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Summary

Last week we reviewed python. Today we’ll introduce the concept of python classes
We also introduced . Today we’ll learn by practice with it.

Remember that we’ll use and specifically our teaching instance:


https://about.gitlab.com/?
https://gitlab-gie.cs.upc.edu/
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Python classes

Python is an object-oriented programming language. All
objects in python are organized into classes. An object of
a class is called an instance of the class. It has attributes
and methods.

Example 1:

>>> 1 = [2, 5, -1, -8, 7]

>>> 1.sort () sort is amethod of class 1ist
>>> ]

[_81 _j—/ 2/ 5/ 7] , )
A list is aclass

>>> type (1) lis aninstancetoclass 1ist
<class 'list'> The class 1ist supports the
>>> len (1) function 1en and the

5 indexing mechanism 1[1i]



Python classes

Example 2:

>>> from datetime import
>>> d = date (2022, 9, 27)
>>> d.day

277

>>> d.month

9

>>> d.year

2022

>>> type (d)

<class 'datetime.date'>

date

day, month and year are
attributes of d
d IS an instance to class date



Python classes

All objects in python are organized into classes. An object of a class
IS an instance of the class. It has attributes and methods.

Instanciation (creation of an instance, a variable of a class)
from module import classname
instance name = classname(parameters)

Access to an attribute
instance name.attribute name

Assignment of a value to an attribute
instance name.atribute name = value

Invocation of a method:
instance name.method name(parameters)
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Specification of a class

The specification of a class describes how to use and how to
Implement it.

Example 3: Name of the module

/ Name of the class
class point.Poimt(x;y): Usage:
Attributes: " Instantiation parameters
X: the x coordinate

y %/h tZe.y coordinate >>> p2 = Point(L, 0)
ethods: >>> p.dist(p2)

dist(q) | | 7.6157731058639
Returns the distance between the point and q

This class supports the function str() and the comparison

>>> from geom import Point
>>> p = Point(8, 3)

Download and try to use it. Create instances, access to attributes, invoke the
method dist, apply the function str. Check that two different instances with the same
attributes values are considered as equal (with operator ==). Use the doctest
tests_point.txt.


https://www.cs.upc.edu/~dani/IM/point.py
https://www.cs.upc.edu/~dani/IM/tests-point.txt
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Example ®

Example 4: the module numpy provide different mathematical
classes. The class numpy .ndarray represents n-dimensional
arrays and it can be used to represent raster images

numpy.ndarray

class numpy.ndarray(shape, dtype=float, buffer=None, offset=0,

strides=None, order=None)

AN afrady object represents a multidimensional, nomogeneo

Attributes
dtype : diype object

Data-type of the array’s elements

[source]

15 array of fixed-size items

S1lIe int
Mumber of elements in the array.
Methods
alli[axis, out, keepdims, where]) Returns True I all elements evaluate
o True.
any{[axis, out, keepdims, where]) Returns True if any of the elements of
o evaluate to True

Read the specification in the
documentation.

You should be able to know how to
create an instance, access and
modify attributes and invoke
methods.
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Example 4: the class numpy .ndrray to represent n-dimensional
arrays

>>> import numpy as np

>>> 1ima = np.ndarray (shape=(100, 200, 3), dtype=np.uint8)
>>> 1ima.shape

(100, 200, 3)

>>> ima.size ima is a ndarray of 100 x 200x 3 and 1 byte per
60000 | value. Which is the width and which is the height?
;» ima.ndim How many channels does it have? How do you
>>> ima.fill(8) Imagine It?

>>> ima[0,0,0]

8

>>> ima[l10:50, 10:190]=[255, 0, 0]
>>> 1ima[50:90, 10:190]=[255, 125, 125]



https://numpy.org/devdocs/reference/generated/numpy.ndarray.html?highlight=numpy%20ndarray#numpy.ndarray
https://numpy.org/devdocs/reference/generated/numpy.ndarray.html?highlight=numpy%20ndarray#numpy.ndarray
https://docs.scipy.org/doc/numpy/reference/generated/numpy.ndarray.html
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Example

”

matpl:tlib

Example 4: to visualize or render the array we’ll use the library
matplotlib. We’'ll create a figure (fig) composed by 1 subplot (ax)
In which we will show the array without axes.

>>> import matplotlib.pyplot as plt

>>> fig, ax = plt.subplots(1l, 1)

>>> agx.axis(‘off’)

>>> ax.imshow (ima)

<matplotlib.image.AxesImage object at 0x7£ff414210ee0>
>>> plt.show ()

200 = number of columns = width

100 =
number of rows =
height



https://matplotlib.org/

atx

ey
v'g‘u >
ke

ETSEIB

Implementation of classes

During the course you’ll have to implement or modify the implementation of
classes. To do so, you have to read the specification and create the code
to make the implemented class behave as described in the specification
(same attributes and methods, same functionality).

The simplified structure of a class definition is:

class name:
def _ 1nit_ (self, parameters):

def methodl (self, parameters):

Some methods start and end with . They are special methods, invoked in a
different way. The method __init___is invoked when creating an instance. It creates
and initializes the attributes.

The headers of the methods have a first parameter «sel £» that represents the
instance with which the method is invoked.
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Example

class point.Point(x, y) This is the specification.

Attributes: It's text.

X : the x cartesian coordinate

y : the y cartesian coordinate
Methods

dist(p2)

Returns the distance to point p2

Supports the function str that returns the string ‘(x, y)’
Supports the comparison == and !=.

To implement it, we need to create a module (file) called point .py. Why
this name? Check in the specification.

We will create the class Point inside this module



[eas]
[ Seral." ]
A
Yoet® T
ETSEIB

Example

Look at the file point .py. Do you understand? We need a way to refer to the
instances that we will create and on which we will invoke methods. We refer to

them as self.

Thus, the headers of all the methods have a first parameter «sel£» that represents
the instance with which the method is invoked

from math import sqrt
class Point:
def init (self, xx, vyy):
self.x = xx
self.y = yy
def dist(self, q):
return sqrt(({self.x-q.x)**2 + (self.y -q.y)**2)

>>> pl.dist (p2)

>>> from point 1mport Point
>>> pl = Poigzééiifi* \\\\\\\\\\

def _ _init_ (self, x, vVy) def dist (self, q):
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Example

What does «supports the function» mean?

We can do:

>>> from point import Point class Point:
>>> pl = Point (2, 3) 35 9¢f __init__(self, xx, yy):

DRt 3 mn

>>> pl == p2

True def dist(self, q):

>>> pl != p2 return sqrt((self.x-q.x)**2+(self.y-q.y)**2)
False def __str__(self):

>>> str(pl) return '({}, {})'.format(self.x, self.y)
(2, 3)'

>>> def __eq__(self, q):

return self.x == g.Xx and self.y == qg.y

For each function supported by a class we need to implement the
corresponding special method.



Some special methods

Method Use

a. getitem (expr) alexpr]

a. setitem (expr, val) alexpr]

a. len () len(a)

a. str () str(a)

a. add (b) a+b

a. sub_ (b) a-—»>b

a. contains (x) X 1n a

a. Le (b) (lt/eq/ne/gt/ge) a <=b =, >, >=)
a. 1iter () iter(a)
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Class methods

Class methods are defined at the class level, not at the instance level. They
have many uses. In the course, we’ll use class methods as alternative ways of
creating instances.

To invoke a class method:

from module import classname
instance name = classname.classmethod(parameters)

Example:

>>> from datetime 1mport date

>>> d1 = date (2024, 7, 12) ., Useof__init
>>> d2 = date.today () Use of class method

today
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Class methods

See this new specification of class point

: : Usage:
class point.Point(x, y): :
Class methods: >>> from point import Point
. p = Point(2, 3)
from_polar(radius, angle) str(p)
returns an instance from its polar ' (2, 3)° |
coordinates with angle in radiants qtz _P.:::lnt.fru:::m_dlct{_{ 'x":5, 'y':8})
from_dict(dpoint) W SB;{;C’}
Returns an instance from a dictionary [N .

{*x":xcoord, ‘y":ycoord} : Point.from polar(1l, pi/4)

Attributes: ' ( , 0.7071067811865475)

X: the x coordinate
y: the y coordinate
Methods:
dist(q)
Returns the distance between the point and q
to_dict()
Returns a dictionary: {"x’: x-coordinate, ‘y’:y-coordinate}
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Class methods

Try to add the method to_dict and from_dict to the class. Test it with
the new test file: tests-point-2.txt.

from math import sqrt, cos, sin

class Point:
def __init__(self, xx, yy):
self.x = xx
self.y = yy

def dist(self, q):
return sqrt((self.x-q.x)**2+(self.y-q.y)**2)

e Eiﬁ[n_('?gf)é})'.format(self.x, self.y) «— See the SOIUUO” here

def __eq__(self, qg):
return self.x == q.x and self.y == q.y

def to_dict(self):
return {'x':self.x, 'y': self.y}

@classmethod
def from_polar(cls, radius, angle):
return cls{radius*cos(angle), radius*sin(angle))

@classmethod
def from_dict(cls, dict_coord):
return cls(dict_coord['x'], dict_coord['y'])


https://www.cs.upc.edu/~dani/IM/tests-point-2.txt
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Why should we use Git?

To avoid this

v

Because it is used worldwide

Because it has a GNU license

@ MUEI & MUNR - Medical Images 2022-23 Q1- Session 1 Lab — Dani Tost

Git

Because it is a very valued know-how

Proj-v1 Proj-v1- Proj-v1- Proj-v1- Proj-v2 HGIEERGEN  proj-vAnna
copia delivered funciona share
Proj-vPol-1 Proj-with-
changes-
integrated
companies using git L |
Q Al B News [£)Images [J Videos © Maps i More Tools

About 19,900,000 results (0.70 seconds)

Companies & Projects Using Git

» Google.

e Facebook.

» Microsoft.

» Twitter.

« LinkedIn.

« Netflix.

» Perl.

+ PostgreSQL.

More items...
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Git workflow

Git stores the project in the cloud. Every contributor has a local version of the project that
needs to be synchronized with the cloud version periodically (at each session at least).

Web-interface

Clone
Push Fetch
Clone Push pull
Fetch us
pull
commit commit

remmnal (7 @B\, (@B Terminal
a0 % a0 %


https://docs.gitlab.com/
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Git

Configuration

Once installed, configure your environment write down the following commands in a
terminal:

% git config --global user.name "John Doe"
% git config --global user.email johndoe@example.com

In windows, once git is installed, you'll have a gitbash terminal that is linux oriented.
You can work in this bash to launch the commands in linux-style. Alternatively you can
install a better terminal than cmd. The Mac-OS terminal is like a linux terminal.

Aplicacions

Git Bash

Git-2.33.02-64-bitexe > MINGW64:/c/Users/dani/MEDIM - ] x

L git - Visualitza els resultats del web >
uments (1+)
locs web (1)

$ mkdir MEDIM

2 ¢ ¢t 840
o > > o

$ cd MEDIM
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Git projects

Git provides a GUI web-interface to manage the project. To access to it, depending on
the level of privacy of the project, you may need a git account and have been granted
the access.

Let’s follow the work flow with a sample project. In a web browser, go to its url.
You'll need to register to git with your estudiant.upc.edu address.

GitLab

A complete DevOps platform e s name

Ir—L s a single application for the entire e deve _r( | di | | — |
mor Username

This is a self-managed instance of GitLab. | daniprova |

Username is available

Email

| danipreva@esstudiantat.upc.edu |

Password

[ ............ _ I

Minimum length is 8 charackers.

Already have login and password? Sign in

Now you should be able to login.
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52 https://qitlab-gie.cs.upc.edu/medical-images/example o

) Primers passos @) Atenea @ PDI : CampusUB @) Cs 3 CorreuUB M gitUPC & gitLab & webmail [ calendar [JUPF & SGCREB: Google Drive @@ info @) IM M gmail & WhatsApp % gitLab

4 GitLab

S sample project Medical Images » sample project

O Project information .
sample project & 0 ~| frstar|o|| ¥ Fork 0

B Repositor
' ’ Project ID: 64 Leave project

O Issues 29

I Merge requets 53 -7 Commits I 31Branches <7 0Tags [@ 788 KBFiles [ 788 KB Storage

@ Ssecurity & Compliance

@ Deployments master example / | + v History Find file Web IDE & v
) Packages & Registries Clone with SSH

remove .gitlabyml because we are not using pipeline tagitiabegi g di e
git@gitlab-gie.cs.upc.edu:medic | [g

e Dani Tost authored 3 minutes ago T h |
: e url to

Clone with HTTPS

b Gl A https://gitlab-gie.cs.upc.edu/m l?ﬂl Clone the
Name Last commit Open in your IDE @ p rOj e Ct

Visual Studio Code (SSH)

[ README | | £} Auto DevOps enabled | | B Add LICENSE | | @ Add CHANGELOG | !

@ tests add test that Fails always
Visual Studio Code (HTTPS)

4 .gitignore first item and tests ER——
#+ README.md Update README.md 1year ago
& item.py first item and tests 18 hours ago
5 requirements.txt first item and tests 18 hours ago
@ scene.py first item and tests 18 hours ago
[ README.md

Check the issues. You'll probably have one assigned


https://gitlab-gie.cs.upc.edu/medical-images/example
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Git workflow

Once the project is created, a contributor can clone it in his/her computer. You can do
that using the protocol http or ssh (see
case)

.
a=s %

$ mkdir IM
$cdIM
$ git clone name_of the project
$ cd name_of the_project
Your have all the files here

Dani Tost » Sample project

Sample project &

Project 1D: 13

for the second

-o-18 Commits V 2Branches <7 0Tags [ 246KBFiles [ 246 KB Storage

An sample project

main sample-project

a Merge branch '6-remove-Ffile-a' into 'main’ (+ss

Dani Tost authored 18 hours ago

[ README T No license. All rights reserved Auto DevOps enabled

Name
1+ README.md
. main.py

. rastimage.py

[ README.md

Sample project

Last commit

Fixed text bug in README

Added main and render method

Added main and render method

A sample project to be cloned in Medical Images

¥ Star | 0

History Find file & v

Clone with SSH

git@gitlab-gie.cs.upc.edu:dani/ [f
Clone with HTTPS

https://gitlab-gie.cs.upc.edu/d | [

Open in your IDE
Visual Studio Code (SSH)

Visual Studio Code (HTTPS)

4 days ago


https://docs.gitlab.com/
https://docs.gitlab.com/ee/ssh/
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Git workflow

With the project cloned, you are ready to work.

You detect a need, an error or any other issue in the project or and you write it using the
web Ul. You specify the problem, the milestone, due date and so.

Be specific. This is a very important information!

| have already assigned an issue to 1 of the team members of each group. You should
solve it together.

Check your assigned issues.

& GitLab = Menu ~  Searchorjump to... o® e c2 @' "’__T_" v

E Example Medical Images > Example > Issues

0 project information

B Repository Open 1 Closed 1 All 2 N B & & Edit issues m
[ Issues 10 B
: Recent searches Assignee = @ DaniTost X Created date 1=
List
Bammt An example of issue P =
Service Desk #11 - created 2 minutes ago by Dani Tost (%) Session1 B Sep 27, 2022 updated 2 minutes ago
Milestones

11 Merge requests 1
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Git workflow

While you resolve an issue, you cannot bother other members of the team
that are working in other issues. This is why you need to work in a separate
branch of the code. When you are ready, you will merge it in the main
(master) branch.

For instance here, | have solved issue 1 in a separate branch and when was
satified | merged it into the main (master) branch

4 GitLab = Menu v

Search or jump to...
E Example Medical Images * Example > Graph

[]I Project information Tl
B Repositor,
P y You can move around the graph by using the arrow keys.

Files
Commits
|a [J Begin with the selected commit
Branches
= ?.04ﬁﬂerge branch 'l-create-a-function-that-computes-the-sum-of-cosinus-of-angles' into 'main’
ags
ate-a-func- LJ thded required files
Contributors
Dadded .gitignore
Graph l
E Initial commit
Compare

O 1ssues 6
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To know in which branch you are: VIP

S git status . :
J Before doeing anything make sure

To change branch: that you are in the correct branch!!!

$ git checkout namebranch

S git status

En la branca 1-create-a-function-that-computes-the-sum-of-cosinus-of-angles

La vostra branca esta al dia amb «origin/1-create-a-function-that-computes-t
he-sum-of-cosinus-of-angles».

no hi ha res a cometre, 1'arbre de treball esta net
$ git checkout main

S'ha canviat a la branca «mainw»

La vostra branca esta al dia amb «origin/main=».

5 git status

En la branca main

La vostra branca esta al dia amb «origin/mainw».

no_hi ha res a cometre, l'arbre de treball esta net
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Git workflow

:".-.:xu T
When you or another developer is ready to solve the issue, he/she creates a Merge
Request. This will automatically create the branch in which you must work.

ETSEIB

Dani Tost » Sample project > Issues > #8

m Created just now by @ Dani Tost = Maintainer Close issue

another example ?

another test

«*, Drag your designs here or click to upload.

Linked issues@ [P0 | +

0 0| ® Oldest first ~ | | Show all activity ~

Create merge request e

Dani Tost @dani changed due date to September 29, 2021 57 seconds ago
Dani Tost @dani changed milestone to %Test milestone 57 seconds ago
Dani Tost @dani added label 57 seconds ago

Dani Tost @dani assigned to @dani 57 seconds ago
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When you or another developer is ready to solve the issue, she creates a Merge
Request.

& GitLab = Menu v Searchorjump to...

S Sample project DaniTost > Sample project > Merge requests > 19

[ Project information m Created just nowj@ Dani Tost = Maintainer Edit Mark as ready -

B Repository Draft: Resolve "another example"

¥ issues 2
I Merge requests - Overview 0 Commits 0  Changes 0
& cl/cp
Closes #8
@ security & Compliance
@ Deployments
l'] Request to merge 8-another-example [ intomain Open in Web IDE Check out branch & v

E3 Monitor

-

Observe that the branch 8-another-example has been created, related to issue #8 its
status is still draft.
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Git workflow

Automatically, git will create a new branch. You will develop in this branch without
bothering the rest of developers. The version in the master will keep stable and working.

master or main
A

branch

In the terminal, in the sample-project directory do:

$ git fetch downloads the new branch and other files
De https://gitlab-gie.cs.upc.edu/dani/sample-project

* [branca nova] 8-another-example -= origin/8-another-example

to know at which branch you are and the status
$ git status of your files

En la branca main
La vostra branca estad al dia amb «origin/main=.

no hi ha res a cometre, 1l'arbre de treball esta net

to go to that branch
$ git checkout 8-another-example

La branca «8-another-example» esta configurada per a seguir la branca remota

S'ha canviat a la branca nova «8-another-example»
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Git workflow

In the branch, we work. From time to time, when ready, and as often as possible, we
commit the changes with a message. The commit is local. It is not uploaded to the

cloud.
m‘aster
A
commit
commit
commit
branch

Edit a first version of
the solution. Just the
header of the
function and pass.
Try to commit and
push. Modify and re-
do the process.

S git rm main.py

S git add point.py
S git status
La vostra branca esta al dia

Canvis a cometre:
{use "git restore --staged <file=..." to unstage)

Fitxers no seguits:
{useu «git add <fitxer=...» per a incloure-ho en la comissio)

S git commit -m "this is an example”

[8-another-example 92a70a29] this is an example

3 files changed, 28 insertions(+), 104 deletions(-)
delete mode 100644 main.py

create mode 108644 point.py

delete mode 100755 rastimage.py

$ git add file
S git rm file
$ git commit -m «this is an example»



ol
3ol |
" ~J
y&y
ETSEIB

Git workflow

From time to time (at least once during esach work session) we push the changes to the
cloud version.

S git push

Username for 'https://gitlab-gie.cs.upc.edu’': dani@cs.upc.edu
Password for 'https://dani@cs.upc.edu@gitlab-gie.cs.upc.edu':
S'estan enumerant els objectes: 4, fet.

S'estan comptant els objectes: 100% (4/4), fet.

Delta compression using up to 12 threads

|S'estan comprimint els objectes: 100% (3/3), fet.

master or main

A

S'estan escrivint els objectes: 100% (3/3), 558 bytes | 558.00 KiB/s, fet.
Total 3 (diferéncies 0), reusat 0 (diferéencies 8)
remote:
remote: View merge request for 8-another-example:
remote: https://gitlab-gie.cs.upc.edufdani/sample-project/- /merge_requests/9
remote:
To https://gitlab-gie.cs.upc.edu/danifsample-project.git
ab7dc97..9a70a29 8-another-example -> 8-another-example

commit

commit
commit

master » git push
commit
push
commit
fd-\ commit
a0 8
branch
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Git workflow

When we are ready, we merge the branch to the master. We may ask another developer
to review the branch before. During the merging pipeline we may allow some tests to be
passed and prevent from merging erroneous files.

We do that in the web GUI. Aprove (if it is your role), remove the draft status and merge.
In the lab work, | will the one who approves.

S Sample project Dani Tost * Sample project * Merge requests > 19

O Project information m Created 40 minutes ago by a Dani Tost | Maintainer Edit | Mark as draft | v ‘

2 it Resolve "another example"

¥ Issues 2
11 Merge requests : Overview 0 Commits 1  Changes 3
¢ C|/cD

Closes #8

© Ssecurity & Compliance
Edited 1 minute ago by Dani Tost
@ Deployments
G Monitor
['] Request to merge 8-another-example [f Intomain Open in Web IDE Check out branch & -
@ Infrastructure

B Packages & Registries

i Analytics ]
o t lerge request approved. Approved by @

[ wiki

% Snippets

{3 settings @ Delete source branch

> 1 commit and 1 merge commit will be added to main. Modify merge commit

Closes #8
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Git workflow

After having merged the branch, we checkout to the master/main and we pull
the new version.

5 git status
En la branca 8-another-example
La vostra branca esta al dia amb «origin/8-another-example».

$ git checkout main

S'ha canviat a la branca «mainw»

La vostra branca esta 2 comissions per darrere de «origin/main», 1 pot avancar-se rapidament.
{useu «git pullw» per a actualitzar la vostra branca local)

5 git pull
S'estan actualitzant ab7dc97..elc1806
Fast-forward
main.py | 42
point.py | 28
rastimage.py | 62
3 files changed, 28 insertions(+), 104 deletions(-)
delete mode 100644 main.py
create mode 100644 point.py
" delete mode 100755 rastimage.py
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Example

s Merge branch '6-remove-file-a' into 'main’

[:Jremoved unwanted file a

branch '5-do-something' into 'main’

a

branch '4-add-render-method' into 'main’

main and render method

branch '3-complete-rastimage-with-methods-to-access-and-modify-the-pixels' into 'main’
3 new methods and reorder the code

branch '3-complete-rastimage-with-methods-to-access-and-modify-the-pixels' into 'main’

0y Added setitem
0y Added getitem

sy Merge branch '2-add-methods-width-and-height-to-rastimage' into ‘main’

metodes afegits
Fixed text bug in README

Firt version of RastImage

sy First version of class Rastimage
s Update README.md

Initial commit

The developer
commits changes
in her branch and
merges with the
master when
ready.
Sometimes she
keeps working in
the branch and
merges again
after a while.
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Git routine work procedure

* In a terminal, you create a project or clone a repository
* Inthe GIT web Ul, you define milestones (.e.g. L1 and L2)
* In the GIT web Ul, you create issues:

* to solve bugs

* to add new modules, classes, functionalities

* When you are ready to solve an issue. In the GIT web Ul, you create a
merge request that will automatically create a branch

* In the terminal, you fetch the new branch, checkout in it and work in it.
Whenever you modify a file or create a new file, you commit the changes
locally.

* In the terminal, you periodically push the changes to the cloud version. You
can push unfinished versions, but avoid code giving syntaxis errors.

* When the issue is solved, in the GIT web Ul, you ask to merge the branch
with the master branch. I'll do it if it passeds the tests.

* In the terminal, you checkout to the master/main branch and pull the code.
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Homework for next week

Practice with python and git: resolve your issue in the
example project if you haven’t done it yet.

During the week, you'll see that you have been

assigned to a new project called image_viewer. As
homeworks, clone it and analyze the class Rimage.
We’'ll use it next week. You'll find its specification here.


hhttp://gie.cs.upc.edu/mi/Lab/Lab_1/classes/rimage.html
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