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Programming Concepts

What is programming?

« Use of programming language to implement software requirements as a computer program
« Computer program is converted into machine code for execution (compiled or interpreted)
What is a programming language?

« Tool for formulating algorithms and data structures

« Formal language with syntax and semantics

Algorithm Data Structure Syntax Semantics
« Consists of instructions « Object to store and « Formal set of rules for « Actual meaning of the
to solve a problem organize data in the use of instructions instructions
« Instructions consist of TRy « “Grammar” of a

permitted patterns programming language
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What is Python?

Universal high-level programming language, also often used for scripting

 Released in 1994, recent stable versionis 3.13

Goals: simplicity, clarity, extensibility
« Few reserved keywords, reduced syntax
« Extensive standard library, e.g., file handling, math, text processing, ...

« Easy integration of additional packages / libraries

Open Source, portable on multiple platforms

Extensively used in data science, data analysis, artificial intelligence

. . d k of th
Fasy management and use of additional packages and extensions N aade” 0 >

* Built-in package manager “pip” with Python package index PyP|

- Python distributions shipping Python + alternative package manager (e.g., ‘conda”)
+ virtual environments + preinstalled packages) - e.g., Miniconda, Anaconda
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https://pypi.org/
https://docs.anaconda.com/free/miniconda/
https://docs.anaconda.com/free/anaconda/
https://www.python.org/

What is Python?

[ Assignment ]

Variable
name

Terms and definitions

Variable
Container for storing assigned 1
data in memory, using a name for 7
reference 3
4
Object >
Complex structure which bundles 6
data and methods to operate on 7
the data 8
9
10
Method 11
Block of code tied to an object, 12

usable via dot-Operator
(“method is mine”)

Value of
specific type

Definition of
custom object

class Human:
def _ init_ (self, name):
self.name = name

def say hello(self):
return "Hello, I'm " + self.name

_ Instantiation
myself = Human("Matthias") and assignment
to variable

print(myself.say_hello())
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What is Python?

Terms and definitions [

Function

Independent block of reusable
code for a specific task
(“function is free”)

Module

File containing Python code which
can be imported into other
Python code

Comment

Lines in code not interpreted by
Python, used for documentation,
starting with #

Import module for
additional functionality

Comment, not
interpreted

1 import math
2 Definition of
3  # My custom function custom function
4 def greet(name):
5 return "Hello, " + name Use ofcgstom}
function

6 -\
7 print(greet("Matthias")
8 print("Pi =" + str( math pi))

Use of built-in Use of built-in Use method from
function function imported module
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Execution of Python code

@ hello.py

Execution via Python file 1 print("hello world")

« Save code in file with file extension “.py”

o EXECLKG'HREVVWF]HWStaHeCiPyThCNW matthias@MBP14M2 BIDS % python3 hello.py |°
hello world

matthias@MBP14M2 BIDS %

o i BIDS — -zsh — 58x10
matthias@MBP14M2 BIDS % python3
|nteract|ve executlon |n termlnal Python 3.12.2 (main, Feb 6 2024, 20:19:44) [Clang 15.0.0
(clang-1500.1.0.2.5)] on darwin
. . - : Type "help", "copyright", "credits" or "license" for more
Start interactive Pythorlsessuan T
, : . : >>> x =5
« Enter and execute instructions line by line S>> print(x)

5
>>> exit()
matthias@MBP14M2 BIDS %

Come2Data Data Science and Al for Medicine Training School ; S DS AI
@ Kompetenzzentrum fiir Training: Python Basics Slide 7 ca . I
interdisziplindre Datenwissenschaften DRESDEN LEIPZIG




Execution of Python code

| nte ra Cti\/e executio n i n 2 File Edit View Run Kernel Tabs Settings Help
+ c A Intro.ipynb X |+ %

]

J U pyte r N Ote bOOk B+ OO0 » m C » Markdownv @ Notebook [] ==+
o | — & . from matplotlib import pyplot as plt

. . import numpy as np

« Web-based interface with cells for = rotebooks |

= Name . Last Modified # Generate 100 random data points along 3 dimensions
E P = — - X, y, scale = np.random.randn(3, 100)
. ble Pyth d e iy
XeCUta e On CO e M| Lorenz.ipy... 3 days ago
& sqlite.ipynb 3 days ago # Map each onto a scatterplot we'll create with Matplotlib

H 1 ax.scatter(x=x, y=y, c=scale, s=np.abs(scale)*500)
¢ RlCh teXt fOr documentathn ax.set(title="Some random data, created with JupyterLab!")

 Rich output for text, images, plots |
* Jupyter Lab with .

* Jupyter notebook

Some random data, created with JupyterLab!

. 0+ P
* File browser
O
« Terminal access
® P|Ugins N Simple 0 1 {8 Python (Pyodide) | Idle o Mode: Command & Ln1,Col1 Introipynb 2 Q )
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https://jupyter.org/try-jupyter/lab/index.html
https://jupyter.org/try-jupyter/lab/index.html
https://jupyter.org/try-jupyter/lab/index.html

Python - Virtual Environments

Python 2.7

Pandas 0.25.3

O
1. @ | Python 3.13

Pandas 2.2.3

d %

Come2Data Data Science and Al for Medicine Training School : S DS AII
@ Kompetenzzentrum fiir Training: Python Basics Slide 9 ca .
interdisziplinire Datenwissensc haften DRESDEN LEIPZIG



Python - Virtual Environments
h
[l pandas m/s xarray
lDepends on lDepends on
LT; NumPy ﬁ 2 NumPy
Version >=1.22.4 Version >=1.23

Dedicated environment for specific applications with according software and versions

¢

0
\

‘
“

« Isolation of dependencies: different projects require different software in different versions (...with
dependencies in different versions)

« Reproducibility: configured environments can be saved and restored
- Stability: changes to one project/environment do not affect others

« Collaboration: everyone in the project uses the same environment, same software, same versions
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- Python - Virtual Environments

Operating System (OS)

System-native
global Python
Installation
Python 3.7

C\Users\<User>\AppData\
Local\Programs\Python\...

..with all installed packages
(e.g. Package A, B, ... |F)
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- Python - Virtual Environments

Operating System (OS)

Available Python
e.g. in terminal, IDE
“oython hello_world.py”
System-native
global Python
Installation
Python 3.7

C\Users\<User>\AppData\
Local\Programs\Python\...

..with all installed packagg

1
(e.g.. Package A, B, ... F) ||:| pandas
g/ xarray
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- Python - Virtual Environments

Operating System (OS)

Available Python

e.g.in terminal, IDE
“oython hello_world.py”
System-native

lobal Pyth
giobal TYthon Conda Installation CONDA

Installation C\Users\<User>\AppData\Local\miniconda3

Python 3.7 ..\pkgs (all installed packages)
C:\Users\<User>\AppData\ ..\envs (alle created virtual environments)

Local\Programs\Python\...

..with all installed packages
(e.g. Package A, B, ... |F)
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- Python - Virtual Environments

Operating System (OS) Available Python

e.g.in terminal, IDE
“oython hello_world.py”
System-native
global Python
Installation

CONDA

Conda Installation
C\Users\<User>\AppData\Local\miniconda3
..\pkgs (all installed packages)

Python 3.7 . .
..\envs (alle created virtual environments)

C\Users\<User>\AppData\
Local\Programs\Python\...

..with all installed packages

(e.g.. Package A B, ... F)

“virt-env1” \

~Aenvs\virt-envi
Python 3.12
Used packages:

virt-env2” \

2envs\irt-env2
Python 3.9
Used packages:
- B

NG
\_ D W/ xarray

virt-env3” \

2envs\irt-env3
Python 3.11
Used packages:

2D
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- Python - Virtual Environments

Operating System (OS) Available Python

e.g.in terminal, IDE
“oython hello_world.py”
System-native

lobal Pyth
gioba’ FYANon Conda Installation CONDA

Installation C\Users\<User>\AppData\Local\miniconda3

Python 3.7 ..\pkgs (all installed packages)
C:\Users\<User>\AppData\ ..\envs (alle created virtual environments)

Local\Programs\Python\...

..with all installed packages \ \
(e.g. Package A, B, ... ,F) virt-env1” virt-env2” virt-env3”

Senvs\virt-envi Senvs\virt-env2 .\envs\virt-env3
Python 3.12 Python 3.9 Python 3.11
Used packages: Used packages: Used packages:
- A - B

- C
_ D s xarray
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Operating System (OS)

System-native
global Python
Installation

Python 3.7

C\Users\<User>\AppData\
Local\Programs\Python\...

..with all installed packages
(e.g. Package A, B, ... ,F)

Python - Virtual Environments

Available Python
e.g.in terminal, IDE
“oython hello_world.py”

Conda Installation CONDA

C\Users\<User>\AppData\Local\miniconda3
..\pkgs (all installed packages)
..\envs (alle created virtual environments)

“virt-env1” \ virt-env2"” “virt-env3” \

Senvs\virt-envi Senvs\virt-env2 .\envs\virt-env3
Python 3.12 Python 3.9 Python 3.11
Used packages: Used packages: Used packages:
- - B

- C
D m# xarray

2D
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Python - Virtual Environments

Interactions with your computer and the internet

Your computer / Operating System (OS)

Local File System
HomeDir

- Desktop

- Documents

- Downloads

Conda uses conda-env.yml

- conda-envym| to create / update “env-1"

- notebooks

- notebook1.ipynb

“env-1" has access
to the file system,
e.g. read / write files
e.g. open
notebooks in

- notebook2.ipynb
- notebook3.ipynb

@OI\{ DA

Internet

Conda Channels
Python Package Index

Conda

activates / deactivates

lle nv_1 n

Conda downloads Python modules
(libraries, dependencies)

¥

and installs / updates them in “env-1"

—»>

“any-1"

:!I dndCIS .
i p e

— Jupyter

Within “env-1”, installed Python i
and libraries can be used :
e.g. import pandas in code,

o

e.g. start Jupyter Lab

Come2Data
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# Boolean operators

Python - Built-in types print(True and False)

print(True or False)

Tﬂlth and BOOIean print(not True)
Executed at 2024.05.05 09:52:32 in 4ms
Truth value and Boolean . False
True
« Objects can be tested for a truth value False

« Truth values can be used in conditions

# Comparisons
« Represented by Booleans: True (1) and False (0) print(True == False)

print(True != False)
print(True > False) # But why?

« There are default truth values for objects, v
e.g., number zero or empty strings are considered False riee
True
True

Boolean operators and comparisons

 Used to evaluate a truth value # Math with Bootean
print(int(True), int(False))
« QOperators are and, or, not print(True + True)

Executed at 2024.05.05 09:52:32 in Tms
« Comparisons are, e.g., < (strictly less), == (equal), 10
>= (greater than or equal), ! = (not equal)
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https://docs.python.org/3/library/stdtypes.html#truth-value-testing
https://docs.python.org/3/library/stdtypes.html#boolean-type-bool
https://docs.python.org/3/library/stdtypes.html#boolean-operations-and-or-not
https://docs.python.org/3/library/stdtypes.html#comparisons

Python - Built-in types

Numeric types

Numeric types

« Floating point numbers (float)
« Complex numbers (complex)

Integers (int)

Supported operations

« Mathematical operators, e.g., +, -, /

« Comparisons

Mathematical functions

# Numerical types
print(type(5))
print(type(1.5))
print(type(23))
Executed at 2024.05.05 10:16:36 in 4ms
<class 'int'>
<class 'float'>
<class 'complex'>

# Operators
print(5 + 5)
print(5 * 5)

print(5 / 5)
Executed at 2024.05.05 10:16:36 in 1ms

10
25
1.0

# Comparisons
print(5 > 1)

print(5 == 1)
Executed at 2024.05.05 10:16:36 in 1ms

True
False

# Mathematical functions
print(abs(-5))
print(pow(5, 2))

print(round(4.5))
Executed at 2024.05 10:16:36 in 1ms

9
25
4

Some may behave
unexpected!
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https://docs.python.org/3/library/stdtypes.html#numeric-types-int-float-complex

Python - Built-in types
Sequence types

Some basics on seguences

 Data structures to store and manipulate multiple values
 Values can be of homogeneous or heterogeneous type
« Sequences are either mutable (values can be changed “in place”) or immutable

« Values can be accessed by an index on the sequence, starting at O

1 my_-l.ist = [IAI' IBI, ICI, IDI, IEI, IFI, IGI, IHI, |I|]
Executed at 2024.05.05 10:42:01 in 3ms

index|0 |1 |2 |4 |5 |6 |7 |8 |o

Values [B4¥
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Python - Built-in types
Sequence types

Get elements from

Lists

index 1to 2

* Mutable, construction via brackets [ ]

« Homogenous or heterogenous values

# Define a list
my_list = ['A', 'B',
print(type(my_1list))

NN N

print(my_list)

Executed at 2024.05.05 10:57:22 in 5ms

<class 'list'>
[IAI' IBI, |C|' IDI,

# Called "indexing"
print(my_list[0])
print(my_list[-1])

NN N e

Executed at 2024.05.05 10:57:22 in 2ms

ICI, IDI, IEI, |F|]

# Access subsets of elements
2 # Called "slicing"
print(my_1list[1:3])
4 print(my_list[:4])
5  print(my_list[2:])

print(my_list[2::2])
Executed at 2024.05.05 10:59:07 in 3ms

Get all elements
up to index 3

Get all elements
starting atindex 2

IEI, |F|]

['B', 'C']
[*A', 'B', 'C', 'D']
Get every second [C'. D', 'E'. 'EY]
element, start at index 2 [-c-' E] '
# Built-in methods
my_list.reverse() ' d

# Access separate elements

Use negative index to
start at the last element

g NN N

print(my_list)
my_list.sort()

Call built-in method

to reverse the list
print(my_list)
Executed at 2024.05.05 11:13:18 in 3ms

A [IFI' 'E', 'DI, |C|ll IB', |A|]
F [IAI' IBI, |C|' |D|ll IEI, |F|]
Come2Data Data Science and Al for Medicine Training School Slide 21 Sca DS.AII
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https://docs.python.org/3/library/stdtypes.html#lists

Python - Built-in types ¢ vesine a cupte

my_tuple = ('A', 1)
seq uence types print(type(my_tuple))

print(my_tuple)

print(my_tuple[0])

TU}Q|QS # Immutable!

my_tuple[0] = 'B’

« Immutable, construction via parentheses () Executed at 2024.05.05 12:24:07 in 32ms
v <class 'tuple'>
« Homogenous or heterogenous values Car, 1)
A
 Indexing and slicing works like for lists EEm——

TypeError: 'tuple' object does not support item assignment

Ranges # Define a range

my_range = range(10)

: : int(type(my_ ))

« Immutable, construction via range ( ) ity
print(my_range[-1])

« Homogenous numerical values # Convert to list

print(list(my_range))
 Indexing and slicing works like for lists Preculed at 20240505 122453 n
o <class 'range'>
range(0, 10)
9
[, 1, 2, 3, 4, 5, 6, 7, 8, 9]
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https://docs.python.org/3/library/stdtypes.html#tuples
https://docs.python.org/3/library/stdtypes.html#ranges

e e 1 # Define a string
Python Bullt In types 2 my_string = 'Hello World!'
sequence types 3 print(type(my_string))
4 print(my_string)
Text seguence - Stl’lﬂg Executed at 2024.05.05 12:30:56 in 3ms
_ _ o <class 'str'>
« Immutable, construction via quotes “*, Hello Worild!

 Values of type Unicode codepoints

1 # Indexing and slicing

 Indexing and slicing works like for lists > print(my_string[0])
3 print(my_string[6:])
Executed at 2024.05.05 12:31:02 in 3ms

H
World!

1 # Built-in methods uppercase

2 print(my_string.upper())

3 print(my_string.split(' '
Executed at 2024.05.05 12:32:39 in 4ms Split the string at
whitespace and

HEEEOSWORLD return a list of

['Hello', 'World!'] resulting strings

Convert all letters to ]
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https://docs.python.org/3/library/stdtypes.html#text-sequence-type-str

Python - Built-in types
Sequence types

Further operations on sequences

« Seguences can be concatenated (append them) with + operator

« Sequences can be tested for their content with in

# Concatenate strings # Concatenate lists # Test for specific values
hello = 'Hello' list_1 = [1, 2, 3] print('A' in list_3)
world = 'World' list_2 = ['A', 'B', 'C'] print(10 in 1list_3)
full = hello + ' ' + world list 3 = 1list_ 1 + list 2 Executed at 2024.05.05 12:50:50 in 3ms
print(type(full)) print(type(list_3)) True
print(full) print(list_3) False
Executed at 2024.05.05 12:49:04 in 4ms Executed at 2024.05.05 12:49:14 in 3ms
<class 'str'> : <class 'list'>
Hello World [1, 2, 3, 'A', 'B', 'C']
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[ ] [ ]
Python - Built-in types
Dictionaries
# Access values by their keys
print(german_english_dict['Vorlesung'])

Mapping types or dictionaries (dicts) print(german_english_dict[Unknown'])

Executed at 2024.05.05 13:13:26 in 13ms

« Mutable, construction via braces {}

Lecture

 Provide a mapping from key = value, > Traceback.
i.e. alistof key = value pairs feverror: Hnknoun

« Indexing and slicing works NOT like for lists

# Define a dict # Modify the values
~ german_english_dict = { german_english_dict['Vorlesung'] = 'Course’
'"Vorlesung': 'Lecture', # Add new entries
'Gleichung': 'Equation' german_english_dict['Eintrag'] = 'Entry’
} print(german_english_dict)
print (type (ger*man_english_dict)) Executed at 2024.05.05 13:15:09 in 2ms

print(german_english_dict)
Executed at 2024.05.05 13:12:17 in 3ms

{'Vorlesung': 'Course', 'Gleichung': 'Equation',
'Eintrag': 'Entry'}

<class 'dict'>

{'Vorlesung': 'Lecture', 'Gleichung': 'Equation'}
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https://docs.python.org/3/library/stdtypes.html#mapping-types-dict

Python - Conditions

Conditional statements

« Used as control flow tool, e.g., to check '
* if pre-requisites are met 2

- if data has the right format or value .
 ifthere are any errors :

« The if statementis used to 0
- True False 7
 FEvaluate a Truth value for given .
expressions, e.g., with Boolean operators . ,

of comparisons ;

« Executes subsequent code if the Truth 11
value evaluates to True 12

« The else statement can be used to execute
code if the given expressions evaluate to
False

# Preceding code
# Defines and works on my_list

# Check condition

if 'Z' in my_list:
# Do this if the condition is True
print('Z is in my_1list!"')

else:
# Do this if the condition is False
print('Z is not in my_list!')

# Subsequent code
Executed at 2024.05.05 13:41:29 in 3ms

Z is not in my_list!
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https://docs.python.org/3/tutorial/controlflow.html#if-statements
https://docs.python.org/3/tutorial/controlflow.html#if-statements

Python - Loops

Loop statements

« Used as control flow tool for repeated
execution of code

« Different kinds of loop statements

« for:iterates over elements of a sequence
(e.g. list), or iterable objects in general

* while: repeats subsequent code as long
an expression is True

« Both can be controlled in more detail using
* Dbreak to terminate the loop

« continue to skip the current iteration

~] O~ U1 I W N B

my_list = ['A', 'B', 'C', 'D", 'E', 'F']

# Use for to iterate over my_list

for i in my_list:
# Skip iterations for letters between B and E
if 'B' < i< 'E':

continue

print(i)
Executed at 2024.05.05 14:25:27 in 3ms

i=10
# Use while to decrement number till 0
while i »>= 0:

M m W =

i=3i-1
# Stop loop if number hits criteria
if i %5 ==

break

00 ~J O~ 1 N NN

print(i)
Executed at 2024.05.05 14:31:33 in 3ms

o TS B ¢ o]
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https://docs.python.org/3/tutorial/controlflow.html#for-statements
https://docs.python.org/3/tutorial/controlflow.html#for-statements
https://docs.python.org/3/tutorial/introduction.html#first-steps-towards-programming
https://docs.python.org/3/tutorial/introduction.html#first-steps-towards-programming
https://docs.python.org/3/reference/simple_stmts.html#the-break-statement
https://docs.python.org/3/reference/simple_stmts.html#the-break-statement
https://docs.python.org/3/reference/simple_stmts.html#the-continue-statement
https://docs.python.org/3/reference/simple_stmts.html#the-continue-statement

Any questions or remarks?

Let's practice - Python Basics in Jupyter Lab
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