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Summary

* Throughout the course you’ll be working on medical imaging software
development projects

* We'll use python3 as a programming language and the libraries: scikit-
image, numpy, matplotlib, pyqgt and vtk. You will have to install these
tools in your computers. Refresh your python knowledge, please.

* On the lab’s computer, we’ll use Ubuntu. On your computers, specially if
you use other operating systems, make sure that you have the required
versions of the programming language and libraries.

* To manage the software projects, we will use as a version control
system (vcs), concretely

* Today’s class is aimed at getting familiar or refreshing the typical software
development workflow and python.
* We'll start the implementation of a vectorial image


https://about.gitlab.com/?
https://gitlab-gie.cs.upc.edu/
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* Throughout the course you'll be working on your software projects in teams

* To manage software projects, we need to use _tools that will facilitate and
shorten the development life cycle and provide continuous delivery with high
software quality.

* For that, we’ll use and specifically our teaching instance:



https://en.wikipedia.org/wiki/DevOps
https://about.gitlab.com/?
https://gitlab-gie.cs.upc.edu/

Why should we use Git?

To avoid this

v

Because it is used worldwide

Because it has a GNU license

Git
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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 x 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

Installation

In linux: sudo apt—-get install git

In windows or Mac: follow the steps

Downloads Homework: Install
€ macos 7 Windo git in your labtops

gf,\ Linux/Unix

Older releases are available and the Git
source repository is on GitHub.


https://docs.gitlab.com/ee/gitlab-basics/start-using-git.html
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Tools

Open a terminal (in windows a windows terminal or a cmd window): a window y
in which we can type commands of the operating system.

In a terminal, clone the project:

https://gitlab-gie.cs.upc.edu/dani/medical_images_2023_2024.git

It is open to every one. | will create accounts for you to access to private projects
starting from this session.

You should have a local copy of the project composed of 1 file and 1 test file.
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- A general-purpose programming language
- Becoming the first/second most used programming language

- Development 3-5 times shorter to develop than equivalent Java programs

Top Computer Languages (Aug 2021)

Ay

Homework:
o Install
- python3.8.10

IN your laptops

Groovy g

Language
Il|l|l|l| ||‘

=]

10 20 30

Share (%)
@P'PL @ TIOBE




ETSEIB

Python

- Object-oriented programming with high-level data types

- Interpreted (no need to compile)
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Fopo @ MUEI & MUNR - Medical Images 2023-24 Q1- Session 1 Lab — Dani Tost

- Dynamic typing (the variable type is determined only during runtime, no

need to pre-define the type of variable)
- Many high-level libraries for all kinds of applications

Docs:
Tutorial;

| Linel | _____, results
. Linen |
Program in

machine code

34
a = ‘hello’

o)
|

ults

results


https://docs.python.org/3/
https://docs.python.org/3/tutorial/index.html
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Terminal and python interpreter

A terminal (in windows a windows terminal or a cmd window) is a window >_
in which we can type commands of the operating system.

In Ubuntu, to open it, just click on the corresponding icon.

Each line starts with a prompt. You can start writing after this prompt. For instance:

To simplify, in the slides,
we’ll use the prompt s. You
don’t have to copy this
symbol when you write the
commands!!

:~pepe/IM/S1S

:~pepe/IM/S1S

A python interpreter or shell is a python environment in which you can write python
commands. To open it, in the terminal write python3.

S python3

N In the python interpreter, the prompt is

>>>

Do you understand the difference
between the terminal prompt and the
python interpreter prompt?

Toexit: ctrl-D Orexit ()


mailto:pepe@room5.5
mailto:pepe@room5.5
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Once is the python interpreter, you can write python code.

Use dir (type) to list all methods of a class and help (type.method) to get help

dani@CARXOFA: ~

S python3

Python 3.8.10 (default, Jun 22 2822, 20:18:18)
[GCC 9.4.0] on linux

Type "help", "copyright", "credits" or "license" for more information.
=»> 3 = 89

=== 4

89

=>> 5 = 'hello'

==>> 5

"hello’

>>> type(s)

<class 'str'=

>>> dir(s)

[' add ', ' ¢class ', ' contains ', ' delattr_ ', ' dir_ ', ' doc_ ', '
eq ', ' format ', ' ge ', ' getattribute ', ' getitem_ ', ' getnewargs
', ' gt ', ' hash__', ' ipit ', ' init subclass ', ' iter ', ' le °
, ' _lem_ ", " 1t ', " mod ', ' mul_ ', "' ne_ ', "' new ', ' reduce ',

' reduce ex ', ' repr_ ', ' rmmod_ ', ' rmul_ ', ' setattr_ ', ' sizeof '
, '_str_ ', ' subclasshook ', 'capitalize', 'casefold', 'center', 'count', 'e

ncode', 'endswith', 'expandtabs', 'find', 'format', 'format map', 'index',6 'isal

num', 'isalpha', 'isascii', 'isdecimal', 'isdigit', 'isidentifier', 'islower', '

isnumeric', 'isprintable', 'isspace', 'istitle', 'isupper', 'join', 'ljust', 'lo

wer', 'lstrip', 'maketrans', 'partition', 'replace', 'rfind', 'rindex', 'rjust’,
'rpartition', 'rsplit', 'rstrip', 'split', 'splitlines', 'startswith', 'strip’',
'swapcase', 'title', 'translate', 'upper', 'zfill']

=>> help(s.isalpha())

=351 [

Press Q to exit help
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Basic instructions

Python code is generally written in files with the extension py files (name.py).
These files are called python modules
The command blocks are delimited by indents

Basic commands:
* Definition of a variable and assignement: varname = expression

* Import a module that contains a function:  import module
or from module import function

* Call afunction:
module_name.function_name (parameters)
or function_name (parameters)

* Define a function:
def function_name (parameters) :
—— instructions
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Built-in data types

Basic types: int, float, bool, str, tuple, list, dict

N — % H_/
Immutable Mutable
Can’t be Can be
modified modified
listhame = [vall, val2, valn] ~

tuplename = (vall, val2,valn) . Indexation: name[i] (i= 0, 1.., n-1)

strname = ‘blablabla’

-/

dictname = {keyl: value, key2: value2, keyn: valuen} |ndexation: dictname[key]

https://docs.python.org/3/tutorial/datastructures.html
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Compositions

Basic compositions

Conditional composition Iterative compositions Example
if expressionl: for i in range(n): e o LR e o DT
. . >=> len(L)
Actions 1 actions 4
elif expression2: e R :szfgfe;gn;
Actions 2 for element in iterable: P
elif expressiona3: actions .
Actions 3 2.5
else: while condition: e
. . >>> for 1 in range(len(L)):
Actions n actions print(i, L[1])
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Creation of python modules

We've lost all the work we’'ve done so far. We need to save our code in modules. From
now on we will edit our code with a text editor or an IDE. We will be able to use it from an
interpreter or run it in a terminal.

Editors: emacs, gedit, ...
Integrated development environment IDE): spider, iddle, pycharm .

Structure of a python program _ _
To run the program, in a terminal:

import libraryl
from library2 import classl, function2 python3 name_module.py
def functionl (parameters) :

code

code To call a function, in a python interpreter:
def function_main (parameters) :

code >>> from mymodule import functionl
code
if _ name___=='_ _main__’':

malin_code

. . This allows us not to run
function_main (parameters)

<« theinstructions of the
main program if we
import the module
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Create the function sumcos after the following specification:
> Name of the python file: ex1.py

function|exl.sumcos(angles)
parameters: | > Name of the function
mat: a list angles in degrees
returns:
the sum of the cosinus of all the angles
value return type: float

dani@CARXOFA: ~

$ python3
Python 3.8.10 (default, Jun 22 2022, 20:18:18)

'[GCC 9.4.0] on linux

‘Type "help", "copyright", "credits" or "license" for more information.
>>> from exl import sumcos

>>> 1 = [0, 30, 45, 60, 90, 120, 180, 200, 240, 310]

>>> sumcos(1)
0.7762271738716167
>>> sumcos([0])

emacs@CARXOFA - 0 @

File Edit Options Buffers Tools Python Help

1.0 ¢ i O ©Q Zsae nunde f B @
>>> D from math import cos, pi i
def sumcos(angles):
sum = 0

for ang in angles:
sum = sum + cos(ang*pi/180)
return sum

U:--- exl.py ALL LT (Python E1D
|

—_—T T T T T T T T T ™ T ——— T
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To verify that the code is clean we can use various programs: pylint and black for
instance.

dani@CARXOFA: ~

S pylint exl.py

*kkhkkkhkhkdkkkk Modu'l_e ex‘l

exl.py:1:0: CO114: Missing module docstring (missing-module-docstring)
exl.py:3:4: W0622: Redefining built-in 'sum' (redefined-builtin) e

exl.py:2:0: CO116: Missing function or method docstring (missing-function MUEI/MUNR Medical Images
-docstring) Course 2022-2023
First example

Your code has been rated at 5.00/10 (previous run: 5.00/10, +0.00) from math import cos, pi

$ [

def sumcos(angles):

Returns the sum of the cosinus

I’d better Change my COde’ add dOCStringS and Change of the angles list expressed in degrees
the name sum ...

sumc = @

for ang in angles:

dani@CARXOFA: ~ Q sumc = sumc + cos(ang * pi / 180)
return sumc

Your code has been rated at 10.00/10 (previous run: 10.00/10, +0.00)

S black exi1.py
reformatted ex1.py
All done! s
1 file reformatted.
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Python tests

In addition to testing the format, we can test the functionality with tests. We'll use
doctests. We'll write the tests that we would pass in a terminal in a text file and in a
terminal do the command:

python3 -m doctest nametextfile -v |more

'$ python3 -m doctest tests-exl.txt -v |more tests-ex1.txt
Trying:

from ex1 import sumcos >>> from exl import sumcos
Expecting nothing N EUNCDE([EI]}
ok
Trying: 1.0

sumcos([0]) >>=> sumcos([@®, 188])
Expecting: 6.0
ok 1.0 >>> round(sumcos([®, 186, 45]), 2)
Trying: 0.71

sumcos([0, 180]) »>>> round(sumcos([®, 30, 45, 180, 66]), 2)
Expecting: 2.07

0.0
ok
Trying:

round(sumcos([@, 180, 45]), 2)
Expecting:

0.71
ok
Trying:

round(sumcos([0®, 3@, 45, 180, 60]), 2) ' F163r63’ no errors
Expecting:

2.07
ok

1 items passed all tests:
5 tests in tests-exl.txt
5 tests in 1 items.
5 passed and @ failed.
Test passed.
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Run a main program

Edit the module ex1l.py and add to it a main program that will compute

the sum of a specific list: [0, 30, 60].

Run the program in a terminal:

|_

S python3 exl.py
0.8812176507722308

MUEI/MUNR Medical Images
Course 2022-2023
First example

from math import cos, pi

def sumcos(angles):

if

Returns the sum of the cosinus
of the angles 1list expressed in degrees
sumc = 0
for ang in angles:

sumc = sumc + cos(ang * pi / 18@)
return sumc

__name__=='_main__ ':

print(sumcos([@®, 30, 178]))



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: Name of the module

// Name of the class

class point2D.Point2D(Xx, y):
Attributes: ™ Instantiation parameters
X: the x coordinate

y: the y coordinate
Methods:

dist(q)

Returns the distance between the point and q
draw_matplotlib(plt)

Renders the point as a small circle in the given plot
This class supports the function str() and the comparison ==.
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Use of a class

Given the specification of a class you should be able to use it, without knowing the
actual implemention

>>> from point2D import Point2D

>>> pl = Point2D (2, 3) Create an Instance

>>> str(pl) «—— Invoke the special method __str
'Point (2, 3)'"

>>> p2 = Point2D (0, 0)

>>> pl == p2 <«—— Invoke the special method __eq___
False

>>> p3 = Polint2D(2.00000001, 2.99999999)

>>> pl == p3

True

>>> pl.dist (p2) «——— Invoke the method dist. Obvioulsy it
3.605551275463989 issymmetric

>>> p2.dist (pl)

3.605551275463989
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Example

-

Example: the class numpy .ndarray to represent n-dimensional

arrays

numpy.ndarray

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

strides=None, order=None)

[source]

An array object represents a multidimensional, homogeneous array of fixed-size items

Attributes
dtype : diype object
Data-type of the array’s elements
size : int
Mumber of elements in the array.

Methods

alli[axis, out, keepdims, where])

any([axis, out, keepdims, where])

Returns True I all elements evaluate

o True.

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: the class numpy .ndrray to represent n-dimensional
arrays

>>> import numpy as np
>>> ima = np.ndarray (shape=(100, 200, 3), dtype=np.uint8)
>>> ima.size

ima is a ndarray of 100 x 200x 3 and 1 byte per
60000 value. How does this relate to images?

>>> ima.ndim
100

3
>>> ima.fill (8) 200

>>> ima[0, 0, 0]

8 s


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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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

Look at the implementation of the class Point2D. You'll find it in the repository
you have just cloned.

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 point2D import Point2D
>>> pl = Point (3, 4)

def _ init_ (self, x, V)

>>> pl.dist (p2)

N\

def dist (self, qg):



V
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Example

What does «supports the function» mean?

i ) ) class Point2D:
>>> from point2D 1mport Point2D EPS = 1E-5

>>> pj_ Point2D (2 3) def n|1'I_n1'_‘c_{5ra~11:, X, y):

>>> str( ) Eiﬁ-ates a point given its coordinates x and y
'Point (2 ’ 3)"' self.x = x

>>> p2 = Point2D ey =y

>>> pj_ —— p2 def WEtr_{mah‘):

False Eiﬁates a point given its coordinates x and y
>>> p3 = Po1i 2. 9999999agturn "point ({}, {})".format(self.x, self.y)

>>> pl == p3 T T def __eq__(self, a):

True
>>> pl.dist (p2)

3.605551275463989 return abs(self.x - q.x) < self.EPS and abs(self.y -

>>> p2.dist (pl) def dist(self, q):
3.605551275463989 -

Returns the distance to g

return sqrt((self.x-q.x)**@+ (self.y-q.y)**2)

For that, we need to implement other special methods.

Returns True if the coordinates of the point and those



ﬂ,‘ . . .
3".3.‘{5 MUEI & MUNR - Medical Images 2023-24 Q1- Session 1 Lab — Dani Tost
< S B

N m
ETSEIB

Draw a point

Points are vectorial primitives. To draw them we can use the library matplotlib.pyplot.
Check the method draw_matplotlib.

Figure 1 - 0O

AEDI Q=B

def draw matplotlib(self, plt):
Draws the point as a circle in a the given plot

plt.plot(self.x, self.y, marker="0")

| 3.15 -
3.10 A
3.05 -
To use the method: $3.00 1 .
2.95
>>> import matplotlib.pyplot as plt 2 804
>>> plt.figure(figsize=(3, 3)) |
<Figure size 300x300 with 0 Axes> 2351% ———————

>>> pl.draw_matplotlib (plt)
>>> plt.show()
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Test the code

Test files contain tests of the code.

To pass them

python3 -m doctest -v tests/test_point2D.txt |more

Trying:
from point2D import Point2D
Expecting nothing
ok
Trying:
pl = Point2D (2, 3)
Expecting nothing
ok
Trying:
str(pl)
Expecting:
'Point (2, 3)’
ok

1 items passed all tests:
9 tests in tests_point2D.txt
9 tests in 1 items.
9 passed and 0 failed.
Test passed.



Other special methods

Method Use

a. getitem (expr) alexpr]

a. setitem (expr, val) alexpr] = val

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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the specification

Class polygon.Polygon(color, X, y)
Creates a polygon filled of the given color (string) given the 2 arrays
of coordinates

Attributes
col: the color of the polygon
Methods
add(v)
adds the vertex v after the last vertex of the polygon
draw_matplotlib(plt)
draws the polygon in plt

Try to Implement polygon following

Use the tests!!

Operations
P[i] that returns the ith vertex of the polygon
plij=v assigns the vertex v to the ith vertex of the polygon
len(p) returns the number of vertices of the polygon
str(p) returns the string ‘Polygon of n vertices’
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