e Onthe upper eft click on the "+ New" button
o Atthe bottom select More

s (onnhectmore apps

* Type colab into the search box

& Scleck Colaboratorg

Now cC icking on "+ New" and More then you can select Google Colaboratorg to create a new notebook.



https://www.freecodecamp.org/news/google-colaboratory-python-code-in-your-google-drive/

00 CO Untitled2.ipynb - Colaboratory X + v

& = (C @& colab.research.google.com/drive/1SD5FEJhf8U5ht05eo0oHNnxfYYfWal3Vuz?authuser=1 M s O . :

& Getting Started @ Readability | Other Bookmarks

L Untitled2.ipynb 7

File Edit View Insert Runtime Tools Help All changes saved

B Comment &% Share £ °

RAM

+ Code + Text v Disk __

° print("Hello, world")
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v 0s completed at 1:22PM




Click on the run button to the left of the cell to run the code or goup to the menu under Runtime. Your
F’gtlﬂon code should execute and the outPut ciisplageci. Congratulations, you ]’xavejust run your code!

Jupgter Notebooks for |earning Pgthon 3. htt!:)s: i github.com/jerrg-git/ leam»-gfchonj

Comments bcgin with '‘#'.

#This is a comment

Ty achling a comment to your code. Comments can start at the beginning of aline or at the end of a line.



https://github.com/jerry-git/learn-python3
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1 ° string = "Hello, world"
print (string)
string = string.replace("Hello", "Goodbye")
print (string)

Hello, world
Goodbye, world

v 0s completed at 1:37PM
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Data Striictires

| 1sts -~ orclerecl co”ection OF data. ltems can 'De various clata types

Tuples ~like a list

| >
but immuta

ble (cannot be changecb

Sets - unorderecl co”ection Nnot Containmg clul:)lcates.

Dictionaries - a collection of key value Pairs.

Arrags
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statement = True
if statement:
print("statement is True")

if not statement:
print("statement is not True")

N LT oS N W
statement = True
if statement:
print("statement is True")
else:
printm“statement is not True”m

completed at 3:38 PM
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Loops

e while - condition stated at start

e for-execute over alist

There are a couple of special statements used in lool:)s

e break - exit the looP
e continue - s|<i|:> the rest of the looP and start again from the tol:)
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° for i in range(6):

rint:i.[ﬂ
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import matplotlib.pyplot as plt
import numpy as np

X = np.linspace(0, 2, 100)

fig, ax = plt.subplots()

ax.plot(x, x, label='linear')
ax.plot(x, x**2, label='quadratic')
ax.plot(x, x**3, label='cubic')
ax.set xlabel('x label')
ax.set_ylabel('y label')
ax.set_title("Simple Plot")
ax.legend(ﬂ

* 6 0
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Out[4]:

import matplotlib.pyplot as plt
import numpy as np

X = np.linspace(0, 2, 100)

fig, ax = plt.subplots()

ax.plot(x, x, label='linear')
ax.plot(x, x**2, label='quadratic')
ax.plot(x, x**3, label='cubic')
ax.set_xlabel('x label')
ax.set_ylabel('y label')
ax.set_title("Simple Plot")
ax.legend()

<matplotlib.legend.Legend at 0x1078373d0>

Simple Plot

y label
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Remote and Local Files

imPort requests

url = 'ht’cPS: o People.sc.?su.eclu / ’”jburkarclt/ data/csv/trees.csv'

ﬁlename = 'ﬁle.csv'

response = requests.get (url)

with open (filename, 'wb") as f:

£ write (resPonse.content)

with open (flename, 'r) as f:
content = f.read

Pri nt(content)




Matplotlib Exercise

imPort Panclas as Pcl

imPort matplotlib.l:)gplot as l:)lt
imPort numpy as np

data = Pc:l.reaclwcsv (flename) .values
x = [row[1] for row in data]

y= [row[2] for row in datal

ﬁg, SR Plt.subplots 0

ax.l:)lot(x, Y, abel="

ax.set xlabel (Girth?)

ax.set_ylabe (’Height‘)

ax.set title (Trees)

et Yo LS T
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° import pandas as pd
import matplotlib.pyplot as plt
import numpy as np
data = pd.read_csv(filename).values
X = [row[1l] for row in data)
y = [row[2] for row in data]
fig, ax = plt.subplots()
ax.plot(x, y, label="'")
ax.set_xlabel('Girth')
ax.set_ylabel('Height')
ax. set_titleEl 'Trees’ 5]

Text (0.5, 1.0, 'Trees')

v 0s completed at 7:29PM




Programming Paracligms

For iargo comPutor programs often written by muitiPio PeoPio there can be Probioms with ouPiica':e

variable names that inaolvortontig ovoriaP and documentation becomes more important. For variables the

idea of scope becomes imPortant. For documentation and maintainabiiitg the idea is to kooP code local in

some way so undorstancling the code rocluires onlg understanc ing a limitec Part of the code. Back when

FORTRAN was written ComPuter programs were not very long but as programs became more comPlox

]

ixamPlo: In FORTAN it was Possiolo fo ca” a Function ancl pass In t]’]C numbor

Probloms were discovered.

5. The function would call this bg a variable name. hcgou set this variable to 2 then tnroughout the
rogram every time you tried to print a S would instead print a 2. Another example: FORTRAN usec
prog Y S - P e

COMMON blocks where the variable scope could be shared across code. This meant a variable could be
cnangocl anywnore using that COMMON block. For Ionger and more comPiox code there are a couPio of
Programming Paradigms:

e Functional Programming

o Object oriented Programming




Functional Programming

e The Problem in FORTRAN is that variables are Passecl l:)g reference. This means that the storage

location of the variable is Passecl. Most modern Programming languages bﬂ default pass bﬂ Value; theg
copy what is in that storage location to another storage location for the function to use. For large

arrays or othcr variables this can be ineficient so theg still can be Passed 139 reference.

e Functions are first class objects that can saved to a variable and Passecl around. This allows code to be

stored as a variable.

The idea is that ca”ing a function will not change the state of the code ca”ing the function except bg what
IS exp icitlg returned in an assignment. So the ca”ing code does not have to understand the details of what

1S happening in the function. Similarlg the function does not have to understand angtlﬁing about the

ca”ing code since e\/erything it needs is contained in the function: local variables and limited code.




Ofojec‘c Oriented Programming

The basic idea for object oriented code is that all variables and code Pertaining to that Par‘c of the

coml:)uter Program are storecl IN an object. Thus the variable scope and the cocJe that neecls fo be

understood is limited to that object.

o Class ~ the c:ocle that IS usecl {ocreaic 30 object.

o Ob?ect - a state createcl }:)9 a class t]ﬁat contains:
2

o ’DroPerties which are variables

e Methods which are code similar to a function

JRgrveTr——— P e e il 3 PN s LB A A . gl > e NS LN g s o b
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Often abstraction and inheritance are used which can make it difficult to understand since code is no

longer local. Also clocumentation For object orientecl code 1S huge ancl almos’t alwags incomplete.
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Object oriented Programming can be very ineHicient since it can require c:ol:)ging large data structures.




APPIication Programming Interface (APIs)

Whatever the Programming Paradigm or other ways of organizing your code the most iml:)ortan': asl:)ect IS
cleci&ing on interfaces between Parts of

our cocle anc] making sure tlﬁat the intergaces are wel ~Aeﬁnecl

Y
<
a

ancl clocumentecl. T]’we intemcace slﬁoulc SO be relati\/elg stable since any changes can cause othcr People

a lot of work changing their code.
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Classes

class HelloClass:
def init  (self, name):

sel?.name = Name

def greet(se b.
Print(?Hel o {self.name}!)

world = HelloClass (name='world")

world.greet O

The method  init. () is called when an objec‘c is created. greet() is a method and name (self.name) is a

Propertg.
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class HelloClass:
def _ init__ (self, name):
self.name = name

def greet(self):

Help All chagg

print(f'Hello {self.name}!"’)

world = HelloClass(name='world')

world.greet()

Hello world!

completed at 4:58 PM
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There is some additional code that makes it easier to clebug a model. It helps

when an agent 1S Prmtecl out that a“ thelr Prol:)ertles are Prmted S50 3

Functlon 1S aclclecl to the class tOcaivert the oojec’c 1O 4 s‘mng N the way we

want.

det str (selb):

return str(self. class ) +" " +str(self. dict )

Try aclcling this to the HelloClass, creating an ofoject and then Ca”ing this

function.

T T T I e T I et TR - s S SRS S e e o ARt~ TR~ - e — i . e S TN



Advanced E:xaml:)le using Pt P

This example uses artificial inte”igence to Pemcorm oPtical character recognition. The model has alreaclg

been built and thisjust aPPIies the model.

lPiP install keraswocr

imPort matl:) ot L:).Pﬂplot as Plt

imPort matp ot io.image as mPimg
imPor’c keras_ﬂocr
imPort N2

imPort math

imPort numpy as np
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def micﬂpoint(xl, yl, X2, y2):
x_mid = int((x1 + x2) /2)
9~mici = int((yl + y2)/2)
return (x_mid, 9~micl)

he code is going to create a mask over each word and will create annotations showing the words it finds.

hen itis going to fill in the mask using inPaint

¢



l:)il:)eline = keras_pcr.Pipeline.PiPeline O
# Find a meme to read in.
img = keras ocr.tools.read (‘ht‘cps: //gaiaes.com/ 763836 .Png')
Precliction__groups - Pil:)eline.recognize([img])
keraswocr.tools.clrawAnnctations (imagezimg Preclictionszprecliction~grouPs [O])
mask = np.zeros (img.shape[:l]) cltgpez'uintc%')
for box in Precli'ction_groups [O]:

X0, yO = box[11[0]

X1, yl = box[1111]

X2, Y2 = box[1112]

x3, y3 = box[1]1 3]

x_ midO, 5~miclO < micll:)oint(x], yl, x2, y2)

x_midl, y_mil = micll:)oint(xO, 4O, 50, 95)
thickness = int (mathsqr’c( CU e (92 - 91)**7_ )
cv2 line(mask, (x_mido, 9_miclO), (x_midl, y.mil}; 255, thickness)
img = ch.inPaint(img, mask, 7, cv2 INPAINT NS)
imgplot - Plt.imslﬁow (img}

lt.imsave (‘'meme.

png, img)
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Running Code on GPUs

Go to Edit -> Notebook settings. Select a GPU or TPU. Then trg running the code again.

The timeit Package can be used to Compute speedups using GPUs and TPUs. For an examl:)le:

]’lttPS: //colab.research. google.com /notebooks/ gpu.i]pgnb

lmplement timing and Compute the sPeed up using diHferent Procession unit oPtions.



https://colab.research.google.com/notebooks/gpu.ipynb
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Savi ng a Notebook

Now let us name our notebook. dick on the name ancl enter colab

Then go to File => Save a copy in Drive to save your notebook to Google Drive.
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Markdown Text

Jupgter Notebooks uses markclown text. Click on + lext to aclcl a new text ce”. Then with your new ce”
selected change Code to Markdown. Markdown uses # for headers. Repeat 1o get smaller headers. Make

sure to include a space b@core your header fe

Surround text with single asterisks or underscores to get italics. Use two to make the text bold. Double

click your markdown cell and try it! Use a dash, Plus sign, or asterisk followed bg a space to get a list.

You can enter code in your text (which cannot be run) bg surrounchng it with backticks. A block of code

can be entered with tril:)le backticks (and the coml:)uter |anguage to get code high!ig]ﬁting).

Markdown cheat sheet: https: I’/ www.markclownguicje.org/ cheat-sheet/
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# Header 1

## Header 2 Header 1
- item 1 i

- item 2

**python Header 2
print(x)

- s

e jtem1
e jtem2

print(x)




Mathematical E‘xpressions

Jupgter Notebook has LaTeX suPPort built-in which Provicles the ability to enter mathematical exl:)ressions.

| aTeX or TeX can Provicle tgpeset qua itg mathematical exprcssions. ik you submit an abstract fo

Fodl

conference theg will often require itin LaTeX because theg Call give to a Printer and the tgPesetting

machines can unclerstancl it T]’wis recluces the amount O]C wor|< For the Printer ancl ensures your a

ostract

appears the way you intended it to appear. For inline equations enter the equation between sing

block with an equation use double $$ instead.

| aTex math cheat sheet: htt!:): L tug.ctan.org/ info/ unc]ergraclmath /u nclé:rgraclm.zza‘ch.!:x:hC

Try an example from the cheat sheet.

ed. Fora



http://tug.ctan.org/info/undergradmath/undergradmath.pdf
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Magic commands are begoncl the scope of this Presentation but you can get more information on the web

or using the Fo”owing magjc commands

Jdrun runs a program

Jmagjc Prints a complete guicle to magjc commands
%quickr&c Prints a brief guicle to magjc commands

%lsmagic lists all the magic commands

1t you want more information about a magic command follow it with a c]uestion mark

%brun”
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APPenclix E lnsta”ing Pgthoﬂ B,

It 1s easy to find instructions bﬂ searchmg on the web. Some are more ComPlICBtCCl than necessary but it

|

you get stuck Just look around for instructions. Usua”g tgpmg Pgt]qon gets the default version anc Pﬂ‘morﬁ

(or pi p! P§) runs Just the Pgthon 3 version In case Python 2 is also installed. Pgthon 215 No longer suppor’ted.

Note that the long cash s tgl:)ed as two short clasl”xes.

Windows
e Goto https: /] www.Pgthon.org/ downloads/windows. Find the 32 bit or 64 bit executable installer

for Pgthon % and download it. Thereis a bug In F’gthon 3 8 for connecting to browsers so choose

.
e Run the insta”er. Make sure to check to add Pgthon to the Path. You may get a message to clisable

the Path leng’cl’) limit. Select this it it appears.
o THPC Pﬂ’thon —version to \/eri{g install.

e | aunch from a terminal by tgl:)ing Pgthon.

PIP is included with Python Dt Check bg tgpmg P P —version.
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https://www.python.org/downloads/windows
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Pgthon comes alreacig installed on Linux. Althoug]’\ Pgthon 2 1s no longer suPPorted check }39 typing

o Pgt 1OonN —Version

o Pgt non) ——-—verslon

If the default version is Pgthon 2 then you may need to use Pgthorﬁ and pIp> instead O]CJUSJE Pgthon and pIp. £




Mac

’Dgthon s installed on a Mac but this is for the system to use. Leave this alone to avoid breaking things.

Homebrew will be used. Itis a Package manager for Macs. First, Xcode will need to be installed. 1t can be

found in the app store. [t 1S 3 Iarge download. Once Xcode is installed, then open up a terminal

e /usr/bin/ rubg —e "$(cur] -fsSL I’lttPS: //raw. githubusercontent.com /Homebrew/install /master/install)”

Then install Pgt]non

e brew install Pgthorﬁ

Check to \/eri{g installation

o Pgthon —version




Stact 199 insta”ing Pgthon 3% and PIP 3 (see Appendix .

APPenclix Il | nsta”ing Jupgter Notebooks

For Windows and Mac in a terminal run

1 S
NonNA ~m DIP insta

o Pgt
© Pg‘monﬁ -m :>i|:> insta

~—~ul:>gracle PIP
jupgter

For Lintx (Debian derivatives) instead use

e sudo aPt insta”jupgten-notebook

e Ty S S
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