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What is a Programming Language?

* A programming language is a set of ‘rules’ for writing instructions
that a computer understands

* A collection of instructions written in a file is called the
programme source code

* Source code is then converted to an executable file (in some way)
and run on the computer to perform a specific task
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What is Python Programming?

* Python is a particular set of rules, a language, used to write
instructions that will be executed on a computer

* Python is a general-purpose programming language and widely
used in Edinburgh & world-wide

* There are two main ways we use Python in Edinburgh
* For standalone programmes
* For workflows

Standalone Programmes

* Individual applications that we run from a machine

* These programmes (or the source for these programmes) are
accessible from the machine we run the programme

* These typically take input from the user and generate output
* These applications are available on the local machine to run

* Example

* In Bioinformatics Algorithms we write a programme that aligns two DNA
sequences. This programme takes sequence and alighment parameters
as input, and generates an alignment text file as output
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Python Workflows

* Typically used to perform complex data processing

* Collections of pre-written software components that are integrated
together using Python or another language

* Data flows through the workflow and outputs are generated from that
workflow

* Examples
* Running complex machine learning pipelines (eg Applied Machine Learning)
* Running systems biology simulations (eg Practical Systems Biology)

* Data processing and mining of data (Introduction to Python Programming for
Data Science)

* Typically you might load some data, process and clean the data, run specific
pre-built programmes to perform analysis and generate outputs

* Pythonis used to connect all the different tasks together and manage the flow of

data through the pipeline

Workflows and Applications

inputs outputs
Tables
Web ¢ Tables
Databases * Web
Models ¢ Databases
Images * Models

Documents * Images

Documents

etc Y etc
Individual applications

*  Workflows typically orchestrate lot of individual applications feeding the output of one
component into another component as input
* Individual applications take input and output and provide a step along the way

This is a simplification, but it is a useful way to think about the different ways we use Python
within the teaching programmes.
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Writing Python

* What do we need to get started with Python?
* Atool to write Python code

* Away to turn that code into an executable programme and runiton a
computer

* Python code is just text (ASCII or Unicode) and so any text editor
can be used to write code

* We need to have a Python interpreter installed to run the Python
code on the local machine

Python Integrated Development Environments (IDEs)

* IDEs provide software environments that support the writing of Python code

* They highlight code, check for errors, automatically provide hints on what
code instructions to use. They help with programme execution

» Different IDEs are used on courses depending upon the particular task being
completed
* For workflows, RStudio server, Jupyter Hub or Visual Studio Code
* For standalone, PyCharm or Visual Studio Code

* IDEs are installed on local teaching machines, servers or on the University
central system for writing code called Noteable.

* You can also install IDEs on your own computer and use these to write code
for courses
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Creating and Running Python for this Course

* PyCharm IDE is installed on the desktops
*  We will use PyCharm for the class

Welcome to PyCharm

*  We will go through how to use this IDE later
in the course- for now please follow the lecture!

New Project...

1\PycharmProjects

Files stored here on disk in this folder

Select most recent Python to use

* You may see slightly different options and
different paths

* Butjust give a name and select the Python
version

* Leave other options as default (as shown)

Click Create

10
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Features to Note...

il

@ Pure Python

Name PythonPrimeri|

Location:

* PyCharm supports Git so you can create
an online software archive using Git

* PyCharm will write some test code for you
-we don’t need this

* Pycharm supports venv and conda

* Pycharm will use a local Python version and
download this and set this up

We return to some of these features later...

11
If you get this page
Try these features in PyCharm 2024.2.1 Close this by clicking “X”
e
12
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Creating A Python File

* Click here to display the Menu
* Select File New...
* Select Python File

13
Give the file a name...
* Type filename “HelloWorld”
* Thenpress <Enter>
Note
<Enter>means press the Enter key
<Tab> means press the Tab key etc
14
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Almost there...

*  We can now enter some Python code
* Traditionally the first application
should print “Hello World”

* Enterthe Python code into HelloWorld.py
print (“Hello World”)

* Click the green arrow on the top bar to run the
programme

15

Project name

Success !

Filename
Code
File structure within the project
Command line

The results of running the programme

‘Exit code 0’ means the programme completed successfully

16



09/09/2025

Home  Share  View [7]

What is stored on Disk?

[4 [ = | PythonPrimer1 - o X

&« > - 1 <« Local Disk (C) » Users » stomlinson » PycharmProjects » PythonPrimerl » + 0 Search PythonPrim... 0@
n -
o UncDrive - Personal Name Date medified
Jidea
[ This PC
wvenv
B 30 Objects & HelloWorld.py
B Deskiop
= D it
] Documents Select a file to preview.
4 Downloads
B Music
=/ Pictures

B Videos
2 Local Disk (C)
. EJ

3items” =

PythonPrimer1 is just a folder that contains a text file containing the code
* “venv”folder contains the Python environment

17

Inside the .venv Folder

[ [ = | Scripts
Home  Share  View (7]

<« v T <« Users » stomlinson » PycharmProjects » PythonPrimerl » wenv » Scripts v O

Search Scripts y
~ - ~
Name Date medified
@, OneDrive - Personal A o -
I This PC [7] activate.nu
| activate.psl
J 3D Objects o i
& activate this.py
I Desktop ] deactivate.bat
= D it: ¥
i ocuments = pip.exe Select a file to preview.
Downloads 72 pip3i2.exe
D Music 7 pip-3.12.exe
= Pictures £ pip3.exe
B Videos (] pydockat
| python.exe -

‘i Local Disk (C:)
.o i 24

Mitam; " =

This contains programmes including python.exe used to run the code

18
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Running Outside the IDE

C:\Users\stomlinson\PycharmProjects\PythonPrimerl>.venv\Scripts\python
.exe HelloWorld.py

Hello World

Your file paths will be different- follow those listed in the IDE

Here I’ve ran a Windows command line and entered the path to Python followed by the HelloWorld.py
This runs the Python programme just like the IDE
* The outputis “Hello World” as before

Note

To run the Windows command line yourself, search for Cmd and run the “Command Prompt”
* C: <Enter> changestotheC: drive

* cd <path> changestoapathonthediskegcd C:\Users\stomlinson\PycharmProjects

19

Opening the Python Programme from Windows

] = | PythonPrimer1

bome  Share  view

€ -

- ] x

» ThisPC » Local Disk(C:) » Users » stomlinson > PycharmProjects > PythonPrimer! v d Search PythonPrim... ©

~
@ OneDrive - Personal Name Date modified

id
= This PC e
wveny

B 30 Objects <] HelloWorld.py

[ Desktop

& Documents

Select a file to preview.
‘ Downloads

D Music

=] Pictures

1B Videos

‘am Local Disk (C:)

" .. >
3 items

Right click mouse while highlighting “HelloWorld.py”
SelectNotepad.exe oranothertext editor

20

10
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We Can Open (and Edit) the File

7 HelleWorld.py - Motepad - m] X
File Edit Format View Help

#My First Programme

print("Hello World")|

LnZ Col21 100%  Windows (CRLF) UTF-8

* [I’ve edited the file to add a comment and saved the result using Notepad

21
Back in PyCharm
* The editor of PyCharm displays the updated file contents
22

11
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So...

* The take home is that we are using the IDE to create and edit files and then run these files
within the IDE

. thJt really, Projects are Windows folders, Python files are Windows ASCII or Unicode text
iles.

* When we view and edit code we are using a text editor
* Executing the file just runs python.exe and feeds in the Python code and outputs the result
* The .env folder contains the python executable files and the rest
of the setup
* When we update setup, we change the contents of .env
* We can have many .env files

* Understand the logic of how IDEs work and you can work with any
IDE. The details of each IDE may be different, but the basic
concepts discussed here are mirrored in many different IDEs

23

Summary

* We’ve gone through how to load and launch the IDE

* We’ve looked at how to create a project and a new file

* We’ve looked at how to write and run a Python programme

* We’ve considered what happens on the disk when we use the IDE

* Now use these slides as a guide and create your own HelloWorld
application in PyCharm

24

12
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The Python Language

* [t does not matter which IDE you are using, or the task you wish to
complete with Python - the core Python language is a common
feature!

* This means you can learn Python once and use this knowledge for
lots of different purposes

* Better still, once you know one language, it is much easier to
understand other programming languages such as R, Bash, Php or
even SQL.

25

Consider Our First Programme

#My First Programme <—————— Comment
print ("Hello World") «——  Statement

When this simple programme runs, each line is executed in order, top to bottom

The first line is comment, and this is ignored by Python (it is for us humans to read)

The line of code is a statement, butsome statements extend for more than one line

The print command is actually a function provided by Python, print () takesthe “Hello World”
string as a parameter and then outputs the result on the screen

Note that a stringis a type- all elements of the same type “behave” in a similar way
Note also that types are entities that existin a place in memory and (usually have) properties
A property is the value “Hello World” for this string

26

13
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Consider this Programme

#My Second Programme
print ("Hello World")

myauthor = "From Simon"
print (myauthor)

* “Hello World” is a string literal- it is a variable that exists somewhere in Python memory but has no name

* myauthor isa variable, it exists in memory and has the property here "From Simon™
* | could change the value of myauthor just by reassigning a value to it
I could entermyauthor = "Simon T" and change the variableto "SimonT"

27

Multiline Comments

HHAFHHHH S H A H A S .
#My Second Programmeff
FHAFHAHHHSH AR AR HHH

L I |

KAKARKAKAKKAKA KA A A A A A AKX A A A K. K* %%k
*My Second Programme*
AKAARAKANKAKAKAKA KA A A KR AKX KA A AKX K% %

Use comments to annotate your code!

28

14
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Dynamic Types

* Types are names for different kinds of variables in Python- for example Strings or Integers are types
* But how does Python set the type and how can we tell the type we have?

#My Second Programme
print ("Hello World")

myauthor = "From Simon"
print (myauthor)

* Python dynamically sets (ie “guesses”) the type of a variable- this is designed to make programming easy
butitis the source of many errors

* Thecommand id () reportsthe memory address of a variable

* The command type () reportsthe type

29
* Types are names for different kinds of variables in Python- for example Strings or Integers are types
* But how does Python set the type and how can we tell the type we have?
( Hello World
#My Second Programme myauthor has type <class 'str'’>, ID number address
print ("Hello World") 2042456649648
myauthor = "From Simon "
ii = id(myauthor)
ty = type (myauthor)
print ("myauthor has type %s, ID number address %$s" % (ty, ii))
* Thecommand id () reportsthe memory address of a variable
* The command type () reportsthe type
* Notice the print command- here it prints out a string representation of the variables called ii and ty
* Note that stristhe official type of a string in Python
¢ 2042456649648 is a memory address...
30

15
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Types Change Dynamically

-
My S d P
#3./ econ rogramme Hello World
print ("Hello World") [

myauthor has type <class 'int">, ID number
myauthor = "From Simon " 140712878021400
myauthor = 12
ii = id(myauthor)

ty = type (myauthor)

o)

print ("myauthor has type %s, ID number %s" % (ty, ii))

* Here |l make one change- | change myauthor from value "From Simon " to 12
* OKthis does not make much sense- but 12 is an integer and so what is the type of myauthor

* | did not explicitly change the type of myauthor but Python decided itisnow atype int (an integer)

* Python dynamically changed the type

31
( Hello World
e Seeond Frograme myauthor has type <class 'str'>, ID number
print ("Hello World") 2271876034480
myauthor has type <class 'int'>, ID number
myauthor = "From Simon " 140712878021400
ii = id(myauthor)
ty = type (myauthor)
print ("myauthor has type %s, ID number %s" % (ty, ii))
myauthor = 12
ii = id(myauthor)
ty = type (myauthor)
print ("myauthor has type %s, ID number %s" % (ty, ii))
* So the name myauthor changed types in this programme dynamically
* myauthor does not change name
* myauthor does change the memory address it addresses
32

16
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So

* myauthor is avariable- but really a variable is a name of something

myauthor has a dynamic type that determines what can be done with this
variable and what it stores

* myauthor isthe name of a place where a value is stored
* myauthor is used to locate a value stored in memory
A stored value in memory is called an object

Note: All variable are case sensitive names!

33

Python Language Basics

34

17
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Data Types

Python has a number of built-in data types. You can also define

your own types!

Commonly used Built-In Types

* Integer defined by the type int

» String defined by the type str

* Booleans (True/False) by type bool
* Float represented by the type float

35
Data TypeS integer_value: 42 class: <class 'int'>
float_value: 23.23 class: <class 'float'>
bool_value: True class: <class 'bool'>
string_value: 42 class: <class 'str'>
#Examples of variables in Python- types are dynamic but set By\\\\v//,«g'
literal values
integer value = 42
print ("integer_value: ", integer_value, " class: ", type(integer_value))
float_value = 23.23
print ("float value: ", float value, " class: ", type(float value)
bool value = True
print ("bool _value: ", bool value, " class: ", type(bool_value)
string value = "42"
print ("string value: ", string value, " class: ", type(string value)
* Note the variable name does not setthe type float value = True wouldbeabool notafloat
* Conventionally variable names are lowercase and cannot begin with a number
36

18
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Operators

A character that represents a particular operation or logic.

b -Assignment
-Equivalence operator checks two values are the same
-Checks if something is greater than or equal to something else

a +b - Add a and b together (+ is the operator)

a -b - Substract b from a

a *b - Multiply a *b

a /b -adivided byb

a % b - The modulus (remainder) after dividing a by b
a

a

a

b
b

v
Il

37

Strings

* Represented by the str data type

* An ordered series of Unicode characters

* Can be created by assigning quoted string literal to a variable

* Quotes can be single or double quotes

» Strings have methods eg st.capitalize () change case of string

* String elements can be accessed by indexsuchas st [0] or
st[1:7]

* Python is zero indexed- the first elementis st [0]

* In PyCharm starting typing a command will produce some suggestions
st. forexample

38

19
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Flow Control Statements

if x >y:

do something ()
elif p>qg:

do something else ()
else:

or do this()

* Thisis an example of an if statement

* x>ycan be replaced by any logical operation
(a statement that evaluates to True or False

* The statement can contain more than one
elif: blocks of code

This reads, if x is greater than y then do_something()
otherwise if p > g then do_something_else(). If none
are true run or_do_this()

* do_something(), do_something_else or or_do_this()
are functions (see later) but in the if statement we
could have multiple lines of code
* This block of code inside statements is called a
a suite in Python

* The blocks of code (like other blocks of code in Python)
are defined by white spaces.

39
* Blocks of code in Python are defined by white spaces
. - conventionally 4 spaces for each block of indenting
if x >y . shown in yellow
d thi ( ) -You can have multiple levels of indentation
O_S ome 1ng » If blocks do not have exactly the same level of indenting
elif p>q . code will error
do some thing else ( ) » Simple if statements can be written in one line-try to
— — avoid this as this can lead to errors- use multiple lines
else: for if statements unless they are extremely simple
or do this()
40

20
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Other Flow Control- While Loop

#Whlle loop * Herethe else: partis optional
* The loop will run while x>y

while x>vy:

do something ()
else:

do something else ()

41
#FO_‘C loop * Foreachxinydo something ()
. otherwise do something else ()
for x in y: - -
: * yhasto be iteratable ie a sequence
dO_S Omethlng ( ) of characters in a string that can
else: be stepped through one after another
do something else ()
42

21
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Break and Continue

* If a break statementis encountered the current running loop is
exited at that point

* I[fa continue command is encountered, the running loop will
move to the next iteration

* You will see break and continue often used with if statements as
this then modifies the flow of execution under particular
conditions.

43

Creating and Calling Functions

* Functions are block that can be called within the running
programme.

* They can be passed parameters and return values

* When the flow of execution encounters a function call the flow of
execution jumps to the function body, runs the commands in the
function and then returns to the next line of the code

* Functions can be defined in a single file (eg at the top of afile) or
brought into an application as a separate file or a library

44

22
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Function Basic Design

def my function (my param) :
do something ()

return avalue

* Herelcreate afunction calledmy function (give functions names that indicate what they do!!)

* This function excepts my param, a single parameter. We can have multiple parameters in practice
* do_something () is acalltoanotherfunction butinside the function could be a block of code

* return specifies a value that is returned to the calling programme when the programme completes

* If we do not specify a return — Python will return None - a type of null value

* Conventionally python function names are lowercase with “_” underscores separating words

45
#An example function
def hi world(takecredit): Note here the function body is
N " " , defined by indentation
print ("Hello World from ", takecredit) The function returns “finished”
return "finished" as a variable called result
#We still need to call the function
result = hi world("Simon")
print ("The function returned: ", result)
46

23
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Handling Errors

* Python has very detailed (but complex) error handling methods

* There are different types of error- eg syntax errors in code or errors
that you only encounter in running code

* Use the PyCharm IDE to discover errors in your code

* Use simple print statements to find errors in your running code

* As you develop your skills you can then start to use the more advanced
features of the IDE to debug your programme or use

error handling to captures errors automatically when your programme
runs

47

Error Handling in PyCharm

* Herelhave atypo (printxratherthan print), the IDE spots this and underlines the code
* If you move the mouse pointer over the area the IDE will give an indication of why this is an error

48

24
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Extra Reading
A good place to learn about Python is the official python tutorial

https://docs.python.org

49
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